


X INTERNATIONAL CONFERENCE ON ENVIRONMENTAL 
MUTAGENS 

 
FIRENZE, ITALY - AUGUST 20-25, 2009 

 
 

FINAL PROGRAM 
 
 
Thursday, August 20 
  
8.30-13.00  Pre Conference Courses 
  
Angelico Hall 
MOLECULAR EPIDEMIOLOGY FOR CHRONIC DISEASES 
 
Bronzino Hall  
MICRONUCLEUS CYTOME ASSAY: LYMPHOCYTES AND BUCCAL 
EXFOLIATED CELLS 
 
Botticelli Hall 
18.00   Opening Ceremony 

 
11th  ICEM Announcement 
L. Ribeiro, C.F. Menck 

 
18.45  IN001 Keynote Lecture 

Introduction: E. Zamorano-Ponce, President Asociación Latinoamericana de 
Mutagénesis, Carcinogénesis y Teratogénesis Ambiental (ALAMCTA)

 
LESION SENSING AND DECISION POINTS IN THE DNA 
DAMAGE RESPONSE 

    P. C. Hanawalt, Stanford University, Stanford, CA, USA 
    
19.30   Welcome Cocktail 
 
 
Friday, August 21 
 
Botticelli Hall 
8.30   IN002 Plenary Lecture 

Introduction: T. Nohmi, President Asian Association of Environmental 
Mutagen Societies 

  
CANCER RISK FROM EXPOSURE TO URBAN AIR 
POLLUTION  
HRH Princess M. Chulabhorn, Chulabhorn Research Institute, 
Bangkok, Thailand 

   
9.15  IN003 Plenary Lecture 

Introduction: D. Kirkland, President-Elect European EMS 
  
   SEVEN DEADLY SINS OF ENVIRONMENTAL RESEARCH 
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P. Grandjean, University of Southern Denmark, Odense, Denmark  
 
10.00  Coffee break 
 
10.30-12.30  Parallel Symposia 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
EPIGENETICS: THE NEW FRONTIER IN ENVIRONMENTAL MUTAGENESIS 
Chairs: R. Feil, M. Hanson 
 
10.30 IN004 EPIGENETIC MECHANISMS AND THE REGULATION OF 

GENOMIC IMPRINTING IN MAMMALS 
R. Feil, CNRS Montpellier, France 

 
10.55 IN005 DEVELOPING HUMAN EMBRYONIC STEM CELLS TO 

MODEL ENVIRONMENTAL EFFECTS ON THE DEVELOPING 
EPIGENOME 

  L.E. Young, University of Nottingham, UK 
 
11.20 IN006 EPIGENETIC REGULATION OF AGING 
  M.F. Fraga, CNB-CSIC, Madrid, Spain 
 
11.45 IN007 EPIGENETIC PROCESSES IN DEVELOPMENTAL ORIGINS OF 

HEALTH AND DISEASE (DOHaD) 
  M. Hanson, University of Southampton, UK 
 
12.10 ME021 HYPERMETHYLATION OF TUMOUR SUPPRESSOR GENES IN 

LUNG TUMOURS FROM NEVER-SMOKERS WITH AND 
WITHOUT SECOND-HAND TOBACCO SMOKE EXPOSURE 

  S. Jarmalaite, Vilnius University, Vilnius, Lithuania 
 
12.20 EM153 PERSISTENT DYSREGULATION OF DNA METHYLATION IN 

CELLS WITH ARSENIC-INDUCED GENOMIC INSTABILITY 
  M. Mauro, New York University, Tuxedo, NY, USA and University 

of Palermo, Italy 
 
Lippi Hall 
DNA damage responses 
MECHANISMS OF CELL DEATH AND SURVIVAL  
Chairs: B. Kaina, A. Antoccia 
 
10.30 IN008 SURVIVAL AND DEATH STRATEGIES IN CELLS EXPOSED 

TO GENOTOXINS 
  B. Kaina, University Medical Center Mainz, Germany 
 
10.55 IN009 TRANSCRIPTIONAL INHIBITION BY DNA DAMAGE AS A 

TRIGGER OF CELL DEATH  
  M. Ljungman, University of Michigan, Ann Arbor, MI, USA 
 
11.15 IN010 DIFFERENT MODES OF CELL DEATH INDUCED BY DNA 

DAMAGE 
  B. Zhivotovsky, Karolinska Institutet, Stockholm, Sweden 
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11.35 IN011 ROLE OF DNA-PKcs-PIDDosome IN DNA DAMAGE RESPONSE 
  C. Du, The University of Cincinnati, OH, USA 
 
11.55 IN012 CELL-CYCLE BLOCKAGE AFFECTS DNA DAMAGE 

RESPONSES THAT LEAD TO DEATH IN HUMAN PRIMARY 
FIBROBLASTS. 

  C.F. Menck, University of Sao Paulo, Brazil 
 
12.15 DD30 ROLE OF THE APOPTOSIS-MODULATORY MOLECULE NF-

κB IN DNA REPAIR 
  M. Volcic, Ulm University, Ulm, Germany 
 
Bronzino Hall 
Environmental Mutagenesis 
NANOTOXICOLOGY: MECHANISMS AND EFFECTS 
(This Symposium is partially supported by ECETOC) 
Chairs: G. Oberdörster, L. Tran 
 
10.30 IN013 TOXICITY ASSESSMENT OF NANOPARTICLES 
  G. Oberdörster, University of Rochester, NY, USA 
 
11.00 IN014 PHYSICO-CHEMICAL FEATURES IN THE  TOXICITY OF 

ENGINEERED NANOPARTICLES 
  B. Fubini, University of Torino, Italy 
 
11.20 IN015 DISTRIBUTION AND EFFECTS OF NANOMATERIALS AFTER 

INHALATION AND I.V. INJECTION IN RATS 
  R. Landsiedel, BASF SE, Ludwigshafen, Germany 
 
11.40 IN016 MECHANISMS OF NANOMATERIALS GENOTOXICITY 
  M. Kirsch-Volders, Vrije Universiteit Brussels, Belgium 
 
12.00 IN017 POTENTIAL PULMONARY EFFECTS OF SINGLE-WALLED 

CARBON NANOTUBE (SWCNT) EXPOSURE: IN VITRO 
GENOTOXIC EFFECTS 

  V. Castranova, National Institute for Occupational Safety and 
Health, Morgantown, WV, USA 

 
12.20  CONCLUSIONS 
  L. Tran, Institute of Occupational Medicine, Edinburgh, UK 
 
Angelico Hall 
Mutagenesis and health effects 
HEALTH EFFECTS OF NUCLEOTIDE POOL DAMAGE 
Chairs: T. Nohmi, M. Bignami 
 
10.30 IN018 ERRONEOUS INCORPORATION OF OXIDIZED 

NUCLEOTIDES BY Y-FAMILY DNA POLYMERASES 
  T. Nohmi, National Institute of Health Sciences, Tokyo, Japan 
 
10.55 IN019 PROGRAMMED CELL DEATH TRIGGERED BY NUCLEOTIDE 

POOL DAMAGE 
  Y. Nakabeppu, Kyushu University, Fukuoka, Japan 
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11.15 IN020 MULTIPLE ROLES OF THE MTH1 HYDROLASE: 

PROTECTION AGAINST NEURODEGENERATION AND 
CONTROL OF LIFE SPAN 

  M. Bignami, Istituto Superiore di Sanità, Roma, Italy 
 
11.35 IN021 INCORPORATION OF EXTRACELLULAR 8-oxodG INTO DNA 

AND RNA REQUIRES PURINE NUCLEOSIDE 
PHOSPHORYLASE IN CULTURED MAMMALIAN CELLS AND 
MICE. 

  P.T. Henderson, University of California, Sacramento, CA, USA 
 
11.55 IN022 MUTAGENICITY OF OXIDIZED DNA PRECURSORS IN 

LIVING CELLS: ROLES OF NUCLEOTIDE POOL 
SANITIZATION AND DNA REPAIR ENZYMES, AND Y-
FAMILY DNA POLYMERASES 

  H. Kamiya, Hokkaido University, Sapporo, Japan 
 
12.15 DD44 GENOTOXIC ACTIVITY INDUCED BY VARIOUS H. pylori 

STRAINS IS ASSOCIATED WITH A DOWNREGULATION OF 
DNA MISMATCH REPAIR GENES EXPRESSION 

  E. Touati, Institut Pasteur, Paris, France 
 
Botticelli Hall 
Risk assessment 
CURRENT ISSUES IN MODE OF ACTION ANALYSIS AND THEIR USE IN 
CANCER RISK ASSESSMENT 
Chairs: N. Keshawa, D. Eastmond 
 
10.30 IN023 AN OVERVIEW OF CURRENT ISSUES IN MODE OF ACTION 

ANALYSIS AND THEIR USE IN CANCER RISK ASSESSMENT 
  N. Keshava, U.S. Environmental Protection Agency, Washington 

DC, USA 
 
10.50 IN024 ASSESSING IN VITRO DOSE-RESPONSE RELATIONSHIPS 

FOR ANEUGENS 
  D.A. Eastmond, University of California, Riverside, CA, USA 
 
11.10 IN025 THE MUTAGENIC POTENTIAL OF FORMALDEHYDE AND 

ITS RELEVANCE FOR CARCINOGENESIS 
  G. Speit, Universität Ulm, Germany 
 
11.30 IN026 EMS IN VIRACEPT - A LESSON ON MUTATION 

THRESHOLDS FOR ALKYLATING AGENTS 
  L. Müller, F. Hoffmann-La Roche, Basel, Switzerland 
 
11.50 IN027 FOOD CADMIUM AND THE RISK OF HORMONE-RELATED 

CANCERS: A POPULATION-BASED PROSPECTIVE COHORT 
STUDY 

  A. Åkesson, Karolinska Institutet, Stockholm, Sweden 
 
12.10 IN028 ANALYSIS AND INCORPORATION OF MECHANISTIC DATA 

IN DECISION-MAKING ON SEVERAL CARCINOGENS AT 
IARC 
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  R. Baan, International Agency for Research on Cancer, Lyon, France 
 
 
 
12.30-14.30 Lunch and poster viewing 
  ME001-011; DD001-060; EM001-060; 
  MH001-032; PD001-013; RA001-037 
   
 
14.30-16.30  Parallel Symposia 
 
Lippi Hall 
Mutational and epigenetic mechanisms 
EPIGENOME AND THE ENVIRONMENT: FROM UNDERSTANDING THE 
MECHANISMS TO RISK ASSESSMENT 
Chairs: O. Kovalchuk, J. Trosko 
 
14.30 IN029 ROLE OF EPIGENETIC DEREGULATION IN RADIATION-

INDUCED GENOME INSTABILITY AND CARCINOGENESIS 
  O. Kovalchuk, University of Lethbridge, AB, Canada 
 
14.55 IN030 ROLE OF EPIGENETIC EVENTS IN GENOTOXIC LIVER 

CARCINOGENESIS 
  I.P. Pogribny, Food and Drug Administration, Jefferson, AR, USA 
 
15.15 IN031 DNA METHYLATION AND PERSISTENT BYSTANDER 

EFFECT: MEMORY OF AN INSULT 
B.P. Engelward, Massachusetts Institute of Technology, Cambridge, 
MA, USA 

 
15.35 IN032 EPIGENETIC CHANGES UNDERLIE ORGANISMAL 

ADAPTATION TO CHANGING ENVIRONMENTS 
  I. Kovalchuk, University of Lethbridge, AB, Canada 
 
15.55 IN033 SYSTEMS INTEGRATION OF HUMAN STEM CELLS, EPI-

TOXICOGENOMICS, CELL-CELL COMMUNICATION: THE 
BARKER HYPOTHESIS AND CHRONIC HUMAN DISEASES. 

  J.E. Trosko, Michigan State University, East Lansing, MI, USA 
 
16.15 ME025 THE ASSOCIATION OF METHYLATION PATTERN AND 

PRENATAL POLYCYCLIC AROMATIC HYDROCARBONS 
(PAHs) EXPOSURE 

  D. Tang, Columbia University, New York, NY, USA 
 
Botticelli Hall 
DNA damage responses 
NOVEL INSIGHTS INTO DNA DAMAGE SIGNALLING AND REPAIR 
Chairs: J. Jiricny, P. Menichini 
 
14.30 IN034 BASE- AND MISMATCH REPAIR INTERFERENCE DURING 

SOMATIC HYPERMUTATION 
  J. Jiricny, University of Zurich, Switzerland 
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14.50 IN035 MRE11 INTERACTIONS WITH DNA AND RAD50 ATPase PLUS 
NBS1 INTERACTIONS WITH CTIP CONNECT dsDNA REPAIR 
MACHINERY AND BREAK SIGNALING 

  J.A. Tainer, Lawrence Berkeley National Lab, La Jolla, CA, USA 
 
15.10 IN036 HUMAN ELG1 REGULATES THE LEVEL OF UBIQUITINATED 

PCNA THROUGH INTERACTIONS WITH PCNA AND USP1 
  K.J. Myung, National Institute of Health, Bethesda, MD, USA 
 
15.30   IN037 DNA BASE EXCISION REPAIR IN (EPI)GENOME 

MAINTENANCE 
  P. Schär, University of Basel, Switzerland 
 
15.50 IN038 PROPERTIES OF NEIL3 IN PROLIFERATION AND 

DIFFERENTIATION OF STEM/PROGENITOR CELLS 
  M. Bjørås, University of Oslo, Norway 
 
16.10 IN039 ESTABLISHMENT OF REPORTER ASSAY YEASTS 

RESPONDING TO LIGANDS OF VARIOUS HUMAN NUCLEAR 
RECEPTORS, AND ROLES OF AHR LIGANDS TO INDUCE OR 
PROTECT FROM DNA DAMAGE FORMATION 

  T. Yagi, Osaka Prefecture University, Osaka, Japan 
 
 
Bronzino Hall 
Environmental mutagenesis 
NEW DEVELOPMENTS IN THE GENOTOXICITY OF SOIL AND WATER 
Chairs: D. DeMarini, R. Marcos 
 
14.30 IN040 THE GENOTOXIC HAZARDS AND CARCINOGENIC RISKS OF 

PAH CONTAMINATED SOILS 
  P.A. White, Health Canada, Ottawa, QC, Canada 
 
14.55 IN041 POTENTIAL IMPLICATIONS OF SOIL POLLUTION WITH 

MUTAGENS IN LUNG CANCER 
  T. Watanabe, Kyoto Pharmaceutical University, Kyoto, Japan 
 
15.20 IN042 GENOTOXICITY AND CARCINOGENICITY OF DRINKING 

WATER DISINFECTION BY-PRODUCTS 
  D.M. DeMarini, U.S. Environmental Protection Agency, Research 

Triangle Park, NC, USA 
 
15.45 EM109 GENOTOXICITY STUDIES WITH DISINFECTION 

BYPRODUCTS (DBPs) 
  R. Marcos, Universitat Autònoma de Barcelona, Bellaterra, Spain 
 
16.10 EM135 AMES II AND HIGH-THROUGHPUT COMET ASSAY FOR 

EFFICIENT SCREENING OF DRINKING WATER (SOURCES) 
FOR GENOTOXIC CONTAMINANTS 

  M.B. Heringa, KWR Watercycle Research Institute, Nieuwegein, 
The Netherlands 
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Angelico Hall 
Mutagenesis and health effects 
CHILDREN CANCER RISK 
Chairs: J. Kleinjans, C.P. Wild 
 
14.30   INTRODUCTION 
  C.P. Wild, International Agency for Research on Cancer, Lyon, 

France 
 
14.40 IN043 ACTIVATION OF INFLAMMATION/NF-κB SIGNALING IN 

INFANTS BORN TO ARSENIC-EXPOSED MOTHERS 
  R. Fry, Massachusetts Institute of Technology, Cambridge, MA, 

USA 
 
15.05 IN044 TRANSCRIPTOMIC ANALYSIS IN UMBILICAL CORD BLOOD 

OF CHILDREN EXPOSED TO GENOTOXIC COMPOUNDS 
THROUGH THEIR MOTHERS DIET 

  D.M. van Leeuwen, Maastricht University, Maastricht, The 
Netherlands 

 
15.30 IN045 GENETIC AND ENVIRONMENTAL RISK FACTORS OF 

CHILDHOOD LEUKEMIA 
  K. Hemminki, German Cancer Research Center, Heidelberg, 

Germany  
 
15.55 IN046 THE INTERNATIONAL CHILD CANCER COHORT 

CONSORTIUM 
  T. Dwyer, Royal Children's Hospital, Parkville, Australia 
 
 
Michelangelo Hall 
Risk assessment 
NEW DEVELOPMENTS IN REGULATORY GENETIC TOXICOLOGY 
Chairs: E. Lorge, V. Thybaud 
 
14.30 IN047 INTEGRATION OF GENOTOXICITY TESTS INTO ROUTINE 

TOXICITY STUDIES 
  C. Priestley, AstraZeneca, UK 
  A. Czich, Sanofi Aventis, Germany 
  A. Rothfuss, Bayer Schering Pharma AG, Germany 
 
15.30 IN048 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE 

AND FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO 
GENETIC TOXICITY (IVGT) TESTING: INTRODUCTION AND 
FOLLOW-UP OF POSITIVE RESULTS IN VITRO 

  V. Thybaud, Sanofi-Aventis, Vitry sur Seine, France 
 
15.50 IN049 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE 

AND FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO 
GENETIC TOXICITY TESTING (IVGT): QUANTITATIVE 
ASPECTS OF GENOTOXICITY RISK ASSESSMENT 

  J.T. MacGregor, Toxicology Consulting Services, Arnold, MD, 
USA 
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16.10 IN050 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE 
AND FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO 
GENETIC TOXICITY TESTING (IVGT): EMERGING 
TECHNOLOGIES FOR THE IMPROVEMENT OF 
GENOTOXICITY RISK ASSESSMENT 

  J. Sasaki, Johnson & Johnson Pharmaceutical Research and 
Development, Raritan, NJ, USA 

 
16.30  Coffee break 
 
Botticelli Hall 
17.00 IN051 Plenary Lecture 
  Introduction: H.W. Chung, Past-President Korean EMS 
 
  CANCER STEM CELLS FROM SOLID TUMORS
  R. De Maria, Istituto Superiore di Sanità, Roma, Italy 
 
  6th ICEMHP Announcement 
  W. Au 
 
18.00-19.30  Parallel Forum 
 
Bronzino Hall  
 
 FOR01 ANTIMUTAGENESIS AND CHEMOPREVENTION IN A U-

SHAPED WORLD 
  Chair: D.J. Waters 
 
  Promoting health in a U-shaped world  
  D.J. Waters, Purdue University, West Lafayette, IN, USA  
 
  Cancer and aging: U-shaped response to vitamin D  
  P. Tuohimaa, University of Tampere, Finland 
 
  U-shaped dose response of anti-angiogenic agents 
  A.R. Reynolds, Institute of Cancer Research, London, UK 
 
 FOR02 Defining the optimal dose of selenium for prostate cancer risk 

reduction 
  D.J. Waters, Purdue University, West Lafayette, IN, USA 
 
 
Michelangelo Hall 
 
 FOR03 MUTAGENIC MODE OF ACTION FOR CARCINOGENS: 

HOW HIGH IS THE BURDEN OF PROOF? 
  Chair: M. Moore 
 
  Overview of Mode of Action (MOA); Framework for determining a 

mutagenic MOA; case study on cyclophosphamide 
  R. Schoeny, U.S. Environmental Protection Agency, Washington, 

DC, USA 
 
  Case study on dichloroacetic acid 
  M. Moore, U.S. Food and Drug Administration, Jefferson, AR, USA 
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  Case study on acrylamide  
  L. Haber, Toxicology Excellence for Risk Assessment, Cincinnati, 

OH, USA 
 
 
Botticelli Hall 
 
 FOR04 RATIONALE OF GENOTOXICITY TESTING OF 

NANOMATERIALS 
  (This Forum is partially supported by ECETOC) 
  Chairs: H. Greim, H. Norppa 
 
 FOR05 Regulatory requirements and appropriateness of available test 

systems 
  D. Warheit, DuPont Haskell Global Centers for Health & 

Environmental Sciences, Newark, DE, USA 
 
 FOR06 Possible genotoxic mechanisms: Criteria for improved test strategies 
  K. Donaldson, University of Edinburgh, Scotland, UK 
 
 
Angelico Hall 
 
 FOR07 ECOGENOTOXICOLOGY: PAST SUCCESSES AND 

FUTURE NEEDS 
  Chairs: C. Bolognesi, D.M. DeMarini 
 
 FOR08 Evaluating the mutagenicity of air, water, and soil by the Salmonella 

assay: where are we after 40 years? 
  D. M. DeMarini, US Environmental Protection Agency, Research 

Triangle Park, NC, USA  
 
 FOR09 Ecogenotoxicity applied to environmental quality control 
  V.M.F. Vargas, Fundação Estadual de Proteção Ambiental Henrique 

Luís Roessler, Porto Alegre, RS, Brazil 
 
 FOR10 Industrial solid waste leachates induced genotoxicity: models and 

assays  
  D.K. Chowdhuri, Indian Institute of Toxicology Research, 

Lucknow, India  
 
 FOR11 An approach to validate genotoxicity biomarkers in environmental 

animals: the example of the micronucleus test 
  C. Bolognesi, National Cancer Research Institute, Genova, Italy 
 
 FOR12 Applications of biomarkers for the monitoring of the aquatic 

environment: challenges and new trends  
  A. Jha, University of Plymouth, UK  
 
  Presentation of some selected posters  
 
 
Lippi Hall 
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  PHILOSOPHY, SCIENCE AND ART IN RENAISSANCE 
ITALY 

  Chair: P. Dolara 
 
 FOR13 Renaissance medicine between typification and direct observation 
  O. Catanorchi, Scuola Normale Superiore, Pisa, Italy 
 
 FOR14 Art, science and nature in the Renaissance from Botticelli to 

Leonardo  
  A. Perissa Torrini, Gallerie dell’Accademia di Venezia, Italia 
 
 
Saturday, August 22 
 
Botticelli Hall 
8.30 IN052 Plenary Lecture 
  Introduction: T. Yagi, President Japanese EMS 
 
  ENVIRONMENTAL EXPOSURE ASSESSMENT: COLLATERAL 

DAMAGE IN THE GENOMIC REVOLUTION?  
  C. P. Wild, International Agency for Research on Cancer, Lyon, 

France 
 
 
9.15 IN053 Plenary Lecture  
  Introduction: W. Anwar, President-Elect Pan-African EMS 
   
  UNDERSTANDING THE MUTAGENIC CONSEQUENCES OF 

BASE LESION DNA REPAIR 
  S.H. Wilson, National Institute of Environmental Health Sciences, 

Research Triangle Park, NC, USA 
 
  
10.00  Coffee break 
 
  
10.30-12.30   Parallel Symposia 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
CHROMOSOME SEGREGATION AND GENOMIC INSTABILITY 
Chair: F. Degrassi, U. Eichenlaub-Ritter 
 
10.30 IN054 USING MULTI-DIMENSIONAL PROTEOMICS TO DEFINE THE 

COMPLETE PROTEIN COMPOSITION OF MITOTIC 
CHROMOSOMES 

  W. Earnshaw, University of Edinburgh, UK 
 
10.55 IN055  LIVE CELL STUDIES ON TAXOL AND THE MITOTIC 

CHECKPOINT IN HUMANS 
  C.L. Rieder, NYS Dept. of Health, Albany, NY, USA 
 
11.20 IN056 MECHANISMS OF CHROMOSOME MIS-SEGREGATION IN 

CANCER CELLS 
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  D. Cimini, Virginia Tech, Blacksburg, VA, USA 
 
11.45 IN057 HIGH-RESOLUTION IMAGING OF MITOTIC CHROMOSOME 

INSTABILITY 
  D. Gisselsson, University Hospital, Lund, Sweden 
 
12.10 DD117 TRANSPLACENTALLY-INDUCED CENTROSOMAL 

AMPLIFICATION AND ANEUPLOIDY IN PRIMATES 
EXPOSED IN UTERO TO ANTIRETROVIRAL DRUGS 

  O. Olivero, National Cancer Institute, Bethesda, MD, USA 
 
Angelico Hall 
DNA damage responses 
CELL TYPE AND TIME SPECIFICITY OF DNA DAMAGE RESPONSE 
Chairs: E. Dogliotti, G.T. van der Horst 
 
10.30 IN058 DNA DAMAGE AND CELL DIFFERENTIATION 
  E. Dogliotti, Istituto Superiore di Sanità, Roma, Italy 
 
10.55 IN059 RECIPROCAL LINK BETWEEN THE CIRCADIAN CLOCK 

AND THE DNA DAMAGE RESPONSE 
  G.T.J. van der Horst, Erasmus University Medical Center, 

Rotterdam, The Netherlands 
 
11.20 IN060 CELL AND TISSUE-SPECIFIC REQUIREMENTS FOR DNA 

STRAND BREAK REPAIR DURING NEUROGENESIS  
  P.J. McKinnon, St. Jude Children’s Research Hospital, Memphis, 

TN, USA 
 
11.45 IN061 CELL CYCLE CHECKPOINTS AND DNA REPAIR PATHWAYS 

VARY BETWEEN DIFFERENT CELL TYPES FOLLOWING 
EXPOSURE TO IONIZING RADIATION 

  P.J. Stambrook, University of Cincinnati, OH, USA 
 
12.05 IN062 SOMATIC MUTATIONS AS A MOLECULAR RATIONAL OF 

DISEASE IN COMPLEX CONGENITAL HEART DISEASE 
  J. Borlak, Fraunhofer Institute for Toxicology and Experimental 

Medicine, Hannover, Germany 
 
12.20 DD104 DNA DAMAGE AND CHECKPOINT RESPONSES IN HUMAN 

PROSTATE EPITHELIUM  
  T.M. Hällström, University of Helsinki, Finland 
 
 
Bronzino Hall 
Environmental mutagenesis 
ENVIRONMENTAL POLLUTION: THE ROLE OF SENTINEL SPECIES AND 
BIOMARKERS 
Chairs: D. Waters, C. Bolognesi  
 
10.30 IN063 PET DOGS AS SENTINELS OF ENVIRONMENTAL CANCER 

RISK 
  D. Waters, Purdue University, West Lafayette, IN, USA 
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10.55 IN064 TOXICOPATHIC LIVER LESIONS AND OTHER BIOMARKERS 
OF CHEMICAL EXPOSURE AND EFFECT IN SENTINEL FISH 
SPECIES IN PUGET SOUND, WASHINGTON AND OTHER 
COASTAL AREAS OF THE UNITED STATES 

  M.S. Myers, NOAA Fisheries, Seattle, WA, USA 
 
11.20 IN065 GENOTOXICITY OF POLLUTED SOILS: RESPONSE OF 

BIOLOGICAL INDICATORS 
  P. Vasseur, University of Metz, France 
 
11.45 IN066 TRANSCRIPTOMICS AND PROTEOMICS IN Mus spretus: NEW 

TOOLS FOR ENVIRONMENTAL POLLUTION ASSESSMENT 
  C. Pueyo, Córdoba University, Spain 
 
12.05 IN067 ENHANCED IN VIVO MUTATIONS IN THE LUNG OF PHASE II 

ENZYME-SUPPRESSED MICE 
  Y. Aoki, National Institute for Environmental Studies, Tsukuba, 

Japan 
 
12.20 EM045 THE COPEPOD TIGRIOPUS: A PROMISING MARINE MODEL 

ORGANISM FOR ECOTOXICOLOGY AND ENVIRONMENTAL 
GENOMICS 

  J.-S. Lee, Hanyang University, Seoul, Korea 
 
Botticelli Hall 
Mutagenesis and health effects 
IS THE ERA OF GENOME WIDE ASSOCIATIONS ALREADY OVER? 
Chair: P. Vineis, Z. Herceg 
 
10.30 IN068 IS THE ERA OF GENOME WIDE ASSOCIATIONS ALREADY 

OVER? 
  P. Vineis, Imperial College, London, UK 
 
11.10 IN070 GENOME-WIDE ASSOCIATION STUDIES: STATISTICAL 

DEVELOPMENTS 
  D. Balding, Imperial College, London, UK 
 
11.40 IN071 APPLICATION OF EPIGENOMICS IN CANCER RESEARCH 
  Z. Herceg, International Agency for Research on Cancer, Lyon, 

France 
 
12.10 MH011 p73 G4C14-to-A4T14 GENE POLYMORPHISM AND 

INTERACTION WITH p53 EXON 4 Arg72Pro ON CANCER 
SUSCEPTIBILITY: A META-ANALYSIS OF THE LITERATURE 

  E. De Feo, Università Cattolica del Sacro Cuore, Roma, Italy 
 
 
Lippi Hall 
Prevention of mutation-related diseases 
BIOLOGY, EPIDEMIOLOGY AND PREVENTION OF CANCER-ASSOCIATED 
MICROBIAL DISEASES 
Chairs: P. Bonanni, P.J. Farrell 
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10.30 IN072 EPIDEMIOLOGY AND PRIMARY PREVENTION OF HPV-

RELATED PRE-CANCEROUS AND CANCEROUS LESIONS 
  P. Bonanni, University of Firenze, Italy 
 
11.05 IN074 DEVELOPMENT OF VACCINES AGAINST Helicobacter pylori 
  G. Del Giudice, Novartis Vaccines and Diagnostics, Siena, Italy 
 
11.35 IN075 EPSTEIN-BARR VIRUS INFECTION, MUTATIONS AND 

CANCER 
  P.J. Farrell, Imperial College, London, UK 
 
12.05 PD025 HUMAN PAPILLOMA VIRUS IN BARRETT’S OESOPHAGUS 
  E. Snow, University of Tasmania, Launceston, Tasmania, Australia 
 
12.30-14.30  Lunch and poster viewing 
  ME012-021; DD061-120; EM061-120; 
  MH033-064; PD014-026; RA038-075 
 
 
14.30-16.30  Parallel Symposia 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
MicroRNAs AND THEIR REGULATION 
Chairs: G.A. Calin, M. Negrini 
 
14.30 IN076 TOWARD A NON-CODING RNA REVOLUTION IN THE 

CANCER SOCIETY 
  G.A. Calin, University of Texas, Houston, TX, USA 
 
15.00 IN077 MicroRNAs IN CELL DIFFERENTIATION AND CANCER 
  F.J. Slack, Yale University, New Haven, CT, USA 
 
15.30 IN078 MicroRNA ONCOGENIC PATHWAYS DERAILED IN 

HEPATOCELLULAR CARCINOMA 
  M. Negrini, Università di Ferrara, Italy 
 
15.55 IN079 POST-TRANSCRIPTIONAL REGULATION OF microRNA 

EXPRESSION IN HUMAN TUMORS AND CANCER CELL 
LINES 

  T.D. Schmittgen, Ohio State University, Columbus, OH, USA 
 
16.20 RA070 IDENTIFICATION OF miRNA WITH TOXICOLOGICAL 

POTENTIAL AFTER BENZO[a]PYRENE EXPOSURE 
  D. Lizarraga, Maastricht University, Maastricht, The Netherlands 
 
 
Botticelli Hall 
Environmental mutagenesis 
CHALLENGING ENVIRONMENTAL HEALTH PROBLEMS AROUND THE 
WORLD 
Chairs: W. Au, R. Sram 
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14.30 IN080 TRADITIONAL AND FUNCTIONAL BIOMARKERS FOR 
MONITORING EXPOSED POPULATIONS FOR HEALTH RISK 
ASSESSMENT 

  W.W. Au, University of Texas, Galveston,TX, USA 
 
14.50 IN081 ENVIRONMENTAL AIR POLLUTION AND ASSESSMENT OF 

HEALTH RISK IN VARIOUS POPULATIONS 
  M. Ruchirawat, Chulabhorn Research Institute, Bangkok, Thailand 
 
15.10 IN082 GENOTOXICITY OF AIR POLLUTANTS – IMPACT TO 

CHILDREN HEALTH 
  R.J. Sram, Institute of Experimental Medicine AS CR, Prague, 

Czech Republic 
 
15.30 IN083 ARSENIC IN DRINKING WATER: GENETIC AND GENOMIC 

APPROACHES FOR IDENTIFYING ARSENIC 
SUSCEPTIBILITY AND HEALTH EFFECTS 

  A.K. Giri, Indian Institute of Chemical Biology, Calcutta, India 
 
15.50 IN084 ENVIRONMENTAL HEALTH PRIORITIES AND CHALLENGES 

AROUND THE WORLD FOR THE NEXT DECADES  
  J. Pronczuk, World Health Organization, Geneva, Switzerland 
 
16.10 IN085 ARISTOLOCHIC ACID NEPHROPATHY: AN 

ENVIRONMENTAL AND IATROGENIC DISEASE 
  A.P. Grollman, Stony Brook University, New York, NY, USA 
 
 
Angelico Hall 
Mutagenesis and health effects 
DNA DAMAGE, REPAIR AND AGING 
(This Symposium is supported by The Ellison Medical Foundation) 
Chairs: L.J. Niedernhofer, P.L. Opresko 
 
 
14.30 IN086 HUMAN PREMATURE AGING PROTEINS PARTICIPATE IN 

DNA REPAIR 
  V.A. Bohr, National Institute on Aging, Baltimore, MD, USA 
 
14.50 IN087 ENVIRONMENTAL CAUSES OF TELOMERE DEFECTS  
  P.L. Opresko, University of Pittsburgh, PA, USA 
 
15.10 DD157 THE WERNER SYNDROME PROTEIN PARTICIPATES IN THE 

RESPONSE TO ONCOGENE-INDUCED REPLICATION STRESS 
  P. Pichierri, Istituto Superiore di Sanità, Roma, Italy 
 
15.25 IN088 EVIDENCE THAT DNA DAMAGE PLAYS A CAUSAL ROLE IN 

AGING AND AGE-RELATED DISEASE 
  L.J. Niedernhofer, University of Pittsburgh, PA, USA 
 
15.50 IN089 TRANSCRIPTION-BLOCKING DNA LESIONS: AT THE 

CROSSROAD OF AGING AND LONGEVITY 
  G.A. Garinis, Institute of Molecular Biology and Biotechnology, 

Heraklion, Greece 
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16.10 IN090 CELLULAR SENESCENCE AS A DNA DAMAGE RESPONSE 
  F. D’Adda di Fagagna, IFOM-IEO, Milano, Italy 
 
Bronzino Hall 
Prevention of mutation-related diseases 
NUTRIGENOMICS AND PUBLIC HEALTH 
Chairs: M. Fenech, P. Dolara 
 
14.30 IN091 PERSONALISED AND POPULATION-BASED STRATEGIES 

FOR DIAGNOSIS OF DNA DAMAGE AND ITS PREVENTION 
VIA NUTRITIONAL AND LIFE-STYLE INTERVENTION 

  M. Fenech, CSIRO Human Nutrition, Adelaide, Australia 
 
15.00 IN092 NUTRITIONAL SYSTEMS BIOLOGY: FROM INTEGRATING 

MECHANISMS TO PREVENTION 
  B. van Ommen, TNO-Quality of Life, Zeist, The Netherlands 
 
15.25 IN093 BACTERIA-HOST INTERACTION IN CHRONIC DISEASE: 

INFLAMMATION MEETS METABOLISM 
  D. Haller, Technical University of Munich, Germany 
 
15.50 IN094 PROTEOMIC BIOMARKERS OF VULNERABILITY TO 

CANCER IN THE ALIMENTARY TRACT 
  I.T. Johnson, Norwich Research Park, Norwich, UK 
 
16.15 RA065 A STEP FORWARD ON THE ROAD TO PREVENT CERVICAL 

CARCINOMA: A NUTRIGENETIC APPROACH 
  A. Agodi, University of Catania, Italy 
 
Lippi Hall 
Risk assessment 
MOLECULAR EPIDEMIOLOGY AND ETHICS 
Chairs: K. Vähäkangas, D. Palli 
 
14.30 IN095 HOW TO PROTECT INTEGRITY OF SCIENTIFIC RESEARCH 
  K. Vähäkangas, University of Kuopio, Finland 
 
15.00 IN096 OBTAINING, SHIPPING, BIOBANKING AND USING OF 

HUMAN SPECIMENS: LOGISTICAL AND ETHICAL 
CHALLENGES 

  P. Hainaut, International Agency for Research on Cancer, Lyon, 
France 

 
15.30 IN097 CHILDREN AS RESEARCH SUBJECTS: TODAY’S RESEARCH 

FOR A BETTER FUTURE 
  D.F. Merlo, National Cancer Research Institute, Genova, Italy 
 
16.00 IN098 RECENT TRENDS AND CHALLENGES IN ENVIRONMENTAL 

HEALTH RESEARCH 
  S.H. Wilson, National Institute of Environmental Health Sciences, 

Research Triangle Park, NC, USA 
 
16.20 RA103 THE CYTOKINESIS BLOCKED MICRONUCLEUS CYTOME 

ASSAY AND RISK PREDICTION OF LUNG CANCER 
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  R. El-Zein, The University of Texas M.D. Anderson Cancer Center, 
Houston, TX, USA 

 
 
16.30  Coffee break 
 
Botticelli Hall 
17.00 IN099 Plenary Lecture 
  Introduction: A. Guevara, President Philippines EMS 
 
  THE DNA DAMAGE PROBLEM IN THE CONTEXT OF 

CANCER, AGING AND LONGEVITY 
  J.H.J. Hoeijmakers, Erasmus Medical Center, Rotterdam, The 

Netherlands 
 
 
18.00-19.30  Parallel Forum 
 
 
Botticelli Hall 
 
 FOR15 WORKSHOP ON CYTOTOXICITY MEASURES IN THE IN 

VITRO MICRONUCLEUS TEST 
   Chair: D. Kirkland 
 
  Brief introduction and rationale  
  D. Kirkland, Covance, Harrogate, UK  
 
  Summary of L5178Y cell results  
  E. Lorge, Servier, Fleury-les-Aubrais, France  
 
  Summary of TK6 results  

A. Elhajouji, Novartis, Basel, Switzerland 
 
Summary of hamster cell results  
J. Whitwell, Covance, Harrogate, UK  
 
Summary of US data  
M. Schuler, Pfizer, Groton, CT, USA  
 
Overall conclusions  

  D. Kirkland, Covance, Harrogate, UK 
 
Angelico Hall 
 
 FOR16 RISK ASSESSMENT OF GENOTOXIC TRACE 

SUBSTANCES IN FOOD 
  Chair: R. Crebelli 
 

 FOR17 The margin of exposure approach to substances in food that are 
genotoxic and carcinogenic  

  D. Benford, Food Standard Agency, London, UK 
 
 FOR18 Possible mechanisms underlying practical thresholds for genotoxic 

carcinogens 
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T. Nohmi, National Institute of Health Sciences, Tokyo, Japan 
 
 FOR19 US FDA safety assessment of genotoxic food contact substances 
  C.W. Sheu, Food and Drug Administration, Washington, DC, USA 
 

 
Michelangelo Hall 
 
 FOR20 PREPARING THE NEXT GENERATION OF SCIENTISTS 

THROUGH EDUCATION AND RESEARCH 
  Chair: J. Gentile  
 
  J. Gentile, Research Corporation for Science Advancement, Tucson, 

AZ, USA 
 
  D. DeMarini, US Environmental Protection Agency, Research 

Triangle Park, NC, USA 
 
  D. Tweats, University of Wales, Swansea, UK 
 
 
Sunday, August 23 
 
Botticelli Hall 
8.30 IN100 Plenary Lecture 
  Introduction: M. Chulasiri, President Thai EMS 
 
  COMPLEX CELLULAR RESPONSES TO DNA DAMAGING 

AGENTS 
  L. Samson, Massachusetts Institute of Technology, Cambridge, MA, 

USA 
 
9.15  IN101 Plenary Lecture 
  Introduction: J. Gentile, Past-President IAEMS  
 
  NOVEL STRATEGIES IN THE PREVENTION OF MUTATION-

RELATED DISEASES 
  S. De Flora, University of Genova, Italy 
 
 
10.00  Coffee break 
 
 
10.30-12.30  Parallel Symposia 
 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
NEW INSIGHTS IN GERM CELL MUTAGENESIS 
Chairs: F. Marchetti, C.L. Yauk 
 
10.30 IN102 DNA DOUBLE STRAND BREAK REPAIR IN PARENTAL 

CHROMOSOMES OF MOUSE ZYGOTES 
  P. de Boer, Radboud University, Nijmegen, The Netherlands 
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11.00 IN103 PATERNAL EXPOSURES AFFECT SPERM CHROMATIN AND 

DISTURB EPIGENETIC PROGRAMMING DURING EARLY 
EMBRYO DEVELOPMENT  

  B. Robaire, McGill University, Montreal, QC, Canada 
 
11.30 IN104 EFFECTS OF TOBACCO SMOKE ON MALE GERM CELLS 

AND EARLY EMBRYONIC DEVELOPMENT 
  F. Marchetti, Lawrence Berkeley National Laboratory, Berkeley, 

CA, USA 
 
11.50 IN105 HERITABLE EFFECTS OF EXPOSURE TO COMBUSTION 

DERIVED PARTICLES 
  C.L. Yauk, Health Canada, Ottawa, QC, Canada 
 
12.10 EM102 3,3'-DINTRITRO-BISPHENOL A SIGNIFICANTLY DISTURBS 

MATURATION AND SPINDLE FORMATION, AND 
CHROMATIN INTEGRITY IN MOUSE OOCYTES 

  U. Eichenlaub-Ritter, University Bielefeld, Germany 
 
 
Angelico Hall 
DNA damage responses 
CELLULAR DEFENSES AGAINST OXIDATIVE DAMAGE 
Chairs: T. Lindahl, B. Demple 
 
 
10.30 IN106 ROLES OF THE FTO AND TREX1 ENZYMES IN REMOVAL OF 

DAMAGED OR DISPLACED DNA 
  T. Lindahl, CR-UK London Research Institute, South Mimms, UK 
 
10.50 IN107 INTEGRATING CELLULAR FUNCTION THROUGH A BASE 

EXCISION DNA REPAIR PROTEIN 
B. Demple, Harvard School of Public Health, Boston, MA, USA 

 
11.10 IN108 REGULATION OF BASE EXCISION REPAIR IN RESPONSE TO 

DNA DAMAGE 
  G. Dianov, University of Oxford, UK 
 
11.30 IN109 MUTYH AND DNA POLYMERASE λ COOPERATE IN A 

NOVEL LONG PATCH BASE EXCISION REPAIR OF 8-oxo- 
GUANINE 

  U. Hübscher, University of Zurich, Switzerland 
 
11.50 IN110 DNA REPAIR ENZYME NEIL1, METABOLIC SYNDROME 

AND CANCER 
  M. Dizdaroglu, National Institute of Standards and Technology, 

Gaithersburg, MD, USA 
 
12.10 IN111 INTERACTION OF PROTEINS INVOLVED IN DNA REPAIR 

WITH AP SITE CONTAINING DNA 
  O. Lavrik, Russian Academy of Sciences, Novosibirsk, Russia 
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Lippi Hall 
Environmental mutagenesis 
CRITICAL ISSUES ON ENVIRONMENTAL GENOTOXICITY IN LATIN 
AMERICA 
Chairs: L.R. Ribeiro, E. Zamorano-Ponce 
 
10.30 IN112 INTRODUCTION TO SIMPOSIUM: CRITICAL ISSUES ON 

ENVIRONMENTAL GENOTOXICITY IN LATIN AMERICA  
  E. Zamorano-Ponce, Universidad del Bío-Bío, Chillán, Chile 
 
10.40 IN113 DNA DAMAGE, OXIDATIVE BALANCE, AND EXPOSURE 

BIOMARKERS IN A RURAL POPULATION EXPOSED TO 
PESTICIDES. 

  M.A. Carballo, Universidad de Buenos Aires, Argentina 
 
11.10 IN114 ATMOSPHERIC POLLUTION BY MUTAGENIC AGENTS IN 

AREAS OF INDUSTRIAL IMPACT: HUMAN BIOMONITORING 
  V.M.F. Vargas, Fundação Estadual de Proteção Ambiental, 

FEPAM/Universidade Federal do Rio Grande do Sul, Porto Alegre, 
RS, Brazil 

 
11.40 IN115 POLYCYCLIC AROMATIC HYDROCARBON (PAH)-DNA 

ADDUCTS, CHROMOSOMAL ABERRATIONS, AND CYP1A, 
CYP1B1 AND GSTM1 RISK VARIANTS IN PERIPHERAL 
BLOOD LYMPHOCYTES FROM YOUNG ADULTS LIVING IN 
MEXICO CITY. 

  M.E. Gonsebatt, UNAM, Mexico City, DF, Mexico 
 
12.05 IN116 USE OF AGROCHEMICALS IN ARGENTINA: GENOTOXIC 

AND CYTOTOXIC COMPARISONS BETWEEN PURE AND 
FORMULATED PRODUCTS 

  M.L. Larramendy, University of La Plata, Argentina 
 
 
Botticelli Hall 
Mutagenesis and health effects 
CANCER MODELS AND MECHANISMS 
Chairs: K. Tanaka, Y. Pommier 
 
10.30 IN117 NOVEL FUNCTION OF NUCLEOTIDE EXCISION REPAIR 

FACTOR AND ITS RELEVANCE TO XERODERMA 
PIGMENTOSUM AND COCKAYNE SYNDROME 

  K. Tanaka, Osaka University, Osaka, Japan 
 
10.55 IN118 CHROMOSOMAL INSTABILITY IN CANCER PATHOGENESIS 

AND TREATMENT 
  A. Venkitaraman, University of Cambridge, UK 
 
11.20 IN119 ROLE OF TOPOISOMERASE I IN GENOMIC STABILITY 
  Y. Pommier, National Institutes of Health, Bethesda, MD, USA 
 
11.40 IN120 OXIDATIVE STRESS-INDUCED TUMORIGENESIS IN THE 

SMALL INTESTINES OF VARIOUS TYPES OF DNA REPAIR-
DEFICIENT MICE 

  T. Tsuzuki, Kyushu University, Fukuoka, Japan 
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12.00 IN121 ROLE OF MICROENVIRONMENT ON TUMOR PROGRESSION: 

ENDOTHELIUM, ANGIOGENESIS AND INFLAMMATION 
  A. Albini, IRCCS Multimedica, Sesto San Giovanni, Milano, Italy 
 
12.20 MH069 AN ATTEMPT TO IDENTIFY GENES INVOLVED IN 

PROGRESSION OF TOBACCO SMOKE ASSOCIATED CANCER 
  K. Szyfter, Polish Academy of Sciences, Poznan, Poland 
 
 
Bronzino Hall 
Prevention of mutation-related diseases 
PHARMACOLOGICAL PREVENTION OF MUTATION AND CANCER 
Chairs: V.E. Steele, T.W. Kensler 
 
10.30 IN122 ANTIMUTAGENIC STRATEGIES APPLIED TO 

CHEMOPREVENTIVE DRUG DEVELOPMENT 
  V.E. Steele, National Cancer Institute, Bethesda, MD, USA 
 
10.55 IN123 CLINICAL STRATEGIES FOR DEVELOPING 

ANTIMUTAGENIC CHEMOPREVENTIVE DRUGS 
  G.J. Kelloff, National Cancer Institute, Bethesda, MD, USA 
 
11.20 IN124 TARGETING KEAP1-NRF2 SIGNALING WITH DRUGS 
  T.W. Kensler, Johns Hopkins University, Baltimore, MD, USA 
 
11.45 IN125 CHEMOPREVENTION OF CIGARETTE SMOKE 

GENOTOXICITY AND CARCINOGENICITY 
  R. Balansky, National Center of Oncology, Sofia, Bulgaria 
 
12.10 PD002 PHARMACOLOGICAL ANTIOXIDANTS PROTECT FROM 

RADIATION INDUCED DNA DAMAGE AS WELL AS 
GENETIC INSTABILITY AND LYMPHOMA IN ATM 
DEFICIENT MICE 

  R.H. Schiestl, University of California, Los Angeles, CA, USA 
 
 
12.30  Lunch 
 
13.30-15.30  Parallel Symposia 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
IN VIVO MUTAGENESIS: RECENT ADVANCES AND FUTURE PROSPECTS 
Chairs: G.R. Douglas, J.H. Bielas 
 
13.30 IN126 LIKE FATHER LIKE SON: TRANSGENERATIONAL GENOMIC 

INSTABILITY IN MAMMALS 
Y.E. Dubrova, University of Leicester, UK 
 

14.00 IN127 THE MECHANISM AND CLINICAL UTILITY OF SOMATIC 
MITOCHONDRIAL MUTAGENESIS IN CANCER 
J.H. Bielas, Fred Hutchinson Cancer Research Center, Seattle, WA, 
USA 
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14.30 IN128 CROSS-SPECIES, ENDOGENOUS MUTATION ASSAY BASED 
ON THE PIG-A GENE 
J.C. Bemis, Litron Laboratories, Rochester, NY, USA 

 
15.00 IN129 VALIDATION AND UTILITY OF TRANSGENIC RODENT GENE 

MUTATION ASSAYS 
G.R. Douglas, Health Canada, Ottawa, ON, Canada 

 
Botticelli Hall 
DNA damage responses 
DNA DAMAGE RESPONSE AS THERAPEUTIC TARGET 
Chairs: A. Sarasin, P. Karran 
 
13.30 IN130 OVEREXPRESSION OF SOME DNA REPAIR PATHWAYS ARE 

ASSOCIATED WITH METASTASIS RISK IN MELANOMA 
PATIENTS 

  A. Sarasin, CNRS, Villejuif, France 
 
13.55 IN131 DNA DAMAGE AND DNA DAMAGE RESPONSES AFTER 

THIOPURINE/UVA TREATMENT 
  P. Karran, Cancer Research UK London Research Institute, South 

Mimms, UK 
 
14.20   IN132 GENOTOXIC STRESS RESPONSE: MECHANISMS AND 

RELEVANCE TO CANCER 
     J. Bartek, Danish Cancer Society, Copenhagen, Denmark  
 
14.40 IN133 PROCESSING OF DNA ADDUCTS INTO DOUBLE STRAND 

BREAKS 
  A.K. Larsen, INSERM, Université Paris 6, Paris, France 
 
15.00 IN134 IMPLICATION OF THE NUCLEOTIDE EXCISION REPAIR 

MACHINERY ON THE RESPONSE TO DOXORUBICIN 
TREATMENT IN HUMAN FIBROBLASTS 

  J. Saffi, Lutheran University of Brazil, Canoas, Brazil 
 
15.20 DD003 A MRN/TIP60 COMPLEX INVOLVED IN DNA DOUBLE 

STRAND BREAKS REPAIR 
  Y. Canitrot, LBCMCP, CNRS UMR 5088 and University of 

Toulouse, France 
 
 
Angelico Hall 
Environmental mutagenesis 
SYSTEMS BIOLOGY APPROACHES TO ENVIRONMENTAL CARCINOGENESIS 
AND RELATED BIOMARKERS 
(This Symposium is supported by ECNIS) 
Chairs: A. Hirvonen, S. Kyrtopoulos 
 
13.30  INTRODUCTION 
  A. Hirvonen, Finnish Institute of Occupational Health, Helsinki, 

Finland 
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13.40 IN135 INTOGEN: A NOVEL FRAMEWORK FOR INTEGRATION AND 
DATA-MINING OF MULTIDIMENSIONAL ONCOGENOMIC 
DATA 

  N. Lopez-Bigas, Universitat Pompeu Fabra, Barcelona, Spain 
 
14.05 IN136 THE COMPARATIVE TOXICOGENOMICS DATABASE: A 

DISCOVERY TOOL FOR IDENTIFYING CHEMICAL-GENE-
DISEASE NETWORKS  

  C.J. Mattingly, The Mount Desert Island Biological Laboratory, 
Salisbury Cove, ME, USA 

 
14.30 IN137 METABOLIC PROFILING AS A TOOL IN BIOMARKER 

RESEARCH AND SYSTEMS BIOLOGY 
  H.C. Keun, Imperial College, London, UK 
 
14.55 IN138 BLOOD TRANSCRIPTOMICS AND EXPOSURE BIOMARKERS 

IN A POPULATION-BASED COHORT – THE NOWAC 
POSTGENOME STUDY 

  V. Dumeaux, University of Tromsø, Norway 
 
15.20  CONCLUSION 
  S. Kyrtopoulos, National Hellenic Research Foundation, Athens, 

Greece 
 
 
Lippi Hall 
YOUNG SCIENTIST SESSION I 
Chairs: M. Kirsch-Volders, A.Zijno 
 
13.30 DD040 DNA POLYMERASES BETA AND LAMBDA AS A POTENTIAL 

PARTICIPANTS OF TLS DURING GENOMIC DNA 
REPLICATION ON THE LEADING AND LAGGING STRANDS 

  E.A. Belousova, Institute of Chemical Biology and Fundamental 
Medicine, Novosibirsk, Russia 

 
13.45 EM053 BIOLOGICAL ACTIVITIES OF ENDOGENOUS 

MUTAGENS/CARCINOGENS, 
AMINOPHENYLNORHARTMAN AND N-NITROSO BILE ACID 
CONJUGATES 

  Y. Totsuka, National Cancer Center Research Institute, Tokyo, Japan 
 
14.00  DD096 DNA DAMAGE RESPONSES IN IRRADIATED 

GLIOBLASTOMA CELL LINES 
  P.R.D.V. Godoy, University of São Paulo, Ribeirão Preto, SP, Brazil 
 
14.15 EM140 DNA DAMAGE ASSESSMENT OF HUMAN POPULATIONS 

EXPOSED TO AIRBORNE POLLUTANTS FROM INDUSTRIAL 
AND URBAN SOURCES 

  M.V. Coronas, Universidade Federal do Rio Grande do Sul, Porto 
Alegre, RS, Brazil 

 
14.30 RA071 MOLECULAR GENETIC ANALYSIS OF C677T AND A1298C 

POLYMORPHISMS OF THE GENE OF METHYL TETRA 
HYDRO FOLATE REDUCTASE AS A RISK FACTOR FOR 
DEVELOPMENT OF CHRONIC MALNUTRITION IN 
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CHILDREN UNDER 3 YEARS OF THE MUNICIPALITY OF 
LURIBAY, EXPOSED TO PESTICIDES 

  R.E. Montaño Arrieta, Universidad Mayor de San Andres UMSA, 
La Paz, Bolivia 

 
14.45 ME033 HYPOXIA UPREGULATES microRNA-210 AND 

CONTRIBUTES TO CANCER CELL SURVIVAL VIA 
MODULATING MITOCHONDRIAL ACTIVITY 

  M.E. Crosby, Yale University School of Medicine, New Haven, CT, 
USA 

 
Bronzino Hall 
Risk assessment 
NEW DATA INITIATIVES AND PREDICTIVE APPROACHES FOR 
MUTAGENICITY AND CARCINOGENICITY 
Chairs: R. Benigni, A. Richard 
 
13.30 IN139 EXPERIMENTAL TESTS AND MODELING APPROACHES: 

GETTING THE BEST FROM BOTH 
  R. Benigni, Istituto Superiore di Sanità, Roma, Italy 
 
13.55 IN140 NEW CHEMICAL/BIOLOGICAL PROFILING AND 

INFORMATICS APPROACHES FOR EXPLORING 
MUTAGENICITY AND CARCINOGENICITY: UPDATES OF 
EPA TOXCASTTM AND TOX21 PROGRAMS 

  A. Richard, U.S. Environmental Protection Agency, Research 
Triangle Park, NC, USA 

 
14.20 IN141 A KNOWLEDGE-BASE APPROACH TO IDENTIFY 

SIGNATURES FOR BIOLOGICAL AND CHEMICAL PAIRS IN 
THE RISK ASSESSMENT PROCESS 
C. Yang, US Food and Drug Administration, College Park, MD, 
USA  

 
14.45 IN142 THE USE OF (Q)SAR IN FOOD SAFETY ASSESSMENT 
  E. Lo Piparo, Institute for Health and Consumer Protection, Ispra, 

Varese, Italy 
 
15.10 RA021 ENVIRONMENTAL RISK INDEX (iERICA): A NEW PROPOSAL 

FOR RISK ASSESSMENT INTEGRATING IN VITRO TOOLS 
  D. Baderna, Istituto di Ricerche Famacologiche “Mario Negri”, 

Milano, Italy 
 
15.20 RA082 DIRECTING GENOTOXICITY TESTING TO ASSIST IN THE 

DEVELOPMENT OF IN SILICO MODELS 
  R.V. Williams, Lhasa Limited, Leeds, UK 
 
 
16.00-19.30  Optional tours 
 
20.30  Social dinner 
 
 
Monday, August 24 
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Botticelli Hall 
8.30  IN143 Plenary Lecture 
  Introduction: A.B. Prasad, President EMS India 
 
  THE RATE OF SOMATIC MUTATIONS AND HUMAN 

CANCER 
  L. Luzzatto, Istituto Toscano Tumori, Firenze, Italy 
  
 
9.15  IN144 Plenary Lecture 
  Introduction: E. Snow, President EMS Australia-New Zealand (MEPSA)  
 
  CAUSES AND MECHANISMS OF COLON CANCER 

DEVELOPMENT, AND STRATEGIES FOR ITS PREVENTION 
  K. Wakabayashi, National Cancer Center Research Institute, Tokyo, 

Japan 
 
10.00  Coffee break 
 
 
10.30-12.30   Parallel Symposia 
 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
INDUCED MUTAGENESIS: A NETWORK OF INTERPLAYING PROCESSES 
Chairs: J.M. Essigmann, A. Abbondandolo 
 
10.30 IN145 AN INTEGRATED VIEW OF INDUCED MUTAGENESIS IN E. 

coli 
  R.P. Fuchs, CNRS, Marseille, France 
 
10.55 IN146 INTERPLAY OF DNA REPAIR, DNA POLYMERASES AND 

TRANSCRIPTION IN THE PROCESS OF SPONTANEOUS 
MUTAGENESIS IN YEAST 

  S. Boiteux, CNRS & CEA, Fontenay aux Roses, France 
 
11.20 IN147 OXIDATIVE STRESS, DNA ALKYLATION AND 

MUTAGENESIS 
  J.M. Essigmann, Massachusetts Institute of Technology, Cambridge, 

MA, USA 
 
11.45 IN148 MUTAGENIC OR ACCURATE OUTCOME OF TRANSLESION 

DNA SYNTHESIS IS DETERMINED BY SPECIFIC TWO-
POLYMERASE MECHANISMS IN MAMMALIAN CELLS  

  Z. Livneh, Weizmann Institute of Science, Rehovot, Israel 
 
12.10 DD025 LESION RECOGNITION AND CATALYSIS IN BER PATHWAY 

INVOLVE MULTIPLE CONFORMATIONAL CHANGES IN 
ENZYMES AND DNA 

  O.S. Fedorova, Russian Academy of Sciences, Novosibirsk, Russia 
 
12.20 DD056 NEIL GLYCOSYLASES: NOVEL ACTIVITIES AND 

REGULATION 
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  I.R. Grin, Russian Academy of Sciences, Novosibirsk, Russia 
 
 
Botticelli Hall 
DNA damage responses 
LOOKING INTO THE FUTURE: GENOME WIDE TECHNOLOGIES IN 
TOXICOLOGY 
Chairs: L. Mullenders, E. Prosperi 
 
10.30 IN149 EPISTASIS ANALYSIS OF THE DNA DAMAGE RESPONSE 
  H. van Attikum, Leiden University, Leiden, The Netherlands 
  (EEMS Young Scientist Award 2009) 
 
10.55 IN150 TRANSLATIONAL RESPONSES TO DNA DAMAGE 
  T.J. Begley, University at Albany, Rensselaer, NY, USA 
 
11.20 IN151 GLOBAL ANALYSIS OF SIGNALING NETWORKS BY HIGH-

RESOLUTION MASS SPECTROMETRY-BASED 
QUANTITATIVE PHOSPHOPROTEOMICS 

  J.V. Olsen, University of Copenhagen, Denmark 
 
11.45 IN152 QUANTITATIVE IMAGING-BASED FUNCTIONAL GENOMICS 

SCREENING TO UNRAVEL TOXICITY RELEVANT 
SIGNALING PATHWAYS 

  B. van de Water, Leiden University, Leiden, The Netherlands 
 
12.10 IN153 CHIP-SEQ APPROACH TO STUDY THE CELLULAR 

RESPONSE TO DAMAGE INDUCED TRANSCRIPTION 
INTERFERENCE 

  M. Fousteri, Leiden University, Leiden, The Netherlands 
 
12.25 DD147 PROTEOMICS AND SPR IMAGING APPLIED TO PLATINATED 

DNA INTERACTOME STUDIES 
  J. Breton, Commissariat à l'Énergie Atomique, Grenoble, France 
 
 
Angelico Hall 
DNA damage responses 
REGULATION OF DNA DAMAGE RESPONSE: LESSONS LEARNED FROM 
DOUBLE STRAND BREAK REPAIR PATHWAYS 
Chairs: J. Surralles, P. Mosesso 
 
10.30 IN154 FANCONI ANEMIA: OMIC APPROACHES AND 

THERAPEUTIC APPLICATIONS 
  J. Surralles, Universitat Autònoma de Barcelona, Spain 
 
11.00 IN155 FANCM CONNECTS THE TWO GENOME INSTABILITY 

DISORDERS BLOOM'S SYNDROME AND FANCONI ANEMIA 
  A.J. Deans, London Research Institute, Cancer Research UK, South 

Mimms, UK 
 
11.30 IN156 GENETIC PATHWAYS REQUIRED FOR TEMPLATE-SWITCH 

MEDIATED DAMAGE BYPASS REPLICATION 
  D. Branzei, FIRC Institute of Molecular Oncology, Milano, Italy 
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12.00 DD150 POLO-LIKE KINASE REGULATION OF DNA REPLICATON 
UNDER STRESSED CONDITIONS 

  K. Trenz, Institute of Cancer Research, Sutton, UK 
 
12.10 DD091 REPLICATION FORK STABILIZATION PROTEINS TIMELESS 

AND TIMELESS-INTERACTING PROTEIN (TIPIN) MAINTAIN 
GENOMIC STABILITY 

  S.L. Smith-Roe, University of North Carolina at Chapel Hill, NC, 
USA 

  (US-EMS Young Scientist award) 
 
Bronzino Hall 
Environmental mutagenesis 
BIOLOGICAL RISKS FROM SPACE RADIATION ENVIRONMENTS 
Chairs: F.A. Cucinotta, M. Durante 
 
10.30 IN158 ATM AND TGFβ PATHWAY SIGNALING FOLLOWING X-RAY 

AND HEAVY IONS EXPOSURE 
  F.A. Cucinotta, NASA, Houston, TX, USA 
 
11.00 IN159 CYTOGENETIC EFFECTS OF HEAVY IONS 
  M. Durante, GSI, Darmstadt, Germany 
 
11.30 IN160 DNA DAMAGE AND REPAIR FROM SPACE RADIATION 
  M.A. Tabocchini, Istituto Superiore di Sanità and INFN, Roma, Italy 
 
11.55 IN161 POPULATION ACTION AS A MODIFIER OF RADIATION-

INDUCED CARCINOGENESIS 
  L. Hlatky, Tufts University, Boston, MA, USA 
 
12.20 EM007 THE COMPARISON STUDY ON CHROMOSOMAL 

ABERRATIONS IN HUMAN PERIPHERAL BLOOD 
LYMPHOCYTES INDUCED BY 18.8 MeV PROTON AND 60Co-γ 
RADIATION  

  Y. Chen, Beijing Institute of Radiation Medicine, Beijing, China 
 
 
Lippi Hall 
Prevention of mutation-related diseases 
PUBLIC HEALTH GENOMICS 
Chairs: W. Ricciardi, A. Brand 
 
10.30 IN162 THE EUROPEAN AND INTERNATIONAL AGENDA OF 

PUBLIC HEALTH GENOMICS 
  A. Brand, Maastricht University, Maastricht, The Netherlands 
 
10.55 IN163 PUBLIC HEALTH AND GENOMIC EPIDEMIOLOGY 
  S. Boccia, Università Cattolica del Sacro Cuore, Roma, Italy 
 
11.20 IN206 HOW TO DELIVER QUALITY STANDARDS IN PUBLIC 

HEALTH GENOMICS? THE EXAMPLE OF GENETIC 
SERVICES IN EUROPE 

   D. Coviello, Policlinico Foundation, Milano, Italy 
 
11.45 IN165 TRANSLATIONAL RESEARCH IN GENOMICS 
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  C. Janssens, Erasmus University Medical Center Rotterdam, The 
Netherlands 

 
12.10 IN166 PRACTICAL IMPLEMENTATION OF PUBLIC HEALTH 

GENOMICS: THE CASE OF GENAR INSTITUTE 
  B.S. Savaş, GENAR Institute for Public Health and Genomics 

Research, Istanbul, Turkey 
 
12.30-14.30  Lunch and poster viewing 
  ME022-033; DD121-180; EM121-180; 
  MH065-095; PD027-039; RA076-114 
 
 
 
14.30-16.30  Parallel Symposia 
 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
PHYSIOLOGICAL MUTAGENESIS IN IMMUNITY 
Chair: M.S. Neuberger, J. Miller 
 
14.30 IN167 THE FUNCTIONS OF AID AND OTHER DNA DEAMINASES IN 

IMMUNITY 
  M.S. Neuberger, MRC, Cambridge, UK 
 
15.00 IN168 INTENTIONAL MUTAGENESIS IN B CELLS: PCNA-

UBIQUITYLATION CONTROLS SOMATIC HYPERMUTATION  
  H. Jacobs, The Netherlands Cancer Institute, Amsterdam, The 

Netherlands 
 
15.25 IN169 DIVERSITY-GENERATING RETROELEMENTS 
  J. Miller, UCLA School of Medicine, Los Angeles, CA, USA 
 
15.50 IN170 ERROR-PRONE REPAIR PATHWAYS MOBILIZING TLS DNA 

POLYMERASES IN IMMUNOGLOBULIN GENE 
HYPERMUTATION 

  C.A. Reynaud, INSERM, Paris, France 
 
16.15   IN171 EDITING DEAMINASES: STORY OF A MULTI-TALENTED 

DOMAIN 
  S. Conticello, Istituto Toscano Tumori, Firenze, Italy  
 
 
Botticelli Hall 
Mutational and epigenetic mechanisms 
TOLERANCE OF DNA DAMAGE: TRANSLESION DNA SYNTHESIS 
Chair: A.R. Lehmann, G. Villani 
 
14.30 IN172 REGULATION OF DNA POLYMERASE ETA IN HUMAN 

CELLS 
  A.R. Lehmann, University of Sussex, Falmer, UK 
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15.00 IN174 HUMAN DNA POLYMERASE NU (POLN), A UNIQUE A-
FAMILY DNA POLYMERASE WHICH CAN BYPASS DNA 
DAMAGE 

  K. Takata, The University of Texas, Smithville, TX, USA 
 
15.25 IN175 REPAIR AND TOLERANCE MECHANISMS OF DNA-PROTEIN 

CROSSLINK DAMAGE 
  H. Ide, Hiroshima University, Hiroshima, Japan 
 
15.50 IN176 NEW FUNCTIONAL ROLES OF THE HUMAN DNA 

POLYMERASES ETA AND KAPPA DURING GENOMIC DNA 
REPLICATION 

  J.S. Hoffmann, CNRS, University of Toulouse, France 
 
16.15 DD130 K63-LINKED UBIQUITIN CHAINS CONJUGATED TO PCNA 

CONTROL RECOMBINATION REPAIR OF ss-GAPS 
  G.I. Karras, Max Planck Institute of Biochemistry, Martinsried, 

Germany 
 
 
Lippi Hall 
YOUNG SCIENTIST SESSION II 
Chairs: F. Pacchierotti, H.-J. Martus 
 
 
14.30 EM130 A NEW PARADIGM FOR MOLECULAR TOXICOLOGY: 

INHIBITION OF P53-MEDIATED DNA REPAIR BY HEAVY 
METAL NICKEL 

  Young R. Seo, Kyung Hee University, Seoul, Korea 
 
14.45 DD028 BIOCHEMICAL EVIDENCES INVOLVE DNA POLYMERASE 

BETA OF Trypanosoma cruzi IN REPAIR OF OXIDATIVE 
LESIONS IN MITOCHONDRIAL DNA 

  B.L.F. Schamber-Reis, Federal University of Minas Gerais, Brazil 
 
15.00 MH013 POSTGENOMIC ALTERATIONS IN AICARDI-GOUTIÈRES 

SYNDROME, A RARE NEURODEGENERATIVE DISEASE OF 
MUTATIONAL ORIGIN 

  M. Longobardi, Department of Health Sciences, University of 
Genova, Italy 

 
15.15 MH031 GENETIC MARKERS OF SUSCEPTIBILITY INVOLVED IN 

PROSTATE CANCER 
  H. Kuasne, Londrina State University, Londrina, PR, Brazil 
 
15.30 MH074 BIOCHEMICAL AND GENOTOXIC EFFECTS IN PESTICIDE 

SPRAYERS: PRELIMINARY RESULTS   
  M.F. Simoniello, Universidad Nacional del Litoral, Santa Fe, 

Argentina 
 
15.45 EM029 THE USE OF GENOTOXIC BIOASSAYS TO EVALUATE THE 

ENVIRONMENTAL QUALITY IN A REGION UNDER THE 
INFLUENCE OF URBAN WASTE IN GUAÍBA LAKE BASIN 
(BRAZIL) 
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  I.V. Villela, Universidade Federal do Rio Grande do Sul, Porto 
Alegre, RS, Brazil 

 
 
Angelico Hall 
Mutagenesis and health effects 
GENE-ENVIRONMENT INTERACTIONS IN NONCANCER DISEASES 
Chairs: A. Izzotti, F.J. van Schooten 
 
14.30 IN177 GENE-ENVIRONMENT INTERACTIONS AS COMMON 

DETERMINANTS OF NONCANCER-DEGENERATIVE 
DISEASES 

  A. Izzotti, University of Genova, Italy 
 
14.55 IN178 GENETIC INFLUENCES ON SMOKING BEHAVIOR AND 

PREVENTION OF CHRONIC DEGENERATIVE DISEASES 
  F.J. van Schooten, Maastricht University, Maastricht, The 

Netherlands 
 
15.20 IN179 THE IMPACT OF GENETIC AND ENVIRONMENTAL 

FACTORS IN NEURODEGENERATION: THE EMERGING 
ROLE OF EPIGENETICS 

  L. Migliore, University of Pisa, Italy 
 
15.45 IN180 POLYMORPHISMS OF CYTOCHROME P4501A1, CIGARETTE 

SMOKING AND RISK OF CORONARY ARTERY DISEASE 
  C.-C.Yeh, China Medical University, Taichung, Taiwan 
 
16.10 MH095 MITOCHONDRIAL DNA HAPLOGROUPS AND ETHNICAL 

ORIGINS IN PATIENTS WITH MULTIPLE SCLEROSIS 
  H. Groot, Universidad de los Andes, Bogotà, Colombia 
 
16.20 MH066 OXIDATIVE DAMAGE AND TRANSCRIPT DOWN-

REGULATION OF DNA REPAIR GENES IN LYMPHOCYTES 
FROM PATIENTS WITH ALZHEIMER DISEASE, FRAILTY 
SYNDROME AND DIABETES MELLITUS TYPE-2 

  E.T. Sakamoto-Hojo, Universidade de São Paulo, Ribeirão Preto, 
SP, Brazil 

 
 
Bronzino Hall 
Prevention of mutation-related diseases 
DIETARY PREVENTION OF MUTATION AND CANCER 
Chairs: S. Knasmüller, N. Loprieno 
 
14.30 IN181 USE OF THE COMET ASSAY FOR THE DETECTION OF DNA 

PROTECTIVE CONSTITUENT IN THE HUMAN DIET 
  S. Knasmüller, Medical University of Vienna, Austria 
 
14.55 IN182 TRANSIENT GENERATION OF REACTIVE OXYGEN SPECIES 

AS AN IMPORTANT SIGNALLING MECHANISM IN CANCER 
CHEMOPREVENTION 

  C. Gerhäuser, German Cancer Research Center, Heidelberg, 
Germany 
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15.20 IN183 IN SEARCH OF A MECHANISM: FOOD POLYPHENOLS FROM 

ANTIOXIDANTS TO MODULATORS OF GENE EXPRESSION 
  P. Dolara, University of Firenze, Italy 
 
15.45 IN184 NON-ANTIOXIDANT EFFECTS OF PHYTOCHEMICALS: DNA 

REPAIR 
  A.R. Collins, University of Oslo, Norway 
 
16.10 EM023 COMPARISON OF MUTAGENICITIES AND GENE 

EXPRESSION PROFILES OF COMFREY AND RIDDELLIINE IN 
RAT LIVER  

  M.G. Manjanatha, National Center for Toxicological Research, 
Jefferson, AR, USA 

 
16.20 EM097 PRENATAL EXPOSURE TO FLAVONOIDS: IMPLICATION 

FOR DEVELOPMENT OF LEUKEMIA 
  K. Vanhees, Maastricht University, Maastricht, The Netherlands 
 
 
16.30  Coffee break 
 
 
Botticelli Hall 
17.00 IN185 Plenary Lecture  
  Introduction: P. Cooper, President EMS North-America 
   
  CELLULAR ADAPTIVE SURVIVAL RESPONSE TO 

OXIDATIVE, NITROSATIVE AND INFLAMMATORY 
STRESSES: ROLES OF REDOX-SENSITIVE TRANSCRIPTION 
FACTORS 

  Y.-J. Surh, Seoul National University, Seoul, Korea 
 
 
18.00  General Assembly of the International Association of 

Environmental Mutagen Societies (IAEMS) 
 
19.30-20.30  Assemblies of Regional Mutagen Societies 
 
 
Tuesday, August 25 
 
8.30-10.30  Parallel Symposia 
 
Michelangelo Hall 
Mutational and epigenetic mechanisms 
MECHANISMS OF UNTARGETED MUTAGENESIS 
Chairs: L.A. Loeb, T.A. Kunkel 
 
8.30 IN186 INVOLVEMENT OF MUTATOR DNA POLYMERASES IN 

CARCINOGENESIS 
  L.A. Loeb, University of Washington, Seattle, WA, USA 
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9.00 IN187 THE EFFICIENCY OF DNA MISMATCH REPAIR IN 

Saccharomyces cerevisiae 
  T.A. Kunkel, National Institute of Environmental Health Sciences, 

Research Triangle Park, NC, USA 
 
9.30 IN188 PATHWAYS SUPPRESSING SPONTANEOUS MUTATION AND 

CANCER IN MICE 
  B.D. Preston, University of Washington, Seattle, WA, USA 
 
9.55 IN189 GENOMIC INSTABILITY AND CANCER IN MOUSE DNA 

REPLICATION MUTANTS 
  J. Schimenti, Cornell University, Ithaca, NY, USA 
 
10.20 ME007HIGH FREQUENCY OF GENOMIC DELETIONS INDUCED BY 

ME-LEX, A SEQUENCE SELECTIVE N3-ADENINE 
METHYLATING AGENT, AT THE HPRT LOCUS IN CHINESE 
HAMSTER OVARY CELLS 

  P. Menichini, National Cancer Research Institute (IST), Genova, 
Italy 

 
 
Botticelli Hall 
Environmental mutagenesis 
ADVANCES IN THE ASSESSMENT OF EXPOSURE AND EARLY BIOLOGICAL 
EFFECTS 
Chairs: S. Bonassi, D.H. Phillips 
 
8.30 IN190 CHALLENGES IN THE DESIGN AND STATISTICAL 

ANALYSIS OF POPULATION STUDIES WITH HIGH-
THROUGHPUT ASSAYS 

  S. Bonassi, National Cancer Research Institute (IST), Genova, Italy 
 
8.55 IN191 CLUES TO CANCER AETIOLOGY AND CARCINOGENIC 

MECHANISMS DERIVED FROM DNA ADDUCTS 
  D.H. Phillips, Institute of Cancer Research, Sutton, UK 
 
9.20 IN192 THE USE OF DNA ADDUCTS IN RISK ASSESSMENT 
  H. Autrup, University of Aarhus, Denmark 
 
9.45 IN193 GENOMIC ALTERATIONS AS EARLY INDICATORS OF 

ADVERSE EFFECTS OF EXPOSURES  
  R.S. Paules, National Institute of Environmental Health Sciences, 

Research Triangle Park, NC, USA 
 
10.10 IN194 MASS SPECTRAL DETECTION OF DNA ADDUCTS 

PRODUCED BY EXPOSURES TO CARCINOGENS  
  P.B. Farmer, University of Leicester, UK 
 
 
Angelico Hall 
Mutagenesis and health effects 
NUCLEOTIDE EXCISION REPAIR AND TRANSCRIPTION: MECHANISMS AND 
CLINICAL IMPLICATIONS 
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Chairs: J.M. Egly, M. Stefanini 
 
8.30 IN195 THE NUCLEOTIDE EXCISION REPAIR: TFIIH AND Co 
  J.M. Egly, CNRS, Strasbourg, France 
 
9.00 IN196 INSIGHTS INTO GENOTYPE-PHENOTYPE RELATIONSHIPS 

IN THE REPAIR/TRANSCRIPTION SYNDROME 
TRICHOTHIODYSTROPHY 

  D. Orioli, Institute of Molecular Genetics, CNR, Pavia, Italy 
 
9.25 IN197 TRANSCRIPTION STALLING AND CELLULAR RESPONSES  
  L.H. Mullenders, Leiden University, Leiden, The Netherlands 
 
9.50 IN198 INTERSECTING DNA REPAIR PATHWAYS AND 

COORDINATION WITH TRANSCRIPTION 
  P. Cooper, Lawrence Berkeley National Laboratory, Berkeley, CA, 

USA 
 
10.15 DD052 SILENCING OF OXIDATIVELY-DAMAGED GENE IN 

MAMMALIAN CELLS 
  A. Khobta, University of Mainz, Germany 
 
 
Lippi Hall 
Prevention of mutation-related diseases 
DIETARY FACTORS, MUTATION AND CANCER 
Chairs: L. Ferguson, R. Barale 
 
8.30 IN199 DIETARY FACTORS, MUTATION AND CANCER 
  L.R. Ferguson, The University of Auckland, New Zealand 
 
8.55 IN200 BASE EXCISION REPAIR, OXIDATIVE STRESS AND CANCER 
  B. Tudek, University of Warsaw, Poland 
 
9.20 IN201 DIETARY INTAKE OF ARISTOLOCHIC ACID AS A RISK 

FACTOR FOR BALKAN ENDEMIC NEPHROPATHY-
ASSOCIATED UROTHELIAL CANCER 

  V.M. Arlt, Institute of Cancer Research, Sutton, UK 
 
9.45 IN202 THE ROLE OF GENETIC AND NON-GENETIC MECHANISMS 

IN FURAN RISK 
  A. Mally, University of Würzburg, Germany 
 
10.10 PD032 MECHANISTIC ASPECTS OF GENOTOXICITY OF FURAN 

AND ITS KEY METABOLITE CIS-2-BUTENE-1,4-DIAL IN 
MAMMALIAN CELLS IN VITRO 

  P. Mosesso, Tuscia University, Viterbo, Italy 
 
10.20 EM060 URINARY FUMONISIN B1 AS A BIOMARKER OF FUMONISIN 

EXPOSURE AND ITS APPLICATION IN INTERVENTION 
STUDIES 

  Y.Y. Gong, University of Leeds, UK 
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Bronzino Hall 
Risk assessment 
REPORTS FROM THE 5th INTERNATIONAL WORKSHOP ON GENOTOXICITY 
TESTING 
Chairs: D. Kirkland, L. Müller 
 
 IN203 REPORTS FROM THE 5th INTERNATIONAL WORKSHOP 

ON GENOTOXICITY TESTING 
 
8.30  D. Kirkland, Covance, Harrogate, UK  
8.45  S. Galloway, Merck, West Point, PA, USA  
9.00  M. Moore, Jefferson, AR, USA 
9.15  P. Kasper, Federal Institute for Drugs and Medical Devices, Bonn, 

Germany 
9.35  S. Pfuhler, Procter & Gamble, Marly, Switzerland 
9.55  M. Hayashi, National Institute of Health Sciences, Tokyo, Japan 
10.10  V. Thybaud, Sanofi-Aventis, Vitry sur Seine, France 
 
 
10.30  Coffee break 
 
 
Botticelli Hall 
11.00  IN204 Plenary Lecture 
  Introduction: E. Dogliotti, President European EMS 
 
  THE MOLECULAR BASIS OF LIFE’S ROBUSTNESS 
  M. Radman, University of Paris 5, Paris, France 
 
 
11.45 IN205 Plenary Lecture 
  Introduction: J. Yang, Representative Chinese EMS 
 
  MUTATIONS IN microRNA PRECURSORS IN 

HEMATOPOIETIC MALIGNANCIES 
  C.M. Croce, Ohio State University, Columbus, OH, USA 
 
 
12.30  Closing Ceremony 
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WELCOME

The International Association of Environ mental Mutagen Societies (IAEMS), founded in 1973,
includes regional and national member Societies spread throughout all continents. The official
congress of IAEMS, called ICEM (International Conference on Environmental Mutagens), are
held every 4 years. In 2009, a new ICEM event occurs. It is the tenth in a series of successful
conferences, recognized for the high scientific standard, their broad attendance from all over
the world, and the catalytic role in the area of environmental mutagenesis.

The 10th ICEM will be held in Firenze (Flo rence, Italy) on August 20-25, 2009. We entitled it
“The Renaissance of Envi ron mental Mutagenesis” first because Firenze was the heart of the
Renaissance period, one of the most fascinating period of time in human history that was cha-
racterized by a huge development in the arts. Thus, Firenze is a living art museum. The
second reason for that denomination is our hope that the 10th ICEM may give a new impulse
and precise physiognomy to the vast and multidisciplinary area of environmental mutagene-
sis and related fields. The program will embrace a broad variety of subjects in basic and
applied research, from the traditional themes to the fascinating novelties of the postgenomic
era. The Conference Com mittees have done their best to offer an important scientific event
and an appealing social program. The venue will be the International Conference Center, loca-
ted in the city center, at walking distance from the railway station and almost 300 hotels, clo-
sed to the most famous museums and monuments. The main building is the Palazzo dei
Congressi, a 19th century villa, hosting an auditorium that accomodates 1000 seats. In the
beautiful garden, other buildings contain several conference rooms for parallel sessions.

According to the ICEM tradition, satellite meetings will be held in Italy and neighboring
countries before and after the main conference: the 5th International Wor kshop on
Genotoxi city Tests (IWGT), held in Basel, Switzerland on August 17-19, the 8th International
Comet Assay Workshop, organized in Perugia, Italy on August 27-30 and the Workshop on
Genomics in Cancer Risk Assessment held in Venice on August 27-28.

We enthusiastically look forward to welcoming you to the 10th ICEM in Firenze.

Eugenia Dogliotti, Program Committee ChairSilvio De Flora, Chair
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GENERAL INFORMATION

Congress venue
Palazzo dei Congressi and Palazzo degli Affari
Piazza Adua, 1
50123 Florence, Italy
www.firenzefiera.it
Telephone: +39/055/49.72.1
Fax: +39/055/49.73.237

The congress venue is located in the city centre just in front of the “Santa Maria Novella” main railway
station in Florence and is within walking distance of the hotels reserved downtown.
The “A. Vespucci” airport of Florence is only 5 km away from the city centre and is connected with
the most important European cities. Alternatively the “G. Galilei” airport of Pisa is situated 90 km
from Florence offering confortable direct shuttle trains and buses operating almost every hour dur-
ing the day.

Congress secretariat 
O.I.C. Srl
www.oic.it
Viale Matteotti, 7 - 50121 Florence, Italy
Telephone: +39/055/50.35.1
Fax: +39/055/50.01.912
E-mail address: info@icem2009.org

On site registrations (€, VAT included) On site registration fees 
Standard € 675,00 
Student € 475,00 
Course N. 1 - August 20 (8.30-13.00)
Title “Micronuclei cytome assay: 
lymphocytes and buccal exfoliated cells” €   50,00 
Course N. 2 – August 20 (8.30-13.00)
Title “Molecular Epidemiology for Chronic Diseases” €   50,00 
Daily registration (maximum one day) € 190,00 
Accompanying person € 225,00 
Social dinner - reduced fee for fully registered participants only €   35,00 
Social dinner – standard fee for one-day registrants and 
non-registered persons €   80,00 

The standard and student registration fees include: access to the scientific sessions and exhi-
bition/catering areas, the congress kit and name badge, the program and abstract book, the certifi-
cate of attendance, coffee breaks and working lunches, invitation to the opening ceremony sched-
uled for August 20 at 18.00 in the main hall (Botticelli room) followed by the welcome cocktail.

The course registration fee includes: only access to the meeting room of the selected course with
an appropriate pre-paid ticket. As room capacities are limited, on site requests for both courses are
accepted on first-come-first-served basis at the registration desk upon availability.

The daily registration fee includes: access to the scientific sessions of the selected day and exhi-
bition/catering areas, the congress kit and name badge, the program and abstract book, the certifi-
cate of attendance, coffee breaks and the working lunch of the selected day. 
This fee is applicable for one day only starting from August 21, more days imply a standard regis-
tration. In case of request for the social dinner the full price is charged (€ 80,00).

The registration desk is located in the basement of
Palazzo dei Con gressi building (see map) and is
open with the following time schedule during the
congress:

Thursday, August 20 7.30-19.30 
Friday, August 21 7.30-19.30
Saturday, August 22 7.30-19.30
Sunday, August 23 7.30-17.00
Monday, August 24 7.30-19.30
Tuesday, August 25 7.30-13.00
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The accompanying person registration fee includes: the welcome cocktail, the half-day city tour
of Florence and the social dinner. Non-registered accompanying persons can buy full price tickets
for the social dinner (€ 80,00) at the social program desk upon availability on first-come-first-served
basis.

Social program
Pre-registered delegates and accompanying persons are kindly invited to the opening ceremony
scheduled for August 20 at 18.00 in the main hall (Botticelli room) followed by the welcome cocktail.
The social dinner, scheduled for August 23 at 20.30, takes place in a selected area of the Fortezza
da Basso, one of the most visible and important historical venues in Florence of the Medicean
period, a significant example in the history of military architecture design by Antonio da Sangallo and
finished in 1535. The Fortezza is located at about 5 minutes walking distance from the congress venue and
from most hotels downtown.
The cost is not included in the registration fee except for pre-registered accompanying persons.
Tickets can be bought separately by fully registered delegates at the cost of € 35,00, by one-day
registrants and non-registered accompanying persons at the full price of € 80,00 upon availability.
Pre-booked tickets are required to obtain admission to the Fortezza da Basso and are included in the
personal congress kit, that must be collected at the registration desk by pre-registered participants.
Due to organizational reasons and limited space of this social venue early reservations were recom-
mended on first-come-first-served basis, as on site availability cannot be guaranteed.
In case of need for extra tickets please check availability at the social program desk at Palazzo dei
Congressi basement floor - see map page 16.

Optional excursions
A program of optional excursions is managed by the official housing bureau and travel agency
(O.I.C. Way Srl). Pre-booked tickets are included in the personal congress kit, that must be collect-
ed at the registration desk by pre-registered participants.
Staff members at the social program desk are available to give information on excursions and sell
tickets for the tours on first-come first-served basis.

Official language
English is the official language of the congress. No simultaneous translation is provided for the sci-
entific sessions.

Personal badge
A name badge is included in the congress kit and must be collected at the registration desk by pre-
registered participants. 
This badge is the official congress document for delegates and must be worn at all times throughout the
congress and evening functions. 

Slide preview centre
A computerized slide centre is managing all the presentations and scientific sessions of the con-
gress through a central network.
This office is located in the Palazzo dei Congressi building basement floor (see map page 17) and
is available for speakers to deliver their powerpoint presentations with the following timetable:

Thursday, August 20 7.30-18.30       Sunday, August 23 7.30-16.00
Friday, August 21 7.30-18.00       Monday, August 24 7.30-18.00
Saturday, August 22 7.30-18.00       Tuesday, August 25 7.30-12.00

Only computer projection is available. No slide projectors are at disposal in the meeting rooms and it
is not possible to directly use personal laptops at the podium. Powerpoint presentations (Windows or
MacIntosh/Apple) on USB pens, memory sticks or personal laptops must be delivered to the slide cen-
tre at least one hour before the beginning of the session or the day before in case of early morning
presentations. This timing allows a smooth uploading of all presentations to the central computerized
network and a swift transmission to the assigned meeting rooms. Staff members at the slide centre are
also available to help those speakers wishing to rehearse their presentations.

Instructions for oral and poster presentations
Oral presentations: as the scientific program is made of parallel sessions, speakers are recom-
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mended to respect the allotted time given for their presentations to contribute to the smooth running
of all scheduled sessions.
The computer slides must be written in En glish, the presentations must be prepared on powerpoint
and delivered to the slide centre at least one hour before the beginning of the session to be
uploaded and transferred to the PC of the podium in the assigned meeting room. 
Presenters must follow the technical indications included in the above chapter (slide preview centre). 
Registration at the congress is absolutely necessary for oral presenters.

Poster presentations: posters must be written in English and no bigger than 90 cm wide and 120 cm
high. The title of the presentation and the authors’ names must be indicated at the top of the poster.
Double-sided tape is available in the poster area and at the secretariat desk to fix the posters to the
boards. It is absolutely forbidden to use drawing-pins, nails or similar.
The poster display area is located in the Palazzo dei Congressi building underground level along
the galleries above the exhibition (see map page 17).
Each poster has the opportunity to be on display one day during the conference either on August
21, 22 or 24 and is uniquely identified by a code number reported in the scientific program/abstract
book, on site distributed with the congress kit to registered participants, where the daily display shifts
of all accepted posters are also included.

Posters will be displayed according to the following rotation schedule:

Day Mutational DNA damage Environmental Mutagenesis Prevention of Risk
12.30-14.30 and epigenetic responces mutagenesis and health mutation-related assessment

mechanisms effects diseases
August 21 ME001-011 DD001-060 EM001-060 MH001-032 PD001-013 RA001-037
August 22 ME012-021 DD061-120 EM061-120 MH033-064 PD014-026 RA038-075
August 24 ME022-032 DD121-180 EM121-179 MH065-095 PD027-039 RA076-113

Posters must be put up at 8.30 in the morning on the assigned day and numbered board. They must be
removed by presenters the same day of the presentation at the end of the session no later than 17.30. 
Posters left on the boards after the above deadline will be destroyed.
The presenting authors wearing the personal badges are expected to be present in the poster area
close to their display boards during the assigned viewing sessions and are encouraged to bring
some handouts of their posters to take the best opportunity to communicate their data to viewers.
Registration at the congress is absolutely necessary for poster presenting authors.

Exhibition
An exhibition area, located in the Palazzo dei Congressi basement floor (see map page 16), is
scheduled from August 20 at 16.00 to August 25 until 13.00 following the same timetable as the sci-
entific sessions.
Pharmaceutical and biotechnology companies, medical publishers and scientific societies are rep-
resented in the exhibition. Exhibitors may refer to the registration desk located in the nearby area
for any technical need. See the exhibitors’ list and detailed map (pages 15).

Registration – cancellations and refunds
In case of cancellation or name change written requests were to be sent to the organizing secreta-
riat prior to the congress start. 
The paid amount for registration fee is refunded with a deduction of € 25,00 that is invoiced as
penalty.
No refund is processed for cancellations received after the congress end. 
All authorized refunds are processed only after the event.

Hotel – cancellations and refunds
In case of cancellation or change written requests were to be sent to the organizing secretariat prior to
the congress. Until June 30 the paid amount was refunded with a deduction of 50% that was invoiced
as penalty. No refund is processed for cancellations received after June 30.
All authorized refunds are made only after the congress. Hotel reservations are automatically can-
celled after one night of no-show. No-shows and booking fees cannot be refunded in any way.
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Relax area and internet point
A comfortable relax area equipped with a free of charge internet point is available for delegates to
check and send personal e-mails on a reasonable basis from August 21 to 25 during the congress,
located in the venue garden between the two congress buildings (Limonaia room - see map page 17).

Catering services
Coffee tickets and working lunches are included in the registration fees according to the scientific
program daily schedule; the catering services are provided in selected areas within the two con-
gress buildings near to the meeting rooms. Different bars serving beverages and snacks are also
available in the venue and outside downtown Florence.

Insurance
The congress organizers are not liable for personal injuries or loss of/ damage to property belong-
ing to delegates (or their accompanying persons), occurring either during or as a result of the con-
gress. Participants are required to make own arrangements for health and travel insurance in the
countries of origin. 

Mobile phones
Participants are kindly requested to keep the mobile phones turned off in the meeting rooms during
the scientific sessions.

Smoking policy
In accordance with the Italian regulations this congress follows a strict no-smoking policy. Therefore
participants are kindly requested to refrain from smoking in any area within the congress venue.

Travel agency 
The official travel agency O.I.C. Way Srl is at the participants’ direct disposal at the registration desk
and available for hotel reservations, train and/or flight bookings from August 20 to 25.

Weather 
At the end of August the weather in Florence is usually quite warm during the day with temperatures that
can exceed 30°C and more pleasant in the evening. Rainfall during this period should be at its lowest,
but raincoats and umbrellas are always recommended for occasional showers.

Means of transportation in Florence
From the airport of Florence: a bus service (Linea Vola-in-bus shuttle) is operating every 20-25 min-
utes from the “A. Vespucci” airport to the “Santa Maria Novella” main railway station in Florence with an
average travel time of 30 minutes. Tickets can be bought directly on the bus. 
For detailed timetable check www.ataf.net
From the airport of Pisa: direct trains and buses to the “Santa Maria Novella” railway station are avail-
able every day from the “G. Galilei” airport with an average travel time of 60 minutes.
For detailed timetable check www.trenitalia.it
From the “Santa Maria Novella” railway station of Florence: it takes only 5 minutes to reach the
congress venue on foot.
Taxis: in Florence they can be ordered by phone (Tel. 055/4242 or 055/4390) or found at the offi-
cial taxi stands downtown. Taxis cannot be hailed on the street.
Buses: Florence has a comprehensive network of local bus routes. Most buses stop at the “Santa Maria
Novella” railway station near to the congress venue. Tickets can be purchased at coffee bars, tobac-
conists and kiosks downtown. The minimum fare for a multiple trip ticket valid for 70 minutes is €1,20. 
For detailed information check www.ataf.net

Car parking
Different fee parking lots are available near to the congress venue where delegates may park the car.
A detailed city map is included in the congress kit.

Useful telephone numbers in Florence
Medical emergency 118 Florence airport – information   055/30.61.300
Fire emergency 115 Florence airport – lost luggage 055/30.61.302
Police 113 For international calls from Italy 00 + country code + number  
Taxi call 055/4242 or 4390 For international calls to Italy +39 + city code + number         
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LC Sciences

Litron Laboratories

Metasystems

Microptic Cytogenetic Services

Nestlè Research Centre

EU Integrated Project NewGeneris

Novartis Pharma

Novartis Vaccines and Diagnostics

EU Network of Excellence NuGO (The European nutrigenomics 
organization)

Oxford University Press

Perceptive Instruments

Procter & Gamble

Regione Toscana

Research Toxicology Centre 

Sanofi Aventis

Solvay

Società di Scienze Farmacologiche Applicate

Università degli Studi di Roma Tor Vergata
Dipartimento di Biopatologia e Diagnostica per Immagini

US National Institute of Health

Xenometrix

Institute of Hygiene - Università Cattolica del Sacro Cuore

Wiley-Blackwell
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EXHIBITORS’ LIST

BIOPREDIC INTERNATIONAL, FRANCE – Booth No.. 10

BRAZILIAN ENVIRONMENTAL MUTAGEN SOCIETY, BRAZIL – Booth No. 13

CARL ZEISS, ITALY - Booth No. 4

COMPUCYTE CORPORATION, USA – Booth No. 16

COVANCE CAPS, UNITED KINGDOM – Booth No. 6-7

ELSEVIER, THE NETHERLANDS – Booth No. 5

HARLAN LABORATORIES, SWITZERLAND – Booth No. 1

IMSTAR, FRANCE – Booth No. 8

LC SCIENCES, USA – Booth No. 11

METASYSTEMS, GERMANY – Booth No. 3

OXFORD UNIVERSITY PRESS, UNITED KINGDOM – Booth No. 12

PERCEPTIVE INSTRUMENTS, UNITED KINGDOM – Booth No. 9

WILEY - BLACKWELL, USA – Booth No. 22

XENO.METRIX, SWITZERLAND - Booth No. 2
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PROGRAM AT A GLANCE
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PROGRAM AT A GLANCE





Thursday, August 20 - Friday, August 21

ICEM 2009, August 20-25, Firenze - Italy  21

SCIENTIFIC PROGRAM

Thursday, August 20

8.30-13.00 Pre Conference Courses

Angelico Hall
MOLECULAR EPIDEMIOLOGY FOR CHRONIC DISEASES

Bronzino Hall 
MICRONUCLEUS CYTOME ASSAY: LYMPHOCYTES AND BUCCAL EXFOLIATED CELLS

Botticelli Hall
18.00 Opening Ceremony

11th ICEM Announcement
L. Ribeiro, E. Zamorano-Ponce

18.45 IN001 Keynote Lecture
Introduction: E. Zamorano-Ponce, President Asociación Latinoamericana de 
Mutagénesis, Carcinogénesis y Teratogénesis Ambiental (ALAMCTA)

LESION SENSING AND DECISION POINTS IN THE DNA DAMAGE 
RESPONSE
P. C. Hanawalt, Stanford University, Stanford, CA, USA

19.30 Welcome Reception

Friday, August 21

Botticelli Hall
8.30 IN002 Plenary Lecture

Introduction: D.M. DeMarini, President IAEMS

CANCER RISK FROM EXPOSURE TO URBAN AIR POLLUTION
HRH Princess M. Chulabhorn, Chulabhorn Research Institute, Bangkok,
Thailand

9.15 IN003 Plenary Lecture
Chair: D. Kirkland, President-Elect European EMS

SEVEN DEADLY SINS OF ENVIRONMENTAL RESEARCH
P. Grandjean, University of Southern Denmark, Odense, Denmark

10.00 Coffee break

10.30-12.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
EPIGENETICS: THE NEW FRONTIER IN ENVIRONMENTAL MUTAGENESIS
Chairs: R. Feil, M. Hanson
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10.30 IN004 EPIGENETIC MECHANISMS AND THE REGULATION OF GENOMIC 
IMPRINTING IN MAMMALS
R. Feil, CNRS Montpellier, France

10.55 IN005 DEVELOPING HUMAN EMBRYONIC STEM CELLS TO MODEL 
ENVIRONMENTAL EFFECTS ON THE DEVELOPING EPIGENOME
L.E. Young, University of Nottingham, UK.

11.20 IN006 Epigenetic Regulation of Aging
M.F. Fraga, CNB-CSIC, Madrid, Spain

11.45 IN007 EPIGENETIC PROCESSES IN DEVELOPMENTAL ORIGINS OF HEALTH
AND DISEASE (DOHaD)
M. Hanson, University of Southampton, UK

12.10 ME021 HYPERMETHYLATION OF TUMOUR SUPPRESSOR GENES IN LUNG 
TUMOURS FROM NEVER-SMOKERS WITH AND WITHOUT 
SECOND-HAND TOBACCO SMOKE EXPOSURE
S. Jarmalaite, Vilnius University, Vilnius, Lithuania

12.20 EM153 PERSISTENT DYSREGULATION OF DNA METHYLATION IN CELLS 
WITH ARSENIC-INDUCED GENOMIC INSTABILITY
M. Mauro, New York University, Tuxedo, NY, USA and University of 
Palermo, Italy

Lippi Hall
DNA damage responses
MECHANISMS OF CELL DEATH AND SURVIVAL
Chairs: B. Kaina, A. Antoccia

10.30 IN008 SURVIVAL AND DEATH STRATEGIES IN CELLS EXPOSED TO GENOTOXINS
B. Kaina, University Medical Center Mainz, Germany

10.55 IN009 TRANSCRIPTIONAL INHIBITION BY DNA DAMAGE AS A TRIGGER OF 
CELL DEATH
M. Ljungman, University of Michigan, Ann Arbor, MI, USA

11.15 IN010 DIFFERENT MODES OF CELL DEATH INDUCED BY DNA DAMAGE
B. Zhivotovsky, Karolinska Institutet, Stockholm, Sweden

11.35 IN011 ROLE OF DNA-PKcs-PIDDosome IN DNA DAMAGE RESPONSE
C. Du, The University of Cincinnati, OH, USA

11.55 IN012 CELL-CYCLE BLOCKAGE AFFECTS DNA DAMAGE RESPONSES  THAT
LEAD TO DEATH IN HUMAN PRIMARY FIBROBLASTS.
C.F. Menck, University of Sao Paulo, Brazil

12.15 DD30 ROLE OF THE APOPTOSIS-MODULATORY MOLECULE NF-kB IN DNA 
REPAIR
M. Volcic, Ulm University, Ulm, Germany
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Bronzino Hall
Environmental Mutagenesis
NANOTOXICOLOGY: MECHANISMS and EFFECTS
(This Symposium is partially supported by ECETOC)
Chairs: G. Oberdörster, L. Tran

10.30 IN013 TOXICITY ASSESSMENT OF NANOPARTICLES
G. Oberdörster, University of Rochester, NY, USA

11.00 IN014 PHYSICO-CHEMICAL FEATURES  IN THE  TOXICITY OF ENGINEERED
NANOPARTICLES
B. Fubini, University of Torino, Italy

11.20 IN015 DISTRIBUTION AND EFFECTS OF NANOMATERIALS AFTER 
INHALATION AND I.V. INJECTION IN RATS
R. Landsiedel, BASF SE, Ludwigshafen, Germany

11.40 IN016 MECHANISMS OF NANOMATERIALS GENOTOXICITY
M. Kirsch-Volders, Vrije Universiteit Brussels, Belgium

12.00 IN017 POTENTIAL PULMONARY EFFECTS OF SINGLE-WALLED CARBON 
NANOTUBE (SWCNT) EXPOSURE: IN VITRO GENOTOXIC EFFECTS
V. Castranova, National Institute for Occupational Safety and Health, 
Morgantown, WV, USA

12.20 CONCLUSIONS
L. Tran, Institute of Occupational Medicine, Edinburgh, UK

Angelico Hall
Mutagenesis and health effects
HEALTH EFFECTS OF NUCLEOTIDE POOL DAMAGE
Chairs: T. Nohmi, M. Bignami

10.30 IN018 ERRONEOUS INCORPORATION OF OXIDIZED NUCLEOTIDES BY 
Y-FAMILY DNA POLYMERASES
T. Nohmi, National Institute of Health Sciences, Tokyo, Japan

10.55 IN019 PROGRAMMED CELL DEATH TRIGGERED BY NUCLEOTIDE POOL 
DAMAGE
Y. Nakabeppu, Kyushu University, Fukuoka, Japan

11.15 IN020 MULTIPLE ROLES OF THE MTH1 HYDROLASE: PROTECTION 
AGAINST NEURODEGENERATION AND CONTROL OF LIFE SPAN
M. Bignami, Istituto Superiore di Sanità, Roma, Italy

11.35 IN021 INCORPORATION OF EXTRACELLULAR 8-oxodG INTO DNA AND RNA 
REQUIRES PURINE NUCLEOSIDE PHOSPHORYLASE IN CULTURED 
MAMMALIAN CELLS AND MICE.
P.T. Henderson, University of California, Sacramento, CA, USA

11.55 IN022 MUTAGENICITY OF OXIDIZED DNA PRECURSORS IN LIVING CELLS: 
ROLES OF NUCLEOTIDE POOL SANITIZATION AND DNA REPAIR 
ENZYMES, AND Y-FAMILY DNA POLYMERASES
H. Kamiya, Hokkaido University, Sapporo, Japan
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12.15 DD44 GENOTOXIC ACTIVITY INDUCED BY VARIOUS H. Pylori STRAINS IS 
ASSOCIATED WITH A DOWNREGULATION OF DNA MISMATCH REPAIR 
GENES EXPRESSION
E. Touati, Institut Pasteur, Paris, France

Botticelli Hall
Risk assessment
CURRENT ISSUES IN MODE OF ACTION ANALYSIS AND THEIR USE IN CANCER RISK
ASSESSMENT
Chairs: N. Keshawa, D. Eastmond

10.30 IN023 AN OVERVIEW OF CURRENT ISSUES IN MODE OF ACTION ANALYSIS
AND THEIR USE IN CANCER RISK ASSESSMENT
N. Keshava, U.S. Environmental Protection Agency, Washington DC, USA

10.50 IN024 ASSESSING IN VITRO DOSE-RESPONSE RELATIONSHIPS FOR 
ANEUGENS
D.A. Eastmond, University of California, Riverside, CA, USA

11.10 IN025 THE MUTAGENIC POTENTIAL OF FORMALDEHYDE AND ITS 
RELEVANCE FOR CARCINOGENESIS
G. Speit, Universität Ulm, Germany

11.30 IN026 EMS IN VIRACEPT - A LESSON ON MUTATION THRESHOLDS FOR 
ALKYLATING AGENTS
L. Müller, F. Hoffmann-La Roche, Basel, Switzerland

11.50 IN027 FOOD CADMIUM AND THE RISK OF HORMONE-RELATED CANCERS: 
A POPULATION-BASED PROSPECTIVE COHORT STUDY
A. Åkesson, Karolinska Institutet, Stockholm, Sweden

12.10 IN028 ANALYSIS AND INCORPORATION OF MECHANISTIC DATA IN 
DECISION-MAKING ON SEVERAL CARCINOGENS AT IARC
R. Baan, International Agency for Research on Cancer, Lyon, France

12.30-14-30 Lunch and Poster viewing
ME001-011; DD001-060; EM001-060;
MH001-032; PD001-013; RA001-037

14.30-16.30 Parallel symposia

Lippi Hall
Mutational and epigenetic mechanisms
EPIGENOME AND THE ENVIRONMENT: FROM UNDERSTANDING THE MECHANISMS TO
RISK ASSESSMENT
Chairs: O. Kovalchuk, J. Trosko

14.30 IN029 ROLE OF EPIGENETIC DEREGULATION IN RADIATION-INDUCED 
GENOME INSTABILITY AND CARCINOGENESIS
O. Kovalchuk, University of Lethbridge, AB, Canada

14.55 IN030 ROLE OF EPIGENETIC EVENTS IN GENOTOXIC LIVER 
CARCINOGENESIS
I.P. Pogribny, Food and Drug Administration, Jefferson, AR, USA
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15.15 IN031 DNA METHYLATION AND PERSISTENT BYSTANDER EFFECT: MEMORY 
OF AN INSULT
B.P. Engelward, Massachusetts Institute of Technology, Cambridge, MA, 
USA

15.35 IN032 EPIGENETIC CHANGES UNDERLIE ORGANISMAL ADAPTATION TO 
CHANGING ENVIRONMENTS
I. Kovalchuk, University of Lethbridge, AB, Canada

15.55 IN033 SYSTEMS INTEGRATION OF HUMAN STEM CELLS, 
EPI-TOXICOGENOMICS, CELL-CELL COMMUNICATION: THE BARKER 
HYPOTHESIS AND CHRONIC HUMAN DISEASES.
J.E. Trosko, Michigan State University, East Lansing, MI, USA

16.15 ME025 THE ASSOCIATION OF METHYLATION PATTERN AND PRENATAL 
POLYCYCLIC AROMATIC HYDROCARBONS (PAHS) EXPOSURE
D. Tang, Columbia University, New York, NY, USA

Botticelli Hall
DNA damage responses
NOVEL INSIGHTS INTO DNA DAMAGE SIGNALLING AND REPAIR
Chairs: J. Jiricny, P. Menichini

14.30 IN034 BASE- AND MISMATCH REPAIR INTERFERENCE DURING SOMATIC 
HYPERMUTATION
J. Jiricny, University of Zurich, Switzerland

14.50 IN035 MRE11 INTERACTIONS WITH DNA AND RAD50 ATPASE PLUS NBS1 
INTERACTIONS WITH CTIP CONNECT DSDNA REPAIR MACHIN
ERY AND BREAK SIGNALING
J.A. Tainer, Lawrence Berkeley National Lab, La Jolla, CA, USA

15.10 IN036 HUMAN ELG1 REGULATES THE LEVEL OF UBIQUITINATED PCNA 
THROUGH INTERACTIONS WITH PCNA AND USP1
K.J. Myung, National Institute of Health, Bethesda, MD, USA

15.30 IN037 DNA BASE EXCISION REPAIR IN (EPI)GENOME MAINTENANCE
P. Schär , University of Basel, Switzerland

15.50 IN038 PROPERTIES OF NEIL3 IN PROLIFERATION AND DIFFERENTIATION 
OF STEM/PROGENITOR CELLS
M. Bjørås, University of Oslo, Norway

16.10 IN039 ESTABLISHMENT OF REPORTER ASSAY YEASTS RESPONDING TO 
LIGANDS OF VARIOUS HUMAN NUCLEAR RECEPTORS, AND ROLES 
OF AHR LIGANDS TO INDUCE OR PROTECT FROM DNA DAMAGE 
FORMATION
T. Yagi, Osaka Prefecture University, Osaka, Japan

Bronzino Hall
Environmental Mutagenesis
NEW DEVELOPMENTS IN THE GENOTOXICITY OF SOIL AND WATER
Chairs: D. DeMarini, R. Marcos
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14.30 IN040 THE GENOTOXIC HAZARDS AND CARCINOGENIC RISKS OF PAH 
CONTAMINATED Soils
P.A. White, Health Canada, Ottawa, QC, Canada.

14.55 IN041 POTENTIAL IMPLICATIONS OF SOIL POLLUTION WITH MUTAGENS IN 
LUNG CANCER
T. Watanabe, Kyoto Pharmaceutical University, Kyoto, Japan

15.20 IN042 GENOTOXICITY AND CARCINOGENICITY OF DRINKING WATER 
DISINFECTION BY-PRODUCTS
D.M. DeMarini, U.S. Environmental Protection Agency, Research Triangle 
Park, NC, USA

15.45 EM109 GENOTOXICITY STUDIES WITH DISINFECTION BYPRODUCTS (DBPs)
R. Marcos, Universitat Autònoma de Barcelona, Bellaterra, Spain

16.10 EM135 AMES II AND HIGH-THOUGHPUT COMET ASSAY FOR EFFICIENT 
SCREENING OF DRINKING WATER (SOURCES) FOR GENOTOXIC 
CONTAMINANTS
M.B. Heringa, KWR Watercycle Research Institute, Nieuwegein, The 
Netherlands

Angelico Hall
Mutagenesis and health effects
CHILDREN CANCER RISK
Chairs: J. Kleinjans, C.P. Wild

14.30 INTRODUCTION
C.P. Wild, International Agency for research on Cancer, Lyon, France

14.40 IN043 ACTIVATION OF INFLAMMATION/NF-kB SIGNALING IN INFANTS BORN
TO ARSENIC-EXPOSED MOTHERS
R. Fry, Massachusetts Institute of Technology, Cambridge, MA, USA

15.05 IN044 TRANSCRIPTOMIC ANALYSIS IN UMBILICAL CORD BLOOD OF 
CHILDREN EXPOSED TO GENOTOXIC COMPOUNDS THROUGH

THEIR MOTHERS DIET
D.M. van Leeuwen, Maastricht University, Maastricht, The Netherlands

15.30 IN045 GENETIC AND ENVIRONMENTAL RISK FACTORS OF CHILDHOOD 
LEUKEMIA
K. Hemminki, German Cancer Research Center, Heidelberg, Germany

15.55 IN046 THE INTERNATIONAL CHILD CANCER COHORT CONSORTIUM
T. Dwyer, Royal Children’s Hospital, Parkville, Australia

Michelangelo Hall
Risk assessment
NEW DEVELOPMENTS IN REGULATORY GENETIC TOXICOLOGY
Chairs: E. Lorge, V. Thybaud

14.30 IN047 INTEGRATION OF GENOTOXICITY TESTS INTO ROUTINE TOXICITY STUDIES
C. Priestley, AstraZeneca, UK
A. Czich, Sanofi Aventis, Germany
A. Rothfuss, Bayer Schering Pharma AG, Germany
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15.30 IN048 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE AND FOLLOW-UP 
OF POSITIVE RESULTS IN IN VITROGENETIC TOXICITY (IVGT) TESTING: 
INTRODUCTION AND FOLLOW-UP OF POSITIVE  RESULTS IN VITRO
V. Thybaud, Sanofi-Aventis, Vitry sur Seine, France

15.50 IN049 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE AND 
FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO GENETIC TOXICITY 
TESTING (IVGT): QUANTITATIVE ASPECTS OF GENOTOXICITY RISK 
ASSESSMENT
J.T. MacGregor, Toxicology Consulting Services, Arnold, MD, USA

16.10 IN050 THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE AND 
FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO GENETIC TOXICITY 
TESTING (IVGT):  EMERGING TECHNOLOGIES FOR THE 
IMPROVEMENT OF GENOTOXICITY RISK ASSESSMENT
J. Sasaki, Johnson & Johnson Pharmaceutical Research and 
Development, Raritan, NJ, USA

16.30 Coffee break

Botticelli Hall
17.00 IN051 Plenary Lecture

Introduction: H.W. Chung, Past-President Korean EMS

CANCER STEM CELLS FROM SOLID TUMORS
R. De Maria, Istituto Superiore di Sanità, Roma, Italy

6ht ICEMHP Announcement
W. Au

18.00-19.30 Parallel Forum

Bronzino Hall
FOR01 ANTIMUTAGENESIS AND CHEMOPREVENTION IN A U-SHAPED WORLD

Chair: D.J. Waters

Promoting health in a U-shaped world 
D.J. Waters, Purdue University, West Lafayette, IN, USA 

Cancer and aging: U-shaped response to vitamin D 
P. Tuohimaa, University of Tampere, Finland

U-shaped dose response of anti-angiogenic agents 
A.R. Reynolds, Institute of Cancer Research, London, UK

FOR02 Defining the optimal dose of selenium for prostate cancer risk reduction
D.J. Waters, Purdue University, West Lafayette, IN, USA

Michelangelo Hall
FOR03 MUTAGENIC MODE OF ACTION FOR CARCINOGENS: HOW HIGH IS 

THE BURDEN OF PROOF?
Chair: M. Moore

Overview of Mode of Action (MOA); Framework for determining a 
mutagenic MOA; case study on cyclophosphamide
R. Schoeny, U.S. Environmental Protection Agency, Washington, DC, USA 
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Case study on dichloroacetic acid
M. Moore, U.S. Food and Drug Administration, Jefferson, AR, USA

Case study on acrylamide 
L. Haber, Toxicology Excellence for Risk Assessment, Cincinnati, OH, USA

Botticelli Hall
FOR04 RATIONALE OF GENOTOXICITY TESTING OF NANOMATERIALS

(This forum is partially supported by ECETOC)
Chairs: H. Greim, H. Norppa

FOR05 Regulatory requirements and appropriateness of available test systems
D. Warheit, DuPont Haskell Global Centers for Health & Environmental 
Sciences, Newark, DE, USA

FOR06 Possible genotoxic mechanisms: Criteria for improved test strategies
K. Donaldson, University of Edinburgh, Scotland, UK

Angelico Hall
FOR07 ECOGENOTOXICOLOGY: PAST SUCCESSES AND FUTURE NEEDS

Chairs: C. Bolognesi, D.M. DeMarini

FOR08 Evaluating the mutagenicity of air, water, and soil by the Salmonella assay:
where are we after 40 years?
D. DeMarini, US Environmental Protection Agency, Research Triangle 
Park, NC, USA 

FOR09 Ecogenotoxicity applied to environmental quality control
V.M.F. Vargas, Fundação Estadual de Proteção Ambiental Henrique Luís 
Roessler, Porto Alegre, RS, Brazil

FOR10 Industrial solid waste leachates induced genotoxicity: models and assays 
D.K. Chowdhuri, Indian Institute of Toxicology Research, Lucknow, India 

FOR11 An approach to validate genotoxicity biomarkers in environmental animals: 
the example of the micronucleus test
C. Bolognesi, National Cancer Research Institute, Genova, Italy

FOR12 Applications of biomarkers for the monitoring of the aquatic environment: 
challenges and new trends 
A. Jha, University of Plymouth, UK 

Presentation of some selected posters 

Lippi Hall
PHILOSOPHY, SCIENCE AND ART IN RENAISSANCE ITALY
Chair: P. Dolara

FOR13 Renaissance medicine between typification and direct observation 
O. Catanorchi, Scuola Normale Superiore, Pisa, Italy

FOR14 Art, science and nature in the Renaissance from Botticelli to Leonardo 
A. Perissa Torrini, Gallerie dell’Accademia di Venezia, Italia
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Saturday, August 22

Botticelli Hall
8.30 IN052 Plenary Lecture

Introduction: T. Yagi, President Japanese EMS

ENVIRONMENTAL EXPOSURE ASSESSMENT: COLLATERAL DAMAGE 
IN THE GENOMIC REVOLUTION? 
C. P. Wild, International Agency for Research on Cancer, Lyon, France

9.15 IN053 Plenary Lecture
Introduction: W. Anwar, President-Elect Pan-African EMS

UNDERSTANDING THE MUTAGENIC CONSEQUENCES OF BASE 
LESION DNA REPAIR
S.H. Wilson, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA

10.00 Coffee break

10.30-12.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
CHROMOSOME SEGREGATION AND GENOMIC INSTABILITY
Chair: F. Degrassi, U. Eichenlaub-Ritter

10.30 IN054 USING MULTI-DIMENSIONAL PROTEOMICS TO DEFINE THE 
COMPLETE PROTEIN COMPOSITION OF MITOTIC CHROMOSOMES
W. Earnshaw, University of Edinburgh, UK

10.55 IN055 LIVE CELL STUDIES ON TAXOL AND THE MITOTIC CHECKPOINT IN 
HUMANS
C.L. Rieder, NYS Dept. of Health, Albany, NY, USA

11.20 IN056 MECHANISMS OF CHROMOSOME MIS-SEGREGATION IN CANCER 
CELLS
D. Cimini, Virginia Tech, Blacksburg, VA, USA

11.45 IN057 HIGH-RESOLUTION IMAGING OF MITOTIC CHROMOSOME 
INSTABILITY
D. Gisselsson, University Hospital, Lund, Sweden

12.10 DD117 TRANSPLACENTALLY-INDUCED CENTROSOMAL AMPLIFICATION AND
ANEUPLOIDY IN PRIMATES EXPOSED IN UTERO TO 
ANTIRETROVIRAL DRUGS
O. Olivero, National Cancer Institute, Bethesda, MD, USA

Angelico Hall
DNA damage responses
CELL TYPE AND TIME SPECIFICITY OF DNA DAMAGE RESPONSE
Chairs: E. Dogliotti, G.T. van der Horst
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10.30 IN058 DNA DAMAGE AND CELL DIFFERENTIATION
E. Dogliotti, Istituto Superiore di Sanità, Roma, Italy

10.55 IN059 RECIPROCAL LINK BETWEEN THE CIRCADIAN CLOCK AND THE DNA 
DAMAGE RESPONSE
G.T.J. van der Horst, Erasmus University Medical Center, Rotterdam, The
Netherlands

11.20 IN060 CELL AND TISSUE-SPECIFIC REQUIREMENTS FOR DNA STRAND 
BREAK REPAIR DURING NEUROGENESIS 
P.J. McKinnon, St. Jude Children’s Research Hospital, Memphis, TN, USA

11.45 IN061 CELL CYCLE CHECKPOINTS AND DNA REPAIR PATHWAYS VARY 
BETWEEN DIFFERENT CELL TYPES FOLLOWING EXPOSURE TO 
IONIZING RADIATION
P.J. Stambrook, University of Cincinnati, OH, USA

12.05 IN062 SOMATIC MUTATIONS AS A MOLECULAR RATIONAL OF DISEASE IN 
COMPLEX CONGENITAL HEART DISEASE
J. Borlak, Fraunhofer Institute for Toxicology and Experimental Medicine,
Hannover, Germany

12.20 DD104 DNA DAMAGE AND CHECKPOINT RESPONSES IN HUMAN PROSTATE
EPITHELIUM
T.M. Hällström, University of Helsinki, Finland

Bronzino Hall
Environmental Mutagenesis
ENVIRONMENTAL POLLUTION: THE ROLE OF SENTINEL SPECIES AND BIOMARKERS
Chairs: D. Waters, C. Bolognesi

10.30 IN063 PET DOGS AS SENTINELS OF ENVIRONMENTAL CANCER RISK
D. Waters, Purdue University, West Lafayette, IN, USA

10.55 IN064 TOXICOPATHIC LIVER LESIONS AND OTHER BIOMARKERS OF CHEMICAL 
EXPOSURE AND EFFECT IN SENTINEL FISH SPECIES IN PUGET SOUND, 
WASHINGTON AND OTHER COASTAL AREAS OF THE UNITED STATES
M.S. Myers, NOAA Fisheries, Seattle, WA, USA

11.20 IN065 GENOTOXICITY OF POLLUTED SOILS: RESPONSE OF BIOLOGICAL 
INDICATORS
P. Vasseur, University of Metz, France

11.45 IN066 TRANSCRIPTOMICS AND PROTEOMICS IN Mus spretus: NEW TOOLS 
FOR ENVIRONMENTAL POLLUTION ASSESSMENT
C. Pueyo, Córdoba University, Spain

12.05 IN067 ENHANCED IN VIVO MUTATIONS IN THE LUNG OF PHASE II 
ENZYMESUPPRESSED MICE
Y. Aoki, National Institute for Environmental Studies, Tsukuba, Japan

12.20 EM045 THE COPEPOD TIGRIOPUS: A PROMISING MARINE MODEL ORGAN
ISM FOR ECOTOXICOLOGY AND ENVIRONMENTAL GENOMICS
J.-S. Lee, Hanyang University, Seoul, Korea
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Botticelli Hall
Mutagenesis and health effects
IS THE ERA OF GENOME WIDE ASSOCIATIONS ALREADY OVER?
Chairs: P. Vineis, T. Manolio

10.30 IN068 IS THE ERA OF GENOME WIDE ASSOCIATIONS ALREADY OVER?
P. Vineis, Imperial College, London, UK

11.00 IN069 GENOME-WIDE ASSOCIATION STUDIES: OUTSTANDING ADVANCES, 
EXCITING CHALLENGES 
T. Manolio, National Human Genome Research Institute, Bethesda, MD, 
USA

11.25 IN070 GENOME-WIDE ASSOCIATION STUDIES: STATISTICAL DEVELOPMENTS
D. Balding, Imperial College, London, UK

11.50 IN071 APPLICATION OF EPIGENOMICS IN CANCER RESEARCH
Z. Herceg, International Agency for Research on Cancer, Lyon, France

12.15 MH011 p73 G4C14-to-A4T14 GENE POLYMORPHISM AND INTERACTION WITH
p53 EXON 4 Arg72Pro ON CANCER SUSCEPTIBILITY: A 
META-ANALYSIS OF THE LITERATURE
E. De Feo, Università Cattolica del Sacro Cuore, Roma, Italy

Lippi Hall
Prevention of mutation-related diseases
BIOLOGY, EPIDEMIOLOGY AND PREVENTION OF CANCER-ASSOCIATED MICROBIAL 
DISEASES
Chairs: P. Bonanni, D. Shouval

10.30 IN072 EPIDEMIOLOGY AND PRIMARY PREVENTION OF HPV-RELATED 
PRE-CANCEROUS AND CANCEROUS LESIONS
P. Bonanni, University of Firenze, Italy

11.00 IN073 RECENT PROGRESS IN PREVENTION AND TREATMENT OF 
HEPATOCELLULAR CARCINOMA (HCC)
D. Shouval, Hadassah-Hebrew University Hospital, Jerusalem, Israel

11.25 IN074 DEVELOPMENT OF VACCINES AGAINST HELICOBACTER PYLORI
G. Del Giudice, Novartis Vaccines and Diagnostics, Siena, Italy

11.50 IN075 EPSTEIN-BARR VIRUS INFECTION, MUTATIONS AND CANCER
P.J. Farrell, Imperial College, London, UK

12.15 PD025 HUMAN PAPILLOMA VIRUS IN BARRETT’S OESOPHAGUS
E. Snow, University of Tasmania, Launceston, Tasmania, Australia

12.30-14.30 Lunch and poster viewing
(ME012-021; DD061-120; EM061-120;
MH033-064; PD014-026; RA038-075)

14.30-16-30 Parallel Symposia
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Michelangelo Hall
Mutational and epigenetic mechanisms
MicroRNAs AND THEIR REGULATION
Chairs: G.A. Calin, M. Negrini

14.30 IN076 TOWARD A NON-CODING RNA REVOLUTION IN THE CANCER SOCIETY
G.A. Calin, University of Texas, Houston, TX, USA

15.00 IN077 MicroRNAs IN CELL DIFFERENTIATION AND CANCER
F.J. Slack, Yale University, New Haven, CT, USA

15.30 IN078 MicroRNA ONCOGENIC PATHWAYS DERAILED IN HEPATOCELLULAR 
CARCINOMA
M. Negrini, Università di Ferrara, Italy

15.55 IN079 POST-TRANSCRIPTIONAL REGULATION OF MicroRNA EXPRESSION 
IN HUMAN TUMORS AND CANCER CELL LINES
T.D. Schmittgen, Ohio State University, Columbus, OH, USA

16.20 RA070 IDENTIFICATION OF miRNA WITH TOXICOLOGICAL POTENTIAL 
AFTER BENZO[a]PYRENE EXPOSURE
D. Lizarraga, Maastricht University, Maastricht, The Netherlands

Botticelli Hall
Environmental Mutagenesis
CHALLENGING ENVIRONMENTAL HEALTH PROBLEMS AROUND THE WORLD
Chairs: W. Au, R. Sram

14.30 IN080 TRADITIONAL AND FUNCTIONAL BIOMARKERS FOR MONITORING 
EXPOSED POPULATIONS FOR HEALTH RISK ASSESSMENT
W.W. Au, University of Texas, Galveston,TX, USA

14.50 IN081 ENVIRONMENTAL AIR POLLUTION AND ASSESSMENT OF HEALTH 
RISK IN VARIOUS POPULATIONS
M. Ruchirawat, Chulabhorn Research Institute, Bangkok, Thailand

16.10 IN082 GENOTOXICITY OF AIR POLLUTANTS – IMPACT TO CHILDREN HEALTH
R.J. Sram, Institute of Experimental Medicine AS CR, Prague, Czech 
Republic

16.30 IN083 ARSENIC IN DRINKING WATER: GENETIC AND GENOMIC 
APPROACHES FOR IDENTIFYING ARSENIC SUSCEPTIBILITY AND 
HEALTH EFFECTS
A.K. Giri, Indian Institute of Chemical Biology, Calcutta, India

16.50 IN084 ENVIRONMENTAL HEALTH PRIORITIES AND CHALLENGES AROUND 
THE WORLD FOR THE NEXT DECADES 
J. Pronczuk, World Health Organization, Geneva, Switzerland

17.10 IN085 ARISTOLOCHIC ACID NEPHROPATHY: AN ENVIRONMENTAL AND 
IATROGENIC DISEASE
A.P. Grollman, Stony Brook University, New York, NY, USA
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Angelico Hall
Mutagenesis and health effects
DNA DAMAGE, REPAIR AND AGING
(This Symposium is supported by The Ellison Medical Foundation)
Chairs: L.J. Niederhofer, P.L. Opresko

14.30 IN086 HUMAN PREMATURE AGING PROTEINS PARTICIPATE IN DNA REPAIR
V.A. Bohr, National Institute on Aging, Baltimore, MD, USA

14.50 IN087 ENVIRONMENTAL CAUSES OF TELOMERE DEFECTS 
P.L. Opresko, University of Pittsburgh, PA, USA

15.10 DD157 THE WERNER SYNDROME PROTEIN PARTICIPATES IN THE 
RESPONSE TO ONCOGENE-INDUCED REPLICATION STRESS
P. Pichierri, Istituto Superiore di Sanità, Roma, Italy

15.25 IN088 EVIDENCE THAT DNA DAMAGE PLAYS A CAUSAL ROLE IN AGING 
AND AGE-RELATED DISEASE
L.J. Niederhofer, University of Pittsburgh, PA, USA

15.50 IN089 TRANSCRIPTION-BLOCKING DNA LESIONS: AT THE CROSSROAD OF 
AGING AND LONGEVITY
G.A. Garinis, Institute of Molecular Biology and Biotechnology, Heraklion, 
Greece

16.10 IN090 CELLULAR SENESCENCE AS A DNA DAMAGE RESPONSE
F. D’Adda di Fagagna, IFOM-IEO, Milano, Italy

Bronzino Hall
Prevention of mutation-related diseases
NUTRIGENOMICS AND PUBLIC HEALTH
Chairs: M. Fenech, P. Dolara

14.30 IN091 PERSONALISED AND POPULATION-BASED STRATEGIES FOR 
DIAGNOSIS OF DNA DAMAGE AND ITS PREVENTION VIA 
NUTRITIONAL AND LIFE-STYLE INTERVENTION.
M. Fenech, CSIRO Human Nutrition, Adelaide, Australia

15.00 IN092 NUTRITIONAL SYSTEMS BIOLOGY: FROM INTEGRATING 
MECHANISMS TO PREVENTION
B. van Ommen, TNO-Quality of Life, Zeist, The Netherlands

15.25 IN093 BACTERIA-HOST INTERACTION IN CHRONIC DISEASE: 
INFLAMMATION MEETS METABOLISM
D. Haller, Technical University of Munich, Germany

15.50 IN094 PROTEOMIC BIOMARKERS OF VULNERABILITY TO CANCER IN THE 
ALIMENTARY TRACT
I.T. Johnson, Norwich Research Park, Norwich, UK

16.15 RA065 A STEP FORWARD ON THE ROAD TO PREVENT CERVICAL 
CARCINOMA: A NUTRIGENETIC APPROACH
A. Agodi, University of Catania, Italy
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Lippi Hall
Risk assessment
MOLECULAR EPIDEMIOLOGY AND ETHICS
Chairs: K. Vähäkangas, D. Palli

14.30 IN095 HOW TO PROTECT INTEGRITY OF SCIENTIFIC RESEARCH
K. Vähäkangas, University of Kuopio, Finland

14.55 IN096 OBTAINING, SHIPPING, BIOBANKING AND USING OF HUMAN 
SPECIMENS: LOGISTICAL AND ETHICAL CHALLENGES
P. Hainaut, International Agency for Research on Cancer, Lyon, France

15.20 IN097 CHILDREN AS RESEARCH SUBJECTS: TODAY’S RESEARCH FOR A 
BETTER FUTURE
D.F. Merlo, National Cancer Research Institute, Genova, Italy

15.45 TAKING OUR OBLIGATIONS TO RESEARCH PARTICIPANTS SERIOUSLY: 
DISCLOSING INDIVIDUAL RESULTS OF GENETIC RESEARCH
T. Manolio, National Human Genome Research Institute, Bethesda, MD, 
USA

16.00 IN098 RECENT TRENDS AND CHALLENGES IN ENVIRONMENTAL 
HEALTH RESEARCH
S.H. Wilson, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA

16.20 RA103 THE CYTOKINESIS BLOCKED MICRONUCLEUS CYTOME ASSAY AND 
RISK PREDICTION OF LUNG CANCER
R. El-Zein, The University of Texas M.D. Anderson Cancer Center, 
Houston, TX, USA

16.30 Coffee break

Botticelli Hall
17.00 IN099 Plenary Lecture

Introduction: A. Guevara, President Philippines EMS

The DNA damage problem in the context of cancer, aging and longevity
J.H.J. Hoeijmakers, Erasmus Medical Center, Rotterdam, The

Netherlands

18.00-19.30 Parallel Forum

Botticelli Hall
FOR15 Workshop on cytotoxicity measures in the in vitro micronucleus test

Chair: D. Kirkland

Brief Introduction and rationale 
D. Kirkland, Covance, Harrogate, UK 

Summary of L5178Y cell results 
E. Lorge, Servier, Fleury-les-Aubrais, France 

Summary of TK6 results 
A. Elhajouji, Novartis, Basel, Switzerland
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Summary of hamster cell results 
J. Whitwell, Covance, Harrogate, UK 

Summary of US data 
M. Schuler, Pfizer, Groton, CT, USA 

Overall conclusions 
D. Kirkland, Covance, Harrogate, UK

Angelico Hall
FOR16 Risk assessment of genotoxic trace substances in food

Chair: R. Crebelli

FOR17 The margin of exposure approach to substances in food that are genotoxic
and carcinogenic 
D. Benford, Food Standard Agency, London, UK

FOR18 Possible mechanisms underlying practical thresholds for genotoxic 
carcinogens
T. Nohmi, National Institute of Health Sciences, Tokyo, Japan

FOR19 US FDA Safety Assessment of Genotoxic Food Contact Substances
C.W. Sheu, Food and Drug Administration, Washington, DC, USA

Michelangelo Hall
FOR20 PREPARING THE NEXT GENERATION OF SCIENTISTS THROUGH 

EDUCATION AND RESEARCH
Chair: J. Gentile

J. Gentile, Research Corporation for Science Advancement, Tucson, AZ, USA

D. DeMarini, US Environmental Protection Agency, Research Triangle Park, 
NC, USA

D. Tweats, University of Wales, Swansea, UK

Sunday, August 23

Botticelli Hall
8.30 IN100 Plenary Lecture

Introduction: M. Chulasiri, President Thai EMS

COMPLEX CELLULAR RESPONSES TO DNA DAMAGING AGENTS
L. Samson, Massachusetts Institute of Technology, Cambridge, MA, USA

9.15 IN101 Plenary Lecture
Introduction: J. Gentile, Past-President IAEMS

NOVEL STRATEGIES IN THE PREVENTION OF MUTATION-RELATED 
DISEASES
S. De Flora, University of Genova, Italy

10.00 Coffee break
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10.30-12.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
New insights in germ cell mutagenesis
Chairs: F. Marchetti, C.L. Yauk

10.30 IN102 DNA DOUBLE STRAND BREAK REPAIR IN PARENTAL CHROMO-
SOMES OF MOUSE ZYGOTES

P. de Boer, Radboud University, Nijmegen, The Netherlands

11.00 IN103 PATERNAL EXPOSURES AFFECT SPERM CHROMATIN AND DISTURB 
EPIGENETIC PROGRAMMING DURING EARLY EMBRYO DEVELOPMENT 
B. Robaire, McGill University, Montreal, QC, Canada

11.30 IN104 EFFECTS OF TOBACCO SMOKE ON MALE GERM CELLS AND EARLY 
EMBRYONIC DEVELOPMENT
F. Marchetti, Lawrence Berkeley National Laboratory, Berkeley, CA, USA

11.50 IN105 HERITABLE EFFECTS OF EXPOSURE TO COMBUSTION DERIVED 
PARTICLES
C.L. Yauk, Health Canada, Ottawa, QC, Canada

12.10 EM102 3,3’-DINTRITRO-BISPHENOL A SIGNIFICANTLY DISTURBS MATURATION AND 
SPINDLE FORMATION, AND CHROMATIN INTEGRITY IN MOUSE OOCYTES
U. Eichenlaub-Ritter, University Bielefeld, Germany.

Angelico Hall
DNA damage responses
CELLULAR DEFENSES AGAINST OXIDATIVE DAMAGE
Chairs: T. Lindahl, B. Demple

10.30 IN106 ROLES OF THE FTO AND TREX1 ENZYMES IN REMOVAL OF 
DAMAGED OR DISPLACED DNA
T. Lindahl, CR-UK London Research Institute, South Mimms, UK

10.50 IN107 INTEGRATING CELLULAR FUNCTION THROUGH A BASE EXCISION 
DNA REPAIR PROTEIN
B. Demple, Harvard School of Public Health, Boston, MA, USA

11.10 IN108 REGULATION OF BASE EXCISION REPAIR IN RESPONSE TO DNA 
DAMAGE
G. Dianov, University of Oxford, UK

11.30 IN109 MUTYH AND DNA POLYMERASE λ COOPERATE IN A NOVEL LONG 
PATCH BASE EXCISION REPAIR OF 8-oxo- Guanine
U. Hübscher, University of Zurich, Switzerland

11.50 IN110 DNA REPAIR ENZYME NEIL1, METABOLIC SYNDROME AND CANCER
M. Dizdaroglu, National Institute of Standards and Technology, 
Gaithersburg, MD, USA

12.10 IN111 INTERACTION OF PROTEINS INVOLVED IN DNA REPAIR WITH AP 
SITE CONTAINING DNA
O. Lavrik, Russian Academy of Sciences, Novosibirsk, Russia
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Lippi Hall
Environmental Mutagenesis
CRITICAL ISSUES ON ENVIRONMENTAL GENOTOXICITY IN LATIN AMERICA
Chairs: L.R. Ribeiro, E. Zamorano-Ponce

10.30 IN112 INTRODUCTION TO SIMPOSIUM: CRITICAL ISSUES ON ENVIRONMENTAL 
GENOTOXICITY IN LATIN AMERICA 
E. Zamorano-Ponce, Universidad del Bío-Bío, Chillán, Chile

10.40 IN113 DNA DAMAGE, OXIDATIVE BALANCE, AND EXPOSURE BIOMARKERS 
IN A RURAL POPULATION EXPOSED TO PESTICIDES.
M.A. Carballo, Universidad de Buenos Aires, Argentina

11.10 IN114 ATMOSPHERIC POLLUTION BY MUTAGENIC AGENTS IN AREAS OF 
INDUSTRIAL IMPACT:  HUMAN BIOMONITORING
F.V.M. Vargas, Universidade Federal do Rio Grande do Sul, Porto Alegre, 
RS, Brazil

11.40 IN115 POLYCYCLIC AROMATIC HYDROCARBON (PAH)-DNA ADDUCTS, 
CHROMOSOMAL ABERRATIONS, AND CYP1A, CYP1B1 AND GSTM1
RISK VARIANTS IN PERIPHERAL BLOOD LYMPHOCYTES FROM 
YOUNG ADULTS LIVING IN MEXICO CITY.
M.E. Gonsebatt, UNAM, Mexico City, DF, Mexico

12.05 IN116 USE OF AGROCHEMICALS IN ARGENTINA: GENOTOXIC AND CYTOTOXIC
COMPARISONS BETWEEN PURE AND FORMULATED PRODUCTS
M.L. Larramendy, University of La Plata, Argentina.

Botticelli Hall
Mutagenesis and health effects
CANCER MODELS AND MECHANISMS
Chairs: K. Tanaka, Y. Pommier

10.30 IN117 NOVEL FUNCTION OF NUCLEOTIDE EXCISION REPAIR FACTOR AND 
ITS RELEVANCE TO XERODERMA PIGMENTOSUM AND COCKAYNE 
SYNDROME
K. Tanaka, Osaka University, Osaka, Japan

10.55 IN118 CHROMOSOMAL INSTABILITY IN CANCER PATHOGENESIS AND TREATMENT
A. Venkitaraman, University of Cambridge, UK

11.20 IN119 ROLE OF TOPOISOMERASE I IN GENOMIC STABILITY
Y. Pommier, National Institutes of Health, Bethesda, MD, USA

11.40 IN120 OXIDATIVE STRESS-INDUCED TUMORIGENESIS IN THE SMALL 
INTESTINES OF VARIOUS TYPES OF DNA REPAIR-DEFICIENT MICE
T. Tsuzuki, Kyushu University, Fukuoka, Japan

12.00 IN121 ROLE OF MICROENVIRONMENT ON TUMOR PROGRESSION: 
ENDOTHELIUM, ANGIOGENESIS AND INFLAMMATION
A. Albini, IRCCS Multimedica, Sesto San Giovanni, Milano, Italy

12.20 MH069 AN ATTEMPT TO IDENTIFY GENES INVOLVED IN PROGRESSION OF 
TOBACCO SMOKE ASSOCIATED CANCER
K. Szyfter, Polish Academy of Sciences, Poznan, Poland



Sunday, August 23

38 ICEM 2009, August 20-25, Firenze - Italy

Bronzino Hall
Prevention of mutation-related diseases
PHARMACOLOGICAL PREVENTION OF MUTATION AND CANCER
Chairs: V.E. Steele, T.W. Kensler

10.30 IN122 ANTIMUTAGENIC STRATEGIES APPLIED TO CHEMOPREVENTIVE 
DRUG DEVELOPMENT
V.E. Steele, National Cancer Institute, Bethesda, MD, USA

10.55 IN123 CLINICAL  STRATEGIES FOR DEVELOPING ANTIMUTAGENIC 
CHEMOPREVENTIVE DRUGS
G.J. Kelloff, National Cancer Institute, Bethesda, MD, USA

11.20 IN124 TARGETING KEAP1-NRF2 SIGNALING WITH DRUGS
T.W. Kensler, Johns Hopkins University, Baltimore, MD, USA

11.45 IN125 CHEMOPREVENTION OF CIGARETTE SMOKE GENOTOXICITY AND 
CARCINOGENICITY
R. Balansky, National Center of Oncology, Sofia, Bulgaria

12.10 PD002 PHARMACOLOGICAL ANTIOXIDANTS PROTECT FROM RADIATION 
INDUCED DNA DAMAGE AS WELL AS GENETIC INSTABILITY AND 
LYMPHOMA IN ATM DEFICIENT MICE
R.H. Schiestl, University of California, Los Angeles, CA, USA

12.30   Lunch

13.30-15.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
IN VIVO MUTAGENESIS: RECENT ADVANCES AND FUTURE PROSPECTS
Chairs: G.R. Douglas, J.H. Bielas

13.30 IN126 LIKE FATHER LIKE SON: TRANSGENERATIONAL GENOMIC 
INSTABILITY IN MAMMALS
Y.E. Dubrova, University of Leicester, UK

14.00 IN127 THE MECHANISM AND CLINICAL UTILITY OF SOMATIC 
MITOCHONDRIAL MUTAGENESIS IN CANCER
J.H. Bielas, Fred Hutchinson Cancer Research Center, Seattle, WA, USA

14.30 IN128 CROSS-SPECIES, ENDOGENOUS MUTATION ASSAY BASED ON THE 
PIG-A GENE
J.C. Bemis, Litron Laboratories, Rochester, NY, USA

15.00 IN129 VALIDATION AND UTILITY OF TRANSGENIC RODENT GENE 
MUTATION ASSAYS
G.R. Douglas, Health Canada, Ottawa, ON, Canada

Botticelli Hall
DNA damage responses
DNA DAMAGE RESPONSE AS THERAPEUTIC TARGET
Chairs: A. Sarasin, P. Karran
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13.30 IN130 OVEREXPRESSION OF SOME DNA REPAIR PATHWAYS ARE 
ASSOCIATED WITH METASTASIS RISK IN MELANOMA PATIENTS
A. Sarasin, CNRS, Villejuif, France

13.55 IN131 DNA DAMAGE AND DNA DAMAGE RESPONSES AFTER 
THIOPURINE/UVA TREATMENT
P. Karran, Cancer Research UK London Research Institute, South Mimms, UK

14.20 IN132 GENOTOXIC STRESS RESPONSE: MECHANISMS AND RELEVANCE 
TO CANCER
J. Bartek, Danish Cancer Society, Copenhagen, Denmark 

14.40 IN133 PROCESSING OF DNA ADDUCTS INTO DOUBLE STRAND BREAKS
A.K. Larsen, INSERM, Université Paris 6, Paris, France

15.00 IN134 IMPLICATION OF THE NUCLEOTIDE EXCISION REPAIR MACHINERY 
ON THE RESPONSE TO DOXORUBICIN TREATMENT IN HUMAN 
FIBROBLASTS
J. Saffi, Lutheran University of Brazil, Canoas, Brazil

15.20 DD003 A MRN/TIP60 COMPLEX INVOLVED IN DNA DOUBLE STRAND BREAKS
REPAIR
Y. Canitrot, LBCMCP, CNRS UMR 5088 and University of Toulouse, France

Angelico Hall
Environmental Mutagenesis
SYSTEMS BIOLOGY APPROACHES TO ENVIRONMENTAL CARCINOGENESIS AND 
RELATED BIOMARKERS
(This Symposium is supported by ECNIS)
Chairs: A. Hirvonen, S. Kyrtopoulos

13.30 INTRODUCTION
A. Hirvonen, Finnish Institute of Occupational Health, Helsinki, Finland.

13.40 IN135 INTOGEN: A NOVEL FRAMEWORK FOR INTEGRATION AND 
DATA-MINING OF MULTIDIMENSIONAL ONCOGENOMIC DATA
N. Lopez-Bigas, Universitat Pompeu Fabra, Barcelona, Spain 

14.05 IN136 THE COMPARATIVE TOXICOGENOMICS DATABASE: A DISCOVERY 
TOOL FOR IDENTIFYING CHEMICAL-GENE-DISEASE NETWORKS 
C.J. Mattingly, The Mount Desert Island Biological Laboratory, Salisbury 
Cove, ME, USA

14.30 IN137 METABOLIC PROFILING AS A TOOL IN BIOMARKER RESEARCH AND 
SYSTEMS BIOLOGY
H.C. Keun, Imperial College, London, UK

14.55 IN138 BLOOD TRANSCRIPTOMICS AND EXPOSURE BIOMARKERS IN A 
POPULATION-BASED COHORT – THE NOWAC POSTGENOME STUDY
V. Dumeaux, University of Tromsø, Norway

15.20 CONCLUSION
S. Kyrtopoulos, National Hellenic Research Foundation, Athens, Greece
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Lippi Hall
YOUNG SCIENTIST SESSION I
Chairs: M. Kirsch-Volders, A.Zijno

13.30 DD040 DNA POLYMERASES BETA AND LAMBDA AS A POTENTIAL PARTICIPANTS 
OF TLS DURING GENOMIC DNA REPLICATION ON THE LEADING AND 
LAGGING STRANDS
E.A. Belousova, Institute of Chemical Biology and Fundamental Medicine,
Novosibirsk, Russia

13.45 MH089 ANTIOXIDANT ENZYME ACTIVITIES AND mRNA LEVELS IN THE 
KIDNEY OF PRE-HYPERTENSIVE SPONTANEOUSLY HYPERTENSIVE 
RATS (SHR) AND WISTAR-KYOTO RATS (WKY)
AK Sundaram, University Sains Malaysia, Kelantan, Malaysia

14.00 EM053 BIOLOGICAL ACTIVITIES OF ENDOGENOUS MUTAGENS/ /
CARCINOGENS, AMINOPHENYLNORHARTMAN AND N-NITROSO BILE 
ACID CONJUGATES
Y. Totsuka, National Cancer Center Research Institute, Tokyo, Japan

14.15 DD096 DNA DAMAGE RESPONSES IN IRRADIATED GLIOBLASTOMA CELL LINES
P.R.D.V. Godoy, University of  São Paulo, Ribeirão Preto, SP, Brazil

14.30 DD092 POTENTIAL GENOTOXIC RISKS OF SINGLE WALLED CARBON 
NANOTUBES
B. Manshian, Swansea University, Swansea, Wales, UK

14.45 EM140 DNA DAMAGE ASSESSMENT OF HUMAN POPULATIONS EXPOSED TO 
AIRBORNE POLLUTANTS FROM INDUSTRIAL AND URBAN SOURCES
M.V. Coronas, Universidade Federal do Rio Grande do Sul, Porto Alegre, 
RS, Brazil

15.00 RA071 MOLECULAR GENETIC ANALYSIS OF C677T AND A1298C 
POLYMORPHISMS OF THE GENE OF METHYL TETRA HYDRO FOLATE
REDUCTASE AS A RISK FACTOR FOR DEVELOPMENT OF CHRONIC 
MALNUTRITION IN CHILDREN UNDER 3 YEARS OF THE 
MUNICIPALITY OF LURIBAY, EXPOSED TO PESTICIDES
R.E. Montaño Arrieta, Universidad Mayor de San Andres UMSA, La Paz, Bolivia

Bronzino Hall
Risk assessment
NEW DATA INITIATIVES AND PREDICTIVE APPROACHES FOR MUTAGENICITY AND 
CARCINOGENICITY
Chairs: R. Benigni, A. Richard

13.30 IN139 EXPERIMENTAL TESTS AND MODELING APPROACHES: GETTING 
THE BEST FROM BOTH
R. Benigni, Istituto Superiore di Sanità, Roma, Italy

13.55 IN140 NEW CHEMICAL/BIOLOGICAL PROFILING AND INFORMATICS 
APPROACHES FOR EXPLORING MUTAGENICITY AND 
CARCINOGENICITY: UPDATES OF EPA TOXCAST™ AND TOX21 
PROGRAMS
A. Richard, U.S. Environmental Protection Agency, Research Triangle 
Park, NC, USA
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14.20 IN141 A KNOWLEDGE-BASE APPROACH TO IDENTIFY SIGNATURES FOR 
BIOLOGICAL AND CHEMICAL PAIRS IN THE RISK ASSESSMENT 
PROCESS
C. Yang, US Food and Drug Administration, College Park, MD, USA 

14.45 IN142 THE USE OF (Q)SAR IN FOOD SAFETY ASSESSMENT
E. Lo Piparo, Institute for Health and Consumer Protection, Ispra, Varese, Italy

15.10 RA021 ENVIRONMENTAL RISK INDEX (ERI) : A NEW PROPOSAL FOR RISK 
ASSESSMENT INTEGRATING IN VITRO TOOLS
D. Baderna, Istituto di Ricerche Famacologiche “Mario Negri”, Milano, Italy

15.20 RA082 DIRECTING GENOTOXICITY TESTING TO ASSIST IN THE 
DEVELOPMENT OF IN SILICO MODELS
R.V. Williams, Lhasa Limited, Leeds, UK

16.00-19.30 Optional tours

20.30 Social Dinner

Monday, August 24

Botticelli Hall
8.30 IN143 Plenary Lecture

Introduction: A.B. Prasad, President EMS India

THE RATE OF SOMATIC MUTATIONS AND HUMAN CANCER
L. Luzzatto, Istituto Toscano Tumori, Firenze, Italy

9.15 IN144 Plenary Lecture
Introduction: E. Snow, President EMS Australia-New Zealand (MEPSA)

CAUSES AND MECHANISMS OF COLON CANCER DEVELOPMENT, 
AND STRATEGIES FOR ITS PREVENTION
K. Wakabayashi, National Cancer Center Research Institute, Tokyo, Japan

10.00 Coffee break

10.30-12.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
INDUCED mutagenesis: A NETWORK OF INTERPLAYING PROCESSES
Chairs: J.M. Essigmann, A. Abbondandolo

10.30 IN145 AN INTEGRATED VIEW OF INDUCED MUTAGENESIS IN E. coli
R.P. Fuchs, CNRS, Marseille, France

10.55 IN146 INTERPLAY OF DNA REPAIR, DNA POLYMERASES AND TRANSCRIPTION 
IN THE PROCESS OF SPONTANEOUS MUTAGENESIS IN YEAST
S. Boiteux, CNRS & CEA, Fontenay aux Roses, France

11.20 IN147 OXIDATIVE STRESS, DNA ALKYLATION AND MUTAGENESIS
J.M. Essigmann, Massachusetts Institute of Technology, Cambridge, MA, USA
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11.45 IN148 MUTAGENIC OR ACCURATE OUTCOME OF TRANSLESION DNA 
SYNTHESIS IS DETERMINED BY SPECIFIC TWO-POLYMERASE 
MECHANISMS IN MAMMALIAN CELLS 
Z. Livneh, Weizmann Institute of Science, Rehovot, Israel

12.10 DD025 LESION RECOGNITION AND CATALYSIS IN BER PATHWAY INVOLVE 
MULTIPLE CONFORMATIONAL CHANGES IN ENZYMES AND DNA
O.S. Fedorova, Russian Academy of Sciences, Novosibirsk, Russia

12.20 DD056 NEIL GLYCOSYLASES: NOVEL ACTIVITIES AND REGULATION
I.R. Grin, Russian Academy of Sciences, Novosibirsk, Russia

Botticelli Hall
DNA damage responses
LOOKING INTO THE FUTURE: GENOME WIDE TECHNOLOGIES IN TOXICOLOGY
Chairs: L. Mullenders, E. Prosperi

10.30 IN149 EPISTASIS ANALYSIS OF THE DNA DAMAGE RESPONSE
H. van Attikum, Leiden University, Leiden, The Netherlands
(EEMS Young Scientist Award 2009)

10.55 IN150 TRANSLATIONAL RESPONSES TO DNA DAMAGE
T.J. Begley, University at Albany, Rensselaer, NY, USA

11.20 IN151 GLOBAL ANALYSIS OF SIGNALING NETWORKS BY HIGH-RESOLUTION 
MASS SPECTROMETRY-BASED QUANTITATIVE PHOSPHOPROTEOMICS
J.V. Olsen, University of Copenhagen, Denmark

11.45 IN152 QUANTITATIVE IMAGING-BASED FUNCTIONAL GENOMICS SCREENING 
TO UNRAVEL TOXICITY RELEVANT SIGNALING PATHWAYS. 
B. van de Water, Leiden University, Leiden, The Netherlands

12.10 IN153 CHIP-SEQ APPROACH TO STUDY THE CELLULAR RESPONSE TO 
DAMAGE INDUCED TRANSCRIPTION INTERFERENCE
M. Fousteri, Leiden University, Leiden, The Netherlands

12.25 DD147 PROTEOMICS AND SPR IMAGING APPLIED TO PLATINATED DNA 
INTERACTOME STUDIES
J Breton, Commissariat à l’Énergie Atomique, Grenoble, France

Angelico Hall
DNA damage responses
REGULATION OF DNA DAMAGE RESPONSE: LESSONS LEARNED FROM DOUBLE
STRAND BREAK REPAIR PATHWAYS
Chairs: J. Surralles, P. Mosesso

10.30 IN154 FANCONI ANEMIA: OMIC APPROACHES AND THERAPEUTIC APPLICATIONS
J. Surralles, Universitat Autònoma de Barcelona, Spain

10.55 IN155 FANCM CONNECTS THE TWO GENOME INSTABILITY DISORDERS 
BLOOM’S SYNDROME AND FANCONI ANEMIA
A.J. Deans, London Research Institute, Cancer Research UK, South 
Mimms, UK
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11.20 IN156 GENETIC PATHWAYS REQUIRED FOR TEMPLATE-SWITCH MEDIATED
DAMAGE BYPASS REPLICATION
D. Branzei, FIRC Institute of Molecular Oncology, Milano, Italy

11.45 IN157 ACTIVATION OF THE CELLULAR DNA DAMAGE RESPONSE IN THE 
ABSENCE OF DNA LESIONS
E. Soutoglou, CNRS INSERM, Illkirch, France

12.10 DD150 POLO-LIKE KINASE REGULATION OF DNA REPLICATON UNDER 
STRESSED CONDITIONS
K. Trenz, Institute of Cancer Research, Sutton, UK

12.20 DD091 REPLICATION FORK STABILIZATION PROTEINS TIMELESS AND 
TIMELESS-INTERACTING PROTEIN (TIPIN) MAINTAIN GENOMIC 
STABILITY
S.L. Smith-Roe, University of North Carolina at Chapel Hill, NC, USA

Bronzino Hall
Environmental Mutagenesis
BIOLOGICAL RISKS FROM SPACE RADIATION ENVIRONMENTS
Chairs: F.A. Cucinotta, M. Durante

10.30 IN158 ATM AND TGF β PATHWAY SIGNALING FOLLOWING X-RAY AND 
HEAVY IONS EXPOSURE
F.A. Cucinotta, NASA, Houston TX, USA

10.55 IN159 CYTOGENETIC EFFECTS OF HEAVY IONS
M. Durante, GSI, Darmstadt, Germany

11.20 IN160 DNA DAMAGE AND REPAIR FROM SPACE RADIATION
M.A. Tabocchini, Istituto Superiore di Sanità and INFN, Roma, Italy

11.45 IN161 POPULATION ACTION AS A MODIFIER OF RADIATION-INDUCED 
CARCINOGENESIS
L. Hlatky, Tufts University, Boston, MA, USA

12.10 EM007 THE COMPARISON STUDY ON CHROMOSOMAL ABERRATIONS IN 
HUMAN PERIPHERAL BLOOD LYMPHOCYTES INDUCED BY 18.8 MeV 
PROTON AND 60Co-γ RADIATION 
Y. Chen, Beijing Institute of Radiation Medicine, Beijing, China

12.20 DD078 ASSESSING OF RADIOSENSITIVITY OF PERSONS EXPOSED TO 
IONIZING RADIATION DURING FLIGHTS
N.Yu Vorobyova, Institute of Chemistry Physics, Russian Academy of 
Sciences, Moscow, Russia

Lippi Hall
Prevention of mutation-related diseases
PUBLIC HEALTH GENOMICS
Chairs: W. Ricciardi, A. Brand

10.30 IN162 THE EUROPEAN AND INTERNATIONAL AGENDA OF PUBLIC HEALTH 
GENOMICS
A. Brand, Maastricht University, Maastricht, The Netherlands
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10.55 IN163 PUBLIC HEALTH AND GENOMIC EPIDEMIOLOGY
S. Boccia, Università Cattolica del Sacro Cuore, Roma, Italy

11.20 IN164 ASSESSING GENE-ENVIRONMENT INTERACTIONS IN CANCER
P. Boffetta, International Agency for Research on Cancer, Lyon, France

11.45 IN165 TRANSLATIONAL RESEARCH IN GENOMICS
C. Janssens, Erasmus University Medical Center Rotterdam, The Netherlands

12.10 IN166 PRACTICAL IMPLEMENTATION OF PUBLIC HEALTH GENOMICS: THE 
CASE OF GENAR INSTITUTE
BS. Savaşş, GENAR Institute for Public Health and Genomics Research, 
Istanbul, Turkey

12.30-14.30 Lunch and poster viewing
(ME022-032; DD121-180; EM121-179;
MH065-095; PD027-039; RA076-113)

14.30-16.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
Physiological mutagenesis in immunity
Chairs: M.S. Neuberger, J. Miller

14.30 IN167 THE FUNCTIONS OF AID AND OTHER DNA DEAMINASES IN IMMUNITY
M.S. Neuberger, MRC, Cambridge, UK

15.00 IN168 INTENTIONAL MUTAGENESIS IN B CELLS: PCNA-UBIQUITYLATION 
CONTROLS SOMATIC HYPERMUTATION 
H. Jacobs, The Netherlands Cancer Institute, Amsterdam, The Netherlands

15.25 IN169 DIVERSITY-GENERATING RETROELEMENTS
J. Miller, UCLA School of Medicine, Los Angeles, CA, USA

15.50 IN170 ERROR-PRONE REPAIR PATHWAYS MOBILIZING TLS DNA 
POLYMERASES IN IMMUNOGLOBULIN GENE HYPERMUTATION
C.A. Reynaud, INSERM, Paris, France

16.15 IN171 EDITING DEAMINASES: STORY OF A MULTI-TALENTED DOMAIN
S. Conticello, Istituto Toscano Tumori, Firenze, Italy 

Botticelli Hall
Mutational and epigenetic mechanisms
TOLERANCE OF DNA DAMAGE: TRANSLESION DNA SYNTHESIS
Chairs: A.R. Lehmann, E.C. Friedberg

14.30 IN172 REGULATION OF DNA POLYMERASE ETA IN HUMAN CELLS
A.R. Lehmann, University of Sussex, Falmer, UK

14.55 IN173 DNA POLYMERASE KAPPA-DEFECTIVE MICE ARE SPONTANEOUS 
MUTATORS
E.C. Friedberg, University of Texas, Dallas, TX, USA
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15.20 IN174 HUMAN DNA POLYMERASE NU (POLN), A UNIQUE A-FAMILY DNA 
POLYMERASE WHICH CAN BYPASS DNA DAMAGE
K. Takata, The University of Texas, Smithville, TX, USA.

15.40 IN175 REPAIR AND TOLERANCE MECHANISMS OF DNA-PROTEIN 
CROSSLINK DAMAGE
H. Ide, Hiroshima University, Hiroshima, Japan

16.00 IN176 NEW FUNCTIONAL ROLES OF THE HUMAN DNA POLYMERASES ETA 
AND KAPPA DURING GENOMIC DNA REPLICATION
J.S. Hoffmann, CNRS, University of Toulouse, France

16.20 DD130 K63-LINKED UBIQUITIN CHAINS CONJUGATED TO PCNA CONTROL 
RECOMBINATION REPAIR OF SS-GAPS
G.I. Karras, Max Planck Institute of Biochemistry, Martinsried, Germany

Lippi Hall
YOUNG SCIENTIST SESSION II
Chairs: F. Pacchierotti, H.-J. Martus

14.30 DD040 GENOTOXIC AND CELLULAR SIGNALLING RESPONSES FOLLOWING 
EXPOSURE TO ULTRAFINE SUPERPARAMAGNETIC IRON OXIDE 
NANOPARTICLES
S.H. Doak, Swansea University, Swansea, Wales, UK
(EEMS Young Scientist Award 2009)

15.00 EM130 A NEW PARADIGM FOR MOLECULAR TOXICOLOGY: INHIBITION OF 
P53-MEDIATED DNA REPAIR BY HEAVY METAL NICKEL
Young R. Seo, Kyung Hee University, Seoul, Korea

15.15 DD028 BIOCHEMICAL EVIDENCES INVOLVE DNA POLYMERASE BETA OF 
Trypanosoma cruzi IN REPAIR OF OXIDATIVE LESIONS IN 
MITOCHONDRIAL DNA
B.L.F. Schamber-Reis, Federal University of Minas Gerais, Brazil

15.30 MH013 POSTGENOMIC ALTERATIONS IN  AICARDI-GOUTIÈRES SYNDROME, 
A RARE NEURODEGENERATIVE DISEASE OF MUTATIONAL ORIGIN
M. Longobardi, Department of Health Sciences, University  of Genova, Italy

15.45 MH031 GENETIC MARKERS OF SUSCEPTIBILITY INVOLVED IN PROSTATE CANCER
H. Kuasne, Londrina State University, Londrina, PR, Brazil

16.00 MH074 BIOCHEMICAL AND GENOTOXIC EFFECTS IN PESTICIDE SPRAYERS:
PRELIMINARY RESULTS  
M.F. Simoniello, Universidad Nacional del Litoral, Santa Fe, Argentina

16.15 EM029 THE USE OF GENOTOXIC BIOASSAYS TO EVALUATE THE 
ENVIRONMENTAL QUALITY IN A REGION UNDER THE INFLUENCE OF
URBAN WASTE IN GUAÍBA LAKE BASIN (BRAZIL)
I.V. Villela, Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, 
Brazil
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Angelico Hall
Mutagenesis and health effects
GENE-ENVIRONMENT INTERACTIONS IN NONCANCER DISEASES
Chairs: A. Izzotti, F.J. van Schooten

14.30 IN177 GENE-ENVIRONMENT INTERACTIONS AS COMMON DETERMINANTS 
OF NONCANCER-DEGENERATIVE DISEASES
A. Izzotti, University of Genova, Italy

14.55 IN178 GENETIC INFLUENCES ON SMOKING BEHAVIOR AND PREVENTION 
OF CHRONIC DEGENERATIVE DISEASES
F.J. van Schooten, Maastricht University, Maastricht, The Netherlands

15.20 IN179 THE IMPACT OF GENETIC AND ENVIRONMENTAL FACTORS IN 
NEURODEGENERATION: THE EMERGING ROLE OF EPIGENETICS
L. Migliore, University of Pisa, Italy

15.45 IN180 POLYMORPHISMS OF CYTOCHROME P4501A1, CIGARETTE 
SMOKING AND RISK OF CORONARY ARTERY DISEASE
C.-C.Yeh, China Medical University, Taichung, Taiwan

16.10 MH095 MITOCHONDRIAL DNA HAPLOGROUPS AND ETHNICAL ORIGINS IN 
PATIENTS WITH MULTIPLE SCLEROSIS
H. Groot, Universidad de los Andes, Bogotà, Colombia

16.20 MH066 OXIDATIVE DAMAGE AND TRANSCRIPT DOWN-REGULATION OF DNA 
REPAIR GENES IN LYMPHOCYTES FROM PATIENTS WITH ALZHEIMER 
DISEASE, FRAILTY SYNDROME AND DIABETES MELLITUS TYPE-2
E.T. Sakamoto-Hojo, Universidade de São Paulo, Ribeirão Preto, SP, Brazil

Bronzino Hall
Prevention of mutation-related diseases
DIETARY PREVENTION OF MUTATION AND CANCER
Chairs: S. Knasmüller, N. Loprieno

14.30 IN181 USE OF THE COMET ASSAY FOR THE DETECTION OF DNA 
PROTECTIVE CONSTITUENT IN THE HUMAN DIET
S. Knasmüller, Medical University of Vienna, Austria

14.55 IN182 TRANSIENT GENERATION OF REACTIVE OXYGEN SPECIES AS AN 
IMPORTANT SIGNALLING MECHANISM IN CANCER CHEMOPREVENTION
C. Gerhäuser, German Cancer Research Center, Heidelberg, Germany

15.20 IN183 IN SEARCH OF A MECHANISM: FOOD POLYPHENOLS FROM 
ANTIOXIDANTS TO MODULATORS OF GENE EXPRESSION
P. Dolara, University of Firenze, Italy

15.45 IN184 NON-ANTIOXIDANT EFFECTS OF PHYTOCHEMICALS: DNA REPAIR
A.R. Collins, University of Oslo, Norway

16.10 EM023 COMPARISION OF MUTAGENICITIES AND GENE EXPRESSION 
PROFILES OF COMFREY AND RIDDELLIINE IN RAT LIVER 
M.G. Manjanatha, National Center for Toxicological Research, Jefferson, 
AR, USA
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16.20 EM097 PRENATAL EXPOSURE TO FLAVONOIDS: IMPLICATION FOR 
DEVELOPMENT OF LEUKEMIA
K Vanhees, Maastricht University, Maastricht, The Netherlands

16.30 Coffee break

Botticelli Hall
17.00 IN185 Plenary Lecture

Introduction: P. Cooper, President EMS North-America

CELLULAR ADAPTIVE SURVIVAL RESPONSE TO OXIDATIVE, 
NITROSATIVE AND INFLAMMATORY STRESSES: ROLES OF 
REDOX-SENSITIVE TRANSCRIPTION FACTORS
Y.-J. Surh, Seoul National University, Seoul, Korea

18.00 General Assembly of the International Association of Environmental 
Mutagen Societies (IAEMS)

19.30-20.30 Assemblies of Regional Mutagen Societies

Tuesday, August 25

8.30-10.30 Parallel Symposia

Michelangelo Hall
Mutational and epigenetic mechanisms
MECHANISMS OF UNTARGETED MUTAGENESIS
Chairs: L.A. Loeb, T.A. Kunkel

8.30 IN186 INVOLVEMENT OF MUTATOR DNA POLYMERASES IN CARCINOGENESIS
L.A. Loeb, University of Washington, Seattle, WA, USA

9.00 IN187 THE EFFICIENCY OF DNA MISMATCH REPAIR IN SACCHAROMYCES 
CEREVISIAE
T.A. Kunkel, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA

9.30 IN188 PATHWAYS SUPPRESSING SPONTANEOUS MUTATION AND CANCER 
IN MICE
B.D. Preston, University of Washington, Seattle, WA, USA

9.55 IN189 GENOMIC INSTABILITY AND CANCER IN MOUSE DNA REPLICATION 
MUTANTS
J. Schimenti, Cornell University, Ithaca, NY, USA

10.20 ME007 HIGH FREQUENCY OF GENOMIC DELETIONS INDUCED BY ME-LEX, 
A SEQUENCE SELECTIVE N3-ADENINE METHYLATING AGENT, AT 
THE HPRT LOCUS IN CHINESE HAMSTER OVARY CELLS
P. Menichini, National Cancer Research Institute (IST), Genova, Italy
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Botticelli Hall
Environmental Mutagenesis
ADVANCES IN THE ASSESSMENT OF EXPOSURE AND EARLY BIOLOGICAL EFFECTS
Chairs: S. Bonassi, D.H. Phillips

8.30 IN190 CHALLENGES IN THE DESIGN AND STATISTICAL ANALYSIS OF 
POPULATION STUDIES WITH HIGH-THROUGHPUT ASSAYS
S. Bonassi, National Cancer Research Institute (IST), Genova, Italy

8.55 IN191 CLUES TO CANCER AETIOLOGY AND CARCINOGENIC MECHANISMS 
DERIVED FROM DNA ADDUCTS
D.H. Phillips, Institute of Cancer Research, Sutton, UK

9.20 IN192 THE USE OF DNA ADDUCTS IN RISK ASSESSMENT
H. Autrup, University of Aarhus, Denmark

9.45 IN193 GENOMIC ALTERATIONS AS EARLY INDICATORS OF ADVERSE 
EFFECTS OF EXPOSURES 
R.S. Paules, National Institute of Environmental Health Sciences, 
Research Triangle Park, NC, USA

10.10 IN194 MASS SPECTRAL DETECTION OF DNA ADDUCTS PRODUCED BY 
EXPOSURES TO CARCINOGENS 
P.B. Farmer, University of Leicester, UK

Angelico Hall
Mutagenesis and health effects
NUCLEOTIDE EXCISION REPAIR AND TRANSCRIPTION: MECHANISMS AND CLINICAL
IMPLICATIONS
Chairs: J.M. Egly, M. Stefanini

8.30 IN195 THE NUCLEOTIDE EXCISION REPAIR: TFIIH AND Co
J.M. Egly, CNRS, Strasbourg, France

9.00 IN196 INSIGHTS INTO GENOTYPE-PHENOTYPE RELATIONSHIPS IN THE 
REPAIR/TRANSCRIPTION SYNDROME TRICHOTHIODYSTROPHY
D. Orioli, Institute of Molecular Genetics, CNR, Pavia, Italy

9.25 IN197 TRANSCRIPTION STALLING AND CELLULAR RESPONSES 
L.H. Mullenders, Leiden University, Leiden, The Netherlands

9.50 IN198 INTERSECTING DNA REPAIR PATHWAYS AND COORDINATION WITH 
TRANSCRIPTION
P. Cooper, Lawrence Berkeley National Laboratory, Berkeley, CA, USA

10.15 DD052 SILENCING OF OXIDATIVELY-DAMAGED GENE IN MAMMALIAN CELLS
A. Khobta, University of Mainz, Germany

Lippi Hall
Prevention of mutation-related diseases
DIETARY FACTORS, MUTATION AND CANCER
Chairs: L. Ferguson, R. Barale

8.30 IN199 DIETARY FACTORS, MUTATION AND CANCER
L.R. Ferguson, The University of Auckland, New Zealand
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8.55 IN200 BASE EXCISION REPAIR, OXIDATIVE STRESS AND CANCER
B. Tudek, University of Warsaw, Poland

9.20 IN201 DIETARY INTAKE OF ARISTOLOCHIC ACID AS A RISK FACTOR FOR 
BALKAN ENDEMIC NEPHROPATHY-ASSOCIATED UROTHELIAL CANCER
V.M. Arlt, Institute of Cancer Research, Sutton, UK

9.45 IN202 THE ROLE OF GENETIC AND NON-GENETIC MECHANISMS IN FURAN RISK
A. Mally, University of Würzburg, Germany

10.10 PD032 MECHANISTIC ASPECTS OF GENOTOXICITY OF FURAN AND ITS KEY
METABOLITE CIS-2-BUTENE-1,4-DIAL IN MAMMALIAN CELLS IN VITRO
P. Mosesso, Tuscia University, Viterbo, Italy

10.20 EM060 URINARY FUMONISIN B1 AS A BIOMARKER OF FUMONISIN EXPOSURE 
AND ITS APPLICATION IN INTERVENTION STUDIES
Y.Y. Gong, University of Leeds, UK

Bronzino Hall
Risk assessment
REPORTS FROM THE 5TH INTERNATIONAL WORKSHOP ON GENOTOXICITY TESTING
Chairs: D. Kirkland, L. Müller

IN203 Reports from the 5th International Workshop on Genotoxicity Testing

8.30 D. Kirkland, Covance, Harrogate, UK 
8.45 S. Galloway, Merck, West Point, PA, USA 
9.00 M. Moore, Jefferson, AR, USA
9.15 P. Kasper, Federal Institute for Drugs and Medical Devices, Bonn,  Germany
9.35 S. Pfuhler, Procter & Gamble, Marly, Switzerland
9.55 M. Hayashi, National Institute of Health Sciences, Tokyo, Japan
10.10 V. Thybaud, Sanofi-Aventis, Vitry sur Seine, France

10.30 Coffee break

Botticelli Hall
11.00 IN204 Plenary Lecture

Introduction: E. Dogliotti, President European EMS
THE MOLECULAR BASIS OF LIFE’S ROBUSTNESS
M. Radman, University of Paris 5, Paris, France

11.45 IN205 Plenary Lecture
Introduction: J. Yang, Representative Chinese EMS
MUTATIONS IN microRNA PRECURSORS IN HEMATOPOIETIC 
MALIGNANCIES
C.M. Croce, Ohio State University, Columbus, OH, USA

12.30 Closing Ceremony
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ABSTRACTS

Plenary lectures and Symposium abstracts

Text of abstracts is reproduced as it was submitted by the authors



IN001
LESION SENSING AND DECISION POINTS IN THE DNA
DAMAGE RESPONSE  
PC Hanawalt
Department of Biology, Stanford University, Stanford, California, USA
Email: hanawalt@stanford.edu

Replication and maintenance of cellular genomes are absolute require-
ments for life.  Proliferating cells must duplicate their DNA with
incredible precision in the face of a barrage of genotoxic chemicals and
radiations. Transcription of DNA-encoded instructions is also crucial,
as are the epigenetic modulations of those instructions. Cell function
and survival are threatened by alterations in DNA structure that inter-
fere with or compromise the fidelity of replication and transcription.
We strive to minimize our exposures to mutagens/carcinogens in the
environment while utilizing some of the very same genotoxins in ther-
apeutic protocols for treating cancer and other human diseases.
Some types of DNA damage are more serious than others; one unre-
paired double-strand break can be sufficient to preclude the generation
of viable daughter cells. A compounded threat may arise when a repli-
cation fork encounters an arrested transcription complex. Non-canoni-
cal DNA structures in naturally occurring nucleotide sequences can
also block transcription and replication. Different parts of the genome
(e.g. telomeres) may be more at risk than others. The DNA damage
response must be highly versatile to sense a multiplicity of different
sorts of lesions in various sequence contexts and relegate them to
appropriate pathways for repair. 
We have learned about many DNA repair pathways as well as tolerance
modes for persisting damage. The most versatile schemes are based
upon excision repair, in which the faulty segment of a DNA strand is
replaced by repair replication, using the undamaged complementary
strand as template. We are finding many instances of crosstalk and
overlap between different repair pathways; the various modes for pro-
cessing damage may compete with each other. Each step in a repair
pathway generates an intermediate that may be susceptible to interven-
tion by enzymes from another pathway. It may be instructive for us to
view overall damage processing, and the allocation of cellular
resources in terms of a series of layers in the stages of repair, in which
there are “decision points” at each level until DNA integrity is finally
reestablished. The outcome for the cell and for the organism of which
it is a part may depend upon which protein encounters the lesion first.

IN002
CANCER RISK FROM EXPOSURE TO URBAN AIR POLLUTION
Chulabhorn Mahidol 
Chulabhorn Research Institute, Bangkok 10210, Thailand
Email: mathuros@cri.or.th

Polycyclic aromatic hydrocarbons (PAHs), benzene and 1,3-butadiene
are among the major carcinogenic compounds found in urban air pol-
lution from motor vehicle emissions. PAHs such as benzo[a]pyrene are
believed to be associated with lung cancer, benzene is known to cause
leukemia, and 1,3-butadiene has been shown to cause lymphoma and
hematopoietic cancer. In major cities in Asia, the levels of PAHs and
benzene are relatively high compared with those in Europe or in the
United States.  People living in such cities, therefore, are exposed to
high levels of these carcinogenic pollutants. Work in our laboratory has
included monitoring of PAHs and benzene and 1,3-butadiene exposure
in many susceptible groups of the population, such as in traffic police-
men.  In addition to monitoring both ambient as well as personal expo-
sure through collection of air samples, we have also measured the inter-
nal dose as well as the potential health effects through the use of vari-
ous biomarkers associated with the different toxicants. Through these
biomarkers, a cause and effect relationship can be established. People
who spend most of their time close to the traffic source are exposed to
higher levels of these carcinogens.  The traffic police were exposed to
a 20-fold higher level of total PAHs than the office police.
Consequently, urinary-1-hydroxy pyrene (a metabolite of PAH) level
and PAHs albumin adduct level were also higher in the traffic police
group.  PAH-DNA adduct which is a biomarker of biologically effec-
tive dose and is predictive of the risk of cancer development was also
significantly higher in the traffic police group.  Exposure to benzene

and 1,3-butadiene are significantly higher in traffic police than in their
office counterparts. The potential health risks from exposure to car-
cinogenic substances were assessed through DNA-damage levels and
DNA repair capacity.  DNA strand breaks and 8-OHdG levels were sig-
nificantly higher, whereas DNA repair capacity was significantly
reduced in traffic policemen. This indicates an increased health risk of
the development of cancer in traffic police due to exposure to genotox-
ic substances in air pollution.

IN003
SEVEN DEADLY SINS OF ENVIRONMENTAL RESEARCH
P Grandjean
Institute of Public health, University of Southern Denmark, Odense,
Denmark; Harvard School of Public Health, Boston, USA
Email: pgrand@health.sdu.dk

The evidence from environmental mutagen research is an imperfect
tool to further public health. Although even ivory-tower scientists are
only rarely indifferent to the welfare of others, modern-day research is
organised particularly to favour an appetite for credentials and publica-
tions. Further, scientific tradition demands replication and verification,
so that the majority of published papers in environmental science jour-
nals focus on a limited, rather stable list of mutagens and pollutants.
Worse, science frequently does not appear as impartial as it should be.
The Vatican recently deemed pollution a sin, so would it not be fair to
ask whether science can be sinful? I have compiled a list of vices in
environmental health science as suggested by the traditional seven
deadly sins. They include (with examples of sins common in science)
Pride (preoccupation with methodology), Envy (failure to recognize
achievements by others), Wrath (self-righteous intimidation of com-
petitors), Lust (desire for academic honours), Gluttony (excessive crav-
ing for publications), Greed (benefit from vested interests), and Sloth
(callousness to injustice). Inspired by the precautionary principle, I
wish to highlight (see Epidemiology 2008; 19: 158-62), some specific
virtues that are needed to counter the vices: Humility, Fairness,
Empathy, Restraint, Innovation, Transparency, and Compassion. These
virtues relate to some overall values that need to be introduced or
revived in research. Resources should no longer be spent chasing a for-
mal proof. Instead, uncertainties should be explored and their implica-
tions characterised. We should therefore pay more attention to the
range of the confidence interval and less to the p value. As part of the
scientific discourse, we must ask ourselves what could possibly be
known given our (limited) research insights and opportunities. Absence
of evidence should of course not be misunderstood as evidence of
absence of a hazard. Science planning and reporting therefore ought to
be recognized as a social activity that forms part of a dynamic interface
with policymaking and intervention. Our research deserves an open
discussion to explore the wider perspectives of our findings and the
implications of the uncertainties.

IN004
EPIGENETIC MECHANISMS AND THE REGULATION OF
GENOMIC IMPRINTING IN MAMMALS
Robert Feil
Institute of Molecular Genetics, CNRS and University of Montpellier,
1919 route de Mende, 34293 Montpellier, France
Email: robert.feil@igmm.cnrs.fr

The term ‘epigenetic’ is used to refer to heritable phenotypes that occur
without changes in the DNA sequence. Epigenetic regulation of gene
expression plays an important role in animal and plant development,
for example, to achieve stable repression in specific cell types and at
defined developmental stages. In placental mammals, the maternally
and paternally inherited genomes are functionally not equivalent.  They
are both required for the embryo’s development and well-being,
throughout gestation, and also after birth. This functional asymmetry
between the parental genomes is a consequence of differential marking
of the DNA in the egg versus the sperm.  The differential methylation
marks placed onto the parental genomes (the imprints) persist in the
developing embryo, and after birth, and convey the allelic expression
of genes from either their maternal or their paternal copy.   At least a
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hundred genes are controlled by this epigenetic phenomenon called
genomic imprinting.  Many of the known imprinted genes play key
roles in foetal development and growth, others influence behaviour
after birth.  Not surprisingly, therefore, pathological perturbation of
genomic imprinting gives rise to growth-related and behavioural dis-
eases in humans, and is associated with cancer as well.  In addition,
environmental stress, including in vitro culture and manipulation, can
readily lead to perturbation of imprints and this may have long-lasting
phenotypic consequences. After a brief introduction of epigenetics and
the importance of DNA methylation, I will present the developmental
regulation of imprinting. During my talk, I will present some of our
group’s recent work on the role of histone methyltransferases in the
unusual organisation of chromatin at the key regulatory sequences
involved imprinted gene expresion, the ‘imprinting control regions’.
Recently, we have started to explore the importance of histone methy-
lation in the regulation of tissue-specific imprinting. I will present sev-
eral examples of how lysine methylation on histone H3 controls
imprinted gene expression in the placenta and brain, and will describe
the enzymatic machineries involved.

IN005
DEVELOPING HUMAN EMBRYONIC STEM CELLS TO MODEL
ENVIRONMENTAL EFFECTS ON THE DEVELOPING
EPIGENOME
Lorraine E. Young
Wolfson Centre for Stem Cells, Tissue Engineering and Modelling
(STEM), University of Nottingham, Centre for Biomolecular Sciences,
University Park, Nottingham NG7 2RD, UK
Email: Lorraine.Young@nottingham.ac.uk

The formation of the pluripotent cells of the preimplantation embryo,
giving rise to all tissues of the fetus, is a rapid process that requires
extensive remodelling of the highly specialised and diverse oocyte and
sperm cells post-fertilisation. In addition to structural changes, this
remodelling phase encompasses reprogramming of the wide range of
epigenetic modifications to DNA and their associated histone proteins
that are key to specifying cell lineage. The interest of our laboratory is
the degree of plasticity that can be conferred on the embryonic
epigenome by environmental factors such as maternal nutrition and in
vitro embryo culture and the relevant phenotypic consequences of such
early “programming” events. In particular, we are examining the
hypothesis that  plasticity in the addition of epigenetic modifications to
DNA during early development can alter subtly the trajectory of fetal
development in a manner that can predispose both healthy and diseased
functioning of adult tissues.  Our focus is on the cellular methyl and
folate cycles that determine the provision of methyl groups required to
methylate both cytosine residues of DNA (DNA methylation) and his-
tone proteins (histone methylation). In addition to animal studies, we
are also developing human embryonic stem cells to investigate the
effects of dietary methyl group contributors on embryonic cells direct-
ly within the species of clinical interest. Although this in vitro model
has required some development in order to address the experimental
goals outlined above, the ability to perform a wide range of dose-
response experiments assessing epigenetic effects on the undifferenti-
ated cells, gene-nutrient interactions using cell lines with different
genotypes and ability to form specific disease-relevant  human fetal
cell types makes this an exciting novel model to answer fundamental
developmental questions. Our latest findings will be presented and
used to illustrate how both environmental influences and nutrient-gene
interactions can impact on the embryonic epigenome with more impor-
tant later health consequences than is often recognised.

IN006
EPIGENETIC REGULATION OF AGING
Mario F.Fraga (1,2)
(1) Department of Immunology and Oncology, National Center for
Biotechnology, CNB-CSIC, Cantoblanco, Madrid E-28049, Spain. (2)
Cancer Epigenetics Laboratory, Instituto Universitario de Oncología
del Principado de Asturias (IUOPA), Universidad de Oviedo, Oviedo,
Spain
Email: mffraga@cnb.csic.es

Many age-associated conditions, such as the decrease in regenerative
capacity of tissues, appear to be determined by a decline in the function
of specific somatic stem cells. Although it is obvious that the genotype
determines the average lifespan of different species, the variation in
lifespan of individuals within a species seems to be more affected by
the accumulation over time of molecular errors that compromise adult
stem cell function. These molecular alterations can occur at both the
genetic and epigenetic levels and depend on hereditary, environmental
and stochastic factors. This complex multifactorial mixture determines
characteristics, such as longevity and a healthy life, that are central
concerns of human existence.

IN007
EPIGENETIC PROCESSES IN DEVELOPMENTAL ORIGINS
OF HEALTH AND DISEASE (DOHaD)
MA Hanson (1), P D Gluckman (2), G C Burdge (1), K A Lillycrop (1),
K M Godfrey (1)
(1) Centre for Developmental Origins of Health & Disease, University
of Southampton, UK,  (2) Liggins Institute, University of Auckland,
New Zealand
Email: m.hanson@soton.ac.uk

The heritable or familial components of susceptibility to chronic non-
communicable diseases such as type 2 diabetes, obesity and cardiovas-
cular disease were thought to be largely genetic (from GWAS) or envi-
ronmental (shared lifestyle risk factors). There is now increasing evi-
dence that some elements of such heritability are transmitted non-
genomically and can have effects beyond a single generation1. The
underlying processes operate through epigenetic mechanisms involv-
ing regulation of either imprinted or non-imprinted genes, via changes
in DNA methylation, histone structure and miRNAs. These affect off-
spring phenotype, especially response to environmental challenges2.
Other processes include parental physiology or behaviour, e.g. utero-
placental blood flow or suckling. DOHaD is a maladaptive conse-
quence of an ancestral mechanism of developmental plasticity, with
adaptive value in the evolution the generalist species Homo sapiens.
However exposure to high energy and fat content foods, and low lev-
els of physical activity, occurring within a generation, leaves today’s
children and adolescents mismatched3. The risks of chronic disease are
increased, and these in turn increase risk in the next generation4. The
effects are exacerbated by demographic and reproductive changes, e.g.
the tendency for women to have children at the extremes of reproduc-
tive age, more primiparous pregnancies, ART. The social consequences
of DOHaD will be great in economic terms, particularly in developing
countries5. Understanding the underlying epigenetic processes will aid
prediction of those at risk and design and monitoring of interventions.
MAH and GB are supported by the BHF.
Gluckman PD, Hanson MA, Beedle AS (2007). Non-genomic trans-
generational inheritance of disease risk. BioEssays 29(2):145-54
Godfrey KM, Lillycrop KA, Burdge G, Gluckman PD, Hanson MA
(2007). Epigenetic mechanisms and the Mismatch Concept of the
Developmental Origins of Health and Disease. Ped Res 61:5R-10R 
Gluckman PD and Hanson MA (2006/8). Mismatch – The Lifestyle
Diseases Timebomb OUP. 
Gluckman PD, Hanson MA, Cooper C and Thornburg K (2008). Effect
of in utero and early-life conditions on adult health and disease. NEJM
359:61-73.
Gluckman PD, Hanson MA, Bateson P, Beedle AS, Law CM, Bhutta
ZA, Anokhin KV, Bougneres P, Chandak GR, Dasgupta P, Davey
Smith G, Ellison PT, Forrester TE, Gilbert SF, Jablonka E, Kaplan H,
Prentice AM, Simpson SJ, Uauy R, West-Eberhard MJ (2009). Towards
a new developmental synthesis: adaptive developmental plasticity and
human disease.  Lancet 373: 1654-57

IN008
SURVIVAL AND DEATH STRATEGIES IN CELLS EXPOSED
TO GENOTOXINS
Bernd Kaina
Institute of Toxicology, University of Mainz, Obere Zahlbacher Str. 67,
D-55131 Mainz, Germany
Email: kaina@uni-mainz.de
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Genotoxins induce a plethora of DNA damages that are usually consid-
ered to be harmful for the cell. However, not every type of DNA dam-
age is mutagenic and not each of them is cytotoxic and has the ability
to activate the DNA damage response (DDR). Therefore, it is important
to identify critical lesions that trigger specific responses. This has been
successfully accomplished for alkylating agents, which are powerful
mutagens and carcinogens and, moreover, are being used in cancer
therapy. Repair of alkylation lesions is executed by ABH proteins, base
excision repair and MGMT, which contribute to survival of exposed
cells to different degree. Furthermore, translesion polymerases such as
Rev3 may also be involved in defence against alkylation damage. If
repair is lacking, saturated or down-regulated, non-repaired lesions can
activate complex cellular responses. Thus, in MGMT lacking cells O6-
methylguanine (O6MeG) mispairs with thymine that activates the mis-
match repair system. This generates DNA double-strand breaks (DSBs)
which in turn activate MRN, ATR, ATM, Chk1, Chk2 dependent path-
ways as well as MAP kinase and p53 driven functions. Other lesions
are tolerated or, upon blocking replication, generate DSBs, which are
considered to be most important downstream genotoxic lesions activat-
ing DDR. Therefore, mechanisms repairing DSBs such as homologous
recombination and non-homologous end joining appear to play a deci-
sive role for many genotoxins as well. Both survival and death func-
tions can be activated by DNA damage. Survival strategies include
activation of DNA repair, autophagy and antiapotiotic functions,
whereas death strategies rest on the activation of death receptor and/or
mitochondrial apoptotic functions and mitotic catastrophe. We have
shown that in some cells the efficiency of specific lesions such as
O6MeG to trigger the p53 dependent death receptor (Fas) pathway is
much higher than the p53 independent endogenous mitochondrial path-
way, which has strong impact on the sensitivity of p53 mutated tumor
cells to anticancer drugs such as temozolomide. An opposite effect of
p53 was found for agents inducing bulky lesions, such as chloroethyl-
nitrosourea and UV light, thus protecting against apoptosis and necro-
sis. This is due to p53 controled upregulation of repair genes, notably
ddb2 and xpc. Data will be shown to dissect the role of WRN, NBN,
XRCC2 and BRCA-2 as well as DNA-PKCS in the O6MeG response,
which support a role for DSBs as most critical downstream apoptosis-
triggering lesions and homologous recombination as a key player in the
cell’s survival strategy towards monofunctional alkylating agents. For
genotoxins inducing bulky lesions and interstrand crosslinks transcrip-
tional inhibition comes into play as well. Data will be shown that geno-
toxin provoked block of transcription attenuates the expression of
MKP1, which leads to sustained activation of the MAP kinase pathway
that finally triggers cell death.
Work was supported by DFG KA724/13, German Cancer Foundation
and Stiftung Rheinland-Pfalz.

IN009
TRANSCRIPTIONAL INHIBITION BY DNA DAMAGE AS A
TRIGGER OF CELL DEATH 
Mats Ljungman 
Department of Radiation Oncology, University of Michigan, Ann
Arbor, MI, USA
Email: ljungman@umich.edu

It is becoming increasingly clear that transcription is not limited to just
protein-coding genes but rather, most of the genome is traversed in
both directions by RNA polymerase II. While many of the noncoding
RNAs generated have regulatory functions, it is still surprising that the
genome is so heavily transcribed. One potential role of this pervasive
transcription of the genome is that RNA polymerase II may act as a
damage scanning device alerting the cell when transcription-blocking
lesions are ecountered. Indeed, we have shown that blockage of RNA
polymerase II triggers the induction p53 (Oncogene, 18:583, 1999) and
that this induction is due to both the loss of RNA-mediated export of
p53 and by phosphorylation of p53 in an ATR and RPA-dependent
manner (PNAS, 104:12778, 2007). Importantly, if transcription-block-
ing lesions are not removed in a timely fashion, cells undergo apopto-
sis (Oncogene, 13:823, 1996). In proliferating cells, transcription
blockage by DNA-damaging agents such as UV light, cisplation or
photo-activated psoralen induces apoptosis predominantelly in cells
moving through S-phase.  Presumably a tug-a-war between the replica-

tion and transcription machineries for the same piece of DNA leads to
apoptosis. In stationary cells, apoptosis may be induced by the loss of
expression of gene products important for survival and we are current-
ly using a new technique to explore the effect that UV light has on the
synthesis and stability of mRNAs from apoptosis-regulating genes.

IN010
DIFFERENT MODES OF CELL DEATH INDUCED BY DNA
DAMAGE
Boris Zhivotovsky
Institute of Environmental Medicine, Division of Toxicology,
Karolinska Institutet, Box 210, SE-17177 Stockholm, Sweden
Email: Boris.Zhivotovsky@ki.se

In dividing cells DNA damage caused by genotoxic insults results in
the activation of cell cycle checkpoints followed by DNA repair to
ensure the integrity of the transcribed genome. p53, being a “guardian
of genome” is activated by stress and, depending on the severity of
damage, it triggers either G1 or G2 arrest or cell death. DNA damage-
induced apoptotic pathway includes caspase-2, which is activated with-
in the PIDDosome complex, and causes cytochrome c release and cas-
pase activation. Hence, PIDDosome-mediated caspase-2 activation
might be an important link between DNA damage and the engagement
of the mitochondria-mediated apoptotic pathway. In addition to
PIDDosome, caspase-2 is able to use the CD95 DISC as a platform and
the recruitment of caspase-8 to this complex is required for activation
of both enzymes. Investigation of the contribution of p53 and caspase-
2 to apoptosis and mitotic catastrophe (MC) induced by DNA damage
in carcinoma cells revealed that both functional p53 and caspase-2 are
required for the apoptotic response, which was preceded by transloca-
tion of caspase-2 to the cytoplasm. In the absence of functional p53,
DNA damage resulted in caspase-2-independent MC followed by
necrosis. In these cells apoptotic functions could be restored by tran-
sient expression of wt-p53. Hence, in this experimental model p53
appeared to act as a switch between apoptosis and MC followed by
necrosis-like lysis. It seems that the final mode of cell death triggered
by DNA damage in cancer cells is determined by the profile of proteins
involved in the regulation of the cell cycle.

IN011
ROLE OF DNA-PKcs-PIDDosome IN DNA DAMAGE RESPONSE
C. Du
The University of Cincinnati, College of Medicine, Cincinnati, OH
45267, USA
Email: chunying.du@uc.edu

Apoptosis (programmed cell death) is an essential process for eliminat-
ing unwanted cells in development and homeostasis. It is executed
through precisely orchestrated biochemical and genetic pathways.
Dysregulation of apoptosis can lead to human diseases including can-
cers. In addition, DNA repair and cell cycle checkpoint control is a
genome surveillance mechanism to prevent the passage of damaged
genetic material to daughter cells and antagonize tumorigenesis. The
crosstalk between apoptosis and DNA repair and checkpoints is of
importance since they are both related to tumorigenesis. Caspase-2
plays a pro-apoptotic role in apoptosis. The identification of the protein
complex PIDDosome has accelerated our understanding of caspase-2
activation apoptosis in response to genotoxic stress. Caspase-2 is
unique among all the mammalian caspases in that it is the only caspase
that is present constitutively in the cell nucleus, in addition to other cel-
lular compartments. However, the functional significance of this
nuclear localization is unknown. We have used a combination of bio-
chemistry, proteomics, and cell biology to investigate the role of cas-
pase-2 in the cell nucleus in response to DNA damage induction. We
have found that DNA damage induced by gamma-radiation triggers the
phosphorylation of nuclear caspase-2, leading to its cleavage and acti-
vation. This phosphorylation is carried out by the nuclear ser-
ine/threonine protein kinase DNA-PKcs and is promoted by the death-
domain protein PIDD within a large nuclear protein complex consist-
ing of DNA-PKcs, PIDD, and caspase-2, which we have named DNA-
PKcs-PIDDosome. In contrast to PIDDosome that activates caspase-2
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for apoptosis, characterization of this DNA-PKcs-PIDDosome has
revealed unexpected novel functions of it in DNA damage response
pathway. Data will be presented to show the molecular mechanism of
this protein complex in the cellular response to DNA damage. The abil-
ity of caspase-2 to participate in both pro-apoptotic and pro-survival
processes means that caspase-2 may stand at the crossroads of a DNA-
damage response network, connecting apoptosis and cell survival to
determine cell fate.

IN012
CELL-CYCLE BLOCKAGE AFFECTS DNA DAMAGE
RESPONSES THAT LEAD TO DEATH IN HUMAN PRIMARY
FIBROBLASTS.
CFM Menck (1), TG Ortolan (1)
(1) Dept. of Microbiology, Institute of Biomedical Sciences, University
of Sao Paulo, Sao Paulo, SP, Brazil
Email: cfmmenck@gmail.com

Unrepaired DNA lesions promote blockage of RNA transcription and
DNA replication, which trigger signals that eventually lead to cell
death. This results in higher sensitivity of cells that are deficient in
DNA repair pathways, such as those from human patients suffering
from the xeroderma pigmentosum (XP) and Cockayne’s (CS) syn-
dromes. In this work, we will present the differences in UVB-induction
of apoptosis in synchronized human primary XP and CS cells, and cor-
relate it with cell cycle progression, as well as the activation of p53 and
MDM2 proteins. These two proteins play key roles in the signaling
events that lead to cell choice of DNA repair or cell death. In these
experiments, we employed UVB doses which were either high just
enough to trigger apoptosis or sufficiently low to induce only changes
in cell responses, but with almost no apoptosis. As cells have different
DNA repair capabilities, these doses were not the same, but were equi-
toxic. The results indicated that low UVB doses caused only delays in
cell cycle progression, while higher UVB doses resulted in consistent
cell blockage, in G1 or early S-phase. The accumulation of p53 protein
corresponded to the levels of apoptosis induction, however, the induc-
tion of MDM2 protein was similar in DNA repair deficient (XP-C) or
proficient cells, and the levels of this protein did not correlate with
apoptosis. Normally MDM2 acts as a negative regulator of p53, but the
data show that the induction of this protein is not the main factor deter-
mining cell evasion from apoptosis induced by UVB, as could be
expected. In fact, curiously, XP-C cells die despite of high levels of this
protein, indicating this is not enough for the cells’ choice for survival.
The results are also in agreement with a role of DNA replication block-
age (at the beginning of S-phase) in triggering cell death events by
UVB DNA lesions in primary human cells.
Financial Support: FAPESP (Sao Paulo, Brazil) and CNPq (Brasília,
Brazil).

IN013
TOXICITY ASSESSMENT OF NANOPARTICLES
G. Oberdörster
Department of Environmental Medicine, University of Rochester,
Rochester, NY, USA
Email: gunter_oberdorster@urmc.rochester.edu

Serious concerns have been expressed about risks posed by nanomate-
rials (NMs) their potential to cause undesirable effects, to contaminate
the environment and specifically adversely affect susceptible parts of
the population when they are exposed.  Information about the toxicity
of nanomaterials combined with the knowledge of potential human and
environmental exposure will be necessary to determine real or per-
ceived risks of nanomaterials.  Key concepts of nanotoxicology are
addressed, including significance of dose, dose rate, biokinetics which
are exemplified by specific findings of NM toxicity, and by a discus-
sion of the importance of a detailed physicochemical characterization
of nanoparticles, specifically surface properties, that influence their
biological/toxicological properties and their biokinetics.  Examples
demonstrate that, on the one hand, we need to be aware of possible
acute adverse effects and potential long-term consequences; on the
other hand, they show the intriguing possibilities that nanoparticles

offer for beneficial industrial applications and in nanomedicine.  In
addition to potential effects induced at the portal of entry, the respira-
tory tract, effects in secondary organs have to be considered, e.g., in the
brain (neuro-degeneration?) or the pleural cavity (mesothelioma, from
fibrous NMs).  A thorough evaluation of desirable vs. adverse effects is
required for the safe use of engineered NMs, and major challenges lie
ahead to answer key questions of nanotoxicology.  Foremost are the
assessment of human and environmental exposure, the identification of
potential hazards, and the biopersistence in cells and subcellular struc-
tures in order to perform meaningful risk assessments.

IN014
PHYSICO-CHEMICAL FEATURES IN THE TOXICITY OF
ENGINEERED NANOPARTICLES
B Fubini
Dip. Chimica I.F.M , Interdepartmental Centers “G. Scansetti” for
Studies on Asbestos and Other Toxic Particulates and “NIS
“Nanostructured Interfaces and Surfaces, University of Torino, Italy
Email: bice.fubini@unito.it

With the development of nanotoxicology the crucial role of some chem-
ical aspects in the study of the health effect of particles has been recent-
ly emphasized, for two main reasons: (i) Most adverse effects are the
consequence of molecular events taking place at the interface between
the particle surface and body fluids, cells and tissues. Nanoparticles, by
respect to bigger particles, offer a much larger specific surface, and, in
some cases, an enhanced or new surface reactivity. (ii) Nanoparticles,
because of their size, may move from one to the other biological com-
partment. However the smaller the particles, the stronger the interparti-
cle forces which determine agglomeration, followed sometimes by
aggregation (chemical bonds between the particles). Often in aqueous
suspensions there are few free primary particles and very large agglom-
erate/aggregates. Moreover agglomeration varies with the ionic and
molecular content of the solution. Under these circumstances, one needs
to measure the nature and the extent of all the reactive surface sites - e.g.
free radical generating centres, structural defects, poorly coordinated
ions – usually involved in the toxicity mechanisms in order  to under-
stand  particle/ living matter interactions at the molecular level  and pre-
dict the potential toxicity of a given material. However the real impact of
such features depends upon the extent of surface or number of particles
which are really in contact with the target cell or molecule. Dosimetry is
becoming one of the most difficult aspects in the design of experimental
studies on the toxicity of nanoparticles. So far several proposal have been
made, but the question on how to plan experiments and measure the
doses - in weight, in surface exposed, in number of particles, in oxidant
potential – is still unresolved. Nanoparticles are not all hazardous just
because of their size as some media erroneously report. The chemical
nature of the solid structure determines surface reactivity, hence toxicity.
The physico-chemical features most involved in the adverse responses
will be discussed in detail.

IN015
DISTRIBUTION AND EFFECTS OF NANOMATERIALS
AFTER INHALATION AND I.V. INJECTION IN RATS
Robert Landsiedel, Lan Ma-Hock, Eric Fabian, Silke Treumann, Karin
Wiench, Ben van Ravenzwaay
BASF SE, Ludwigshafen, Germany
Email: robert.landsiedel@basf.com

The deposition of TiO2 nanomaterial in the body was investigated after
inhalation and after i.v. injection in rats. Deposition, clearance and
effects of inhaled TiO2 nanomaterial was compared with micron-scaled
TiO2 and quartz. Rats were exposed by head/nose inhalation of
aerosols [1] on 5 consecutive days [2]. In another study dispersions [3]
of TiO2 nanomaterial in serum were injected into the tail vein of rats
[4]. The amount of the test materials in the blood, lung, lymph nodes,
liver, kidney, spleen and basal brain with olfactory bulb was deter-
mined by ICP-AES and by TEM. The examinations were carried out
shortly after the exposure and at different times within three weeks
after the first inhalation or i.v. exposure and additionally 90 days after
i.v. injection. After inhalation all three materials deposited similarly due
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to their similar aerodynamic particle size). The majority of the deposited
TiO2 nanomaterial was retained in the lung (extracellularly and in
macrophages); the particles were mostly agglomerates of about the same
size as found in the atmosphere; there were no signs of desagglomeration
in the lung. Clearance from the lungs and a translocation to the mediasti-
nal lymph nodes was noted, though in smaller amount than those
exposed to micron-scale TiO2 or quartz. There was no indication of a
translocation into other organs. All inhaled materials caused inflamma-
tion in the lung, but no systemic effects. Whereas the effects for both
nano- and micron-scale-materials were reversible, those of quartz were
progressive. Systemically available TiO2 nanomaterial, as simulated by
i.v. injection, was trapped mainly in the liver, followed by spleen, lung
and kidney. There were no detectable levels of Ti in blood cells, plasma,
brain, or lymph nodes. No clearance was observed and no excretion of Ti
was detectable in the urine or feces. There were no clinical changes and
no changes in blood parameters, indicating that there was no detectable
inflammatory response or organ toxicity. The highest concern of inhaled
TiO2 nanomaterial is the (local) effect in the lung, but no translocation or
effects in other organs were noted. Systemically available TiO2 nanoma-
terial showed no obvious signs of toxicity; the missing clearance from
the body is, however, a concern. This work was supported by the inte-
grated  EU (FP6) project NanoSafe2
Ma-Hock L. et al. (2007) Generation and Characterization of Test
Atmospheres with Nanomaterials, Inhalation Toxicology 19: 833-848
Ma-Hock L et al. (2008): Development of a short-term inhalation test
in rats using nano-titanium dioxide as a model substance, Inhalation
Toxicology, 21:102–118, 2009
Schulze Ch et al. (2008) Not ready to use - overcoming pitfalls when dis-
persing nanoparticles in physiological media Nanotoxicology 2: 51-61
Fabian, E. et al. (2007) Tissue distribution and toxicity of intravenous-
ly administered titanium dioxide nanoparticles in rats. Arch. Toxicol.
82(3), 151-157
Péry A R R et al. (2008), PBPK models to assess nanoparticles kinet-
ics and distribution in humans and rats  www.nanosafe2008.org

IN016
MECHANISMS OF NANOMATERIALS GENOTOXICITY
M Kirsch-Volders (1) and L Gonzalez (1)
(1) Laboratory of Cell Genetics, Vrije Universiteit Brussel, Brussel,
Belgium
Email: mkirschv@vub.ac.be

Background/Aims: Because of the growing industrial applications of
engineered nanomaterials (ENMs), evaluation of their genotoxic poten-
tial and of their mode of action (MoA) is a necessity to conduct adequate
hazard/risk assessment and to produce safer and sustainable ENMs. In a
recent review published by us (Gonzalez et al. 2008) we aimed (1) at pro-
viding an evaluation of in vitro and in vivo genotoxicity data available
for ENM and (2) at proposing minimal criteria for conducting nano-
genotoxicity assays. The possible MoA of ENM (i.e. reactive oxygen
species generation and mechanical interference with cellular compo-
nents) and the potential cellular targets were discussed. The available
studies were evaluated on the basis of the proposed criteria. Results and
conclusions: We found that no definitive conclusion can be drawn con-
cerning the genotoxic activity of ENMs, because of the limited number
of data, incomplete physico-chemical characterization of ENMs exam-
ined and shortcomings in experimental approaches. This evaluation
revealed gaps to be considered in future studies (e.g. one-sided
approach focusing mainly on ROS as mode of action) and the need to
develop adequate positive controls for genotoxicity assays when con-
ducted with nanomaterials. We applied these criteria, when considering
amorphous silica nanoparticles (SNPs) of different sizes. The in vitro
CBMN assay showed an induction of MN frequencies after treatment
with 16 and 60 nm SNPs, with a higher fold induction after treatment
with the smallest SNPs, without clear dose-response. When consider-
ing the cellular dose, expressed as particle number or as surface area, a
quasi-linear relationship with the fold MN induction is observed, indi-
cating that these dose metrics are determinants for genotoxic effects.
The alkaline comet assay with addition of FPG revealed the induction
of oxidative DNA damage by 16 and 60 nm SNPs. Besides oxidative
damage, these SNPs induced other genotoxic effects, such as chromo-
some loss, metaphase block and mitotic slippage, suggesting interfer-

ence with the mitotic spindle. In conclusion, in future studies it is cru-
cial to consider (1) appropriate metrics, (2) cellular uptake kinetics and
(3) different possible mechanisms of ENM-induced genotoxicity.

IN017
POTENTIAL PULMONARY EFFECTS OF SINGLE-WALLED
CARBON NANOTUBE (SWCNT) EXPOSURE: IN VITRO
GENOTOXIC EFFECTS
Vincent Castranova
National Institute for Occupational Safety and Health, Morgantown,
WV, USA
Email: vic1@cdc.gov

Pharyngeal aspiration of mice to SWCNT (10-40 µg 1 mouse) resulted
in a rapid but transient oxidant stress and inflammatory response as
well as diffuse alveolar interstitial fibrosis of early onset (7 days post-
exposure) which progressed through 56 days post-exposure.
Preliminary histological evaluation of lung tissue 1 yr post-exposure
noted epithelial cell hyperplasia and the presence of multinucleated
cells. Inhalation exposure (5 mg/m3, 5 hr 1 day, 4 days) demonstrated
similar pulmonary reactions to SWCNT. In addition, inhalation of
SWCNT resulted in mutation of the K-ras gene at 1–28 days post-expo-
sure. In vitro exposure of fibroblasts to SWCNT (24 µg/cm2) was not
cytotoxic and failed to cause significant DNA damage. However, there
was a significant  elevation in micronucleated cells after a 24 hr expo-
sure. In vitro exposure of human airway epithelial cells to SWCNT (24
µg/cm2) was also non-cytotoxic and did not induce apoptosis.
However, SWCNT caused abnormalities (non-bipolar) of the mitotic
spindles, centrosome fragmentation, anaphase bridges of cytokinesis,
and aneuploidy. Since exposure to SWCNT can cause genotoxic effects
in vitro and in vivo, long-term evaluation of lung tumors in mice
exposed to SWCNT is warranted.

IN018
ERRONEOUS INCORPORATION OF OXIDIZED
NUCLEOTIDES BY Y-FAMILY DNA POLYMERASES

A. Katafuchi (1), A. Sassa (1, 2), N. Niimi (1), Petr Grúz (1), H. Fujimoto
(3), C. Masutani (4), F. Hanaoka (5), T. Ohta (2), T. Nohmi (1)
(1) Division of Genetics and Mutagenesis, National Institute of Health
Sciences, Tokyo, Japan; (2) School of Life Sciences, Tokyo University
of Pharmacy and Life Sciences, Tokyo, Japan; (3) Division of
Radiological Protection and Biology, National Institute of Infectious
Diseases, Tokyo, Japan (4) Graduate School of Frontier Biosciences,
Osaka University and SORST, Osaka, Japan (5) Faculty of Science,
Gakushuin University, Tokyo, Japan
Email: nohmi@nihs.go.jp

Excess oxidation is a property of many cancer cells. Oxidation of
nucleotide pool as well as DNA is a source of mutagenesis, carcinogen-
esis and cellular senescence. Recent evidence suggests that Y-family
DNA polymerases (Pols), a novel family of Pols involved in translesion
DNA synthesis, may play important roles in erroneous incorporation of
oxidized dNTPs into DNA, thereby contributing to genome instability
(Shimizu et al., EMBO Rep., 4, 269-273, 2003). In Escherichia coli,
spontaneous mutation frequencies of A:T-to-C:G and G:C-to-T:A are
extremely elevated in sod fur strains and oxidized dNTPs contribute to
the mutagenesis. Pol IV (DinB) incorporates 8-oxo-dGTP, an oxidized
form of dGTP, exclusively opposite template dA and 2-hydroxy-dATP,
an oxidized form of dATP, opposite template dG or dT in vitro. The
mutator phenotypes are greatly diminished by deletion of dinB and
umuDC encoding Pol V. Thus, Pol IV (DinB) and Pol V (UmuDC),
members of Y-family, appear to be involved in the oxidized-dNTP-
dependent mutagenesis in the strains (Yamada et al., J. Bacteriol., 188,
4992-4995, 2006). In humans, two of the Y-family Pols, i.e., Polη and
κ, incorporate 8-oxo-dGTP opposite template dA and 2-hydroxy-dATP
opposite template dG, dT or dC (Shimizu et al., Biochem., 46, 5515-
5522, 2007). In particular, Polη incorporates 8-oxo-dGTP opposite
template dA at almost the same efficiency as incorporation of normal
dTTP and the incorporation into M13 phage DNA results in mainly A-
to-C and deletion mutations in vitro (Hidaka et al., DNA Repair, 7, 497-
506, 2008). To gain insights into the erroneous incorporation by Polη,
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amino acids that might modulate the specificity incorporating 8-oxo-
dGTP into DNA were substituted. Arg61, which is unique to Polη,
appears crucial to the erroneous incorporation because substitution of
Arg61 with Lys (R61K) altered the ratio of incorporation opposite tem-
plate dA:dC from 660:1 (wild-type Pol) to 7:1 (R61K). R61 may alter
the conformation of 8-oxo-dGTP from the anti to the syn form in the
active site of Polη and therefore direct the erroneous incorporation.

IN019
PROGRAMMED CELL DEATH TRIGGERED BY
NUCLEOTIDE POOL DAMAGE

Yusaku Nakabeppu, Eiko Ohta, Junji Ichikawa, Daisuke Tsuchimoto
Division of Neurofunctional Genomics, Department of Immunobiology
and Neuroscience, Medical Institute of Bioregulation, Kyushu
University, Fukuoka, Japan
Email: yusaku@bioreg.kyushu-u.ac.jp

Intracellular nucleotides suffer chemical modifications caused by
endogenous reactive molecules such as reactive oxygen species, or by
exogenous factors such as chemicals and ionizing irradiation. Some
modified nucleotides are incorporated by DNA/RNA polymerases and
accumulate in newly synthesized DNA or RNA, thus prevent DNA
replication, transcription or translation, resulting in mutagenesis or cell
death. Normal functions of nucleotides, other than DNA/RNA synthe-
sis, may also be adversely affected by modified nucleotides. In human
and rodent cells, MTH1, an oxidized purine nucleoside triphosphatase,
efficiently hydrolyzes oxidized purine nucleoside triphosphates such as
8-oxo-(d)GTP and 2-OH-(d)ATP, thereby avoiding their incorporation
into DNA or RNA. MTH1-null cells exhibit a two-fold increased spon-
taneous mutation rate and MTH1-null mice exhibit a several-fold
increased incidence of spontaneous tumorigenesis in the liver, lung and
stomach, demonstrating that accumulation of oxidized purine nucleo-
side triphosphates is indeed mutagenic and carcinogenic. 
We have reported that MTH1-null mice exhibited a greater buildup of
8-oxoG in mitochondrial DNA of striatal nerve terminals of dopamine
neurons accompanied by dopamine neuron loss after 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine administration, compared with wild-
type mice, and that in MTH1-null cells, the buildup of 8-oxoG in both
nuclear and mitochondrial DNA was induced by exposure to nitric
oxide donor, resulting in mitochondrial dysfunction and finally cell
death. These facts indicate that oxidized nucleotides may be one of the
major causes of such cell dysfunction or death under oxidative stress.
We demonstrated that incorporation of 8-oxo-dGTP into mitochondrial
DNA in MTH1-null cells exposed to nitric oxide donor causes a pro-
grammed cell death dependent on MUTYH which excises adenine
inserted opposite 8-oxoG in DNA. Moreover, we found that exposure
of MTH1-null cells to 2-OH-ATP or 2-OH-adenosine causes p38-
MAPK activation, resulting in growth arrest and delayed cell death
which is efficiently suppressed by p38-MAPK inhibitor as well as by
expression of MTH1. We thus concluded that nucleotide pool damage
triggers programmed cell death through divergent pathways.

IN020
MULTIPLE ROLES OF THE MTH1 HYDROLASE: 
PROTECTION AGAINST NEURODEGENERATION AND
CONTROL OF LIFE SPAN
M Bignami
Department of Environment and Primary Prevention, Istituto Superiore
di Sanità, Rome, Italy
e-mail: margherita.bignami@iss.it

Background: We have previously shown that high level of the human
MTH1 hydrolase in the brain of a transgenic mice (hMTH1-Tg) con-
ferred robust protection against neurodegeneration, and significantly
improved the neurobehavioural phenotype in a chemical model of
Huntington disease (De Luca et al., 2008).  Aim of this study was to
assess the hypothesis that expression of hMTH1 influences the aging
process and the associated behavioural changes by reducing the detri-
mental consequences of oxidative stress. Methods: To determine
whether hMTH1 expression significantly increased lifespan,  hMTH1-

Tg mice and their wild-type littermates were maintained until death.
Levels of oxidized guanine in DNA and RNA were also measured by
HPLC/EC in different brain areas. hMTH1-Tg mice and their corre-
sponding wild-type controls were assessed at different ages (from day
11 to 2 years) for exploration and anxiety levels, learning and memory
functions and motor coordination. In parallel with the behavioural
analysis, serum total anti-oxidant capacity was also evaluated. Finally
we investigated whether the low levels of oxidized purine nucleotides
in the soluble pool provided by hMTH1 over-expression affected
senescence of early-passage mouse embryo fibroblasts (MEFs) derived
from hMTH1-Tg animals. Results: compared to wild-type mice,
hMTH1-Tg animals show increased lifespan accompanied by a strong
decrease in the levels of oxidation of nucleic acids in striatum, hip-
pocampus and cortex. hMTH1-Tg mice showed increased curiosity
towards environmental and social cues and this more explorative phe-
notype became significant with old age. These findings indicate that
oxidized nucleotides are involved in senescence in vivo, and suggest
that hMTH1 exerts a crucial protective role against degenerative
process associated with aging. In addition the observation that early
passage MEFs from hMTH1-Tg mice are prevented from entrying into
senescence supports a major role of hMTH1 as a general protective fac-
tor against in vitro senescence. 

IN021
INCORPORATION OF EXTRACELLULAR 8-OXODG INTO
DNA AND RNA REQUIRES PURINE NUCLEOSIDE 
PHOSPHORYLASE IN CULTURED MAMMALIAN CELLS
AND MICE.
Paul T. Henderson
Department of Internal Medicine, Division of Hematology and
Oncology, University of California Davis Medical Center, Sacramento,
California, USA
Email: paul.henderson@ucdmc.ucdavis.edu

7,8-Dihydro-8-oxo-2’-deoxyguanosine (8-oxodG) is a well-known
marker of oxidative stress. We report a mechanistic analysis of several
pathways by which 8-oxodG is converted to nucleotide triphosphates
and incorporated into both DNA and RNA. Exposure of MCF-7 cells
to [14C]8-oxodG combined with specific inhibitors of several
nucleotide salvage enzymes followed with accelerator mass spectrom-
etry provided precise quantitation of the resulting radiocarbon-labeled
species. Concentrations of exogenously dosed nucleobase portion of  8-
oxodG in RNA reached one per 106 nucleotides, 5–6-fold higher than
the maximum observed in DNA. Radiocarbon incorporation into DNA
and RNA was abrogated by Immucillin H, an inhibitor of human purine
nucleoside phosphorylase (PNP). Inhibition of ribonucleotide reduc-
tase (RR) decreased the radiocarbon content of the DNA, but not in
RNA, indicating an important role for RR in the formation of 8-oxodG-
derived deoxyribonucleotides. Inhibition of deoxycytidine kinase had
little effect on radiocarbon incorporation in DNA, which is in contrast
to the known ability of mammalian cells to phosphorylate dG.
Exogenous 8-oxodG could also be incorporated into the DNA of nor-
mal tissues and tumors in a mouse model of human breast cancer.  Our
data indicate that PNP and RR enable nucleotide salvage of 8-oxodG in
MCF-7 cells, a recently characterized pathway that may contribute to
mutagenesis and carcinogenesis.

IN022
MUTAGENICITY OF OXIDIZED DNA PRECURSORS IN LIVING
CELLS: ROLES OF NUCLEOTIDE POOL SANITIZATION AND
DNA REPAIR ENZYMES, AND Y-FAMILY DNA POLYMERASES
H Kamiya
Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo,
Japan
hirokam@pharm.hokudai.ac.jp

An increasing body of evidence suggests that endogenous oxidation of
DNA and DNA precursors by reactive oxygen species seems to induce
spontaneous mutations, various diseases including cancer and neurode-
generation, and normal aging. 8-Hydroxy-2’-deoxyguanosine 5’-
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triphosphate (8-OH-dGTP, also known as 7,8-dihydro-8-oxo-dGTP) is
an oxidized form of dGTP, and its presence in the mitochondrial
nucleotide pool was recently shown. DNA polymerases that incorpo-
rate 8-OH-dGTP, hydrolyzing enzymes specific for the oxidized dGTP
(nucleotide pool sanitization enzymes), and DNA repair proteins would
be involved in enhancement/suppression of the mutagenesis induced
by 8-OH-dGTP. To assess roles of these proteins in the mutagenesis
induced by 8-OH-dGTP, the oxidized dGTP and reporter plasmid con-
taining the supF gene were introduced into human 293T cells in which
the nucleotide pool sanitization and DNA repair enzymes, and Y-fami-
ly DNA polymerases were knocked-down by siRNAs. We found that
the knock-downs of DNA polymerases η and ζ, and REV1 by siRNAs
reduced the induced A:T→C:G substitution mutations. Moreover, the
knock-down of MYH (MUTYH) decreased the mutations induction by
8-OH-dGTP. On the other hand, the knock-downs of the three
nucleotide pool sanitization enzymes, MTH1, MTH2, and NUDT5,
seemed to enhance the induced mutation. These results suggest that
DNA polymerases η and ζ, and REV1 are involved in the misincorpo-
ration of 8-OH-dGTP opposite A and that the MYH protein fixes the
induced mutation. The three nucleotide pool sanitization enzymes are
suggested to prevent the mutagenesis by 8-OH-dGTP, by hydrolyzing
the oxidized dGTP or the diphosphate derivative.

IN023
AN OVERVIEW OF CURRENT ISSUES IN MODE OF ACTION
ANALYSIS AND THEIR USE IN CANCER RISK ASSESSMENT 
Nagu Keshava
National Center for Environmental Sciences, Office of Research and
Development, U.S. Environmental Protection Agency, Washington, DC, USA
Email: keshava.nagu@epa.gov

Advances in the scientific understanding of mode(s) and mechanism(s)
by which chemicals in the environment induce cancer in humans present
a new challenge to incorporate this information into human health risk
assessment. This challenge is complicated by issues including the human
relevance of experimental animal data (in vivo and in vitro), extrapola-
tion to low levels of environmental exposures, and use of biologically-
based dose response models in risk assessment. Elucidation of mode of
action (MOA) for a carcinogenic response in animals or humans can
inform human health risk assessments in a number of ways.  For
instance, MOA information helps inform the extrapolation of laboratory
animal-based toxicity study results to humans.  However, the increasing
availability of the MOA data raises several important issues as to its
application to risk assessment.  For example, (1) characterizing the extent
to which a hypothesized MOA for a particular response to a specific
chemical exposure is sufficiently supported in in vitro and in vivo exper-
imental animals; (2) evaluating the degree to which there are inter- and
intra-species differences in MOA; and (3) determining whether a MOA
supports particular approaches to low dose extrapolation.  These issues
will be discussed in the symposium presentations using case examples.
For instance, dose response relationships among aneugens and their
implications to MOA analysis and risk assessment, use of MOA informa-
tion for inter- and intra-species differences, toxicokinetic modeling of
cadmium-induced carcinogenicity will be discussed. Lastly, International
Agency for Research on Cancer’s new approach for using mechanistic
data in the classification of carcinogens will be presented. 
Disclaimer: The views expressed are those of the authors and do not
necessarily reflect the views or policies of the U.S. EPA.

IN024
ASSESSING IN VITRO DOSE-RESPONSE RELATIONSHIPS
FOR ANEUGENS.
DA Eastmond, L Hasegawa, L Ritter, D-S Bui
Environmental Toxicology Graduate Program and Department of Cell
Biology & Neuroscience, University of California, Riverside, CA 92521 USA
Email: david.eastmond@ucr.edu

Mode of action information, combined with a determination of whether
or not a chemical is mutagenic, is playing an increasingly important role
in determining how cancer risks should be estimated at low doses. Both
gene and chromosomal mutations are considered important precursor

events for cancer, and information on these events may be useful in
informing decisions in the risk assessment process. One of the key deci-
sions that must be made is whether the shape of the dose response curve
in the low dose region is linear, curvilinear or exhibits a threshold.
Obtaining this information for agents that are believed to act through
chromosomal mechanisms has been problematic as experimental meth-
ods have restricted the numbers of cells and doses that could feasibly be
scored. Recently, Muehlbauer and Schuler have developed a flow cyto-
metric method for rapidly measuring numerical chromosome aberrations
in human lymphocytes. We have used this method with human TK6 lym-
phoblastoid cells to examine the shapes of the dose-response curves for
hypodiploidy, hyperdiploidy and polyploidy induced by a series of model
aneuploidy-inducing agents including vincristine sulfate, paclitaxel and
noscapine. The experiments were performed with closely spaced doses
and by evaluating approximately 2000 mitotic cells per test concentra-
tion for each replicate experiment.  Initial results indicate that, while non-
linear increases were occasionally seen for polyploidy and hyper-
diploidy, the increases in hypodiploidy induced by these three aneugens
exhibited linear or curvilinear responses, particularly in the low dose
region, with no evidence of a distinct threshold.  Additional studies and
analyses are ongoing but these initial results are consistent with other
reports and emphasize the difficulties of demonstrating the existence of
thresholds using empirical approaches.

IN025
THE MUTAGENIC POTENTIAL OF FORMALDEHYDE AND
ITS RELEVANCE FOR CARCINOGENESIS
Günter Speit
Universität Ulm, Institut für Humangenetik, Ulm, Germany
Email: guenter.speit@uni-ulm.de

The mutagenic potential of formaldehyde (FA) has been well character-
ized in numerous in vitro tests. It is generally accepted that the primary
FA-induced DNA alterations are DNA-protein cross-links (DPX).
Incompletely repaired DPX can lead to the formation of mutations.
Chromosomal effects (chromosome aberrations and micronuclei) seem
to be most efficiently induced. In vivo, local genotoxic effects at the site
of contact (induction of DPX in nasal mucosa cells) have been demon-
strated in experimental animals after FA inhalation. Due to its high reac-
tivity and efficient metabolic inactivation, systemic mutagenic effects of
FA are unlikely. However, contradictory results regarding distant site
genotoxicity have been published. In the context of a comprehensive in
vivo study on toxic effects of FA inhalation, we investigated local and
distant site genotoxicity in rats exposed to FA (0.5 to 15 ppm) by inhala-
tion for 28 days. Using the comet assay for the detection of DPX, the
SCE-test and the micronucleus test (MNT), no indications for distant site
genotoxicity (lung, blood) were found. The lack of systemic mutagenic
effects excludes a direct action of FA on bone marrow as a potential
mechanism for the induction of leukemia. The contribution of FA-
induced local mutagenicity to carcinogenesis is less clear. Local muta-
genic effects may contribute to the formation of nasal tumors. However,
dose-response investigations and mode of action considerations suggest
a threshold mechanism for FA-induced mutagenicity and carcinogenici-
ty. Although FA induces mutations in directly exposed proliferating cells,
it is unlikely that local genotoxic effects can lead to cell transformation
at distant sites. In vitro experiments have shown that DPX are efficient-
ly repaired in all cell types studied so far. The induction of mutations
seems to require high DPX levels that also cause cytotoxic effects. Co-
cultivation experiments with primary human nasal epithelial cells sug-
gest that FA that has entered a cell reacts within the cell but is not
released and does not damage other cells (e.g., lymphocytes). Taken
together, mutagenicity data for FA do not support a hypothesis assuming
induction of leukemia by damaging progenitor cells in the nasal tissue or
peripheral blood.

IN026
EMS IN VIRACEPT - A LESSON ON MUTATION
THRESHOLDS FOR ALKYLATING AGENTS
L Müller
F. Hoffmann-La Roche
Email: lutz.mueller@roche.com

Plenary lectures and Symposium abstracts IN 001-205

58 ICEM 2009, August 20-25, Firenze - Italy



The accidental contamination of Viracept, an HIV medication with high
levels of the mutagen, teratogen and carcinogen ethyl methanesulfonate
(EMS) in 2007 led to a suspected exposure of several thousand patients
with likely several mg EMS per day for a period of  ~3 months. The mar-
keting authorization holder, F. Hoffmann La-Roche subsequently designed
a series of non-clinical in vitro and in vivo studies to better define quanti-
tatively the risk for mutations emerging from exposure to EMS. These
studies yielded clear and statistically unequivocal evidence for a threshold
of mutation induction in pivotal tissues by EMS. In vitro and in vivo stud-
ies on metabolic stability, bioavailability, and exposure of EMS facilitated
an quantitative human risk assessment for mutagenesis by EMS in
humans. This risk assessment indicated that there was highly likely no risk
for affected patients beyond their background risk. These studies can
become model type studies for risk assessment for genotoxic carcinogens.
For the first time, reliable evidence was generated for a mutational thresh-
old of an alkylating agent in vivo. The studies do also facilitate the propos-
al for a “permitted daily exposure” value for such alkylating agents, e.g. if
they occur as impurities in drug products. This PDE is much higher than
currently enforced levels of control.

IN027
FOOD CADMIUM AND THE RISK OF HORMONE-RELATED
CANCERS: A POPULATION-BASED PROSPECTIVE
COHORT STUDY
A Åkesson, B Julin, A Wolk
Institute of Environmental Medicine, Division of Nutritional
Epidemiology, Karolinska Institutet, Stockholm, Sweden
Email: agneta.akesson@ki.se

It has been suggested that environmental pollutants mimicking the
effects of estrogen contribute to the disruption of the reproductive system
of animals and to the high incidence of hormone-related cancers in
Western populations. Even though this hypothesis has received extensive
media attention, data have hitherto been sparse in supporting such asso-
ciations in humans. The food-contaminant cadmium was recently, and
unexpectedly, discovered to possess hormone disruption properties. The
metal was proposed to increase ER alpha-mediated cell proliferation.
Environmentally relevant doses of cadmium induced several well-char-
acterized estrogenic responses in vivo, including increased uterine
weight, hyperplasia and hypertrophy of the endometrial lining and
increased mammary epithelial density in animals. The possible human
health consequences of such effects were not known. The overall aim of
this project is to prospectively examine the association between food
cadmium exposure and incidence of hormone-related cancers in a large
population-based cohort on Swedish women. A food-cadmium database
on the cadmium content in all foods available on the Swedish market was
created. The estimated dietary cadmium intake for each subject in the
cohort was assessed based on the consumption (a food questionnaire
completed at baseline in 1987). The average estimated dietary cadmium
intake was 15 µg/day, of which plant food contributed to more than 80%.
Among 30,000 postmenopausal women, free of cancer diagnose at base-
line (1987), during average 15 years of follow-up, we ascertained 378
incident cases of endometrioid adenocarcinoma and 1200 incident cases
of breast cancer. Cadmium intake was statistically significantly associat-
ed with increased risk of endometrial cancer. Specifically, we observed a
2.9-fold increased risk (95% confidence interval, 1.05-7.79) associated
with long-term cadmium intake consistently above the median ass
assessed in at baseline 1987 and in 1997 in never-smoking women with
low estrogen. Although these results need to be confirmed by experimen-
tal as well as further epidemiological studies, our results support the
hypothesis that cadmium may exert estrogenic effects and thereby
increase the risk of hormone-related cancers.

IN028
ANALYSIS AND INCORPORATION OF MECHANISTIC DATA IN
DECISION-MAKING ON SEVERAL CARCINOGENS AT IARC
Robert A Baan, Vincent J Cogliano
The IARC Monographs Programme, WHO-International Agency for
Research on Cancer, Lyon, France
Email: baan@iarc.fr

The aim of the IARC Monographs on the Evaluation of Carcinogenic

Risks to Humans is to critically review and evaluate the published sci-
entific evidence on carcinogenic hazards to which humans are exposed.
These include chemicals, complex mixtures, physical agents, biologi-
cal agents, occupational exposures, and lifestyle factors. International,
interdisciplinary Working Groups of expert scientists develop the criti-
cal reviews and evaluations, which are published in the IARC
Monographs series. Over time, the structure of a Monograph has
evolved to include sections on exposure, epidemiology of cancer in
humans, studies of cancer in experimental animals, and mechanistic
and other relevant data, followed by a summary, and a section with
evaluations and a rationale. The Preamble to the IARC Monographs
describes the objective and scope of the programme, the scientific prin-
ciples and procedures used in developing a Monograph, the types of
evidence considered, and the scientific criteria that guide the evalua-
tions. The recent revision of the Preamble was motivated by the shift in
cancer research from mostly 2-year bioassays in animals and epidemi-
ological studies with cancer as the endpoint to an increasing prevalence
of studies in molecular epidemiology and on mechanisms of carcino-
genesis. Mechanistic data can now play a role in the classification into
any Group, and several agents (e.g., benzo[a]pyrene) were newly clas-
sified as carcinogenic to humans (Group 1) with a contribution from
strong mechanistic evidence in exposed humans, and in the absence of
specific epidemiological data. The forthcoming Volume 100 of the
Monographs will review the more than 100 agents that had been placed
in Group 1 in Volumes 1-99. In updating previous evaluations, Volume
100 is identifying cancer hazards that were unknown at the time of the
first review. So far, several significant new consensus findings have
emerged, e.g., linking estrogen-only menopausal therapy with ovarian
cancer, infection with hepatitis-C virus with non-Hodgkin lymphoma,
and exposure to asbestos with ovarian cancer. Volume 100 will provide
the foundation for future cancer assessments, in which molecular epi-
demiology and information about mechanisms will play a larger role.
To this end, Volume 100 is also summarizing new information on the
multiple mechanisms of action for the known human carcinogens. This
will give insight into how other agents may cause cancer in humans and
will be useful in future assessments of new chemicals, for which 2-year
bioassays and epidemiological studies are likely to be unavailable.
Thus the IARC Monographs Programme is preparing for the way that
carcinogens will be identified in the future, when mostly mechanistic
information is likely to be available for newly introduced chemicals.

IN029
ROLE OF EPIGENETIC DEREGULATION IN RADIATION-
INDUCED GENOME INSTABILITY AND CARCINOGENESIS
Olga Kovalchuk
Department of Biological Sciences, University of Lethbridge, Alberta,
CANADA
Email: olga.kovalchuk@uleth.ca

In recent decades, improvements in treatment have led to significant
increases in survival and cure rates. In Canada, cancer is the leading
cause of post-neonatal death in children and young adults. One in 400
Canadian adults are survivors of childhood cancer. More than two-
thirds of them experience late-occurring health problems, such as treat-
ment-related secondary tumors. Most cancer patients undergo radiation
diagnostics and are treated with radiotherapy. These modalities are
mutagenic and genotoxic. There is well-documented evidence that
radiation exposure leads to transgenerational genome instability in the
offspring of exposed parents. The exact molecular mechanisms of this
phenomenon have yet to be defined; however recent evidence suggests
that it may be epigenetic in nature. Epigenetic changes include alter-
ations in DNA methylation, histone modification, and small RNA -
associated silencing. To fully understand transgenerational genome
instability, it is important to define: (i) what happens in the carcinogen-
esis-target-organs of the progeny; and (ii) what happens in the germline
of exposed parents. Therefore, we dissect the epigenetic mechanisms of
transgenerational changes in unexposed progeny from exposed parents.
In parallel, we will dissect the molecular changes in the germline of
exposed animals. We have confirmed that epigenetic changes, especial-
ly altered global DNA methylation and changed miRNA expression,
are important determinants of radiation-induced transgenerational
genome instability. Specifically, we proved that whole body and local-
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ized body part exposure causes transgenerational genome instability in
the offspring of irradiated parents; (ii) IR-induced transgenerational
genome instability manifests in the organs that are main targets of car-
cinogenesis: hematopoietic tissues, such as thymus, spleen and bone
marrow; (iii) transgenerational effects in the progeny of exposed par-
ents are associated with global changes in DNA methylation and
microRNA expression; and (iv) paternal IR exposure leads to DNA
damage, changes in DNA methylation and altered short RNA pools in
the germline of exposed fathers. The epigenetic model of radiation-
induced genome instability will be presented and discussed. The study
was supported by ACRI, CIHR and NSERC

IN030
ROLE OF EPIGENETIC EVENTS IN GENOTOXIC LIVER
CARCINOGENESIS
I.P. Pogribny, F.A. Beland
Division of Biochemical Toxicology, FDA-National Center for
Toxicological Research, Jefferson, AR 72079, USA
Email: igor.pogribny@fda.hhs.gov

The need for the rapid identification and appropriate regulation of car-
cinogens before their dissemination into society is of foremost impor-
tance for the primary prevention of neoplasia in humans. Historically
to assess safety, toxicologists have focused on the measurement of
DNA damage, DNA adduct formation, and mutations induced by any
given factor as the most appropriate indicator of carcinogenic potential.
The recognition of the role of epigenetic mechanisms in carcinogene-
sis has challenged the current approach to carcinogenicity testing and
indicated the need for a new generation of exposure biomarkers. We
have conducted experiments to examine the role and contribution of
epigenetic alterations in rodent liver carcinogenesis induced by geno-
toxic carcinogens. Long-term exposure of rats to the genotoxic carcino-
gens tamoxifen and 2-acetylaminofluorene resulted in the accumula-
tion of carcinogen-specific DNA adducts and the induction of profound
epigenetic alterations, including aberrant DNA methylation, histone
modifications, altered gene expression, and miRNA expression.  Our
data demonstrate that stages of multistage carcinogenesis following the
initiation are driven primarily by carcinogen-induced epigenetic alter-
ations, emphasizing the significance of epigenetic events in genotoxic
liver carcinogenesis.  These findings are particularly significant
because they demonstrate that different carcinogenic agents induce
similar epigenetic alterations that occur in the target organ only. The
remarkable feature of carcinogen-induced epigenetic changes is their
early appearance and correspondence to the changes frequently found
in tumor cells suggesting that these alterations may be used as biomark-
ers for the carcinogen exposure and as a novel approach for carcino-
genicity testing and cancer risk assessment. Furthermore, the potential
reversibility of epigenetic alterations makes them promising targets for
chemoprevention strategies.

IN031
DNA METHYLATION AND PERSISTENT BYSTANDER
EFFECT: MEMORY OF AN INSULT
BP Engelward
Massachusetts Institute of Technology, Cambridge, MA, USA

Abstract not available at the time of publication.

IN032
EPIGENETIC CHANGES UNDERLIE ORGANISMAL 
ADAPTATION TO CHANGING ENVIRONMENTS
Alex Boyko, Palak Kathiria, Youli Yao and Igor Kovalchuk
Department of Biological Sciences, University of Lethbridge,
Lethbridge, AB, CANADA
Email: igor.kovalchuk@uleth.ca

Plants are capable of rapidly reprogramming patterns of gene expression,
allowing fast acclimation and adaptation in response to specific
environmental stress. We analyzed whether these conditions are
associated with genome instability and whether the response is regulated

epigenetically. For the experiments we used transgenic Arabidopsis
thaliana plants carrying in the genome the substrate for the analysis of
homologous recombination frequency (HRF). To analyze the mechanisms
of epigenetic regulation we used Dicer-like mutants, dcl2, dcl3, dcl4. We
found that various environmental stresses, such as UV, salinity, heavy
metals and pathogens destabilize the genome of somatic cells and result in
inheritance of genome instability in the progeny. The changes persist in the
following generatinos only when plants were propagated in the presence of
stress. The progeny of the stressed plants had hypermethylated genomes
and showed increased tolerance to stress. The progeny exhibited
differential pattern of small RNA expression and locus-specific changes in
methylation. While analyzing the response of dcl2, dcl3 and dcl4 mutants
to stress, we found these plants to differentially respond to all stresses and
to be impaired in transgenerational response. Pretreatment of plants with 5-
azaC, methylation inhibitor, prevented establishment of stress tolerance
and genome instability, indicating impotant role of methylation in the
process. We thus hypothesize that stress adaptation requires function of
small RNAs and establishment of new pattern of genome methylation and
chromatin structure leading to transgenerational changes in stress tolerance
and genome stability.

IN033
SYSTEMS INTEGRATION OF HUMAN STEM CELLS, 
EPI-TOXICOGENOMICS, CELL-CELL COMMUNICATION:
THE BARKER HYPOTHESIS AND CHRONIC HUMAN
DISEASES.

James E. Trosko
Dept. Pediatrics and Human Development, College of Human Medicine ,
Michigan State University, E. Lansing, Michigan 48824, USA
Email: james.trosko@ht.msu.edu

The human being should be viewed “as greater than the sum of its parts”.
Homeostatic control of the “emergent properties” of the human hierar-
chy, needed to maintain human health, requires complex integration of
endogenous and exogenous signaling molecules that control cell prolif-
eration, differentiation, apoptosis and senescence of stem, progenitor and
differentiated cells. Currently, in vitro toxicity assays (mutagenesis, cyto-
toxicity, epigenetic modulation), done on  2-dimensional primary rodent
or human cells (which are always mixtures of cells), on immortalized or
tumorigenic rodent or human cell lines do not represent normal human
cells in vivo[ which do not grow on plastic and which are in micro-envi-
ronments representing 3 dimensions and constantly interacting factors].
In addition, with the known genetic, gender, and developmental state of
cells in vivo, any in vitro toxicity assay will need to mimic these condi-
tions in vitro. More specifically, while tissues contain a few stem cells,
many progenitor/transit cells and terminally differentiated cells, it should
be obvious that both embryonic and adult stem cells would be critical
“target” cells for toxicity testing. The ultimate potential for in vitro test-
ing of human stem cells will to try to mimic a 3-D in vitro microenviron-
ment on multiple “organ-specific and multiple genotypic/gender “ adult
stem cells. The role of stem cells in many chronic diseases, such as can-
cer, birth defects, and possibly adult diseases after pre-natal and early
post-natal exposures (Barker hypothesis), demands toxicity studies of
stem cells. While alteration of gene expression (“toxico-epigenomics”) is
a legitimate endpoint of these toxicity studies, alteration of the quantity
of stem cells during development by genetic, environmental, pharmaceu-
tical, dietary, nutritional factors must be seriously considered.  If the
future utility of human stem cells proves to be valid, particularly for the
screening of epigenetic toxicants, the elimination of less relevant, expen-
sive and time-consuming rodent and 2-D human in vitro assays will be
eliminated.

IN034
BASE- AND MISMATCH REPAIR INTERFERENCE DURING
SOMATIC HYPERMUTATION
S. Schanz, D. Castor, F. Fischer, J. Jiricny
Institute of Molecular Cancer Research, University of Zurich,
Winterthurerstrasse 190, CH-8057 Zurich, Switzerland
Email: jiricny@imcr.uzh.ch

Somatic hypermutation of immunoglobulin genes is initiated by activa-
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tion-induced deaminase (AID). This enzyme is induced in antigen-
stimulated B-cells, where it converts cytosines downstream from tran-
scription start sites within the immunoglobulin locus to uracils. In most
cells, this process is generally error-free, due to the efficient replace-
ment of deoxyuridine in DNA with deoxycytidine by the base excision
repair system. Interestingly, in antigen-stimulated proliferating B-cells,
AID induction is associated with substantial mutagenesis. Roughly one
half of these mutations arise at C/G base pairs, most likely through
incomplete or inefficient AID-induced uracil repair. However, the sec-
ond class of mutations arises at A/T base pairs, and these cannot be
caused by the direct action of AID. Because the occurrence of these
mutations is genetically associated with the mismatch repair genes
MSH2, MSH6 and EXO1, as well as with polymerase-�, it has been
proposed that they arise through the error-prone processing by the mis-
match repair system. We now show that in substrates containing sever-
al U/G mispairs, uracil residues can act as initiation sites for a
MSH2/MSH6 and EXO1-dependent strand displacement reaction,
which can replace several hundred nucleotides of the uracil-containing
strand. In the subset of cases where the strand displacement reaction is
catalyzed by the error-prone pol-�, mutations might arise at A/T base
pairs. Our work provides the first mechanistic insight into the interplay
of the base- and mismatch repair pathways in somatic hypermutation.
We also show that a similar mechanism can give rise to double-strand
breaks, which trigger class switch recombination, a second AID-
induced phenomenon in B-cells.

IN035
MRE11 INTERACTIONS WITH DNA AND RAD50 ATPASE
PLUS NBS1 INTERACTIONS WITH CTIP CONNECT DSDNA
REPAIR MACHINERY AND BREAK SIGNALING 
John A. Tainer
Lawrence Lawrence Berkeley National Lab, Skaggs Institute for
Chemical Biology, & The Scripps Research Institute, Molecular
Biology, La Jolla, CA, USA
Email: jat@scripps.edu

At DNA double-strand breaks (DSBs) the Mre11/Rad50/Nbs1 (MRN)
complex promotes central architectural, structural, enzymatic, sensing,
and signaling functions in DSB responsesMRN’s three-protein mul-
tidomain composition promotes its central architectural, structural,
enzymatic, sensing, and signaling functions in DSB responses. To
organize the MRN complex, the Mre11 exonuclease directly binds
Nbs1, DNA and Rad50.  Mre11 dimers bind and distinguish two-ended
DSBs and collapsed replication forks (Williams et al., 2008). Rad50
employs its ATP-binding cassette (ABC) ATPase, Zn-hook and coiled-
coils to bridge DSBs and facilitate DNA end processing by Mre11. The
Nijmegen breakage syndrome 1 (Nbs1) subunit coordinates DSB repair
and checkpoint signaling through interactions with ATM, MDC1 and
Sae2/Ctp1/CTIP via its fused, extended, FHA-BRCT1-BRCT2
domains flexibly linked to C-terminal Mre11- and ATM-binding motifs
(Williams et al., 2009). Structural and biological evidence suggests
MRN has three coupled critical roles in DSB sensing, stabilization, sig-
naling and effector scaffolding: 1) expeditious establishment of pro-
tein-nucleic acid tethering scaffolds for the recognition and stabiliza-
tion of DSBs; 2) initiation of DSB sensing, cell cycle checkpoint sig-
naling cascades, and establishment of epigenetic marks via the ATM
kinase; and 3) functional regulation of chromatin remodeling at DSBs.
Our results also help suggest how MRN mutations cause the human
cancer predisposition diseases Nijmegen breakage syndrome and atax-
ia telangiectasia-like disorder (ATLD). 
Williams, R.S., Moncalian, G., Williams, J.S., Yamada, Y., Limbo, O.,
Shin, D.S., Groocock, L.M., Cahill, D., Hitomi, C., Guenther, G.,
Moiani, D., Carney, J.P., Russell, P., Tainer J.A. (2008) Mre11 Dimers
Coordinate DNA End Bridging and Nuclease Processing in Double
Strand Break Repair, Cell 135, 97–109. 
R. Scott Williams, R.S., Dodson, G.E., Limbo, O., Yamada, Y.,
Williams, J.S., Guenther, G., Classen, S.,  J.N. Glover, M., Iwasaki, H.,
Russell, P. and Tainer, J.A. (2009). Nbs1 flexibly tethers Ctp1 and
Mre11-Rad50 to coordinate Double-Strand Break Processing and
Repair, Cell, in press.

IN036
HUMAN ELG1 REGULATES THE LEVEL OF UBIQUITINATED
PCNA THROUGH INTERACTIONS WITH PCNA AND USP1
Kyungjae (KJ) Myung
Genome Instability Section, Genetics and Molecular Biology Branch,
NHGRI, NIH, USA
Email: kmyung@mail.nih.gov

The level of ubiquitinated PCNA in chromatin is closely linked with
DNA damage bypass during DNA replication. However, it remains
unclear how the level of ubiquitinated PCNA in chromatin is regulated.
Here, we demonstrate that human ELG1 decreases the level of ubiqui-
tinated PCNA in chromatin presumably by interactions with PCNA and
the deubiquitinating enzyme, USP1. The level of ELG1 is induced dur-
ing recovery from DNA damage and ELG1 forms distinct foci at stalled
DNA replication forks where PCNA foci exist. Targeted gene knock-
down of ELG1 resulted in genomic instabilities including chromosome
instability and hypersensitivity to DNA damaging agents. Knockdown
of ELG1 by siRNA reduced homologous recombination frequency in I-
SceI induced double strand break-dependent assay similar to PCNA or
USP1 knockdown. Taken together, ELG1 suppresses genomic instabil-
ity by reducing ubiquitinated PCNA from chromatin through its inter-
action with USP1.

IN037
DNA BASE EXCISION REPAIR IN (EPI)GENOME 
MAINTENANCE
D Cortazar (1), C Kunz (1), Y Saito (1), F Mohn (2), D. Schübeler (2),
P Schär (1)
(1) Institute of Biochemistry and Genetics, Department of Biomedicine,
University of Basel, Basel, Switzerland; (2) Friedrich Miescher
Institute for Biomedical Research, Basel, Switzerland
Email: primo.schaer@unibas.ch

The human thymine DNA glycosylase (TDG) first attracted attention
because of its ability to remove thymine, i.e. a normal DNA base, from
G•T mispairs. This implicated a function in the restoration of G•C base
pairs at sites of 5-methylcytosine (5-meC) deamination. TDG then turned
out to be the founding member of a family of mismatch-directed uracil
DNA glycosylases that act on a broad spectrum of DNA base lesion,
including G•U mispairs as well as lesions generated by the anticancer
drug 5-Fluorouracil. 5-meC DNA glycosylase activity has also been
associated with TDG, thrusting the enzyme into limelight as a possible
DNA demethylase. Last but not least, TDG was found to interact with
transcription factors, nuclear receptors as well as with DNA methyltrans-
ferases, implicating a function in gene regulation, which appears to be
critically important in developmental processes. We have been pursuing
biochemical, molecular, and genetic approaches to determine the biolog-
ical function of this multifaceted DNA repair enzyme. We will present
data from genome-wide analyses of TDG-chromatin interactions, DNA
cytosine methylation patterns and gene expression profiles in TDG pro-
ficient and deficient mouse embryonic stem cells, before and after in
vitro differentiation to neuronal progenitor cells. The data implicate
novel and non-redundant functions of TDG dependent BER in
(epi)genome maintenance and regulation of gene expression, providing a
conceptual framework for a mechanistic explanation of a developmental
phenotype associated with the loss of TDG.

IN038
PROPERTIES OF NEIL3 IN PROLIFERATION AND DIFFER-
ENTIATION OF STEM/PROGENITOR CELLS
Luisa Luna(1,2), David Kunke (1,2) Gunn A. Hildrestrand (1,2),
Christine G Neurater (1,2), Silje S. Markussen (1,2), Tirill Medin (1,4),
Dzung B. Diep (5), Stefan Krauss (1,3), Jon Storm Mathisen (1,4), Ole
P Ottersen (1,4), Linda Bergersen, Magnar Bjørås (1,2)
(1) Centre for Molecular Biology and Neuroscience and Institute of
Medical Microbiology, (2) Department of Molecular Biology, (3)
Department of Cellular and Genetic Therapy, (4) Institute of Basic
Medical Sciences, University of Oslo, Rikshospitalet, N-0027 Oslo,
Norway, (5) Norwegian University of Life Sciences, N-1432 Ås, Norway
Email: magnar.bjoras@rr-research.no
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Mammalian cells encode three homologues of the Fpg/Nei superfami-
ly of DNA glycosylases, Neil1, Neil2 and Neil3. Neil1 and Neil2
remove formamidopyrimidines and a broad spectra of oxidized pyrim-
idines, including 5-hydroxycytosine, 5-hydroxyuracil, 5,6-dihy-
drothymine and thyminglycol. In contrast, no DNA glycosylase activi-
ty is found for Neil3 and its molecular function is unknown. Nothern
blot analysis and in situ hybridization revealed that Neil3 exhibited a
completely different expression pattern than Neil1 and Neil2.  High
expression of Neil3 was observed in the subventricular zone of hilus of
the hippocampus and rostral migratory stream in 3 day old mice brain,
which contain most of the neural stem cells. However, with age this
expression declined and in adult mouse brain Neil3 was almost exclu-
sively distributed in layer 4 of the neocortex. In contrast, Neil1 and
Neil2 transcripts were ubiquitously expressed and increased with age.
To determine the impact of Neil3 on neural progenitor cells (NPC) on
proliferation and differentiation, we employed the neurospheres assay,
which identifies NPC according to their multipotency and self-renewal
capacity. The pool of NPC in Neil3 knock-out animals was strongly
impaired. Moreover, differentiation of neurospheres into glia cells was
blocked in cells overexpressing Neil3. Finally, we showed that forma-
tion of cardiospheres, which identifies cardiac progenitor cells, was
impaired in Neil3 animals. Our data suggest an important role of Neil3
in renewal and differentiation of adult stem/progenitor cells.

IN039
ESTABLISHMENT OF REPORTER ASSAY YEASTS
RESPONDING TO LIGANDS OF VARIOUS HUMAN
NUCLEAR RECEPTORS, AND ROLES OF AHR LIGANDS TO
INDUCE OR PROTECT DNA DAMAGE FORMATION
Takashi Yagi, Masanobu Kawanishi and Kazuhiro Shiizaki
Environmental Genetics Laboratory, Frontier Science Innovation
Center, Osaka Prefecture University, Sakai, Osaka, Japan
Email: yagi-t@riast.osakafu-u.ac.jp

Nuclear receptors (NRs) are a class of cellular proteins that are respon-
sible for sensing the ligand substances such as hormones and certain
other molecules. In response to the ligands, NRs work in concert with
other proteins to regulate the expression of specific genes as transcrip-
tion factors, thereby controlling the development, homeostasis, and
metabolism of higher organisms. Some ligand substances, regardless of
their DNA-damaging activity, binds to NRs and are transported into
nucleus, e.g., estradiols, bile acids and aryl hydrocarbons bind to estro-
gen receptor (ER), farnesoid X receptor (FXR) and aryl hydrocarbon
receptor (AhR), respectively. Some receptors such as AhR, CAR, PXR
and PPAR appear to function as xenobiotic sensors for expression of
cytochrome P450 enzymes (CYP 1, 2, 3 and 4 families, respectively)
that metabolize these xenobiotics. We established fast and convention-
al bioassays using yeasts (Saccharomyces cerevisiae) that respond to
ligand substances of these human NRs. These yeasts express one of
human NRs and their coactivator protein SRC-1, and have a β-galac-
tosidase reporter gene downstream the NR-binding sequence. These
assay yeasts are valuable to investigate DNA-damaging pathways of
NR-mediated substances, and also to explore the environmental con-
taminants that influence animals through the NRs, i.e., endocrine-dis-
turbing substances. Benzo[a]pyrene (BP) and 2,3,7,8-tetrachlorodiben-
zo-p-dioxin (TCDD) are carcinogenic environmental contaminants,
which strongly respond to the AhR assay yeast as its ligands. Both sub-
stances therefore induce the large amount of CYP1A1 protein in human
cells. The CYP1A1 metabolically activates BP to the reactive form,
benzo[a]pyrene-7,8-diol-9,10-epoxide (BPDE), but does not activate
TCDD. Hence, TCDD is thought to enhance the mutagenic and car-
cinogenic potential of BP due to increasing the CYP1A1 level.
However, our experiment unexpectedly showed that TCDD pretreat-
ment protects BP-caused DNA adduct-formation in human cells. This
phenomenon can be explained that TCDD-induced CYP1A1 further
decomposes the reactive BPDE to a non-reactive form. Our study sug-
gests that TCDD may have a beneficial function, that is, protection of
aryl hydrocarbon-induced mutagenesis and carcinogenesis.

IN040
THE GENOTOXIC HAZARDS AND CARCINOGENIC RISKS
OF PAH CONTAMINATED SOILS
Paul A. White (1), Christine L. Lemieux (1), Staffan Lundstedt (2), Iain
B. Lambert (3), Steven D. Siciliano (4)
(1) Mechanistic Studies Division, Research and Radiation Directorate,
Health Canada, Ottawa, Canada. (2) Department of Chemistry, Umeå
University, Umeå, Sweden. (3) Department of Biology, Carleton
University, Ottawa, Canada. (4) Department of Soil Science,
University of Saskatchewan, Saskatoon, Canada
Email: paul_white@hc-sc.gc.ca

The intentional and accidental discharge of toxic pollutants into the
lithosphere contributes to soil contamination. In some cases (e.g., wood
preserving wastes, coal-tar), the contaminated soil constitutes a geno-
toxic and/or carcinogenic hazard.  Many industrialized countries con-
tain tens of thousands of contaminated sites, and regulatory agencies
are required to assess the hazards and risks posed by these sites, and
determine the most prudent course of action (e.g., access restriction,
remediation).  Routine hazard and risk assessment of contaminated
sites is hampered by a host of assumptions and uncertainties. The most
troublesome uncertainties relate to the hazards of contaminants in com-
plex mixtures, the bioaccessibility and bioavailability of soil contami-
nants, the efficacy of remediation techniques, and the per diem rates of
soil exposure. Our recent research, which has focused on a series of
PAH contaminated sites in Canada and Sweden, is addressing each of
these issues, assumptions and uncertainties. For example, using the
Salmonella mutagenicity assay and the lacZ mutation assay in cultured
cells derived from the transgenic Muta™Mouse, we have shown that
the mutagenic hazard of complex PAH mixtures in contaminated soils
is far lower than that calculated using the standard risk assessment par-
adigm (i.e., total hazard is the sum of that contributed by the identified
priority components). lacZ mutant frequency results in Muta™Mouse
FE1 cells suggests that the carcinogenic risks posed by complex PAH
mixtures in contaminated soils is less than 10% of that calculated using
the traditional chemical-specific method that assumes additivity.
Analyses of PAH-contaminated soils treated using bench-scale bioreac-
tors revealed that despite a decline in the concentration of noteworthy
PAHs, the mutagenic hazard of the soils increased over the course of
the treatment. Changes in Salmonella mutagenicity across treatment
time and activation conditions suggest a pattern of formation and trans-
formation of mutagenic compounds. Additional analyses demonstrated
that mutagenic PAHs are enriched in the fraction of soil (e.g., <45µm)
that is ingested by humans. Moreover, the bioaccessibility of the
ingested mutagenic PAHs in contaminated soils is less than 10%.

IN041
POTENTIAL IMPLICATIONS OF SOIL POLLUTION WITH
MUTAGENS IN LUNG CANCER
Tetsushi Watanabe 
Department of Public Health, Kyoto Pharmaceutical University,
Kyoto, Japan
Email: watanabe@mb.kyoto-phu.ac.jp

Many epidemiological studies have shown that air pollution is associ-
ated with the incidence of lung cancer. Diverse genotoxic compounds
are released into ambient air from anthropogenic sources such as
engines of motor vehicles and municipal incinerators. Compounds
released into the air eventually deposit on the ground and can be accu-
mulated in surface soil; therefore, surface soil is thought to be a prom-
ising material for monitoring environmental pollution with genotoxic
compounds. In addition, adequate amount of soil samples can be col-
lected for biological assays and chemical analysis without any special
equipment or power source. To clarify contamination of surface soil
with mutagens, we collected at residential sites in five regions of Japan,
i.e. Hokkaido, Kanto, Tokai, Kinki, and Kyushu. Most of the organic
extracts from soil samples were mutagenic toward S.typhimurium
TA98 and TA100, and potent mutagenicity was observed for the sam-
ples from several prefectures in the Kinki region, Aichi prefecture in
the Tokai region and Hokkaido, which have high mortality ratios of
lung cancer. 1,6-Dinitropyrene (DNP), 1,8-DNP, 1,3,6-trinitropyrene,
3,9-dinitrofluoranthene (DNF), and 3,6-dinitrobenzo[e]pyrene
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(DNBeP) were commonly identified as major mutagenic constituents
in five highly mutagenic soils from Osaka and Kyoto prefectures in the
Kinki region and Aichi prefecture. These nitroarenes are extremely
mutagenic in TA98 without S9 mix. The total percent contributions of
these nitroarenes to these five soil samples were from 39 to 45%. 1,6-
DNP, 1,8-DNP, and 3,9-DNF are carcinogenic in experimental animals
and are classified as possible human carcinogens (Group 2B) by the
IARC. In addition, 3-nitrobenzanthrone, which is a representative air
pollutant and carcinogen, was also detected in other soil samples from
the Kinki and Tokai regions. 3,6-DNBeP is a novel chemical and was
identifies as a soil mutagen at first. Recently 3,6-DNBeP was detected
in airborne and diesel engine exhaust particles and municipal incinera-
tor ashes at much higher levels than DNP. Latterly 3,6-DNBeP was
found to be genotoxic in vivo, and its carcinogenicity in mice by intra-
tracheal administration is under investigation.

IN042
GENOTOXICITY AND CARCINOGENICITY OF DRINKING
WATER DISINFECTION BY-PRODUCTS
DM DeMarini
U.S. Environmental Protection Agency, Research Triangle Park, NC, USA
Email: demarini.david@epa.gov

This talk will review the literature on the mutagenicity and carcinogenic-
ity of disinfection by-products (DPBs) as identified and regulated by the
U.S. EPA. Also, future research is proposed to resolve remaining health
concerns regarding drinking water. Among the 11 DBPs regulated by the
U.S. EPA, (a) 2 DBPs (chloroacetic acid and chlorite) are not carcino-
genic—each in 2 species; (b) chlorite is not carcinogenic in 3 rodent
assays and has never been tested for genotoxicity; (c) 1 DBP (bro-
moacetic acid) has never been tested for carcinogenicity; (d) 2 DBPs,
chloroform and trichloroacetic acid, are carcinogenic via nongenotoxic
mechanisms; (e) 6 DBPs have significant genotoxicity data gaps; and (f)
5 DBPs have been assessed as possible or probable human carcinogens.
Among 74 unregulated DBPs, 29 that occur at sub-low µg/L levels are
genotoxic; and another 14 that occur at this level have no toxicological
data except for 2, which are carcinogenic.  The toxicity of DBPs is iodo
> bromo > chloro, and 50% of the organic carbon and organic halogens
of drinking water are unknown, i.e., not chemically characterized.
Approximately 30% of the municipal water suppliers in the U.S. have
changed from chlorination to chloramination, which has resulted in the
formation of new DBPs, such as the halonitromethanes and brominated
forms of DBPs. Although more toxic than the regulated DBPs, these
newly identified DBPs are generally present at much lower concentra-
tions than those that are regulated.  Nonetheless, alternative disinfection
practices result in drinking water in which extracted organic material is
less mutagenic than extracts of chlorinated water. Recent molecular epi-
demiology indicates that an increased risk for bladder cancer is associat-
ed with dermal/inhalation exposure to drinking water (from
bathing/showering and/or swimming) rather than to drinking the water
and that risk is enhanced in people carrying the GSTT1-1 gene, which is
present in 75% of the U.S. population. Further studies are needed to clar-
ify if dermal and inhalation exposures are more important than oral expo-
sure to trihalomethanes for increased risk for bladder cancer.
[Abstract does not necessarily reflect the policy of the U.S. EPA.]

IN043
ACTIVATION OF INFLAMMATION/NF-KB SIGNALING IN
INFANTS BORN TO ARSENIC-EXPOSED MOTHERS
Rebecca C. Fry (1, 2), Panida Navasumrit (3), Chandni Valiathan (1, 2),
J. Peter Svensson (1, 2), Bradley J. Hogan (1, 2),  Manlin Luo (1, 2),
Sanchita Bhattacharya (1, 2), Krittinee Kandjanapa (3), Sumitra
Soontararuks (3), Sumontha Nookabkaew (3), Chulabhorn Mahidol
(3), Mathuros Ruchirawat (3), Leona D. Samson (1, 2) 
(1) Department of Biological Engineering, Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States of America, (2)
Center for Environmental Health Sciences, Massachusetts Institute of
Technology, Cambridge, Massachusetts, United States of America, (3)
Chulabhorn Research Institute, Bangkok, Thailand
Email: rfry@email.unc.edu

The long-term health outcome of prenatal exposure to arsenic has been
associated with increased mortality in human populations. In this study,
the extent to which maternal arsenic exposure impacts gene expression
in the newborn was addressed. We monitored gene expression profiles
in a population of newborns whose mothers experienced varying levels
of arsenic exposure during pregnancy. Through the application of
machine learning–based two-class prediction algorithms, we identified
expression signatures from babies born to arsenic-unexposed and -
exposed mothers that were highly predictive of prenatal arsenic expo-
sure in a subsequent test population. Furthermore, 11 transcripts were
identified that captured the maximal predictive capacity to classify pre-
natal arsenic exposure. Network analysis of the arsenic-modulated
transcripts identified the activation of extensive molecular networks
that are indicative of stress, inflammation, metal exposure, and apopto-
sis in the newborn. Exposure to arsenic is an important health hazard
both in the United States and around the world, and is associated with
increased risk for several types of cancer and other chronic diseases.
These studies clearly demonstrate the robust impact of a mother’s
arsenic consumption on fetal gene expression as evidenced by tran-
script levels in newborn cord blood.

IN044
TRANSCRIPTOMIC ANALYSIS IN UMBILICAL CORD
BLOOD OF CHILDREN EXPOSED TO GENOTOXIC 
COMPOUNDS THROUGH THEIR MOTHERS DIET
DM van Leeuwen (1), H Gmuender (2), K Hochstenbach (1), M Løvik
(3), B Granum (3), UC Nygaard (3), SB Stølevik (3), E Namork (3), M
Haugen (4), J Alexander (4), HM Meltzer (4), M Kirsch-Volders (5), I
Decordier (5), K Vande Loock (5), M Botsivali (6), S Hepworth (7), H
Besselink (8), H van Loveren (1), JHM van Delft (1).
(1) Department of Health Risk Analysis and Toxicology, Maastricht
University, Maastricht, the Netherlands; (2) Genedata, Basel, Switzerland;
(3) Department of Environmental Immunology, Norwegian Institute of
Public Health, Oslo, Norway; (4) Department of Food Safety and Nutrition,
Norwegian Institute of Public Health, Oslo, Norway; (5) Laboratory of Cell
Genetics, Free University Brussels, Brussels, Belgium; (6) National Hellenic
Research Foundation, Athens, Greece; (7) Pediatric Epidemiology Group,
Centre for Epidemiology and Biostatistics, University of Leeds, Leeds, UK;
(8) BioDetection Systems, Amsterdam, the Netherlands
Email: d.vanleeuwen@grat.unimaas.nl

Background/aim: Over the last decades, an increased incidence of
childhood cancers, such as leukemia is noted. A risk factor for the
development of these diseases may be maternal exposure to carcino-
genic compounds during pregnancy. Molecular epidemiology studies
the causation of diseases with the use of biomarkers which may also
provide information at a mechanistic level. Gene expression profiling
forms a promising tool for the development of such new biomarkers.
The objective of our research is to develop novel genomics-based bio-
markers for genotoxic risks in newborns within the EU FP6 project
NewGeneris, based on genome wide transcriptomic analyses in umbil-
ical cord blood samples. Methods: Umbilical cord blood samples were
selected from the Norwegian NewGeneris BraMat cohort, which
resides under the Norwegian Mother and Child cohort (MoBa). Dietary
exposure of the mothers to carcinogenic compounds was assessed
using food frequency questionnaires. Upon blood sampling, RNA was
conserved and isolated using the RNAlater/RiboPure system. Whole
genome transcriptomic profiles were generated using microarrays
(n=116). Furthermore, internal measurements of persistent organic pol-
lutants (ER-, DR- and AR-CALUX) and micronuclei frequencies in
PBMC of the participants are available which were analyzed by
NewGeneris partners. Results: Data are analyzed for differential
expression between groups with high versus low exposure to specific
genotoxic/carcinogenic compounds as well as an integral exposure
level. Correlations are investigated between gene expression and expo-
sures, CALUX data and micronuclei frequencies. Conclusion: The gen-
erated profiles will lead to a selection of the most predictive set of
genes for genotoxic risks of maternal dietary exposure in newborns,
which will be used to develop and apply a high-throughput system to
screen different NewGeneris cohorts across Europe. 
This work was financed by the EU Integrated Project NewGeneris, 6th
Framework Programme, Priority 5: Food Quality and Safety (Contract
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no. FOOD-CT-2005-016320). NewGeneris is the acronym of the proj-
ect ‘Newborns and Genotoxic exposure risks’.

IN045
GENETIC AND ENVIRONMENTAL RISK FACTORS OF
CHILDHOOD LEUKEMIA
K Hemminki
German Cancer Research Center, Heidelberg, Germany and Lund
University, Malmö, Sweden. 
Email: k.hemminki@dkfz.de

Acute lymphoblastic leukaemia (ALL) is the commonest malignancy
affecting children. Despite substantial progress in the treatment, the
underlying causes are largely unknown. Childhood ALL is heteroge-
neous with respect to underlying cellular and molecular biology,
acquired genetic abnormalities and associated clinical responses to
combination chemotherapy. Epidemiology data are compatible with
transplacental carcinogen exposure as a basis for infant leukaemia
associated with MLL gene fusion. Moreover, a dysregulated immune
response to common infection is strong candidate for childhood ALL
but the role of environmental carcinogenesis in ALL remain largely
undefined. It is, however probable that the risk of ALL from environ-
mental exposure is influenced by genetic variation. Data from the
Swedish Family-Cancer Database lends support to a small familial risk
of ALL, independent of the high concordance in monozygotic twins
(which has a genetic, in-utero explanation). Although rare (<5% of
ALL) direct evidence for an inherited genetic predisposition to ALL is
provided by the high risk associated with Bloom’s syndrome, neurofi-
bromatosis, ataxia telangiectasia and constitutional trisomy 21. The
heritable basis of susceptibility to ALL outside these syndromes is
presently undefined but it is likely that the co-inheritance of multiple
low-risk variants contribute to disease risk. We examined 399 pediatric
ALL samples using the 50k SNP-chip platform and a two-fold design:
somatic event were compared between disease and remission samples
(molecular allelokaryotyping) and germline changes were compared
between remission samples and a healthy control group.  While the
germline analyses are ongoing, the somatic analyses allowed identifi-
cation of ALL-related genes that were amplified, deleted or have allel-
ic imbalance.  Three common genetic alterations were found: deletion
of ETV6, deletion of p16INK4A and hyperdiploidy.  Uniparental dis-
omy was a frequent event in ALL, especially affecting chromosome 9.
Children with hyperdiploid ALL without gain of chromosomes 17 and
18 had a poor prognosis.  A novel candidate tumor suppressor gene for
ALL, SNAP91 on 6q, was frequently inactivated in ALL.  PAX5 gene
was frequently rearranged to a variety of partner genes.

IN046
THE INTERNATIONAL CHILD CANCER COHORT
CONSORTIUM
Dwyer T
Murdoch Childrens Research Institute Royal Children’s Hospital
Flemington Road Parkville Victoria 3052 Australia
Email: terry.dwyer@mcri.edu.au

Dramatic advances have been made in the treatment of childhood
Acute Lymphoblastic Leukaemia (ALL), yet approximately 25% of
patients in the developed world still succumb to the disease. Therefore,
the development of preventive strategies becomes a priority. Despite
more than five decades of epidemiologic research on childhood ALL,
the only established risk factors are ionizing radiation, certain
chemotherapy agents, and specific genetic syndromes, which together
account for a small fraction of occurrence. [1] The evidence base for the
identification of environmental risk factors has been largely obtained
from retrospective case-control studies, with just a few modest sized
cohort studies that generally have collected in depth data on only a small
number of exposures. [1] The exposure data obtained from retrospective
studies is likely to be affected by recall bias, [2-4] so examining
prospective data may play an important role in identifying key risk fac-
tors. However, given the rarity of ALL, a very large cohort is needed to
provide sufficient power to obtain valid risk estimates. This has preclud-
ed prospective investigations to this point. The International Childhood

Cancer Cohort Consortium (I4C) presents a new and unique opportuni-
ty to obtain prospective data to test environmental and genetic hypothe-
ses relating to the causes of childhood leukaemia. The idea of establish-
ing the I4C was first put forward during the planning of the National
Children’s Study (NCS), a large childhood cohort study in the USA
recruiting 100,000 mothers and babies. [5] Due to the relative rarity of
childhood leukaemia, the NCS alone did not have sufficient power to
detect associations of relevant exposures with childhood leukaemia but
it was recognised that sufficient power could be achieved if a collabora-
tion between existing and planned large childhood cohort studies could
be initiated. The I4C was established for this purpose. It presently has
eleven collaborating cohorts. [6]. Initial data pooling will incorporate
data from the following cohorts: Avon Longitudinal Study of Parents
and Children (ALSPAC), Birth Defects surveillance System for the
Collaborative Project-China (CPBDDP-China), Tasmanian Infant
Health Survey (TIHS), Danish National Birth Cohort (DNBC), the
Norwegian Mother & Child Cohort Study (MoBa) and the NCS, USA.
Pooled data from these six cohorts will be available on 571,309 infants
and their mothers. This will provide 5,962,856 person-years of follow-
up data on the infants by the end of 2012.  The first two hypotheses to
be tested will be those concerning periconceptional folate intake by
mothers and paternal age.
1. Spector LG, Ross JA. Infant leukemia: finding the needle in the hay-
stack. Cancer Epidemiol Biomarkers Prev 2006;15(12):2331.
2. Savitz DA. Environmental exposures and childhood cancer: our best
may not be good enough. Am J Public Health 2001;91(4):562-3.
3. Schuz J, Spector LG, Ross JA. Bias in studies of parental self-repor-
ted occupational exposure and childhood cancer. Am J Epidemiol
2003;158(7):710-6.
4. Teschke K, Olshan AF, Daniels JL, et al. Occupational exposure
assessment in case-control studies: opportunities for improvement.
Occup Environ Med 2002;59(9):575-93;discussion 94.
5.National Children’s Study.http://www.nationalchildrensstudy.gov/
Accessed 3rd Mar 2009.
6. Brown RC, Dwyer T, Kasten C, et al. The international childhood
cancer cohort consortium (I4C). International Journal of Epidemiology
2007;36(4):724-30.

IN047
INTEGRATION OF GENOTOXICITY TESTS INTO ROUTINE
TOXICITY STUDIES
A Rothfuss (1), C Priestley (2), A Czich (3)
(1) Bayer Schering Pharma AG, Germany; (2) AstraZeneca, UK; (3)
Sanofi Aventis, Germany
Email: andreas.rothfuss@bayerhealthcare.com, 
catherine.priestley@astrazeneca.com, 
andreas.czich@sanofi-aventis.com

Integration of genotoxicity tests into routine toxicity studies, such as
the pivotal 4 week rat toxicity study, is a central concept in the revision
of ICHS2. A collaborative industry initiative on integration was recent-
ly conducted which aimed at investigating the sensitivity, specificity
and feasibility of determining Comet Assay and Micronucleus effects
after repeated-dosing over 14-28 days. Furthermore, a dedicated work-
ing group on Integration of genotoxicity tests will take place at the 5th
IWGT Workshop in Basel, Switzerland. 
Three presentations in this session will discuss the main aspects on the
Integration of Genotoxicity Tests into Standard Toxicity Tests.
An introduction to the topic will be given by Andreas Rothfuss (Bayer
Schering Pharma AG, Germany) who will report on the IWGT work-
ing group “Improvement of In Vivo Genotoxicity Assessment – The
link to Standard Toxicity Testing”.
Catherine Priestley (AstraZeneca, UK) will focus on the Integration of
the Comet Assay and report on “Practical Aspects of Integrating the
Comet Assay into Pivotal Rat Toxicity Studies”.
Andreas Czich (Sanofi Aventis, Germany) will give an insight on the
Integration of the Micronucleus Test by talking on “Practical Aspects
of Integrating the Micronucleus Assay into Pivotal Toxicity Studies”.
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IN048
THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE
AND FOLLOW-UP OF POSITIVE RESULTS INTHE ILSI-HESI
PROJECT COMMITTEE ON THE RELEVANCE AND 
FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO GENETIC
TOXICITY (IVGT) TESTING: INTRODUCTION AND FOLLOW-
UP OF POSITIVE RESULTS IN VITRO
V Thybaud 
Sanofi-Aventis, Drug Safety Evaluation, Vitry sur Seine, France.
Email: veronique.thybaud@sanofi-aventis.com

The in vitro genotoxicity assays play a key role in the genotoxicity eval-
uation, whatever the chemical intended use. The relatively high rate of
irrelevant positive results, especially the mammalian cell assays, has
recently raised concern and led to many worldwide initiatives.  The
Health and Environmental Sciences Institute (HESI) of the International
Life Sciences Institute (ILSI) recently formed a project committee
(IVGT) to work on “the relevance and follow-up of positive results in in
vitro genetic toxicity”.  IVGT committee identified three main objec-
tives: 1) review of existing assays and development of a flow chart for
follow up actions in case of positive results in the in vitro assays
(“review” sub-group), 2) review of new and emerging technologies in
genetic toxicology (“new technology” sub-group) that could be used to
replace and improve the existing assays, and as follow assays to better
assess the risk for human, and 3) development of a quantitative approach
in evaluating genotoxicity findings and their relevance to human (“quan-
titative” sub-group). The consensus reached and the recommendations
made by this tripartite (regulatory, industry and academic scientists)
group benefit from the numerous years of experience of the participants
in the field. The so-called “review sub- group” has classified the existing
genotoxicity assays in four categories based on their strengths and weak-
nesses, and their ability to contribute to data interpretation; from assays
that are robust enough to be used in the standard battery to assays seldom
used because better alternatives exist. This sub-group has also developed
a flow chart to be considered in case of positive findings in the in vitro
assays of the standard genotoxicity battery. It attempts to describe how
the intended chemical use, the data obtained in the initial genotoxicity
battery, the potential confounding factors, and the already available data
other than genotoxicity data could be used to define the most appropriate
follow-up strategies that could include additional in vitro genotoxicity
assays, mechanistic studies  (e. g. DNA reactive versus non-DNA reac-
tive) and in vivo genotoxicity tests, if any, in order to better evaluate the
level of concern for human in the intended usage.

IN049
THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE
AND FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO
GENETIC TOXICITY TESTING (IVGT): QUANTITATIVE
ASPECTS OF GENOTOXICITY RISK ASSESSMENT
James T. MacGregor
Toxicology Consulting Services, Arnold, MD USA
Email: jtmacgregor@earthlink.net

The need for quantitative analysis of the relationship between exposure
and health risk of genotoxic damage in vivo was recognized when reg-
ulatory genetic toxicology testing began in the 1970s.  Nonetheless, the
current regulatory paradigm remains based mainly on qualitative inter-
pretation of the outcome of in vitro and limited in vivo testing.  The
Quantitative Working Group of the HESI Committee on Interpretation
and Follow-up Testing of Positive In Vitro Genetic Toxicology Results
is developing a database of in vitro and in vivo exposure-response rela-
tionships in test systems used for genotoxicity testing to use as a basis
for analysis of exposure-response relationships, development of recom-
mendations for extrapolation of results across test systems, and
approaches to improved exposure-based estimates of in vivo risk.
Among the issues being addressed are: 1) whether effects in different
systems can be normalized against cellular parameters such as toxicity,
adduct levels, or other cellular perturbations to permit extrapolation of
risk of specific types of genetic damage across test systems, 2) whether
dose-response relationships allow extrapolation of responses to opera-
tional threshold exposure levels below which significant damage is not
expected, for both DNA-reactive agents and those that induce DNA

damage indirectly via cellular perturbations, and 3) evaluation of ana-
lytical and statistical procedures for identification of thresholds or
operational thresholds in the exposure-response curve.  Results are pre-
liminary, but suggest that even well-characterized DNA-reactive genet-
ic toxicants have exposure thresholds below which modification of
spontaneous DNA damage rates is not significant. If confirmed, the
next step will be to evaluate strategies to define exposures associated
with specific levels of concern and associated safety margins.

IN050
THE ILSI-HESI PROJECT COMMITTEE ON THE RELEVANCE
AND FOLLOW-UP OF POSITIVE RESULTS IN IN VITRO
GENETIC TOXICITY TESTING (IVGT):  EMERGING 
TECHNOLOGIES FOR THE IMPROVEMENT OF 
GENOTOXICITY RISK ASSESSMENT
Jennifer Sasaki 
Johnson & Johnson Pharmaceutical Research and Development,
Raritan, NJ, USA
Email: jsasaki2@its.jnj.com

The ILSI- HESI IVGT Project Committee established a New-Emerging
Technologies subgroup to identify and review promising approaches
that could be used to replace or improve the existing models, and to
identify useful follow-up tests in case of in vitro positive results in the
initial battery of genotoxicity assays. As part of this initiative, a work-
shop was convened in May 2008 to discuss mature, maturing and
emerging technologies in genetic toxicology. This workshop provided
a forum to solicit informal feedback on assay strengths and weakness-
es and lessons learned from previous validation efforts were shared.
The conclusions that ensued from these discussions included:
-In silico technologies can assist selection of appropriate follow up
tests based on identified structural alerts.
- Integration of genotoxicity endpoints in conventional toxicology
studies and adoption of automated approaches to enumerate effects are
desirable, but must be supported by sufficient validation data.
-Assessment of multiple endpoints such as mutagenicity, clastogenici-
ty, and and gene expression signature in a common platform such as
TK6 cells can produce a holistic data set which may be beneficial when
determining the risk and relevance of positive findings. 
- Platforms such as engineered 3-D tissue systems are attractive in vivo
alternatives, although availability/cost may hinder facile development.
-Approaches to interrogate mammalian mutagenic potential that trans-
late across in vitro to in vivo platforms, or cross-species, are urgently
needed.
This presentation will provide a brief overview of the above conclu-
sions and identify opportunities in which New/Emerging Technologies
in genotoxicity testing could be used to (1) enhance the existing toolk-
it for management of positive findings and (2) used to generate dose-
response data to enable quantitative assessment of positive responses.

IN051
CANCER STEM CELLS FROM SOLID TUMORS
R De Maria
Department of Hematology, Oncology and Molecular Medicine,
Istituto Superiore di Sanità, Rome, Italy
Email: demaria@iss.it
Cancer stem cells (CSCs) are the rare population of undifferentiated
tumorigenic cells that are thought to be responsible for tumor initiation,
maintenance and spreading. Their existence might also explain why
tumours are resistant to many conventional therapies, which typically
target the rapidly proliferating tumor cells but spare the slow dividing
tumor stem cell population. The concept of CSCs has profound impli-
cations for our understanding of tumor biology and for the develop-
ment of more effective cancer therapeutics. The selective targeting of
these cells offers a potential revolutionary advance in the treatment of
cancer, by attacking the roots of the disease. Such cell population
should therefore represent the target of new therapies aimed at eradi-
cating the tumor. We developed a technology that allowed us to isolate
and expand in vitro CSCs from several solid tumors, including
glioblastoma, melanoma, breast, lung, colon, thyroid and ovary cancer.
We are currently characterizing  these tumorigenic cell populations at

Plenary lectures and Symposium abstracts IN 001-205

ICEM 2009, August 20-25, Firenze - Italy  65



different levels, including genome-wide expression of mRNA,
microRNA and proteome profiling. Such extensive characterization
may allow the identification of more specific CSC markers, while pro-
viding key information on the relevant pathways to be targeted for suc-
cessful therapies. Moreover, the use of CSC-based xenografts which
reproduce the parental tumor, as assessed by morphological and molec-
ular analysis, offers a unique opportunity to test new anticancer treat-
ments and potentially optimize future individualized therapies.

IN052
ENVIRONMENTAL EXPOSURE ASSESSMENT: COLLATERAL
DAMAGE IN THE GENOMIC REVOLUTION? 
CP Wild 
International Agency for Research on Cancer, Lyon, France 
E-mail: director@iarc.fr

Environmental exposures, including lifestyle, infections, radiation,
chemicals and occupation, are a major cause of human cancer.
However, the contribution of specific risk factors and their interaction,
both with each other and with genotype, is difficult to elucidate. One
limitation is the inability to accurately measure environmental expo-
sure, particularly past exposure, with the consequence of misclassifica-
tion in epidemiological studies. Molecular epidemiology promises to
improve exposure assessment but this area has been relatively undevel-
oped in comparison to advances in measurement of genetic risk factors.
Progress has been made with biomarkers such as carcinogens and their
metabolites, DNA and protein adducts and mutations measured in var-
ious tissues and body fluids. At the same time many challenges remain,
not least the importance of considering the effects of exposure at dif-
ferent stages of life, including the perinatal period. Technological
advances and understanding of mechanisms of carcinogenesis offer
new opportunities to this field of research. Notably transcriptomics,
proteomics and metabonomics may provide a step-change in environ-
mental exposure assessment, providing patterns of alterations that
reflect specific exposures. In addition, the increasing recognition of the
role of epigenetic changes in carcinogenesis presents a fresh challenge
as alterations in DNA methylation, histone modification and
microRNA levels in response to environmental exposures demand a
new generation of exposure biomarker. Biomarkers of exposure pres-
ent added value over and above their contribution to understanding eti-
ology. For example, these same biomarkers can contribute to establish-
ing the biological plausibility of associations between exposure and
disease and may be valuable endpoints in intervention studies. The
overall importance of this area of research is highlighted by the large
prospective cohort studies (e.g. UK Biobank) which need accurate
exposure measurement in order to shed light on the complex
gene:environment interactions underlying cancer and other common
chronic disorders. A concerted effort is required to develop and validate
the required exposure assessment methodology before these cohorts
come to maturity.

IN053
UNDERSTANDING THE MUTAGENIC CONSEQUENCES OF
BASE LESION DNA REPAIR
Samuel H. Wilson
Laboratory of Structural Biology, National Institutes of Health,
National Institute of Environmental Health Sciences, Research
Triangle Park, USA
Email: wilson5@niehs.nih.gov

Mammalian cells have a variety of DNA repair systems that are essen-
tial for maintenance of genomic integrity. Of these systems, base exci-
sion repair (BER) is critical in removal of base lesions that arise spon-
taneously and after exposure to environmental toxicants or radiation. If
base lesions are not repaired, they can lead to mutations in the next
round of replication or to stalling of RNA polymerase. It is well known,
however, that the intermediates of BER are both cytotoxic and prone to
genomic instability. BER is considered to operate by two broad sub-
pathways, single-nucleotide BER (SN-BER) and multi-nucleotide or
long-patch BER (LP-BER), differentiated by the “repair patch” size as
well as the enzymes and co-factors involved. There are many reports

suggesting roles for DNA polymerase ß (Pol ß) in SN-BER and LP-
BER: For example, purified Pol ß has BER-related enzymatic activi-
ties; BER activity is decreased in extracts from Pol ß null cells or when
Pol ß �activity is inhibited in wild-type cell extracts; in addition, Pol ß
is concentrated at sites of focal base damage in living cells.
Experiments with cultured fibroblasts mouse cells also have pointed to
a BER role for Pol ß: For example, treatment of cells with DNA base
damaging agents have revealed a protective effect of Pol ß against cell
death, chromosomal aberrations, and persistence of strand breaks.
Nevertheless, point mutations can arise during BER as well as
frameshift mutations and insertions/deletions. Insight on molecular
mechanisms of such mutagenic consequences of BER has been provid-
ed through crystal structures of Pol ß in complex with various pre-
mutagenic intermediates. Recent results using this structural approach
will be summarized and integrated with other approached toward
understanding the biology of base lesions and their repair.

IN054
USING MULTI-DIMENSIONAL PROTEOMICS TO DEFINE
THE COMPLETE PROTEIN COMPOSITION OF MITOTIC
CHROMOSOMES
William Earnshaw, Shinya Ohta, JimiCarlo Bukowski-Wills, Flavia
Alves, Juri Rappsilber
University of Edinburgh, Wellcome Trust Centre for Cell BIology,
Edinburgh, United Kingdom
Email: bill.earnshaw@ed.ac.uk

Mitotic chromosomes accomplish the critical segregation of the genome
when cells divide, yet despite many decades of study remain poorly char-
acterized with respect to their structure, mechanism of condensation and
composition. We have used mass spectrometry to identify 4027 polypep-
tides in prometaphase chromosomes isolated from chicken DT40 cells.
Of these, 124 were previously annotated as centromere proteins and 14
as telomere proteins.  Analysis of the spectra enabled us to determine
accurate copy numbers for all chromosomal proteins, with surprising
implications for the structure of vertebrate kinetochores. Our subsequent
analysis utilized three classifiers in a combination of novel SILAC-based
approaches to sort proteins into groups. These included the comparison
of the abundance of proteins found on chromosomes versus in post-chro-
mosomal supernatants; the exchange of proteins between chromosomes
and cytosol; and the dependence of protein association with mitotic chro-
mosomes upon the presence of a functional condensin complex.  We
used these classifiers to develop a novel multi-dimensional analysis that
enabled us to identify which of the >560 novel proteins novel proteins
were likely to be important for chromosome structure and function. As a
validation of this approach, GFP tagging of 20 previously unknown pro-
teins selected from this “space” revealed 10 to be novel centromere pro-
teins, and another 8 to occupy other chromosomal domains during mito-
sis. This approach offers a powerful way to define the functional pro-
teome of complex organelles and structures whose composition is not
simple or fixed.

IN055
LIVE CELL STUDIES ON TAXOL AND THE MITOTIC
CHECKPOINT IN HUMANS
Z. Yang, D. Brito, A. Kenny, C.L. Rieder 
Division of Translational Medicine, Wadsworth Center, NYS Dept. of
Health, Albany, New York, USA
Email: rieder@wadsworth.org

The idea that concentrations of taxol >100-nM prevent satisfaction of
the mitotic checkpoint (MC) has been virtually unchallenged since the
drug was clinically introduced in 1984.  However, here we provide
direct evidence that taxol, over a broad range of concentrations (5nM
to 10-µM) does not prevent satisfaction of the MC in mammalian cells.
When the MC cannot be satisfied, e.g., when spindle microtubule (MT)
assembly is prevented with nocodazole or when centrosome separation
is inhibited with Eg5 inhibitors, non-transformed human RPE-1 cells
average 20 hrs in mitosis. By contrast in 5 nM, 500 nM, 5-µM or 10-
µM taxol they average, respectively, just 2.5, 12.0, 5.0 and 3.5 hrs in
mitosis. This accelerated exit from mitosis in taxol concentrations
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>500-nM is also seen in normal human BJ fibroblasts, rat kangaroo
kidney epithelia (PtK2), HeLa and U2OS cells, and it also occurs in
response to the taxol analogue epothilone B. Since increasing taxol
concentrations do not accelerate exit form mitosis in cells treated pre-
viously with vinblastine to prevent spindle MT assembly, this response
to taxol is due to its effects on MTs and not to an off-site target.
Indirect Mad2 immuno-fluorescence and live cell studies with
Mad2/YFP or cyclin B/GFP, reveal that exit from mitosis coincides
over a range of taxol concentrations with satisfaction of the MC in the
absence of tension on kinetochores. Stabilizing syntelic kinetochore
attachments in RPE-1 cells treated with 500-nM or 10-µM taxol, by
inhibiting the aurora B kinase, shortens the duration of mitosis in both
to ~1.5-hrs, and under these conditions exit from mitosis correlates
with satisfaction of the MC. These data suggest that the progressive
decrease in the duration of mitosis in response to increasing taxol con-
centration is due the progressive stabilization of syntelic kinetochore
attachments on spindles formed in taxol. Not only do these results pro-
vide a novel conceptual framework for how taxol prolongs mitosis, but
they also provide solid evidence that inter-kinetochore tension is not
involved in MC signaling.

IN056
MECHANISMS OF CHROMOSOME MIS-SEGREGATION IN
CANCER CELLS
William T. Silkworth (1), Isaac K. Nardi (1), Lindsey M. Scholl (2),
and Daniela Cimini (1)
(1) Virginia Tech, Department of Biological Sciences, Blacksburg, VA,
24061, USA, (2) Biology, Oberlin College, Oberlin, OH, 44074, USA
E-mail: cimini@vt.edu

Many cancer cells display a CIN (Chromosome Instability) phenotype,
by which they exhibit high rates of chromosome loss or gain at each
cell cycle. Over the years, a number of different mechanisms, includ-
ing mitotic spindle multipolarity, cytokinesis failure, and merotelic
kinetochore orientation, have been proposed as causes of CIN.
However, a comprehensive theory of how CIN is perpetuated is still
lacking. We used CIN colorectal cancer cells as a model system to
investigate the possible cellular mechanism(s) underlying CIN. We
found that CIN cells frequently assembled multipolar spindles in early
mitosis. However, anaphase multipolar cells were very rare, and live-
cell experiments showed that almost all CIN cells divided in a bipolar
fashion. Moreover, fixed-cell analysis showed high frequencies of
merotelically attached lagging chromosomes in bipolar anaphase CIN
cells, and higher frequencies of merotelic attachments in multipolar vs.
bipolar prometaphases. Finally, we found that multipolar CIN
prometaphases typically possessed γ-tubulin at all spindle poles, and
that a significant fraction of bipolar metaphase/early anaphase CIN
cells possessed more than one centrosome at a single spindle pole.
Taken together, our data suggest a model by which merotelic kineto-
chore attachments can easily be established in multipolar prometaphas-
es. Most of these cells would then bi-polarize before anaphase onset,
and the residual merotelic attachments would produce chromosome
mis-segregation due to anaphase lagging chromosomes. We propose
this spindle pole coalescence mechanism as a major contributor to
chromosome instability in cancer cells.

IN057
HIGH-RESOLUTION IMAGING OF MITOTIC 
CHROMOSOME INSTABILITY
D Gisselsson
Department of Clinical Genetics, University Hospital, SE 221 85 Lund,
Sweden
Email: david.gisselsson_nord@med.lu.se

Abnormal chromosome segregation is one way by which cells accumu-
late the genetic abnormalities associated with tumour development.
Routine chromatin stains are sufficient to detect many such alterations
in chromosome dynamics. However, the precise location of individual
chromosomes can be difficult to discern by routine staining.
Fluorescence in situ hybridisation (FISH) on mitotic figures is one effi-
cient strategy to allow simultaneous visualisation of several chromo-

somes at different stages of the mitotic process. In particular, FISH on
anaphase or telophase configurations allows the scoring of sister chro-
matid segregation patterns. FISH can now be efficiently combined with
immunofluorescence, making it possible to visualize simultaneously
the dynamics of chromosomes and the movement of key proteins in the
mitotic machinery. This methodology can be efficiently combined with
confocal microscopy and other techniques for studying mitotic topog-
raphy in three dimensions. There are now also several fluorescence-
based and/or laser-enhanced systems available to study the movement
of chromosomes in real time. Using these methods, chromosome seg-
regation errors in cancer can be broadly sub-divided into abnormalities
in spindle symmetry (spindle multipolarity and size-asymmetry of ana-
telophase poles) and abnormalities in sister chromatid segregation
(chromosome bridges, chromatid bridges, chromosome lagging, acen-
tric fragment lagging). Often, these categories of errors must be com-
bined to accurately describe the events in a single abnormal mitotic
cell. Further characterisation of the molecular alterations leading to
abnormal chromosome segregation together with the current develop-
ments in nano-level and real-time imaging will undoubtedly lead to an
improved understanding of chromosome dynamics in cancer cells.

IN058
DNA DAMAGE AND CELL DIFFERENTIATION
Eugenia Dogliotti
Istituto Superiore di Sanità, Rome, Italy
Email: eugenia.dogliotti@iss.it

Proliferating cells respond to DNA damage by activating a complex
network signaling that slows down the progression of the cell cycle to
permit to the cells to repair the lesions before division occur. Repair
should be very efficient to avoid that unrepaired lesions are fixed into
mutations when encountering the replication machinery. This last
mechanism should not be a problem in post-mitotic cells which no
longer replicate but they need to maintain the integrity of the active
genes and avoid cell death as required for cells with limited or no
regeneration potential. During differentiation nucleotide excision
repair is downregulated at genome level but active genes are efficient-
ly repaired (Nouspikel and Hanawalt, Mol Cell Biol., 2000, 20:1562).
To compensate for the lack of homologous recombination, nonhomol-
ogous DNA end joining is activated during commitment into adi-
pogenosis leading to an increased double-strand break repair (Meulle et
al., PLoS ONE, 2008, 3:e3345). At genome level base excision repair
is downregulated during skeletal muscle differentiation (Narciso et al.,
Proc Natl Acad Sci USA, 2007, 104:17010). Upon oxidative stress
PARP 1 is hyperactivated in myotubes due to DNA single-strand breaks
(SSB) accumulation. This is expected to eventually lead to cellular
energy failure and cell death but surprisingly myotubes are resistant to
acute treatments with a variety of SSB-inducing agents including
hydrogen peroxide, methyl methanesulfonate and camptothecin. P53
has been implicated in the regulation of cell death in response to DNA
damage in mitotic as well as in post-mitotic cells. P53 mRNA levels
reach a maximum during muscle cell differentiation but then decline
strongly in cells undergoing terminal differentiation. Of the two kinase
branches involved in DNA damage response, the ATR/Chk1 pathway is
inactive in myotubes whereas the ATM/Chk2 module is active. Upon
SSB induction the ATM-mediated phosphorylation of H2AX occurs in
both myoblasts and myotubes but the activation of the p53 gene
response is impaired in myotubes. This phenomenon together with the
significant downregulation of Apaf-1, a key component of the apopto-
some, along the muscle cell differentiation process might at least par-
tially account for the exceptional resistance of myotubes to SSB-induc-
ing agents. Recently, another type of cell death, autophagy, has been
reported to function as novel response to some types of DNA damage.
Autophagy is stimulated during muscle cell differentiation as a protec-
tive system to guarantee the turnover of cytoplasmic components.  P53
null mouse satellite cells do not activate autophagy during differentia-
tion indicating that this process is p53-dependent. The contribution of
autophagy to cell death/survival of myoblasts and myotubes upon
DNA damage will be discussed.
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IN059
RECIPROCAL LINK BETWEEN THE CIRCADIAN CLOCK
AND THE DNA DAMAGE RESPONSE
M Oklejewicz (1), E Destici (1), R Janssens (1), F Tamanini (1), GTJ
van der Horst (1)
(1) Department of Genetics, Erasmus University Medical Center, PO
Box 2040, 3000 CA Rotterdam, the Netherlands
Email: g.vanderhorst@erasmusmc.nl

Most organisms have developed an internal clock that drives circadian
rhythms in metabolism, physiology and behavior, and allows them to
optimally anticipate the momentum of the day. At the basis of circadi-
an timekeeping lies a molecular oscillator, made up of auto-regulatory
transcription/translation feedback loops, in which cyclically expressed
clock gene products regulate their own expression with an approximate
(circa) 24-hour (dies) periodicity. The mammalian circadian system
consists of a light-entrainable master oscillator in the neurons of the
suprachiasmatic nucleus (SCN) in the basal hypothalamus, and light-
irresponsive peripheral oscillators in the cells of virtually all other tis-
sues. Although the molecular oscillator of non-SCN cells is self-sus-
taining, SCN-mediated synchronization of individual cellular oscilla-
tors is required to maintain a coherent output rhythm in peripheral tis-
sues. Disconnected from the master circadian clock in the brain, the cir-
cadian clocks of individual cells in culture rapidly desynchronize. The
importance of the circadian clock is further illustrated by the fact that
some ten percent of the liver transcriptome displays robust mRNA
cycling. Energy metabolism (producing reactive radicals) and xenobi-
otic metabolism are prominently controlled by the circadian clock,
implying that the sensitivity of tissues to geno- and cytotoxic agents
may well depend on the phase of the circadian clock. Moreover, the cir-
cadian system has been associated with control over DNA damage and
cell cycle response pathways, while conversely, we have shown that
DNA damage can phase shift the circadian oscillator in an ATM/ATR
dependent manner. This presentation will address the mechanism and
biological/medical importance of the circadian clock, with emphasis on
its impact on mutagenesis, carcinogenesis, and risk assessment of
(non)genotoxic carcinogens.

IN060
CELL AND TISSUE-SPECIFIC REQUIREMENTS FOR DNA
STRAND BREAK REPAIR DURING NEUROGENESIS. 
Peter J. McKinnon,
Dept. Genetics & Tumor Cell Biology, St Jude Children’s Research
Hospital, Memphis, TN, USA
Email: peter.mckinnon@stjude.org

Maintaining genomic integrity by DNA repair is fundamental for the
survival of an organism.  The development of the nervous system
requires vigilant DNA repair processes capable of repairing multiple
types of damage.  DNA repair is especially critical during early neuro-
genesis when rapid proliferation and progenitor expansion and differ-
entiation generates cellular diversity in the nervous system. Mutations
in DNA damage response factors can lead to a variety of human dis-
eases that are characterized by pronounced neuropathology, including
neurodegeneration, microcephaly and developmental abnormalities or
brain tumors. This presentation will cover our recent studies investigat-
ing the spatiotemporal requirements for DNA strand break repair and
signaling pathways during neurogenesis. We have focused on delineat-
ing the requirement for DNA strand break repair pathways during neu-
rogenesis.  Genetic analysis using mouse models in which key DNA
repair factors important for DNA double strand break repair (non-
homologous end-joining and homologous recombination) or single
strand break repair/base excision repair have been inactivated, will be
presented to illustrate the differential tissue-specific requirements for
these pathways during neural development.  Our studies have revealed
unexpected cell-type utilization of different strand break repair factors,
and DNA damage signalling pathways in the developing nervous sys-
tem. Understanding the interplay between signaling networks that
function to maintain genomic stability in the nervous system will be of
paramount importance for the further understanding and treatment of
neurological diseases associated with DNA repair deficiency.

IN061
CELL CYCLE CHECKPOINTS AND DNA REPAIR PATH-
WAYS VARY BETWEEN DIFFERENT CELL TYPES 
FOLLOWING EXPOSURE TO IONIZING RADIATION
Peter J. Stambrook and Elisia D. Tichy
Department of Molecular Genetics, Biochemistry and Microbiology
University of Cincinnati College of Medicine, 231 Albert Sabin Way,
Cincinnati, OH 4567-0524, USA
Email: peter.stambrook@uc.edu

Exposure of cells to ionizing radiation or a radiomimetic produces dou-
ble strand DNA breaks.  Cellular response to such damage can be vari-
able depending on cell type. We had previously shown that splenic T
cells and skin fibroblasts from mice heterozygous at Aprt both showed
an 8-fold increase in mutant frequency following radiation. Only skin
fibroblasts and not T cells display a concomitant increase in mitotic
recombination. We have proposed that embryonic stem (ES) cells, like
germ cells must have robust mechanisms not available to somatic cells
for maintaining genomic integrity.  In this context we have shown that
the mutation frequency in mouse ES cells is suppressed more than 100-
fold compared with isogenic somatic cells in vivo and in vitro. Unlike
somatic cells, mouse ES cells lack a G1 checkpoint and are hypersen-
sitive to external challenge. The absence of the G1 checkpoint allows
cells with damaged DNA to enter S phase, exacerbate the damage by
replication and undergo apoptosis, thereby maintaining the population
pristine. We have now examined ES cells and mouse embryo fibrob-
lasts (MEFs) from two mouse strains for mechanisms of double strand
DNA break repair. Our premise is that ES cells preferentially utilize
homology mediated repair (HMR) presumably to maintain faithful
repair.  We are testing this proposition.  Proteins involved in (HMR),
which uses the sister chromatid or homologous chromosome as a tem-
plate for high fidelity repair, are highly elevated in the ES cell com-
pared with MEFs. Nonhomologous end-joining (NHEJ), which is
inherently error-prone, is the other major double strand break pathway
and is predominant in somatic cells. Proteins that participate in this
pathway are variably expressed. Functional assays that utilize reporter
plasmids that discriminate between HMR and NHEJ support the
hypothesis and suggest that HMR predominates in ES cells and that
NHEJ is barely detectable.  When ES cells are induced to differentiate
by exposure to retinoic acid, the activities of the two repair pathways
reverses with NHEJ becoming predominant.

IN062
SOMATIC MUTATIONS AS A MOLECULAR RATIONAL OF
DISEASE IN COMPLEX CONGENITAL HEART DISEASE.
Jürgen Borlak
Medical School of Hannover, Fraunhofer Institute for Toxicology and
Experimental Medicine (Fh-ITEM), Nicolai-Fuchs-Str. 1, 30625
Hannover
Email: borlak@item.fraunhofer.de

Birth defects are the leading cause of infant mortality and malforma-
tions in congenital heart disease (CHD) are among the most prevalent
and fatal of all birth defects. Yet the molecular mechanisms leading to
CHD are complex and the causes for the cardiac malformations
observed in humans are still unclear. In recent years, the pivotal role of
certain transcription factors in heart development has been demonstrat-
ed, and gene-targeting of cardiac-specific transcription factor genes in
animal models has provided valuable insights into heart anomalies.
Nonetheless results in these models can be species-specific, and in
humans, germline mutations in transcription factor genes can only
account for some cases of CHD. Furthermore, most patients do not
have family history of CHD. There is, therefore, a need for a better
understanding of the mechanisms in both normal cardiac development
and the formation of malformations. Combining expertise in cardiac
anatomy, pathology, and molecular genetics is essential as to adequate-
ly comprehend developmental abnormalities associated with CHD. To
help elucidate genetic alterations in affected tissues of malformed
hearts, we carried out genetic analysis of cardiac-specific transcription
factor genes from the Leipzig collection of formalin-fixed malformed
hearts. Working with this morphologically well-characterized archival
material not only provided valuable genetic information associated
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with disease, but enabled us to put forward a hypothesis of somatic
mutations as a novel molecular cause of CHD. Knowledge of cause and
disease mechanism may allow intervention that could modify the
degree of cardiac malformations or development of new approaches for
prevention of CHD. 

IN063
PET DOGS AS SENTINELS OF ENVIRONMENTAL CANCER
RISK
DJ Waters (1,2), J Booth (2), B Clever (2), SS Kengeri (2), C Keller (1),
AH Maras (3)
(1) Department of Veterinary Clinical Sciences, Comparative
Oncology Program, and The Center on Aging and the Life Course,
Purdue University, West Lafayette, Indiana, USA; (2) Gerald P.
Murphy Cancer Foundation, West Lafayette, Indiana, USA; (3)
Dundee Animal Hospital, Dundee, Illinois USA
Email: waters @purdue.edu

For decades, dogs in the research laboratory have advanced the under-
standing of the acute and long-term effects of high doses of cancer-
causing chemicals.  The goal of this presentation is to introduce an
emerging new paradigm to the field of environmental toxicology: uti-
lizing pet dogs living in the same environment as humans as sentinels
of environmental cancer risk (Waters and Wildasin, Cancer Clues
From Pet Dogs, Scientific American 2006). The rationale for this
approach is that: (1) the association between relevant, low-level expo-
sures encountered by humans and spontaneous tumor development can
be studied in pet dogs; and (2) the compressed lifespan of dogs com-
pared to humans translates into relatively brief exposure-to-cancer
diagnosis intervals.  For example, time from asbestos exposure to diag-
nosis of mesothelioma in humans is up to 30 years; in contrast, the time
interval for dogs is usually less than 8 years. Studying pet dogs may
have important implications for: (1) remediating environmental
sources of toxicants; (2) informing closer monitoring of exposed
humans; and (3) guiding mechanistic and biomarker studies.  Our
research team is committed to unleashing the pet dog population as a
one-of-a-kind resource to better understand the factors that influence
human cancer risk, cancer resistance, and healthy longevity.

IN064
TOXICOPATHIC LIVER LESIONS AND OTHER BIOMARKERS
OF CHEMICAL EXPOSURE AND EFFECT IN SENTINEL FISH
SPECIES IN PUGET SOUND, WASHINGTON AND OTHER
COASTAL AREAS OF THE UNITED STATES
MS Myers, LJ Johnson, TK Collier
Environmental Conservation Division, Northwest Fisheries Science
Center, NOAA Fisheries, Seattle, Washington, USA 98112
Email: mark.s.myers@noaa.gov

For 30 years our laboratory has studied the impact of PAHs and related
pollutants on benthic fish, following an interdisciplinary approach
involving chemical exposure assessment linked to synoptic detection of
various effects at several levels of biological organization.  These studies
demonstrate a cause-and-effect relationship between the occurrence of
neoplastic and neoplasia-related liver lesions in English sole (Parophrys
vetulus), and exposure to PAHs, and to a far lesser degree, chlorinated
hydrocarbons such as PCBs.  In statistical analyses of data from many
field studies conducted since 1978, exposure to PAHs measured in vari-
ous compartments has consistently been identified as a highly significant
risk factor for neoplasms and related lesions in this species, explaining
up to 54% of the variability in lesion prevalence.  A cause-and-effect
relationship is further supported by the induction of liver lesions identi-
cal to those observed in field-collected fish, in sole experimentally
exposed to model carcinogenic PAHs such as BaP or to PAH-rich
extracts of sediments from Eagle Harbor, a severely PAH-contaminated
site in Puget Sound, WA, USA.  Recent field studies have identified sig-
nificant associations between hepatic cytochrome P4501A (CYP1A)
induction and xenobiotic-DNA adducts, and hepatic lesion prevalences
in wild sole.  Field studies in Eagle Harbor after capping of the most
PAH-contaminated region of this harbor with clean dredge spoils
(Sept.1993-March 1994) and up through May of 2005, have shown a

decline in PAH exposure as assessed by biliary fluorescent aromatic
compounds (FACs) and hepatic xenobiotic-DNA adducts, along with a
parallel, dramatic decline in occurrence of toxicopathic liver lesions in
sole from this Superfund site. Sediment ∑PAH-effects threshold concen-
trations for these lesions in sole have also been estimated using segment-
ed regression of field data, and range from 54 to 2800 ppb (dw).
Collectively, these lab and field findings relating PAH exposure to the
occurrence of hepatic neoplasms and neoplasia-related lesions in English
sole fulfill the classic criteria for causality in epizootiological or ecolog-
ical risk assessment studies. Supportive case studies in other fish species
in the coastal USA are also discussed.

IN065
GENOTOXICITY OF POLLUTED SOILS : RESPONSE OF
BIOLOGICAL INDICATORS
Vasseur P and Bonnard M 
CNRS UMR 7146, Lab. Interactions, Ecotoxicology, Biodiversity,
Ecosystems - University of Metz, rue Delestraint, 57070 Metz, France
Email: vasseur@univ-metz.fr

Industrially-contaminated soils are a major concern of most developed
countries which are faced with the problem of historical contamination.
Chemical analytical results generally indicate the presence of pollutants
of concern such as chemicals known to be genotoxic to vertebrates.
Polycyclic aromatic hydrocarbons (PAHs) and metals are often found at
high concentrations in polluted soils generated by coal and iron extrac-
tion, mining, cokeries and steel industries. The question of the impact of
genotoxic pollutants to soil organisms and population dynamics can be
answered by parallel studies of genotoxicity and chronic toxicity on ter-
restrial species. While genotoxicity of leachates and soil extracts is com-
monly measured using microorganisms and plants, investigations of
genotoxicity in terrestrial species exposed to field-contaminated soils are
rare. Soil genotoxicity in earthworms can be assessed using the comet
assay applied to coelomocytes of the intestinal tract particularly exposed
to soil pollutants. Testing the complex environmental matrices is advis-
able to determine bioavailability of pollutants and their interacting
effects. Results of investigations on soils from an industrial wasteland
and an industrial site will be used to address the above questions. Both
soils were heavily contaminated by PAHs, and by metals at different lev-
els. A follow up of genotoxicity measured in the first days of earthworm
exposure was predictive of pollutant bioavailability and chronic toxicity.
It indicated also possible DNA repair. Our investigations demonstrated
that pollutant bioavailability was dramatically reduced due to ageing and
weathering of polluted soils. Therefore pitfalls could result from extrap-
olating toxicity based on chemical analyses of soil pollutant concentra-
tions. Bioassays are indispensable to measure toxicity of a soil matrix to
complete the first diagnostic of contamination given by chemical analy-
ses. Genotoxicity is helpful to highlight the actual toxicity of a soil con-
taminated by pollutants of concern. Improvements in the approach to link
reponses of biological indicators to populational effects will be dis-
cussed.

IN066
TRANSCRIPTOMICS AND PROTEOMICS IN MUS SPRE-
TUS: NEW TOOLS FOR ENVIRONMENTAL POLLUTION
ASSESSMENT
C Pueyo, J Ruiz-Laguna, M-J Prieto-Alamo, N Abril, J Jurado, J
López-Barea
Department of Biochemistry and Molecular Biology, Córdoba
University, Spain
Email: bb1pucuc@uco.es

Biomarkers are measured in bioindicators for assessing environmental
pollution. Omics methodologies are powerful tools with the potential
for identifying novel biomarkers and acquiring insight into toxicity
mechanisms. Bioindicators are usually poorly represented in
gene/protein sequence databases, limiting the use of omics in ecotoxi-
cological studies. Mus spretus is a nonprotected rodent that attains high
population densities, typically inhabits marshlands, and feeds on
plants, seeds and insects around its burrow. We studied the suitability
of high-throughput transcriptomics and proteomics approaches in
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assessing the biological effects of polluted terrestrial ecosystems on
inhabitant M. spretus mice. Given that the genome of this aboriginal
species is unknown, we used as reference the sequence databases of
Mus musculus (~1.5 million years of evolutionary divergence). Mice
were captured at six sites in SW Spain. Animals dwelling at the Doñana
Biological Reserve (SOL) were used as negative control and compared
with specimens collected along the lower (DR1), middle (DR4) and
upper (DR6) course of the “Domingo Rubio” stream, and at a sur-
rounding industrial settlement (PS) and rice field (MAT). Genome-
wide transcriptional profiling was performed with microarrays manu-
factured from mRNAs of M. musculus (44K Whole Mouse Genome
Oligo Microarray, Agilent). Arrays were hybridized with samples
derived from pooled livers (nine/site). Statistical analyses
(FEWER<0.01) showed that ~2000 sequences were differentially
expressed in animals from one or several of the problem sites in com-
parison with the negative reference, considering the technical variation
(four microarrays/group). The mRNA copy numbers of selected genes
were quantified by qRT-PCR to validate the microarray results and to
further quantify the mRNA profiles in individual mice. Samples were
also subjected to proteomic analysis: 2-DE protein separation,
MALDI-TOF-PMF identification and peptide matching with M. mus-
culus database. Selected proteomic data were validated by 1-DE and 2-
DE immunoblotting. Metal analysis, conventional biochemical assays,
and mRNA level quantification were performed to assist the interpreta-
tion of proteomic results.
Financial supports: Junta de Andalucia (CVI-3829) and FEDER funds.

IN067
ENHANCED IN VIVO MUTATIONS IN THE LUNG OF
PHASE II ENZYME-SUPPRESSED MICE
Y Aoki 
National Institute for Environmental Studies, Research Center for
Environmental Risk, Tsukuba, Japan
Email: ybaoki@nies.go.jp

Polycyclic aromatic hydrocarbons (PAH) and related nitroarenes (eg,
dinitropyrene) are recognized to be potent environmental mutagens and
carcinogens. These compounds are metabolized by phase I enzymes to
reactive intermediates that can form DNA adducts and lead to gene
mutations. Phase II enzymes (eg, glutathione S-transferase) catalyze
the transformation of reactive PAH intermediates to excretable
hydrophilic conjugated metabolites. The expression levels of phase II
and related antioxidant enzyme genes are thought to determine the
mutagenicity of PAH. Nrf2 is an essential transcription factor for phase
II enzymes and the nrf2 knockout mouse has been hypothesized to be
an excellent model system for analyzing mutations under phase II
enzyme-suppressed conditions. We examined the lungs from nrf2
knockout mice for the production of DNA adducts after exposure for 4
weeks to diesel exhaust (DE) at 3 mg/m3 suspended particulate matter,
which is a source of noxious mutagenic and carcinogenic PAH (eg,
benzo[a]pyrene (BaP)) in ambient air. The increase in the relative
adduct level in the lungs of mice exposed to DE was 2.3-fold higher in
nrf2-/- mice than in nrf2+/- mice suggesting that the suppressed activ-
ity of phase II enzymes plays a key role in increasing DNA adduct for-
mation. Next, to address whether Nrf2 is also involved in the protec-
tion of DNA against mutation, we generated nrf2+/-::gpt and nrf2-/-
::gpt mice. In this system, the guanine phosphoribosyltransferase (gpt)
gene is integrated into the genome as a target gene for assessing geno-
toxicity in vivo. The frequency of spontaneous mutation of the gpt gene
in the lung was approximately three times higher in nrf2-/- mice than
in nrf2+/- or wild-type (nrf2+/+) mice. A single intratracheal instilla-
tion of 1 mg BaP increased the frequency of mutation 3.1- and 6.1-fold
in nrf2+/- and nrf2-/- mice, respectively, compared with that in untreat-
ed nrf2+/- mice, showing that nrf2-/- mice are more susceptible to
genotoxic carcinogens. These results suggest that the expression of
phase II enzymes protects genomic DNA against mutation, and also
highlight the potential of the nrf2 knockout mouse in assessing the car-
cinogenic risk of environmental mutagens under conditions where pro-
tective enzymes are suppressed.

IN068
IS THE ERA OF GWAS ALREADY OVER?
Paolo Vineis
Imperial College London, UK
Email: p.vineis@imperial.ac.uk

There are considerable expectations about the ability of genome-wide
association (GWA) studies to make exciting discoveries on the role of
genes in common diseases. GWA studies may allow researchers to
identify causal pathways that have not been unveiled before, thus open-
ing new avenues to disease understanding, prevention and therapy.
However, there are still many open challenges. One is how to analyse
these studies. The problem of false positives and false negatives pro-
vides an interesting methodological stimulus to find optimal solutions.
Once main genetic effects have been concretely documented, the next
question is how to proceed with the investigation of gene-gene and
gene-environment interactions. It is possible that what really counts is
not the main effect of genes but complex interactions. Finding and
interpreting such interactions is not straightforward. Finally, continu-
ous updated integration of all evidence, from both old studies, current
GWA investigations and future replication studies and careful interpre-
tation of the strength of the evidence are crucial to maximize trans-
parency and lead to informative selection of the next steps of research
in this field. The present Symposium will contribute to elucidate these
and other GWAS-related issues.

IN069
GENOME-WIDE ASSOCIATION STUDIES: OUTSTANDING
ADVANCES, EXCITING CHALLENGES 
TA Manolio
Office of Population Genomics, National Human Genome Research
Institute, Bethesda, Maryland, USA
Email: manolio@nih.gov

Genome-wide association (GWA) studies have been remarkably suc-
cessful in identifying genetic variants associated with common, com-
plex diseases—over 400 such associations have been robustly replicat-
ed in the four years since the advent of this technology.  Many of these
genetic variants lie in genes previously unsuspected of being related to
the associated conditions, and nearly half are in regions containing no
known genes at all. These findings are shedding new light on the patho-
physiology of complex diseases, as well as identifying promising tar-
gets for drug development or variants related to drug selection or dos-
ing.  Surprisingly, most GWA-defined variants confer small increased
risk of disease and taken together explain only a small proportion of the
familial clustering of a given trait. Approaches for finding this “miss-
ing heritability” include whole-genome sequencing and association
testing of resulting rare variants, exploring GWA data for structural
variation and evidence of interaction among genes and with the envi-
ronment, and expanding GWA sample sizes through meta-analyses and
consortia, especially in persons of non-European ancestry.
Identification of these variants is typically only a first step, with exten-
sive efforts needed to pinpoint the true causal variant, define its func-
tion, and modify its effects. Findings from sequencing large numbers
of individuals are expected to provide important clues to the impact of
GWA-defined variants on genomic function.  GWA studies will contin-
ue to be critical for determining the role of genomic variation in com-
plex diseases, by seeking associations with other traits in persons with
existing GWA data, and by establishing new studies of previously
unstudied traits.  A relatively under-explored area is the environmental
modification of genetic effects, or gene-environment interaction, which
will be facilitated by wide availability of GWA data in well-character-
ized, population-based cohorts with extensive exposure information.
The challenge of relating millions of genetic variants to potentially
hundreds or thousands of traits and exposures, though computationally
and inferentially daunting, presents exciting opportunities for discov-
ery of the joint role of genes and environment in complex diseases.
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IN070
GENOME-WIDE ASSOCIATION STUDIES: STATISTICAL
DEVELOPMENTS
David Balding
Centre for Biostatistics, Imperial College London, UK
Email: d.balding@ic.ac.uk

Given the small effect sizes of causal genetic variants discovered by
genome-wide association studies, enthusiasm for funding new GWAS
is beginning to decline. The solution to the problem of the “heritabili-
ty gap”, between high heritability estimates and low variance explained
by common causal variants, may lie in structural variants or epigenet-
ic factors, for example, but there is also more information to be gained
from SNP-based GWAS, through better statistical modelling to detect,
for example, of weak common variants at which the association is due
to rarer causal variants of larger effect.  I will discuss recent statistical
developments for SNP-based GWAS, and also look forward to future
sequence-based GWAS.

IN071
APPLICATION OF EPIGENOMICS IN CANCER RESEARCH
Zdenko HERCEG
Epigenetics Group, International Agency for Research on Cancer
(IARC), 150 Cours Albert Thomas, F-69008, Lyon, France
Email: herceg@iarc.fr

Recent spectacular progress in the field of epigenetics and epigenomics
may prove essential for understanding the causes of complex diseases,
including cancer, and provide the basis for novel strategies for treatment
and prevention. Although the role of epigenetic events is supported by both
epidemiological and experimental studies, the precise gene targets of epi-
genetic alterations in human cancers are largely unknown. Remarkable
technological advances in epigenetics and epigenomics now allow power-
ful screening of large series of samples with unprecedented resolution.
These approaches are beginning to reveal a number of cancer-associated
genes susceptible to inactivation through epigenetic mechanisms as well as
highly specific epigenetic biomarkers. Epigenetic profiling using both
genome-wide and candidate-gene approaches in normal tissues, tumour
speciments and bodily fluids will help not only to elucidate the mechanism
underlying tumourigenesis, but also to identify specific epigenetic targets,
environmental, nutritional and lifestyle factors, and the critical windows of
vulnerability to environmental epimutagens. Together with the intrinsic
reversibility and ubiquity of epigenetic changes in virtually all types of
human cancer, these advances should prove instrumental in the develop-
ment of epigenetics-based strategies for early detection, treatment and pre-
vention. New emerging technologies in epigenomics and approaches to
exploit them in the context of cancer research and strategies for cancer con-
trol will be discussed.

IN072
EPIDEMIOLOGY AND PRIMARY PREVENTION OF HPV-
RELATED PRE-CANCEROUS AND CANCEROUS LESIONS
P Bonanni, S. Boccalini, G Pesavento, E Tiscione, A Bechini
Department of Public Health, University of Florence, Florence, Italy
Email: paolo.bonanni@unifi.it
Human Papillomaviruses (HPV) have an icosaedric structure and are
characterised by a double-stranded circular DNA genome containing
7800-7900 base pairs codifying for 8 different proteins. The two exter-
nal proteins L1 and L2 form the viral capsid, while non-structural pro-
teins are important for the virus life cycle. In particular, E6 and E7-
encoded proteins show a high transforming activity and have a key role
in the initiation of the oncogenic process because they interfere with
the normal function of onco-suppressive genes (namely, p53, a down-
regulator of cellular growth and proliferation, and pRB). Among the
over 100 HPV types, at least 13 (plus possibly other 5) have been
recognised by the IARC as clearly oncogenic. Types 16 and 18 account
for >70% of cervical cancer cases. Other types (especially 6 and 11) are
responsible for the development of genital warts. Although HPV infec-
tion is extremely frequent in the sexually active population, most infec-
tions are spontaneously cleared in few weeks or months. Only persist-
ent infections can lead to the occurrence of cervical pre-cancerous

lesions (CIN1-3) and, in the longer term, to the development of cervical
cancer. However, other cancers (vulvar, vaginal, penile, anal, etc.) are
associated with chronic HPV infection. Until recently, only secondary
prevention of cervical cancer was possible based on the identification by
cytological abnormalities via periodical screening (Pap Test) and conse-
quent treatment. Since 3 years, two preventive vaccines have been
licensed, one containing 4 (16, 18, 6 and 11) and the other 2 (16 and 18)
HPV types. Such vaccines were demonstrated to be extremely effective
to prevent pre-cancerosus lesions (CIN2+) in clinical trials and in the fol-
low-up of vaccinated women, and are now recommended for universal
use especially in pre-adolescent girls. The most recent open questions
regard long term protection and cross protection. Being a correlate of
protection still unknown, we need to understand the exact role of anti-
bodies and of other possible mechanisms for protection. Of particular
importance, is the still undemonstrated ability of natural mucosal infec-
tion to boost immunological memory acquired through vaccination.

IN073
RECENT PROGRESS IN PREVENTION AND TREATMENT
OF HEPATOCELLULAR CARCINOMA (HCC)
D. Shouval
Liver Unit, Hadassah-Hebrew University Hospital, Jerusalem, Israel
Email: shouval@cc.huji.ac.il

Epidemiologic studies lead to identification of a large number of risk fac-
tors affecting progression of patients with cirrhosis to HCC.  These
include among others hepatitis B virus infection - HBV (and especially
viral load, male sex and age of infection), HCV, HDV and HIV infection
or co-infection, inflammatory liver diseases (i.e steato-hepatitis), alcohol
and environmental toxins (i.e. aflatoxin).Major advances have been
made in the last 2-3 decades in the primary and secondary prevention and
treatment of HCC .Universal immunization against HBV in neonates ,
already introduced in 167 countries worldwide, is leading to a constant
reduction in the global prevalence of HBsAg carriers and the incidence
of HBV associated HCC. Furthermore, potent anti-viral agents (with low
resistance rates) enables excellent control of HBV viral load ,shown to be
a major risk factor in development of HCC. In addition, liver transplan-
tation has markedly improved the prognosis of HCC, irrespective of  eti-
ology. Efforts are now in progress in identification of new therapeutic
targets in HCC cells. Recent introduction of multi-kinase inhibitors such
as Sorafenib is one example of the new molecules in development which
suppress  the complex process of malignant transformation. Chronic
inflammation has been suggested as a major risk factor in development
of cancer including HCC. NF-kappaB is a family of transcription factors
believed to trigger onset and resolution of inflammation which are now
being explored as therapeutic anti-inflammatory targets. Blocking of NF-
kappaB passways should suppress generation of free radicals, stimula-
tion of cytokines, chemokines, as  well as epithelial and vascular growth
factors which are all involved in the HCC associated inflammatory
process. Another experimental avenue involves  blocking of alterations
and expression of p53 which may lead to over-activation of anti-apoptot-
ic pathways and resistance to chemotherapeutic agents. In conclusion,
universal immunization against HBV is leading to a major reduction in
incidence of HCC worldwide. New anti-HCC agents and liver transplan-
tation offer new hope for an improved survival for those patients with
already established HCC.

IN074
DEVELOPMENT OF VACCINES AGAINST HELICOBACTER
PYLORI
G. Del Giudice, MD
Translational Medicine, Research Center, Novartis Vaccines and
Diagnostics, Siena, Italy
giuseppe.del_giudice@novartis.com

Helicobacter pylori is a gram negative, microaerophilic bacterium
adapted to survive in the stomach of humans beings where it causes
peptide ulcer and can induce gastric cancer. Although effective antibi-
otic treatment exists, there is consensus that vaccines are necessary to
prevent the complications of this infection. Great progress has been
made since its discovery 25 years ago in the understanding of the viru-
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lence factors and of several aspects of the pathogenesis of the H. pylori
gastric diseases. Several key bacterial factors have been identified,
such as urease, the vacuolating cytotoxin, the cytotoxin-associated
antigen and the pathogenicity island, the neutrophil-activating protein,
and others. These proteins, in their native or recombinant forms, have
been shown to confer protection against infectious challenge with H.
pylori in experimental animal models. It is not known, however,
through which effector mechanisms this protection is achieved.
Nevertheless, a number of clinical trials in healthy volunteers have
been conducted mainly using urease given orally as a soluble protein or
expressed in bacterial vectors with limited results. More recently, a
mixture of H. pylori antigens has been reported to be highly immuno-
genic in H. pylori-negative volunteers following intramuscular admin-
istration of the vaccine with aluminium hydroxide as an adjuvant. This
data show that vaccination against this pathogen is feasible. A success-
ful vaccine approach could pave the way to the prevention of the infec-
tion with H. pylori and of the major complications of this infection,
including gastric cancer.

IN075
EPSTEIN-BARR VIRUS INFECTION, MUTATIONS AND
CANCER
PJ Farrell
Department of Virology, Imperial College Faculty of Medicine, Norfolk
Place, London W2 1PG, UK
Email: p.farrell@imperial.ac.uk

Epstein-Barr virus (EBV) infection efficiently induces human B cell
proliferation, causing lymphomas in some immunosuppressed patients.
EBV is also involved in several types of human cancer in immunocom-
petent people,  contributing to about 1% of human cancer worldwide.
EBV genes expressing EBNA and LMP proteins and several function-
al RNAs and are thought to contribute to cancer development in com-
bination with cell gene mutations, which are selected in the cancers.
The mechanisms, including a potentially directly mutagenic process
induced by EBV, will be reviewed.  We have devised convenient assays
to identify the cell genes regulated by EBV EBNA2, including
RUNX3, which we showed to be required for proliferation of EBV
infected B cell lines. Investigation of natural sequence variation in
EBV has lead to identification of two main EBV types (type 1 and 2)
and additional worldwide regional strain variation. Type 1 EBNA2
strains of EBV immortalize human B cells much more efficiently than
type 2. We identified a small number of cell genes that are differential-
ly regulated by the two viral types. One of these differentially regulat-
ed cell genes is CXCR7, which we showed is required for EBV driven
B cell proliferation. The EBV LMP1 gene is also differentially regulat-
ed by EBNA2 types. By making chimaeras of the type 1 and type 2
EBNA2 genes, we have mapped the part of type 1 EBNA2 responsible
for sustaining proliferation of a human B cell line. The relationship
between EBV strain variation and disease will be discussed.

IN076
TOWARD A NON-CODING RNA REVOLUTION IN THE 
CANCER SOCIETY
George A. Calin
University of Texas M.D. Anderson Cancer Center, USA
Email: gcalin@mdanderson.org

MicroRNA and other short or long non-codingRNAs alterations are
involved in the initiation, progression and metastases of human cancer.
The main molecular alterations are represented by variations in gene
expression, usually mild and with consequences for a vast number of
target protein coding genes. The causes of the widespread differential
expression of non-codingRNAs in malignant compared with normal
cells can be explained by the location of these genes in cancer-associ-
ated genomic regions, by epigenetic mechanisms and by alterations in
the processing machinery. MicroRNA and other short or long non-
codingRNAs expression profiling of human tumors has identified sig-
natures associated with diagnosis, staging, progression, prognosis and
response to treatment. In addition, profiling has been exploited to iden-
tify non-codingRNAs that may represent downstream targets of acti-

vated oncogenic pathways or that are targeting protein coding genes
involved in cancer. Recent studies proved that miRNAs and non-cod-
ing ultraconserved genes are main candidates for the elusive class of
cancer predisposing genes and that other types of non-codingRNAs
participate in the genetic puzzle giving rise to the malignant phenotype.
These discoveries could be exploited for the development of useful
markers for diagnosis and prognosis, as well as for the development of
new RNA-based cancer therapies.

IN077
MICRORNAS IN CELL DIFFERENTIATION AND CANCER
Frank J. Slack
Department of Molecular, Cellular and Developmental Biology, Yale
University, New Haven, CT 06520, USA
Email: Frank.slack@yale.edu

Summary: We are focused on the role of let-7 and other microRNA
(miRNAs) in regulating proto-oncogene expression during develop-
ment and cancer, and on using miRNAs to diagnose and suppress
tumorigenesis. Background: MiRNAs are a large family of small regu-
latory RNAs found in multicellular eukaryotes, including humans that
regulate gene expression to control important aspects of development
and metabolism such as cell differentiation, apoptosis and lifespan.
MiRNAs, while poorly understood, have been shown to be important
regulators of development and even implicated in human cancers.
miRNAs control gene expression through complementary elements in
the 3’UTRs of target mRNAs. let-7, a founding member of the
miRNAs is required for timing of the developmental switch from lar-
val to adult cell fates in C. elegans. Four closely related miRNAs con-
stitute the C. elegans let-7 family. Expression of let-7 RNA is tempo-
rally regulated, with robust expression in the fourth larval and adult
stages. The let-7 miRNA is phylogenetically conserved and temporally
expressed in many animals. C. elegans let-7 controls terminal differen-
tiation in a stem cell-like lineage in the hypodermis, while human let-
7 has been implicated in lung cancer. In recent years, many miRNAs
have been linked to cancer. Results: To elucidate let-7’s role in tempo-
ral control of nematode development, we used sequence analysis and
reverse genetics to identify candidate let-7 target genes. Our findings
show that let-7 acts in at least three tissues to regulate different tran-
scription factors, raising the possibility of let-7 as a master temporal
regulator. Additionally we found that one let-7 family member, mir-84,
is expressed dynamically in vulval precursor cells at the time that they
are specified for distinct roles in vulval morphogenesis. Specifically,
mir-84 is absent when let-60/ras is actively specifying the 10 vulval
fate in P6.p. The 3’UTR of let-60/ras contains multiple mir-84 miRNA
complementary sites, and restricts reporter gene expression to P6.p.
mir-84 over-expression suppresses the multivulva phenotype of acti-
vating let-60/ras mutations.  This suggests that let-60/ras is a target of
mir-84, which modulates ras signaling leading to vulval cell fate spec-
ification. In addition, mammalian HRAS, KRAS and NRAS 3’UTRs
contain multiple let-7 complementary sites, suggesting conservation of
gene interactions. We showed that the let-7 family of miRNAs controls
expression of RAS, through sequences in its 3’untranslated region. The
3’ UTRs of the human RAS genes contain multiple LCSs, allowing let-
7 to regulate RAS expression. let-7 expression is lower in lung tumors
than in normal lung tissue while RAS protein is significantly higher in
lung tumors, providing a possible mechanism for let-7 in cancer. The
RAS family makes up major oncogenes in various cancers, including
lung cancer. We showed that human let-7 is poorly expressed or delet-
ed in lung cancer, but let-7 is highly expressed in lung tissue. This work
suggests that the level of expression of the let-7 miRNA might be an
important factor in limiting or contributing to oncogenesis. Inhibiting
let-7 function leads to increased cell division in A549 lung cancer cells,
providing evidence that let-7 functions as a tumor suppressor in lung
cells. Over-expression of let-7 in cancer cell lines alters cell cycle pro-
gression and reduces cell division. While let-7 regulates the expression
of the RAS lung cancer oncogenes. we also showed that multiple genes
involved in cell cycle and cell division functions are also directly or
indirectly repressed by let-7. This work reveals the let-7 miRNA to be
a master regulator of cell proliferation pathways. This was also be the
first step in a possible cancer therapy, targeting RAS with a miRNA. 
Lung cancers do not respond to current chemotherapy and radiothera-
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py and novel therapeutic options are desperately needed. We showed
that delivery of a miRNA to lung cancers in vivo can slow their growth,
the first time any microRNA has been shown to have therapeutic effi-
cacy in vivo in cancer. This opens up the possibility of miRNA replace-
ment therapy for cancer patients. Most lung cancer patients beyond
stage 1 have a poor outcome, but very few lung cancers are diagnosed
at stage I and screening mechanisms are expensive, demonstrating the
desperate need for markers of individuals with a greater risk of devel-
oping lung cancer. We identified a single nucleotide polymorphism
(SNP) in the KRAS 3’UTR that disrupts let-7 miRNA binding, and is
associated with a 2-fold increased risk of developing lung cancer. This
is the first solid genetic marker for inherited lung cancer risk, and also
suggested that 3’UTRs are an unmined area for variation associated
with cancer risk.

IN078
MICRORNA ONCOGENIC PATHWAYS DERAILED IN 
HEPATOCELLULAR CARCINOMA
Massimo Negrini
Dipartimento di Medicina Sperimentale e Diagnostica, Università di
Ferrara, Italy
Email: ngm@unife.it

A myriad of studies have conclusively proven the central role of
microRNAs in human cancer.  Gene expression studies revealed the
tens of microRNAs that are deregulated in cancer cells. Among
microRNAs deregulated in human hepatocellular carcinoma (HCC),
miR-122 and miR-221 emerge. Illustrative of how microRNAs pro-
mote cancer, we present studies aimed at clarifying their involvement
in molecular and biological oncogenic processes. To this end, the iden-
tification of target mRNAs is a key step for assessing the function of
aberrantly expressed microRNAs. miR-221 is up-regulated in 70% of
HCCs. We found that CDKN1B/p27 and CDKN1C/p57 genes, encod-
ing for cyclin-dependent kinase inhibitors, are targets of miR-221. p27
and p57 proteins, which are down-regulated in 77% of HCCs, exhibit
a significant inverse correlation with miR-221. We have shown that
miR-221 can also target and inhibit the expression of the pro-apoptot-
ic BH3-only protein BMF.  Thus, the up-regulation of miR-221 in HCC
can, at the same time, promote cell cycle progression and inhibit apop-
tosis, thereby favoring tumor formation. miR-122, a liver-specific
microRNA, is down-regulated in 70% of HCCs.  We found that cyclin
G1 is one of its target and is up-regulated in HCC.  We found that, by
influencing cyclin G1 level, the down-regulation of miR-122 in HCC
promotes p53 protein degradation and inhibits its activity. This result
establishes a link between miR-122 down-regulation and tumorigene-
sis. These findings have relevance for HCC prognostic stratification.
High miR-221 expression is associated with tumor multifocality and
reduced time to recurrence after surgery. Low miR-122 is associated
with a shorter time to recurrence, whereas high cyclin G1 expression is
correlated with a low survival rate. Moreover, these findings may also
be important for the development of systemic liver cancer therapy, at
present poorly effective against HCC. Indeed, miR-221 may represent
a potential target for non-conventional treatment against HCC.
Moreover, the restoration of miR-122 expression, as well as cyclin G1
silencing, increases sensitivity to doxorubicin challenge. Discoveries
of mechanisms and molecular functions derailed by microRNA aber-
rant expression have greatly improved our understanding of the molec-
ular basis of cancer and, more importantly, laid the foundation for the
exploitation of microRNAs in cancer therapy.

IN079
POST TRANSCRIPTIONAL REGULATION OF MICRORNA
EXPRESSION IN HUMAN TUMORS AND CANCER CELL LINES
Jinmai Jiang (1), Eun Joo Lee (1), Myung-Won Baek (1), Yuriy Gusev
(2), Daniel J. Brackett (2) and Thomas D. Schmittgen (1)
(1) College of Pharmacy and Comprehensive Cancer Center, Ohio State
University, Columbus, OH USA;  (2) Department of Surgery, University of
Oklahoma Health Sciences Center, Oklahoma City, OK USA
Email: schmittgen.2@osu.edu

microRNAs (miRNAs) are a class of small noncoding RNAs that reg-

ulate translation following binding of the mature miRNA to conserved
sequences within the target messenger RNAs.  The ~ 21 nt mature
miRNA is processed from longer precursor molecules in two subse-
quent steps; the first step is the processing of the primary precursor
miRNA (pri-miRNA) to the precursor miRNA (pre-miRNA) by the
nuclear Drosha, the second step includes processing of the pre-miRNA
to the mature miRNA by the cytoplasmic Dicer.  Using quantitative
PCR (qPCR) assays developed in our lab to the pri-miRNA and the pri-
/pre-miRNAs and commercially available assays to the mature
miRNA, we were able to assay each of the miRNA species.  This
allowed us to determine if miRNA processing is regulated and at which
step. The precursor and mature miRNA from 22 different human tis-
sues, 37 human cancer cell lines and 16 pancreas and liver tis-
sues/tumors was profiled using qPCR.  Pearson correlation between the
precursor and mature miRNA expression was closer to one for the tis-
sues and pancreas tumors/tissues but was closer to zero for the cell
lines and liver tumors/tissues, suggesting that processing of miRNA
precursors is reduced in cancer cell lines and in liver cancer.  Using
Northern blotting, we show that many of these miRNAs (e.g., miR-31,
miR-105 and miR-128a) are processed to the precursor, but in situ
hybridization analysis demonstrates that these miRNA precursors are
retained in the nucleus.  Our results demonstrate that the miRNA pre-
cursors do not always predict the expression of the active, mature
miRNA and that qPCR is an effective method to study post transcrip-
tional regulation of miRNA.  While microRNA expression has been
shown to be deregulated in all cancers studied to date, a mechanism to
describe the altered miRNA levels for most cancers is unknown. Post
transcriptional regulation of miRNA processing appears to be a major
means of regulating altered miRNA expression in human cancer.

IN080
TRADITIONAL AND FUNCTIONAL BIOMARKERS FOR
MONITORING EXPOSED POPULATIONS FOR HEALTH
RISK ASSESSMENT
William W. Au
Department of Preventive Medicine and Community Health, University
of Texas Medical Branch, Galveston, TX 77555-1110, USA
Email: william.au@utmb.edu

A variety of biomarkers have been used to monitor exposed popula-
tions to determine potential health hazards from their exposure to envi-
ronmental toxic agents.  Traditional biomarkers are categorized into
Biomarkers of Exposure, Biological Effects and Health Risk.
However, the majority of these biomarkers have been focused onto the
identification of biological damage but not on functional deficits that
are positioned along disease pathways, e.g. cancer.   One of such path-
ways belongs to the extensive and complex DNA-repair machinery.
The machinery thus becomes an enormous target for damage from
exposure to environmental toxic agents and damage to any component
of a repair pathway will interfere with the pathway-specific repair
activities. Therefore, when cells from exposed populations are chal-
lenged with a DNA-damaging agent in vitro, the in vivo exposure-
induced repair deficiency will be dramatically amplified and the defi-
ciency will be detectable in a challenge assay as increased chromosome
aberrations, micronuclei or un-repaired DNA strand breaks.
The challenge assay has been used in different laboratories around the
world to show DNA repair deficiency in a variety of exposed popula-
tions.  These exposed populations include cigarette smokers; citizens
exposed uranium mining and milling waste, heavy environmental pol-
lutants and arsenic in drinking water; workers exposed to benzene,
butadiene, styrene, mercury, lead, etc. The predicted health conse-
quences of some of these studies have also been validated.  Therefore,
the challenge assay is a useful functional biomarker to compliment tra-
ditional biomarkers for population health risk assessment studies.

IN081
ENVIRONMENTAL AIR POLLUTION AND ASSESSMENT OF
HEALTH RISK IN VARIOUS POPULATIONS
Mathuros Ruchirawat
Chulabhorn Research Institute, Bangkok 10210, Thailand
Email: mathuros@cri.or.th
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In Asia, urban air pollution originates mainly from incomplete fossil
fuel combustion resulting in emissions which contain carcinogenic
compounds such as PAHs, benzene and 1,3-butadiene. Life style fac-
tors such as incense burning also contributes to the generation of these
carcinogens. To assess the health risk of such exposure,  personal mon-
itoring of exposure to these carcinogenic compounds utilizing various
biomarkers of internal doses and early effects have been conducted in
school children, street vendors and temple workers. PAHs, benzene and
1,3-butadiene levels are high on the road and road sides in Bangkok.
School children attending school in Bangkok are exposed to the afore-
mentioned carcinogens at levels more than 6-fold, 2-fold and 4-fold
higher respectively than those in rural areas. The health risks associat-
ed with such exposure have also significantly increased. In Bangkok
children, PAH-DNA adducts were 4-fold higher, DNA strand breaks
and 8-OHdG were significantly higher while DNA repair capacity was
lower than those in rural children. Street venders who are working on
the roadsides are also exposed to higher level of PAHs and benzene
than the monks and nuns residing in the monasteries nearby. High level
exposure to PAHs, benzene and 1,3-butadiene in the environment also
occurs in areas where incense burning is practiced such as in temples
or in the household. Personal monitoring in temple workers showed
that urinary metabolites of these carcinogens were significantly higher
those in the control workers.  Increased DNA damage and reduced
DNA repair capacity were also observed in temple workers.  The
results of these studies suggested an increased health risk of the devel-
opment of cancer in various groups of population due to exposure to
carcinogenic compounds in air pollution.

IN082
GENOTOXICITY OF AIR POLLUTANTS – IMPACT TO 
CHILDREN HEALTH
RJ Sram, B Binkova, J Dejmek, M Dostal, A Milcova, Z Novakova, P
Rossner Jr, I Solansky, N Tabashidze, J Topinka
Institute of Experimental Medicine AS CR, v.v.i., Prague, Czech
Republic
Email: sram@biomed.cas.cz

The impact of air pollution to pregnancy outcome was related to increased
exposure to carcinogenic polycyclic aromatic hydrocarbons (c-PAHs). In
the Pregnancy Outcome Project, an increased risk of IUGR (intrauterine
growth retardation) was established for mothers exposed to PM2.5 > 27
µg/m3 or c-PAHs > 15 ng/m3 (benzo[a]pyrene, B[a]P > 2.8 ng/m3) during
the first month of gestation. This correlation proved to be strongly dose-
response related. The relationship between the birth weight and genetic
polymorphisms of metabolic genotypes were studied using DNA from pla-
cental samples from the cohort of 1 450 subjects. Birth weight was signif-
icantly decreased by smoking, ETS and genetic polymorphisms of
CYP1A1*2A, CYP1A1*2C, GSTM1 null and c-PAHs. The same DNA
samples were used to investigate association between 8-oxodG (8-
oxodeoxyguanosine, a marker of oxidative damage to DNA) and Illumina
custom-made 768 SNP panel with representatives of detoxification genes,
DNA repair genes, genes mediating immune response and oxidative dam-
age genes. The relationship between the selected 768 SNP panel and the
respiratory morbidity in the cohort is further analyzed. Stratified random
sample of 1 492 mother-infant pairs from the Pregnancy Outcome Project
were recruited as a cohort for further study of respiratory morbidity. After
6 years the cohort created 1 007 children. The Rate ratio (RR) of the inci-
dence of respiratory system diseases in both districts were evaluated. For
children younger 2 years in the Teplice district was increased laryngitis and
tracheitis (RR 2.07; CI 1.66-2.57), inflammation of the middle ear (RR
3.36; CI 2.50-4.50), pneumonia (RR 3.45; CI 1.92-6.22), at the age of 2-6
years this difference persists for laryngitis and tracheitis and pneumonia.
Ambient c-PAHs and PM2.5 were associated with early-life susceptibility
to bronchitis. New hot-spot was recently found in the Northern Moravia
(Silesia) as the most polluted region in the Czech Republic by c-PAHs as
(a concentration in the year 2007 was 8.8 ng B[a]P/m3). c-PAHs seem to
be an important source of genotoxic and embryotoxic activities of organic
mixtures associated with urban air particles.
Supported by the Czech Ministry of Environment (SP/1b3/50/07).

IN083
ARSENIC IN DRINKING WATER: GENETIC AND GENOMIC
APPROACHES FOR IDENTIFY ARSENIC SUSCEPTIBILITY
AND HEALTH EFFECTS
AK Giri
Molecular and Human Genetics Division, Indian Institute of Chemical
Biology, 4, Raja S. C. Mullick Road, Calcutta- 700 032, India
Email: akgiri15@yahoo.com

In West Bengal, although about 25 million individuals are chronically
exposed to arsenic through drinking water, yet, only 15 to 20% of them
exhibit arsenic-induced skin lesions. This indicates that genetic varia-
tions might play an important role in arsenic-susceptibility. We have
assessed the arsenic induced health effects and genetic damage in
arsenic-exposed individuals with and with out skin lesions utilizing
epidemiological and cytogenetic end points. To address this issue of
arsenic susceptibility at genetic and genomic levels, comet assay and
challenge assay were performed and single nucleotide polymorphism
(SNPs) studies were carried for a number of genes that might be
involved in the different pathways in arsenic metabolism and detoxifi-
cation. Cytogenetic studies viz., chromosomal aberrations studies and
micronucleus study show that individuals with skin lesion had higher
genetic damage compared to exposed individuals without skin lesions,
who in turn had higher genetic damage compared to unexposed con-
trols. Results of DNA repair studies through Challenge and Comet
assay shows that the individuals with arsenic induced skin lesions had
suboptimal DNA repair capacity. From the GST’s group the homozy-
gous null gene frequency of GSTT1 and GSTM1 genes and SNPs of
some other GST genes were also studied. SNPs of p53 gene, human
purine nucleoside phosphorylase (PNP) and ERCC2 genes were also
analyses. Distribution of homozygous GSTM1 null genotype was sig-
nificantly higher in the no skin lesions group indicating a protective
role of GSTM1 null in the no skin lesions individuals. On the other
hand the individuals with p53 codon 72 Arg/Arg genotype is over rep-
resented in the skin lesions individuals indicating that this genotype is
more susceptible to arsenic induced toxicity. Lys/Lys genotype in the
ERCC2 polymorphism was almost five fold over represented in the
arsenic induced hyperkeratosis skin lesions group when compared to
no skin lesions group. Interestingly, Lys/Lys genotype individuals also
showed to have significantly higher levels of chromosomal aberrations
than those with non-risk genotypes. Thus the above results indicate that
the sub-optimal DNA repair and the genetic variations are responsible
for arsenic induced toxicity and carcinogenicity.

IN084
ENVIRONMENTAL HEALTH PRIORITIES AND CHAL-
LENGES AROUND THE WORLD FOR THE NEXT DECADES 
J. Pronczuk
World Health Organization, Geneva, Switzerland

Abstract not available at the time of publication.

IN085
ARISTOLOCHIC ACID NEPHROPATHY: AN 
ENVIRONMENTAL AND IATROGENIC DISEASE.
A.P. Grollman (1) and B. Jelaković (2) 
(1) Stony Brook University, Stony Brook, New York, USA; (2)
University of Zagreb, Zagreb, Croatia
Email: apg@pharm.stonybrook.edu

Endemic (Balkan) nephropathy, characterized by an insidious onset,
invariable progression to chronic renal failure and strong association
with upper urothelial tract cancer (UUC), occurs exclusively in rural far-
ming villages located near tributaries of the Danube River. Significant
epidemiologic features of EN include a familial, but not inherited, pat-
tern of disease and a mosaic distribution of cases in endemic villages. A
variety of environmental agents, including mycotoxins and heavy metals,
have been proposed as potential causative agents of EN. We hypothesize
that chronic dietary exposure to aristolochic acid (AA) in genetically
susceptible individuals, is uniquely responsible for EN and UUC. This
hypothesis, based on clinical and pathological findings in patients with
aristolochic acid nephropathy (AAN), is supported by the unequivocal
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detection of 7-(deoxyadenosin-N6-yl)aristolactam DNA adducts in renal
cortical and urothelial cancer tissues of patients with EN and/or UUC
[PNAS, 104, 12129 (2007)]. Additionally, the spectrum of p53 mutations
observed in UUC from residents of endemic villages in Croatia, Serbia,
and Bosnia is dominated by A:T→T:A transversions, a mutational signa-
ture for exposure to AA. The mosaic distribution of EN suggests that one
or several genes might account for the observed varying degree of
susceptibility to EN.  We have tested this hypothesis by conducting a
nested, case-control study of EN in which we analyzed epidemiologic,
biomarker and genetic polymorphism data from samples collected as part
of a large cross-sectional health survey. Additionally, we identified genes
involved in the cytotoxic response of mouse renal proximal tubules to
AA, differentiating these changes from its genotoxic effects. Our mole-
cular epidemiologic studies inform public health initiatives designed to
eradicate EN and UUC in the several countries harboring this disease.
They also serve as a warning of the profound nephrotoxicity and carci-
nogenicity of Aristolochia herbal remedies, used traditionally for medi-
cinal purposes worldwide. Thus, from a global perspective, we conclude
that AAN and its associated UUC currently persist, as in centuries past,
as a generally unrecognized, but omnipresent iatrogenic disease (Adv
Mol Tox. v3, 211 (2009).

IN086
HUMAN PREMATURE AGING PROTEINS PARTICIPATE IN
DNA REPAIR
Vilhelm A. Bohr  
Laboratory of Molecular Gerontology, National Institute on Aging,
NIH, 251 Bayview Blvd., Rm 06B1133A, Suite 100, Baltimore, MD
21224, USA
Email: vbohr@nih.gov

The 5 human RecQ helicases protect the genome against genomic
instability and participate in many DNA metabolic processes. Three of
them are identified with specific human disorders: Werner syndrome
(WRN), Bloom syndrome (BLM) and Rothmund Thomsons syndrome
(RECQ4, RTS), characterized by clinical features of premature aging
and cancer. The other two human RecQ helicases, RECQ1 and
RECQ5, are as yet not associated with known disorders.  The RecQ
helicases appear to operate at stalled replication forks and to be
involved in DNA repair.  Studies from ours and other laboratories have
suggested that WRN is involved in double- and single stranded DNA
repair.  BLM also appears to be involved with these DNA repair path-
ways, but much less is known about the role of RECQ4 and RECQ5.
We are exploring the roles of RECQ4 and RECQ5 in double and single
stranded DNA repair using biochemical and cellular approaches
including confocal microscopy with laser beam.  Cockaynes syndrome
group B is also a humna premature aging deficiency, and this protein
also participates in various DNA repair processes.  Common for many
of the premature aging proteins are functions in DNA double strand a
DNA single strand repair. These observations support the general
notion that aging is associated with deficiencies in DNA repair, a
hypothesis that will be discussed.

IN087
ENVIRONMENTAL CAUSES OF TELOMERE DEFECTS
F-J Liu and PL Opresko 
Department of Environmental and Occupational Health, University of
Pittsburgh Graduate School of Public Health, Pittsburgh,USA
Email: plo4@pitt.edu

Telomeres are regions of the genome that profoundly influence life
span, disease and genomic integrity. Shortened telomeres are associat-
ed with numerous aging-related diseases, progeroid syndromes, and
environmental factors such as cigarette smoking and oxidative stress.
Werner syndrome is a segmental progeroid disorder that is character-
ized by telomere defects, and is caused by loss of the WRN heli-
case/exonuclease DNA repair protein.  We are testing the hypothesis
that DNA lesions that impede replication cause accelerated telomere
loss, and that WRN preserves telomeres by facilitating recovery of
stalled replication forks. Exposure of the environmental carcinogen
chromium (VI) induces oxidative DNA damage and blocking lesions in

G-rich sequences, such as telomeric TTAGGG repeats. Therefore,
Cr(VI) exposure is an excellent model for investigating the conse-
quences of environmental DNA damage on telomeric DNA replication.
As evidence that Cr(VI) triggers stalled DNA replication, we observed
cellular Cr(VI) exposure induced an accumulation of cells in S-phase
that exhibited high levels of γH2AX foci, indicative of DNA breaks and
stalled replication forks. We found that human cells deficient in WRN
protein are hypersensitive to Cr(VI) toxicity, and exhibit a delayed
reduction in γH2AX foci during recovery from Cr(VI) exposure.
Cr(VI) induced WRN protein translocation from the nucleoli into
nucleoplasmic foci in S-phase cells, and these foci colocalized with
γH2AX foci indicating WRN responds to replication associated DNA
damage. Currently we are testing whether Cr(VI) directly damages
telomeres and find that Cr(VI) exposure induces the appearance of
Telomere Dysfunction-Induced Foci (TIFs) and WRN mobilization to
telomeres. We are further testing whether Cr(VI) induces sister telom-
ere loss by analyzing metaphase chromosomes.  Our data indicate that
exposure to the environmental genotoxin Cr(VI) can induce telomere
defects perhaps by interfering with telomere replication, and show a
novel role for WRN protein in protecting against Cr(VI) toxicity.

IN088
EVIDENCE THAT DNA DAMAGE PLAYS A CAUSAL ROLE
IN AGING AND AGE-RELATED DISEASE
Laura J. Niedernhofer (1)
Department of Microbiology and Molecular Genetics, University of
Pittsburgh School of Medicine and Cancer Institute, PA, USA
Email: niedernhofer@upmc.edu

Background: Aging is defined as the progressive decline in functional
reserve that occurs in all organisms over time. Aging causes a decrease
in the capacity of tissues to maintain homeostasis and therefore
impaired ability of an organism to recover from stress and an increased
risk of morbidity and mortality. Aging is thought to be the consequence
of stochastic damage to organelles and macromolecules with time.
However, the cellular target that is life-limiting is not known, but may
include mitochondria, telomeres, proteins, lipids or DNA. The aim of
this study is to determine if DNA damage makes a significant contribu-
tion to the degenerative changes seen with aging.
Methods:  To address this, we generated mice with increased DNA
damage by genetically depleting DNA repair mechanisms. The mice
were allowed to live their natural lifespan and the age at onset of symp-
toms associated with age-related diseases was recorded. Terminal ani-
mals were euthanized and histopathologic analysis of all major organ
systems was conducted. The study was repeated while chronically
treating the DNA repair-deficient mice with a radical scavenger to
reduce endogenous oxidative stress, and thereby DNA damage.
Results: Mice expressing only 10% of the normal levels of ERCC1-
XPF repair endonuclease have premature onset of numerous aging-
related pathologies including impaired balance, peripheral neuropathy,
muscle wasting, loss of vision and hearing, urinary incontinence, epi-
dermal atrophy, bone marrow hypoplasia, decreased liver and kidney
function, osteoporosis, loss of insulin-producing cells and interverte-
bral disc degeneration. The mice die prematurely at 7 months of age.
Chronically treating the mice with a radical scavenger caused a signif-
icant delay in the onset of age-related symptoms and pathologies.
Conclusions: These data support the conclusion that endogenous DNA
damage caused by oxidative stress promotes aging of most organ sys-
tems.

IN089
TRANSCRIPTION-BLOCKING DNA LESIONS: AT THE
CROSSROAD OF AGING AND LONGEVITY
George A. Garinis
Institute of Molecular Biology and Biotechnology, FORTH, GR70013
Heraklion, Greece
Email: garinis@imbb.forth.gr

There is abundant evidence that the gradual accumulation of stochastic
damage to our genome is a driving force in aging. For instance, defects
in the genome maintenance mechanisms can lead almost exclusively to
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a variety of progeroid disorders suggesting a causative role of DNA
damage in aging. However, in contrast to stochastic damage theories of
ageing, longevity appears to be also regulated genetically. Single gene
mutations in the GH/IGF1 hormonal pathway extend lifespan in worms,
flies and mammals. Thus, stochastic accumulation of damage may drive
functional decline with advancing age. However, the existence of genet-
ic pathways that regulate longevity may set the pace on how rapidly
damage builds up and function is lost. It remains unknown, however, to
what extent stochastic events that drive genome instability are linked to
genes that regulate longevity. Here we will present recent data indicat-
ing unexpected genome-wide gene expression associations between the
progeroid mice carrying DNA repair defects and mutant dwarf and calo-
rie-restricted animals that benefit from unusually long lifespan. We will
show further evidence that the accumulation of unrepairable DNA
lesions in the transcribed part of our genome elicits an age-related shift
from growth to somatic preservation similar to that observed in natural
aging but also in longevity mutants early in life. We propose that per-
sistent transcription-blocking lesions act as instigators of somatotropic
attenuation and enhanced stress resistance providing a link between sto-
chastic damage events to genes that determine longevity.

IN090
CELLULAR SENESCENCE AS A DNA DAMAGE RESPONSE
F D’Adda di Fagagna
IFOM-IEO, Milano, Italy
Email: fabrizio.dadda@ifom-ieo-campus.it

Cellular senescence is an irreversible state in which cells, although
alive, are unable to further divide, despite favourable growth condi-
tions. Historically, telomere attrition was the first observed cause of
senescence. We and others have proposed that critically short telomeres
are perceived by the cells as damaged DNA and that this triggers a
DNA damage response (DDR) that enforces senescence. Our most
recent data point to the presence of irreparable DNA damage as the dis-
criminating event between transient checkpoint activation and irre-
versible senescence. We have also observed that mouse fibroblasts, that
undergo premature cellular senescence because of suboptimal growth
conditions, also activate a detectable DDR, suggesting that DNA dam-
age is being generated under these conditions too. Perhaps surprising-
ly, also the expression of an activated oncogene induces cellular senes-
cence. We have observed that this occurs as the consequence of the
activation of a robust DDR following the generation of DNA damage.
DDR impairment allows bypass of cellular senescence and favours cel-
lular transformation. Senescence is preceded by a transient hyperprolif-
erative phase and cells arrest with a partially re-replicated DNA. DDR
is not activated in the absence of DNA replication.  These and other
observations have prompted us to propose that oncogene activation
alters the normal DNA replication pattern and it is an intrinsically
genotoxic event. Oncogene-induced senescence is also associated with
a global heterochromatinization of nuclear DNA. Senescence-associat-
ed heterochromatic foci (SAHFs) are enriched in heterochromatin
markers and they have been proposed to enforce cellular senescence by
suppressing the expression of proliferative genes. Presently, DDR acti-
vation and heterochromatinization are considered the two main tumor
suppressors mechanisms that control cellular senescence. We will dis-
cuss our most recent advancements on the interplay between DDR and
chromatin modifications in the context of cellular senescence.

IN091
PERSONALISED AND POPULATION-BASED STRATEGIES
FOR DIAGNOSIS OF DNA DAMAGE AND ITS PREVENTION
VIA NUTRITIONAL AND LIFE-STYLE INTERVENTION.
Michael Fenech
CSIRO Human Nutrition, Adelaide, Australia
Email: michael.fenech@csiro.au

The evidence that increased genome and epigenome damage is the
most fundamental risk factor for infertility, developmental defects,
degenerative disease and accelerated ageing is increasing every year.
There is therefore a need to develop an effective public health strategy
aimed at the diagnosis and prevention of DNA damage both at the indi-

vidual and population level. The impact of diet, life-style and environ-
ment on the genome depends on both inherited and acquired genetic
characteristics and this is leading to an integration of new fields of
research now known as Genome Health Nutrigenomics and Public
Health Genomics. The term “Genome Health” is used because it is a
positive term and easier for the public to comprehend the concept that
harm to the genome can have serious health consequences and also
because the term “DNA damage” may cause unnecessary excessive
concerns. The presentation will provide an overview on current knowl-
edge of the dietary and life-style factors that are associated with
increased DNA damage both at the chromosomal level (e.g. micronu-
cleus frequency) and the molecular level (e.g. telomere length) and the
association of these pathologies with developmental and degenerative
disease outcome. In addition I will outline the evolution of the Genome
Health Clinic concept as a modern personalised and public health strat-
egy for preventing diseases resulting from excessive genome damage
due to inappropriate nutrition, life-style and environment. This
approach is being supported by new initiatives to define Nutrition
Reference Values for prevention of DNA damage.

IN092
NUTRITIONAL SYSTEMS BIOLOGY: FROM INTEGRATING
MECHANISMS TO PREVENTION
Ben van Ommen
TNO Quality of Life and European Nutrigenomics Organisation
(www.nugo.org) 
Email: ben.vanommen@tno.nl

Our health status is the result of the combination of our genomic her-
itage and the cumulative environmental exposure. As our genome is
stable, we just need to carefully quantify this and this is a technology
challenge where rapid progress is being made. With the advent of the
omics tools and concepts, nutrition science undergoes a dust-off and
the transition (started by the functional food wave) from “optimizing
our diet” (i.e. optimal amount of macro-and micronutrients in our diet)
to “optimizing our health” (i.e. the right diet to optimize health and pre-
vent disease) can be completed. It is essential to realize and embrace
the key drivers: Nutrition science is part of the big biology revolution,
and a massive integration of fundamental disciplines with nutritional
science is essential. This integration involves not just technology
implementation, but also a coordinated action on standardization, data
warehousing and bioinformatics. A conceptual shift from “more” to
“better”, where very accurate quantification of food intake, nutrition
related health status and health effects is essential. In following this
path, we realize that the nutrition and health relationship is not target-
ed at disease pathologies or cancer progression, but much more
towards the “overarching drivers” from which many nutrition related
disease states originate, like metabolic stress, inflammatory stress,
oxidative stress and even psychological stress. In optimal health, these
systems are robust and resiliant, i.e. capable of absorbing environmen-
tal challenges. In fully understanding these highly balanced processes,
we need a systems approach, where both the complexity and the indi-
viduality need to be taken into account. If this is properly achieved, we
very likely will see a new wave of nutritional sciences where health
optimization and disease prevention, maybe even at a personal level,
can be achieved.

IN0093
BACTERIA-HOST INTERACTION IN CHRONIC DISEASE:
INFLAMMATION MEETS METABOLISM
D Haller
Technical University of Munich, Germany
Email: haller@wzw.tum.de

The dramatic increase of chronically degenerative diseases in the
industrialized world implies a complex interaction of host genetic pre-
dispositions and environmental factors. The gut acts as a highly selec-
tive barrier and communication organ between the luminal environ-
ment including food and bacterial components and the host responsible
for the regulation of metabolic and immune functions. The peaceful
and productive coexistence of the host with its intestinal microbiota is
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tightly controlled at various levels and an accumulating body of evi-
dence suggests, that the failure of this homeostasis is thought to con-
tribute to the development of inflammation-driven metabolic patholo-
gies. The gut acts hereby as a highly selective interface organ respon-
sible for the regulation of immune-mediated and metabolically-driven
processes. Specifically, cellular organelles like the endoplasmatic retic-
ulum (ER) and mitochondria dramatically affect the inflammatory
response to stress mechanisms. In the context of human IBD and ani-
mal models of chronic intestinal inflammation, we characterized ER-
and mitochondrion-associated stress mechanisms at the epithelial and
immune cell level. Following the hypothesis that nutritional factors
may act as environmental triggers for the development of chronic dis-
eases, dietary iron was identified as a risk factor for the pathogenesis
of chronic intestinal inflammation.

IN094
PROTEOMIC BIOMARKERS OF VULNERABILITY TO 
CANCER IN THE ALIMENTARY TRACT
IT Johnson (1), JC Mathers (2)
(1) Institute of Food Research, Norwich Research Park, Colney,
Norwich, UK; (2) Human Nutrition Research Centre, University of
Newcastle, Newcastle upon Tyne, UK
Email: ian.johnson@bbsrc.ac.uk

Background: Carcinoma of the gastrointestinal tract develops from the
mucosal epithelial cells, usually as the final stage in a prolonged
sequence of morphological and functional changes. Clinical pro-
teomics is widely used to characterize the various stages of tumour
development. Here we describe the use of similar techniques to explore
patterns of protein expression in the anatomically normal, but neverthe-
less vulnerable intestinal mucosa of individuals at high risk of disease.
It is hoped that the information obtained by this approach can be used
both to characterize subtle changes associated with the earliest stages
of the disease process, and to explore the impact of nutrition and meta-
bolic factors on the pre-cancerous mucosa. Methods:  We have used 2-
dimensional gel electrophoresis combined with mass spectrometry to
define patterns of protein expression in oesophageal and colorectal
mucosa, using protein extracts from colorectal biopsies obtained from
patients with and without neoplastic disease. Results: The transition
from morphologically normal mucosa to a precancerous lesion or
tumour is marked by very significant changes in expression of proteins
associated with both cytoskeletal structure and metabolic activity.
However multivariate statistical analysis shows that protein expression
in the normal mucosa also differs significantly amongst healthy sub-
jects, polyp and cancer patients. A large proportion of the proteins
showing evidence of differential expression in tumor tissue are
cytoskeletal elements, and many of the same proteins are also over-
expressed in apparently normal mucosa from polyp and cancer patients
compared with healthy subjects. We are currently extending these stud-
ies to healthy individuals differing in their exposure to environmental
and metabolic risk factors for colorectal cancer. Conclusions: These
findings indicate that protein expression in the apparently normal
colonic mucosal field is modified in individuals with neoplastic lesions
at sites distant from the lesion.  The recognition and characterization of
these field-effects at the molecular level may provide protein biomark-
ers of susceptibility to cancer, and advance our understanding of the
role of diet and other environmental factors in its causation.

IN095
HOW TO PROTECT INTEGRITY OF SCIENTIFIC
RESEARCH
Kirsi Vähäkangas
University of Kuopio, Finland
Email: kirsi.vahakangas@uku.fi

There have been recently widely publicized fraud cases, and a fair
number of scientists have agreed of themselves having been involved
in various forms of scientific misconduct (Fanelli 2009). Publication
misconduct is also “disturbingly frequent” (Wager et al. 2009). On
basis of such revealed unethical behavior in science we have to accept
that scientific enterprise, in addition to enthusiasm, collaboration and

pursuit of truth includes also the negative sides of human nature: greed,
jealousy, omnipotence, manipulation and selfishness. Humans are gre-
garious animals, and for that reason we are also prone to fashions, of
which trends science is not free.  We cannot step out of our humanity
and thus we all are prone to these vices. However, especially such inter-
disciplinary fields, like environmental health-related research which is
totally dependent on public trust, are very sensitive to the public image
of science and any violation of scientific integrity may endanger the
societal trust in research and scientists (Merlo et al. 2008). How to pro-
tect scientific integrity so that scientific research can provide reliable,
impartial, and hopefully useful data? As important as a good peer
review system is, it is self-evident, that peer-review cannot play a
major role in detecting or preventing scientific misconduct, but is based
on trust (Palma 2009, Malay 2009). Those who have really wanted
have been easily able to publish fraudulent papers.  Scientific integrity
has to be inbuilt in the system and prevention of scientific misconduct
and fraud is the common responsibility of the whole scientific commu-
nity (Malay 2009). Education by example and prevention by giving a
clear message to young scientists in research groups from the very
beginning of their careers cannot be stressed too much (Vähäkangas
2004). Transparency at every level would be advisable, even in the
world of increasing commercial interest in the results of research. To
ensure impartial judgement, conflicts of interest are important to claim
and already required in publications (Greco & Diniz 2008). It is also
important to realize that research ethics boards play a significant role
not just protecting those participating in research, but also promoting
better science (e.g. McArthur 2009).   
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IN096
OBTAINING, SHIPPING, BIOBANKING AND USING OF
HUMAN SPECIMENS: LOGISTICAL AND ETHICAL 
CHALLENGES
Pierre Hainaut
International Agency for Research on Cancer, Lyon, France
Email: hainaut@iarc.fr

The advent of “-omics” technologies is generating a huge demand for
high-quality human samples associated with comprehensive individ-
ual, epidemiological and pathological annotations. Population-based
cohort studies are of particular interest since they provide access to
samples (e.g. blood samples) collected ahead of clinically overt dis-
ease. Genome-Wide Association Studies have shown that it is often
desirable to gather specimens from several large cohorts in order to
achieve sufficient power. Developing strategies for interpolating cohort
data and biobanks is a major challenge which requires international
coordination (e.g. the cohort integration strategy developed by the P3G
Observatory, http://www.P3G.org.). These opportunities place enor-
mous demands on biobanking activities and raise new logistical and
ethical questions in order to fulfill the promises of new biomarker tech-
nologies for better prevention and for personal medicine. The first and
foremost question is: how big and how extensive should biobank be?
New biobanks are being created at a high pace, often without consider-
ation for realistic specimen usage. Many biobanks are developed as
repositories of materials obtained in the course of medical procedures
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and are not hypothesis-driven. They often lack appropriate controls and
sufficient statistical power. At the same time, there is a lack of coordinat-
ed biobanking in the context of clinical trials, despite their remarkable
potential for biomarker discovery, assessment and validation. The second
question is: which “best practice” may ensure the optimal use of
resources and preservation of individual molecular information?  Most
biobank practices are based on experience rather than evidence and there
is a lack of adequate markers to monitor the quality of banked specimens.
The third question, raised by the need to coordinate individual biobanks,
is: what are the rules of access to biobanks and on which basis specimens
may be exchanged between biobanks to achieve higher numbers when
desirable? Answering these questions requires developing common stan-
dards, consensual ethical procedures, strict rules for protecting data, con-
fidentiality and intellectual property, and international regulations for
shipping and sending of research specimens across national borders.
Inappropriate answers to these questions may have significant ethical
consequences in wasting precious samples and resources, in breaching
the confidence between study participants and researchers and in slow-
ing down progress in public heath and personalized medicine.

IN097
CHILDREN AS RESEARCH SUBJECTS: TODAY’S
RESEARCH FOR A BETTER FUTURE.
DF Merlo
Epidemiology and Biostatistics and Clinical Trials and Bioethics,
National Cancer Research Institute, Genoa, Italy
Email: franco.merlo@istge.it

As unequivocally stated by the German philosopher D. Bonhoeffer “the
test of the morality of a society is what it does for its children”, environ-
mental, pharmacological and clinical research in children must be solely
aimed at protecting them from environmental hazards and curing the sick
ones with efficient and safe medical treatments. To achieve these goals
research in children is required to gather sound scientific evidences that
often cannot be achieved simply and safely by extrapolating findings
from adult populations. The integrity of children research must be guar-
anteed and age-related ethical concerns specifically addressed to protect
a susceptible population. As for adults, pediatric research requires the
careful development and testing of information sheets and informed con-
sent forms, according to the level of the child’s maturity and the country
specific legislation. Very young children are not capable to fully under-
stand even very simple research aspects, therefore the ethical principle of
respecting their way of understanding and their own opinion needs to be
taken in due consideration. For the little ones informed permission
should be obtained from capable adults (mother, father, guardian)
responsible for the child together with informed assent from children.
Refusal by a child to participate should always be respected and taken on
account. Both translational and environmental research is frequently
seeking health effects or remission across a time window that may last
decades during which children will became adults. Their willingness to
participate (or opt out) should be reconsider across the study time win-
dow to fully respect their autonomy so to ensure the respect of the cur-
rent ethical principles. Storing biological specimens collected at birth,
when the child cannot give any kind of assent, is a practice that requires
a careful evaluation from the ethics committees to protect subjects’ from
possible misconduct.

IN098
RECENT TRENDS AND CHALLENGES IN
ENVIRONMENTAL HEALTH RESEARCH
SH Wilson
National Institute of Environmental Health Sciences, Research
Triangle Park, NC, USA
Email: wilson5@niehs.nih.gov

The concept of gene-environment interaction has gained wide accep-
tance in the scientific community and is central to the future of both
genetic and environmental health research. These two fields, once
separate and distinct, are now inextricable. Genetics, the study of indi-
vidual genes, has expanded to include genomics and a host of new
technological opportunities. Similarly, the definition of what constitu-

tes the environment has evolved. Currently, and particularly as it rela-
tes to gene-environment interactions, the environment is considered to
be anything outside the body that can affect an individual’s health. This
includes our air, water, soil, and climate, of course, but also takes into
account elements such as the food, drink, and medicine we ingest, our
behavioral choices such as consuming tobacco and alcohol, our expo-
sure to infectious agents, our socioeconomic status, age or develop-
mental status, stress, and even the structures and infrastructure around
us (the so-called built environment). The questions of what causes
disease and what can we do to prevent it, cure it, or minimize its impact
on quality of life have been central to medicine from time immemorial.
Today these questions propel the mission of environmental health rese-
arch to understand and characterize gene-environment interactions.
The vast majority of human disease arises when something is wrong in
the relationship between our body and the environment. Although cer-
tain inherited disorders, such as Huntington’s disease, cystic fibrosis,
and Tay-Sachs disease, arise from mutation in a single gene, these are
relatively rare, accounting for no more than 5 percent of human disea-
se. Thus, the risk of such a disease for a person with a specific disease
gene variant is relatively high, but the incidence of such monogenic
diseases in the general population is low. However, many common
human diseases appear to be polygenic, resulting from complex inte-
ractions of several genes. Such susceptibility-conferring genes increa-
se disease risk only a few-fold, but because they occur so frequently in
the human population, they can have a large effect on the incidence of
a disease. Susceptibility genes alone are not sufficient to cause disease;
they modify risk in combination with other genes and with exposure to
environmental agents. Practical considerations regarding these points
for the future of environmental health research will be discussed.

IN099
THE DNA DAMAGE PROBLEM IN THE CONTEXT OF 
CANCER, AGING AND LONGEVITY
J.H.J. Hoeijmakers (1), G. Garinis (4), B. Schumacher (5), J. Pothof
(1), I. van der Pluijm (1), L. Niedernhofer (3), J. Mitchell (1), H. van
Steeg (2), and G.T.J. van der Horst (1)
(1) MGC, CBG, Genetics, Erasmus MC, PO Box 2040, 3000 CA Rotterdam,
(2) RIVM, Bilthoven, The Netherlands; (3) University of Pittsburgh Cancer
Institute, Hillman Cancer Center, Pittsburgh, PA 15213-1863, USA; (4)
Institute of Molecular Biology and Biotechnology, FORTH, Vassilika Vouton,
P.O. Box 1385, GR 711 10 Heraklion, Crete, Greece; (5) University of
Cologne, CECAD Cologne - Excellent in Aging Research, Institute for
Genetics, Zülpicher Str. 47, 50674 Cologne, Germany
Email: j.hoeijmakers@erasmusmc.nl

Nucleotide excision repair (NER) is one of the most versatile repair
systems removing a wide range of helix-distorting lesions, mostly of
exogenous (UV, bulky adducts), but also of endogenous (e.g. cyclopuri-
nes) origin. Two NER sub-pathways exist. Global genome NER operates
genome-wide and in that way is important for preventing mutations.
Transcription-coupled repair removes damage that obstructs transcrip-
tion, counteracting cytotoxic effects of DNA injury. Photo(sun)sensitive
inherited NER syndromes display a striking clinical heterogeneity: very
strong (skin)cancer predisposition in xeroderma pigmentosum (XP) as
well as dramatic neuro-developmental deficits such as in Cockayne syn-
drome (CS) and trichothiodystrophy (TTD) without any cancer suscepti-
bility. Mutations in NER helicases XPB and XPD, subunits of the
repair/transcription factor TFIIH, are associated with all three disorders
or combinations. XPDTTD mice, mimicking a XPD point mutation of a
TTD patient, revealed that TTD is in fact a segmental premature aging
syndrome, like CS, which appears to be protected from spontaneous can-
cer. XPDXP/CS mutant mice on the other hand are highly predisposed to
cancer, but also display premature aging, demonstrating that both pheno-
types can co-exist. Different single and double NER mutants exhibit
multiple premature aging features, including osteoporosis, neuro-dege-
neration, early infertility and cessation of growth, liver and kidney aging,
deafness, retinal photoreceptor loss, depletion of hematopoietic stem
cells, etc. Life span is limited to 1,5 year for milder mutants to 3-5 weeks
for dramatic double mutants. A striking correlation is found between
severity of compromised repair and rate of onset and severity of the cli-
nical aging manifestations providing strong experimental support for the
DNA damage theory of aging. Conditional mutants in which dramatic
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aging occurs only in e.g. the brain, display many signs of neurodegene-
ration whereas the remainder of the body appears normal, revealing
organ-specific accelerated aging. We propose that endogenous oxidative
lesions hamper transcription/replication and trigger cellular apoptosis-
senescence and in the end (premature) aging. Microarray, functional and
physiological studies have revealed that persisting DNA damage elicits a
systemic downregulation of the IGF1 somatotrophic axis and upregula-
tion of anti-oxidant defences, favouring maintenance and defences at the
expense of growth and development, explaining the severe growth defect
of repair mutants. Persisting DNA damage triggers this ‘survival’ respon-
se in a cell autonomous manner and implicates regulation by
microRNAs. Caloric restriction and fasting trigger a similar ‘survival’
response, which maximizes anti-oxidant defence and -when constitutive-
promotes longevity at least under laboratory conditions. These data link
accumulation of DNA damage and the IGF1 control of life span and open
perspectives for the promotion of healthy aging.

IN100
COMPLEX CELLULAR RESPONSES TO DNA DAMAGING
AGENTS
Leona D. Samson
Massachusetts Institute of Technology, Biological Engineering
Department and Center for Environmental Health Sciences,
Cambridge, MA, USA
Email: lsamson@mit.edu

Alkylating agents are abundant in our cellular and external environ-
ment, and they are toxic, mutagenic, and carcinogenic. Because of their
toxic properties, certain alkylating agents are also used for cancer
chemotherapy.  Therefore, it is important to elucidate the constellation
of different biochemical and genetic pathways by which both normal
and malignant cells respond to alkylation damage.  Our ultimate goal is
to develop ways of predicting how certain agents will affect these very
different target cell populations.  It is well known that a variety of DNA
repair pathways and cell cycle checkpoint pathways protect cells
against the toxic effects of alkylation damage.  But now we have shown
that a multitude of other unexpected pathways are also involved in cel-
lular recovery, and our goal is to understand how these cellular path-
ways operate and interact with each other to determine the ultimate
phenotypic response to such environmental assaults.  We use a variety
of cellular and animal model systems ranging from yeast to mice and
humans. We have studied global genomic responses to alkylation dam-
age in S. cerevisiae, in mouse and human cell lines, and in various tis-
sues of exposed mice. The results demonstrate that global cellular
responses to alkylation damage are far more complex than first thought
and some of the unexpected pathways that protect against alkylation-
induced toxicity will be presented and discussed.

IN101
NOVEL STRATEGIES IN THE PREVENTION OF 
MUTATION-RELATED DISEASES
S De Flora
Department of Health Sciences, University of Genoa, Italy
Email: sdf@unige.it

The 20th century was characterized by an “epidemiological revolu-
tion”, which is well portrayed by the intricate crossover of mortality
curves by the middle of that century. Infectious diseases were replaced
by chronic degenerative diseases as main causes of death in the popu-
lation. Although no generalization can be done, it is noteworthy that
these diseases may share common risk factors as well as common pro-
tective factors. In addition, due to the considerable increase in life
expectancy, different chronic diseases are likely to occur in the same
individual. Certain mechanisms, such as damage to nuclear DNA and
mtDNA, oxidative stress, chronic inflammation, signal transduction
alterations and epigenetic changes may be involved in the pathogene-
sis of different diseases. Studies performed in our laboratory have
shown that certain genomic and postgenomic changes that are usually
investigated in cancer research may also been detected in other chron-
ic diseases, such as atherosclerosis, degenerative heart diseases, chron-
ic obstructive pulmonary diseases, neurological disorders, eye diseases,

skin ageing, and alopecia. Similar alterations can be found in critical
periods of life, such as birth and ageing. Together with other mecha-
nisms, the nucleotidic alterations occurring at birth in the lung render
the newborn particularly vulnerable to the action of environmental
agents. In fact, we demonstrated that cigarette smoke, for which a suit-
able animal model has not been available so far, becomes a potent car-
cinogen in mice when exposure starts at birth and continues early in
life. The most obvious approach to the primary prevention of mutation-
related diseases is to minimize exposures to recognized risk factors.
Growing importance is ascribed to a complementary strategy, called
chemoprevention, which uses dietary and pharmacological agents to
reinforce the host defense machinery through a variety of mechanisms.
We investigated a number of chemopreventive agents by evaluating
modulation of intermediate biomarkers and carcinogenicity. An opti-
mal agent should not excessively alter the physiological patterns of
gene expression and microRNA and proteome profiles, but at the same
time it should be effective in inhibiting alterations induced by muta-
gens and carcinogens.

IN102
DNA DOUBLE STRAND BREAK REPAIR IN PARENTAL
CHROMOSOMES OF MOUSE ZYGOTES
P. de Boer
Department of obstetrics and gynaecology, Radboud University
Nijmegen Medical Centre, Nijmegen, The Netherlands
Email: P.deBoer@obgyn.umcn.nl

DNA double strand breaks  are of a special importance in the mam-
malian Radboud. They are instrumental for genetic recombination but
also, in the male germline, for chromatin remodeling in elongating
spermatids and for sperm chromatin remodeling in the cytoplasm of the
zygote that originates after gamete fusion. Hence, when DNA repair in
the male germline is shutting down at spermatid elongation, remnant
double strand DNA breaks could be left for the oocyte to repair after
sperm nucleus entry.  Germline double strand breaks in the human are
of special relevance knowing the high spontaneous reciprocal translo-
cation frequency. In the mouse zygote, both non homologous enjoining
(NHEJ) and homologous recombination (HR) are active in the repair of
DNA double strand breaks. NHEJ plays a role in chromatin remodel-
ing of paternal chromatin. Both HR and NHEJ are active during S-
phase before first cleavage.  An indication is found for the fact that both
pathways communicate as to compensate for deficiency. Reciprocal
translocations do arise at S-phase, also after single strand DNA dam-
age, when HR is compromised. Overall, both before and during after S-
phase, indications for a higher genotoxic sensitivity of the male
genome by the presence of gammaH2AX and/or Rad51 foci, are found.
Derijck et al., Human Molecular Genetics 2008, 17: 1922 – 37.

IN103
PATERNAL EXPOSURES AFFECT SPERM CHROMATIN
AND DISTURB EPIGENETIC PROGRAMMING DURING
EARLY EMBRYO DEVELOPMENT
B. Robaire, G. Delbès, T.S. Barton and B.F. Hales
Departments of Pharmacology and Therapeutics and of Obstetrics and
Gynecology, McGill University, Montreal, QC, Canada
Email: bernard.robaire@mcgill.ca

Over the past twenty years, a large body of evidence has accumulated
establishing that paternal exposures to xenobiotics, including environ-
mental contaminants and therapeutic or lifestyle drugs, can affect proge-
ny outcome. However, the cellular and molecular actions of such agents
on male germ cells and/or on early embryos are still poorly understood.
Gross parameters, such as sperm numbers, are not adequate to character-
ize sperm quality or resolve the underlying mechanisms. Using several
animal models and either a single drug (cyclophosphamide) or multiple
drugs in the combined chemotherapeutic regimens used for the treatment
of testis cancer or non-Hodgkin lymphoma, we have undertaken a sys-
tematic examination of the major sperm nuclear elements that are affect-
ed by in vivo exposures and the repercussions of these effects on the
early embryo. We have used multiple sperm chromatin damage assays,
including the comet assay, acridine orange, TUNEL, chromomycin A3
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(CMA3) and monobromine bimane (MBBr) assays; we found that each
provides differing, complementary information about chromatin quality.
Furthermore, DNA damage induced by chemotherapeutic alkylating
agents is germ cell phase specific, with the most extensive effects occur-
ring during histone hyperacetylation and transition protein deposition, a
key point of sperm chromatin remodelling. By investigating the pro-
teome of the sperm nucleus, we found significant alterations in sperm
basic proteins as well as the selective induction of numerous nuclear
matrix proteins involved in cell defense and detoxification. Spermatozoa
having extensive nuclear damage fertilize ova effectively. However, sig-
nificant alterations of nuclear histone acetylation and DNA methylation
of both paternal and maternal pronuclei ensue. Furthermore, phosphory-
lated histone H2AX was increased in a biphasic manner in the paternal
genome, while poly(ADP-ribose) polymerase-1 was markedly elevated
in both the paternal and maternal genomes in zygotes fertilized by drug-
treated males. Therefore, paternal exposure to xenobiotics can alter crit-
ical sperm nuclear components, resulting in modifications of both pronu-
clei in the zygote, and may account for the adverse developmental out-
comes that are observed after such treatments. Supported  by CIHR.

IN104
EFFECTS OF TOBACCO SMOKE ON MALE GERM CELLS
AND EARLY EMBRYONIC DEVELOPMENT
F Marchetti
Lawrence Livermore, National Laboratori, Berkeley, CA, USA
Email: fmarchetti@lbl.gov

Cigarette smoking in men has been associated with increased chromoso-
mal abnormalities in sperm and with increased risks for spontaneous
abortions, birth defects and neonatal death. Little is known, however,
about the reproductive consequences of paternal exposure to second-
hand (sidestream, SS) smoke. We used a rodent model and exposure to
tobacco smoke and its components to determine whether paternal smok-
ing: (a) affected the function and genetic integrity of sperm; (b) resulted
in the induction of chromosomal aberrations after fertilization, and (c)
delayed embryonic development. We found that male exposure to
diepoxybutane, a tobacco smoke component, during the last two weeks
of spermatogenesis resulted in the accumulation of sperm DNA lesions
that were transmitted to the zygote where they were converted into chro-
mosomal aberrations. These results indicated that the postmeiotic phase
of spermatogenesis is a sensitive window for the generation of tobacco
smoke-induced DNA lesions. Investigations of the effects of male expo-
sure to mainstream (MS) or SS tobacco smoke during this critical win-
dow of sperm development showed that there was a differential sensitiv-
ity of male germ cells to MS and SS smoke. Specifically: (1) only SS
smoke affected sperm motility; (2) only MS smoke induced DNA strand
breaks in sperm; (3) both MS and SS smoke increased sperm chromatin
structure abnormalities; and (4) MS smoke affected both fertilization and
the rate of early embryonic development, while SS smoke affected fertil-
ization only. Interestingly, for the majority of the endpoints investigated,
there was little evidence for dose-related effects, as exposure to low
doses of MS and SS were as effective as high doses. Furthermore, the
detrimental effects on motility and sperm DNA integrity persisted for
several weeks after the end of exposure, indicating that differentiating
spermatogonia are also susceptible to tobacco smoke. However, no
effects on stem cells were observed. These results show that MS and SS
smoke have differential effects on the genetic integrity and function of
sperm and provide further evidence that male exposure to second-hand
smoke, as well as direct cigarette smoke, may diminish a couple’s chance
for a successful pregnancy and the birth of a healthy baby.

IN105
HERITABLE EFFECTS OF EXPOSURE TO COMBUSTION
DERIVED PARTICLES
CL Yauk 
Environmental Health Sciences and Research Bureau, Health Canada,
Ottawa, Ontario, Canada
Email: carole_yauk@hc-sc.gc.ca

Combustion-derived air pollutants are composed of complex mixtures
of chemicals. These mixtures contain organic compounds and metals

that are known to be capable of causing oxidative stress and DNA dam-
age. Exposure to combustion by-products is ubiquitous in our environ-
ment. Developing an understanding of the risks posed to germline DNA
following exposure to these agents is of critical importance for minimiz-
ing the potential for the transmission of genetic mutation and disease to
offspring, and maximizing healthy births. A series of studies in mice has
demonstrated that exposure to various sources of particulate air pollu-
tants can result in the induction of DNA mutation in the germline that is
transmitted to the offspring. Expanded simple tandem repeat (ESTR) loci
have high spontaneous rates of mutation (1-10%) through gains and loss-
es in repeat units. Significant increases in mutation frequency have been
measured at ESTRs in laboratory mice following exposure to powerful
mutagens such as ionizing radiation. In the field, exposure of male mice
in situ to urban/industrial air particles results in a 1.5-2-fold increase in
mutation frequency. This increase is accompanied by DNA strand breaks
and global hypermethylation in sperm DNA. The lack of bulky DNA
adducts in sperm suggests that metals and/or inflammatory response may
be mechanistically linked to the observed effect. Exposure of male and
female mice in utero to diesel exhaust particles causes a similar increase
in both male and female germ cell mutation in F1 offspring, demonstrat-
ing that pre-meiotic gametes are responsive to particle exposure in both
sexes. The increase is similar to what is observed in mice exposed to both
mainstream and sidestream tobacco smoke. The data demonstrate that
particles derived from combustion cause tandem repeat mutation in
gametes, possibly mediated by epigenetic events. The mechanisms link-
ing particle exposure and inherited mutation remain elusive but are the
subject of intensive research.

IN106
ROLES OF THE FTO AND TREX1 ENZYMES IN REMOVAL
OF DAMAGED OR DISPLACED DNA
Tomas Lindahl
Clare Hall laboratories, CR-UK London Research Institute, South
Mimms, Herts.,UK
Email: tomas.lindahl@cancer.org.uk

E. coli AlkB is an Fe(II) and 2-oxoglutarate dependent dioxygenase
that reverts DNA base damage generated by alkylation or lipid peroxi-
dation. Nine enzymes similar to AlkB are present in human cells; the
one most recently discovered is FTO. In collaboration with L.
Colleaux, S. O’Rahilly, and B. Sedgwick, an inherited FTO transition
mutation has been investigated; it causes catalytic inactivation of FTO
due to loss of ability to bind the 2-oxoglutarate cofactor, and in
homozygotes is associated with serious developmental defects and
early death. TREX1 is a DNA 3’ exonuclease that acts preferentially on
single-stranded DNA. Our group (Yun-Gui Yang, Peter Robins,
Deborah Barnes and Tomas Lindahl) has shown that TREX1- negative
murine and human cells exhibit chronic activation of the ATM-depend-
ent checkpoint response. Such cells accumulate large amounts of a dis-
tinct and previously unrecognized by-product of lagging-strand repli-
cation, singlestranded DNA fragments of 62 nucleotides in length. The
TREX1-negative cells grow slowly in culture, however, on prolonged
propagation faster-growing variants can arise spontaneously with a
largely suppressed phenotype.

IN107
INTEGRATING CELLULAR FUNCTION THROUGH A BASE
EXCISION DNA REPAIR PROTEIN
B Demple, P Liu and N Saydam
Department of Genetics and Complex Diseases, Harvard School of
Public Health, Boston, Massachusetts, USA
Email: bdemple@hsph.harvard.edu

Many DNA base lesions are channelled into base excision repair (BER)
pathways by DNA glycosylases; in addition, free-radical attack direct-
ly generates various oxidized abasic lesions. The 4’-oxidized and 1’-
oxidized products are readily cleaved by the Ape1 AP endonuclease.
However, the latter product, 2-deoxyribonolactone, can form an irre-
versible DNA-protein crosslink during attempted excision by the 5’-
lyase activity of repair DNA polymerases (beta in the nucleus, gamma
in mitochondria).  We have shown that, in both cellular compartments,
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this problem is averted by activating the “long-patch” BER pathway
dependent on the flap endonucleases FEN1 (nuclear and mitochondrial)
and Dna2 protein (mitochondrial). The switching mechanism that acti-
vates long-patch BER remains to be established.  Repair via BER is an
essential function: inactivating any of the central components causes
embryonic lethality in mice, and (usually) apoptosis in mammalian cells
in culture. Thus, Ape1 plays vital roles that we are seeking to understand
in more detail. Careful examination of Ape1-depleted human cell lines
(using RNAi methods) shows that significant mitotic defects are
observed: multinucleated cells, micronuclei, chromosome aberrations,
and chromosome missegregation. These effects appear to be associated
with apparent cell cycle checkpoint defects and the disruption of the
Chk2 pathway in Ape1-deficient cells. There is also disruption of the S-
phase DNA damage checkpoint in Ape1-depleted cells. We are exploring
whether these various effects all stem from the loss of the enzyme’s
endonuclease role in BER, or some other function of the protein.

IN108
REGULATION OF BASE EXCISION REPAIR IN RESPONSE
TO DNA DAMAGE
Grigory Dianov
Gray Institute for Radiation Oncology and Biology, University of
Oxford, Old Road Campus Research Building, Roosevelt Drive, Oxford
OX3 7DQ, UK
Email: grigory.dianov@rob.ox.ac.uk

DNA lesions occur due to the chemical instability of DNA or are induced
by DNA damaging agents.  The majority of non-bulky DNA lesions,
including base damage, sites of base loss and single strand breaks, are
repaired by proteins involved in the Base Excision Repair
(BER)pathway. The level of endogenous DNA lesions depends on cellu-
lar metabolism and exogenous mutagens and although this level may
vary, it is not clear how the BER response to the changing environment
is controlled. We investigated the mechanism regulating BER capacity
and found that BER enzyme levels are linked to and controlled by the
level of DNA lesions.  We demonstrate that stability of BER enzymes
increases after formation of a repair complex on damaged DNA and that
the proteins not involved in a repair complex are polyubiquitylated by the
E3 ubiquitin ligase CHIP and subsequently rapidly degraded.
Furthermore, the tumour suppressor ARF (p14ARF in humans and
p19ARF in mice) relocates from the nucleoli to the nucleoplasm in
response to DNA damage where it binds and inhibits the activity of the
ubiquitin ligases MDM2 and ARF-Binding Protein-1 (ARF-BP1/Mule)
that regulate cellular levels of p53 and Mcl-1, respectively, thus control-
ling DNA damage check-points and apoptosis. We now demonstrate a
novel role for both ARF and Mule in the regulation of DNA repair by
controlling the monoubiquitylation status of Pol β, the major base exci-
sion repair DNA polymerase. These data identify a novel mechanism
controlling cellular levels of BER enzymes and the cellular response to
DNA damage.

IN109
MUTYH AND DNA POLYMERASE λλ COOPERATE IN A
NOVEL LONG PATCH BASE EXCISION REPAIR OF 8-OXO
GUANINE
B van Loon, U Wimmer, E Ferrari,  U Hübscher 
University of Zurich, Institute of Veterinary Biochemistry and
Molecular Biology, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland
Email: hubscher@vetbio.uzh.ch

The potentially mutagenic A:8-oxo-G mispair synthesized by the
replicative DNA polymerases (pols) δ and ε escapes proofreading
activity. The mismatch is recognized by the MutY glycosylase homo-
logue (MUTYH) that removes the A, leaving the lesion on the template
strand. We have recently shown that the base excision repair enzyme
DNA pol λ, together with the auxiliary proteins replication protein A
(RP-A) and proliferating cell nuclear antigen (PCNA), has the unique
ability among human DNA pols to efficiently incorporate a C opposite
an 8-oxo-G, with error frequencies in the range of 10-3 (1). We identi-
fied the critical cellular components that specifically bind to DNA con-

taining A:8-oxo-G mispairs and subsequently reconstituted a novel
error-free pathway of 8-oxo-G. We showed specific binding of
MUTYH, DNA pol λ, PCNA, FEN1 and DNA ligases I and III from
human whole cell extracts to A:8-oxo-G DNA, but not to undamaged
DNA. Based on this observation, we fully reconstituted a pathway for
the repair of A:8-oxo-G mispairs. In a MUTYH and apurinic endonu-
clease 1 (APE1) initiated reaction, DNA pol λ in the presence of RP-A
and PCNA incorporated dCTP opposite 8-oxo-G and added one
nucleotide. The repair pathway was completed by FEN1 and DNA lig-
ase I. These results identify a novel pathway, where a replication A:8-
oxo-G mispair product is correctly repaired via MUTYH/DNA pol λ -
dependent long patch base excision repair. Moreover, we identified
DNA pol λ as an interaction partner of cyclin-dependent kinase 2
(Cdk2) that is central for the cell cycle G1/S transition and S phase pro-
gression. Four different phosphorylation sites were identified for DNA
pol λ. Experiments with phosphorylation-defective mutants suggested
that phosphorylation of the conserved T553 is critical for maintaining
DNA pol λ stability, since it is targeted to the proteasomal degradation
pathway via ubiquitination unless this residue can be phosphorylated.
DNA pol λ is stabilized during cell cycle progression in late S and G2
phase, enableling DNA pol λ to properly conduct repair of 8-oxo-G
damaged DNA before cells enter mitosis thus preventing G-C->T-A
transversion mutations.
1. Maga, G., Villani, G., Crespan, E., Wimmer, U., Ferrari, E. Bertocci,
B. and Hübscher,U.: Nature, 447, 606-609, 2007.

IN110
DNA REPAIR ENZYME NEIL1, METABOLIC SYNDROME
AND CANCER
M Dizdaroglu 
National Institute of Standards and Technology, Gaithersburg,
Maryland, USA
Email: miral@nist.gov

Oxidatively induced DNA damage is known to play a role in disease
processes such as cancer and aging. Mammalian cells possess elaborate
repair mechanisms that repair DNA damage. Oxidatively induced DNA
base lesions are mainly repaired by base-excision repair, which is initi-
ated by a series of DNA glycosylases that include OGG1, NTH1,
NEIL1 and others with broad or narrow substrate specificities. Human
and mouse NEIL1 proteins have recently been isolated, characterized
and extensively studied. These enzymes specifically remove purine-
derived lesions 4,6-diamino-5-formamidopyrimidine (FapyAde) and
2,6-diamino-4-hydroxy-5-formamidopyrimidine (FapyGua) from
DNA that contains multiple oxidatively induced lesions. A minor activ-
ity for some pyrimidine-derived lesions has also been observed.
However, NEIL1 possesses no significant activity for another major
lesion, 8-hydroxyguanine. In the absence of exogenous oxidative
stress, neil1 knockout and heterozygotic mice develop severe obesity
and subsequently dyslipidemia, fatty liver disease, hypertension and
insulin resistance, collectively known in humans as the Metabolic syn-
drome. Inactivating mutations in neil1 correlate with some diseases
including cancer. Furthermore, knockdown in neil1 significantly sensi-
tizes cells to the killing effects of DNA-damaging agents. Polymorphic
mutations in human neil1 have been discovered. We characterized four
known polymorphic variants of human NEIL1, S82C, G83D, D252N
and C136R. While S82C, G83D, D252N retained near wild-type levels
of nicking activity on abasic site-containing DNA, G83D did not cat-
alyze the wild-type β-δ-elimination reaction, but exhibited β-elimina-
tion activity. Glycosylase activities of these proteins were measured
using oligonucleotides with one single lesion and genomic DNA con-
taining multiple lesions. S82C and D252N showed near wild-type
enzyme specificity and kinetics, whereas G83D and C136R were
devoid of glycosylase activity. Furthermore, neil1-/- mice accumulated
significant levels of FapyAde and FapyGua in several organs and
exhibited late onset of multiple types of cancer, indicating a role for
these lesions in disease development. Extrapolation of these data sug-
gests that individuals who are heterozygous for inactive variant neil1
alleles may be at increased risk for diseases associated with the
Metabolic syndrome and for carcinogenesis.
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IN111
INTERACTION OF PROTEINS INVOLVED IN DNA REPAIR
WITH AP SITE CONTAINING DNA
Olga Lavrik
Institute of Chemical Biology and Fundamental Medicine, Novosibirsk,
Russia
Email: lavrik@niboch.nsc.ru

One of the most abundant lesions in DNA is abasic (AP) sites arising
spontaneously or as an intermediate in base excision repair (BER). AP
sites are unstable and cytotoxic. Deoxyribose of AP site can form with
amino groups of Lys residues a reversible covalent Schiff base interme-
diate, which can be stabilized by NaBH(4) treatments. This reversible
intermediate can be involved in catalysis or, potentially, in temporal pro-
tection of AP sites and regulation of their processing. DNA duplexes with
AP sites (AP DNA) were used to trap in cell extracts proteins reactive to
AP sites. In HeLa cell extract a prevalent trap product with an apparent
molecular mass of 95 kDa was observed. The cross linked protein was
identified by MALDI-MS as the p80-subunit of Ku antigen (Ku). Ku
antigen, a DNA binding component of DNA-dependent protein kinase
(DNA-PK), participates in double-stranded break repair and is responsi-
ble for the resistance of cells to ionizing radiation. The specificity of Ku
interaction with AP sites was proven by more efficient competition of
DNA duplexes with an analogue of abasic site than non-AP DNA. Ku80
was cross-linked to AP DNAs with different efficiencies depending on
the size and position of strand interruptions opposite to AP sites. Ku anti-
gen was shown to inhibit AP site cleavage by apurinic/apyrimidinic
endonuclease 1. We compared the results of dot-ELISA based on anti-
Ku80 antibodies and the levels of Ku80 cross linking to AP DNA in the
extracts derived from HeLa and several melanoma cell lines. The effi-
ciency of Ku80 trapping varies considerably depending on the type of
extract and correlates with the amount of Ku80 in the extracts. Thus, AP
site containing DNA can be used as an efficient tool to test the content of
Ku antigen in cell extracts. It was revealed that cofactor proteins of  base
excision repair( BER) system – PARP1, XRCC1 and HMGB1 – are also
able to interact with AP sites via the same mechanism. This interaction
was shown to modulate the efficiency of AP site hydrolysis by
apurinic/apyrimidinic endonuclease 1. Therefore, it is likely that one of
the functions of BER cofactor proteins consists in regulation of process-
ing of AP sites in DNA repair. This work was supported by program of
RAS ’Molecular and Cellular Biology’

IN112
INTRODUCTION TO SIMPOSIUM: CRITICAL ISSUES ON
ENVIRONMENTAL GENOTOXICITY IN LATIN AMERICA 
Enrique Zamorano-Ponce, D.Sc.,
President of ALAMCTA  (Latin American Association of Environmental
Mutagenesis, Carcinogenesis and Teratogenesis). Laboratorio de
Genética Toxicológica (GENETOX), Departamento de Ciencias
Básicas, Facultad de Ciencias, Universidad del Bío-Bío-Chile, casilla
447-Chillán-CHILE 
Email: ezamoran@ubiobio.cl

Latin America (LA) is the region with the highest natural and cultural
diversities on Earth. It is also one of the regions showing the highest
levels of differences in development between countries and collective-
ly make up the most urbanized region in the developing world with
over three quarters of its populations living in often burgeoning cities
such as, México city, São Paulo, Buenos Aires, Bogotá, Rio de Janeiro,
Lima, Montevideo, Quito and  Santiago. The region has more than 130
cities with over 500.000 people and more than 50 with over 1 million.
The urban population grew from 69 percent to 77 percent of the
region’s total inhabitants between 1987 and 2005. The environmental
problems in LA are nothing new: soil erosion, deforestation, water and
air pollution. Deteriorating air quality is a major environmental prob-
lem in many LA urban centers. Exposure to air pollutants is higher
around congested areas where informal and formal economic activities
take place during the day. The most affected people are the most vul-
nerable: the children, the poor, the sick, the elderly. According to the
WHO Global Burden of Disease Report (2002) the impact of outdoor
air pollution in LA is 35,000 annual premature deaths and 276,000 lives
lost per year. On the other hand poor farming practices, including the

use of very toxic agrochemicals, have massively and negatively affect-
ed environment in many countries of our region. The World Health
Organization (WHO) and the United Nations Environment Program
estimate that pesticide poisoning injures between one and five million
agricultural workers per year. At least 20,000 workers die from expo-
sure every year, the majority in developing countries. Because of its
great relevance, the symposium’s main aim is to present studies on the
mutagenic/genotoxic effects of environmental pollutants: Air pollution
and the indiscriminate use of agrochemicals that contaminate environ-
ment are two of the most critical environmental issues in LA because
of its impact on human health

IN113
DNA DAMAGE, OXIDATIVE BALANCE, AND EXPOSURE
BIOMARKERS IN A RURAL POPULATION EXPOSED TO
PESTICIDES.
Simoniello M.F. (1), Kleinsorge E.C. (1),  Carballo M.A. (2)
(1) Cátedra de Toxicología, Farmacología y Bioquímica Legal.
Facultad de Bioquímica y Ciencias Biológicas. Universidad Nacional
del Litoral. Santa Fe, Argentina.  (2) CIGETOX-Citogenética Humana
y Genética Toxicológica. INFIBIOC, Departamento Bioquímica
Clínica, Facultad de Farmacia y Bioquímica, Universidad de Buenos
Aires, Junín 956, 1113, Buenos Aires, Argentina
Email: macarballo2003@yahoo.com.ar

Pesticides have become indispensable in intensive agriculture to
improve production, protect stored crops and control disease vectors.
However, occupational exposure occurs during the preparation of mix-
tures, loading and/or washing equipment and spraying on crops. In
addition, individuals are often exposed to different pesticides or pesti-
cide mixtures, making it difficult to identify the effects of each one. In
this frame, exposure and effect biomarkers can be used to detect alter-
ations induced by pesticides in human tissues, occurring before clinical
adverse health effects. Santa Fe province, in the Pampa region from
Argentina, is one of the most productive and valuable territories.
Favored by the climate and a dense/wide hydrographic network, the
main crops are: soybean, wheat, maize, sorghum and sunflower, occu-
pying the first place among the producing provinces, with more than
26% of the total national production. We report the first data obtained
from a large evaluation of subjects occupationally exposed to pesti-
cides (applicators and non-applicators) and a control group including
oxidative balance, exposure biomarkers and DNA damage quantifica-
tion. Cholinesterase (ChE) and Acetylcholinesterase (AChE) activities,
Catalase (CAT), Lipid Peroxidation (by TBARS assay) and Damage
Index Comet Assay (DICA) were studied. Our results showed an AChE
inhibition in both groups in relation to controls (P <0.05) with no sig-
nificant modifications in ChE (P >0.05). TBARS levels were higher in
pesticide sprayers (P <0.05) while CAT activity was reduced in both,
applicators and non-applicators (P <0.05). DICA was significantly
increase in both direct and indirect exposed groups, compared to con-
trols (P <0.001). The influence of confounding factors in subjects occu-
pationally exposed to pesticides was investigated in relation to all
parameters. The results of this study show a relationship between pes-
ticide exposure and an increase in genetic damage (DICA) as well as a
decrease in AChE and CAT activities, suggesting that performing geno-
toxicity assays in parallel with the analysis of exposure biomarkers
activity and oxidative balance in serial and routine monitoring of pes-
ticide-exposed populations, would be important.

IN114
ATMOSPHERIC POLLUTION BY MUTAGENIC AGENTS IN
AREAS OF INDUSTRIAL IMPACT:  HUMAN BIOMONITORING
VMF Vargas (1,2), TS Pereira (1,2), MV Coronas (1,2), JV Rocha (1),
DMF Salvadori (3)  
(1) Fundação Estadual de Proteção Ambiental Henrique Luís Roessler,
Porto Alegre, Rio Grande do Sul, RS, Brasil; (2) Programa de Pós
Graduação em Ecologia, Universidade Federal do Rio Grande do Sul;
Porto Alegre, Rio Grande do Sul, RS, Brasil; (3) Faculdade de
Medicina, Universidade Estadual Paulista Júlio de Mesquita Filho,
São Paulo, SP, Brasil
Email: ecorisco@fepam.rs.gov.br
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Hazard waste environmental release plays a negative role on ecosys-
tems and the life quality of population. Regarding the atmospheric
compartment, chemical dispersions can modify ecosystems located far
from original sources exposing populations to greater health risks.
Also, some of these mixtures are likely to have genotoxic and carcino-
genic agents. FEPAM, the environmental protection agency, RS/Brazil,
has been implementing strategies to assess environmental genotoxins
using genetic markers as early parameters to prevent contaminant
effect risks. Researchers applied the Salmonella/microsome assay
responses as markers to assess atmospheric compounds associated to
wind distribution as indicators of chronic exposure. Comet assay in
lymphocytes and micronucleus of oral mucosa cells were used as
genetic markers for monitoring urban populations exposed to different
types and levels of petrochemical industrial activities: Site1, 20 km
from the source, in the main wind distribution; Site2 has the greatest
inclination for the deposition of particulate matter from an oil refinery;
Site3 is exposed to different contamination sources including fertilizers
and petrochemicals, and Site4 is a reference area. In relation to moni-
toring, about 30-37 men (ages 18-40) were analyzed per site. The
Comet assay was sensitive to DNA damage (tail intensity and moment)
in subjects exposed directly to the particulate matter deposition, Site2.
The data also showed higher levels of DNA damage (tail moment) in
individuals from Site3. No differences in micronucleated cells frequen-
cies were observed. About the airborne particulate matter, all sites test-
ed positive for direct and indirect-acting mutagens. The diversity of
PAHs and nitrocompounds like nitroarenes, nitro-PAHs and aromatic
amines explain the different mutagenesis levels detected in organic
extracts. Conclusion: The strategies applied led to selecting genetic
markers as early indicators for assessing the release of hazard wastes
into the ecosystems and preventing health risk effects on the popula-
tion. The Comet assay proved to be sensitive to human environmental
mutagenic compound exposition. Salmonella/microsome detected
mutagenic compounds even in samples within legal air quality criteri-
on. Support CNPq/CAPES.

IN115
POLYCYCLIC AROMATIC HYDROCARBON (PAH)-DNA
ADDUCTS, CHROMOSOMAL ABERRATIONS, AND CYP1A,
CYP1B1 AND GSTM1 RISK VARIANTS IN PERIPHERAL
BLOOD LYMPHOCYTES FROM YOUNG ADULTS LIVING
IN MEXICO CITY.
García W.A. (2), Chagoya A. (2), Karrasco K.L.(2), Petrosyan P.(2),
Asenjo García L. (3), Campos Sánchez R. (3), Rubio J.(2), Castro
C.(2), Poirier M.C.(1), Gonsebatt M.E.(2)
(1)CDI Section, National Cancer Institute, NIH, Bethesda, MD 20892,
USA (2)Instituto de Investigaciones Biomédicas UNAM. Depto de
Medicina Genómica y Toxicología Ambiental. AP 70-228, Ciudad
Universitaria CP. 04510 México, DF. (3) Universidad de Alcalá de
Henares , Madrid, Madrid, Spain
Email: margen@servidor.unam.mx

According to the automated air quality monitoring system, the critical
air pollutants in Mexico City are ozone, PAH and particulate matter <
10µm (PM10) and <2.5 µm (PM2.5). Particulate matter increases dur-
ing the dry season (winter) and decreases during the rainy season (sum-
mer). PAHs are mainly derived from the incomplete combustion of
organic materials and are also adsorbed in respirable PM2.5 in urban
air. Bioactivation of some PAHs produces reactive metabolites that
bind to DNA resulting in mutagenesis and cancer. We compared levels
of PAH-DNA adducts and chromosomal aberration frequencies using
peripheral blood lymphocytes from non-smoking young adults (n=96)
obtained during one winter and the following summer. PAH-DNA
adducts were analyzed using a chemiluminescence immunoassay with
antiserum elicited against DNA modified with r7,t8-dihydroxy-t-9,10-
oxy-7,8,9,10-tetrahydro-benzo[a]pyrene (BPDE).  Chromosomal aber-
ration frequencies were determined in metaphases of cultured lympho-
cytes, and Cytochrome P450 (CYP)1A, 1B1 and Glutathione-S-trans-
ferase M1 (GSTM1) allelic variants were also evaluated. Smoking sta-
tus was confirmed by urinary cotinine. The levels of DNA adducts
determined in winter (10.69 ± 3.2 per 109 nucleotides) were slightly
higher than those in summer (9.52±2.82 per 109 nucleotides) (p<0.05).
The frequency of chromosomal aberrations was also significantly high-

er in winter than in summer, and the presence of at-risk alleles for
CYP1A, CYP1B1 and GSTM1 was not associated with higher levels of
PAH-DNA adducts. DNA samples from all individuals with the excep-
tion of those with variants CYP1A1*4, GSTT1*0 or both , showed high-
er levels of adducts in winter.  The study demonstrates that PAH-DNA
adducts are modulated by level of external exposure, which, in Mexico
City, varies by season. This work was supported by CONACYT grant
46341-M

IN116
USE OF AGROCHEMICALS IN ARGENTINA: GENOTOXIC
AND CYTOTOXIC COMPARISONS BETWEEN PURE AND
FORMULATED PRODUCTS
ML Larramendy, S Soloneski
Laboratory of Cytogenetics, Faculty of Natural Sciences and Museum,
National University of La Plata, La Plata, Argentina
Email: m_larramendy@hotmail.com

To enhance the production in agriculture and horticulture, large
amounts of agrochemicals are daily released into the environment, cur-
rently on croplands, pastures and gardening. It is known that agrochem-
icals not only affect target organisms but also have some side effects on
non target organisms. Although these inconveniences, it is not possible
for many countries, specially those emerging ones, to decrease the use
of pesticides, mainly agrochemicals, without reducing crop yields. The
evolution of the phytosanitary market in Argentina reveals that herbi-
cides accounted for the largest portion of total use (69%), followed by
insecticides (13%), and fungicides (11%). Studies demonstrated that
occupational exposure to some pesticides as commercial formulations
may be related to several neoplasias/diseases. In this presentation we
evaluate comparatively the genotoxic and cytotoxic effects exerted in
mammalian cells in vitro by several pure pesticides and their technical
formulations commonly used in Argentina. Among them are listed the
herbicides 2,4-D and 2,4-D DMA®, Dicamba and Banvel®, the fungi-
cide Zineb and Azzurro®, the insecticides Carbofuran and Furadan®,
Pirimicarb and Aficida®, and the endectocide Ivermectin and
Ivomec®. The SCE, cell-cycle progression, chromosomal aberrations,
comet assay, spindle disturbances, micronuclei, MAC, MTT and neu-
tral red assays were used as end-points for geno and cytotoxicity in sev-
eral in vitro cell systems. The results clearly demonstrated that the
damage induced by the commercial formulations is in general greater
than that produced by the pure pesticides, suggesting the presence of
deleterious components in the excipients with a toxic additive effect
over the pure agrochemicals. Accordingly, the results highlight that: 1)
A complete knowledge of the toxic effect/s of the active ingredient is
not enough in biomonitoring studies; 2) Pesticide/s toxic effect/s
should be evaluated according to the commercial formulation available
in market; 3) The deleterious effect/s of the excipient/s present within
the commercial formulation should not be either discarded nor under-
estimated, and 4) A single bioassay is not enough to characterize the
toxicity of a agrochemical under study.

IN117
NOVEL FUNCTION OF NUCLEOTIDE EXCISION REPAIR
FACTOR AND ITS RELEVANCE TO XERODERMA 
PIGMENTOSUM AND COCKAYNE SYNDROME
K Tanaka, S Ito, K Horibata, T Narita, M Saijo 
Graduate School of Frontier Biosciences, Osaka University, Japan
ktanaka@fbs.osaka-u.ac.jp

Nucleotide excision repair (NER) is a versatile DNA repair system that
removes a wide range of DNA lesions including UV-damage. There are
two subpathways in NER. One is transcription-coupled NER (TC-
NER), which preferentially removes transcription-blocking DNA dam-
age from the transcribed strand in active genes. Another is global
genome NER (GG-NER), which removes lesions throughout the
genome. The importance of NER has been suggested by the studies on
human genetic disorders with NER deficiency such as xeroderma pig-
mentosum, Cockayne syndrome (CS), UV-sensitive syndrome (UVsS),
and trichothiodystrophy (TTD). These patients show a variety of symp-
toms such as high incidence of skin cancer on sun-exposed skin, phys-
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ical and mental retardation, neurological abnormalities and premature-
aging. XP is classified into eight genetic complementation groups (XP-
A ~ XP-G), and two in CS (CS-A and CS-B). CS-A, CS-B and UVsS
are specifically deficient in TC-NER, while XP-C and XP-E are defi-
cient in GG-NER but proficient in TC-NER. However, a variety of
symptoms in XP, CS and TTD cannot be explained by NER-deficiency
alone. Mutations in XPA, which is required for both TC-NER and GG-
NER, never cause CS, while, in rare cases, mutations in XPB, XPD,
and XPG cause features of CS combined with XP (XP-B/CS, XP-
D/CS, and XP-G/CS). XPB and XPD are subunits of TFIIH, which is
a multifunctional complex involved in basal transcription, transactiva-
tion, the cell cycle, and NER. We showed that XPG forms a stable com-
plex with TFIIH and functions in maintaining the architecture of
TFIIH, underlining the contribution of XPG to transcription. Moreover,
we demonstrated that the XPG mutations found in XP-G/CS patients
disturb the interaction of both CAK and XPD with the core TFIIH,
resulting in defective transactivation of nuclear receptors. These results
indicate that the features of CS in XP-G/CS are at least partly due to
abnormal transcriptional activity. In this symposium, novel functions
of CSB and XPD, and their relevance to CS features will be discussed.

IN118
CHROMOSOMAL INSTABILITY IN CANCER 
PATHOGENESIS AND TREATMENT
Ashok Venkitaraman
University of Cambridge & The Medical Research Council Cancer
Cell Unit,Hills Road, Cambridge CB2 0XZ, UK
Email: arv22@cam.ac.uk

Instability of chromosome structure or number is a hallmark of com-
mon epithelial malignancies. Accurate prosecution of the cellular
response to double-strand DNA breaks (DSBs) is essential for the sup-
pression of chromosomal structural anomalies in dividing cells.
Phosphorylation by PIK kinases of the variant histone, H2AX, which
recruits the machinery for DSB repair, is the earliest known marker of
DNA breakage. A new signalling pathway, proximal to H2AX modifi-
cation, promotes chromatin changes that trigger the DNA damage
response (1). Germline mutations in the breast cancer susceptibility
gene, BRCA2 give rise to numerical and structural chromosomal aber-
rations (reviewed in 2). One major function of BRCA2 is in the control
of the RAD51 recombinase during the reactions that lead to DSB repair
by homologous DNA recombination. Varshavsky’s N-end rule has been
used to create a thermosensitive form of RAD51 in vertebrate cells,
enabling dissection of the cell cycle co-ordination of DNA replication
with homologous recombination (3). The role played by the RAD51-
binding regions of BRCA2 in the control of homologous recombina-
tion has been dissected using biochemistry (eg., 4) and somatic cell
genetics (5), revealing new functions for the BRCA2 tumour suppres-
sor.
References
Ayoub N.A., A.D. Jeyasekharan, J.A. Bernal & A.R. Venkitaraman
(2008). Nature 453, 682-6.
Venkitaraman AR. (2009) Annu Rev Pathol 4, 461.
Su, X., J.A. Bernal & A.R. Venkitaraman (2008).  Nature Struct Mol
Biol 15, 1049.
Carreira A, Hilario J, Amitani I, Baskin RJ, Shivji MK, Venkitaraman
AR, Kowalczykowski SC. (2009) Cell 136, 1032.
Ayoub NA, Rajendra E, Jeyasekharan AD, Su X, Mahen RJ,
Venkitaraman AR. (2009) Curr Biol (In press).

IN119
ROLE OF TOPOISOMERASE I IN GENOMIC STABILITY
Y Pommier
Laboratory of Molecular Pharmacology, Center for Cancer Research,
National Cancer Institute, National Institutes of Health, Bethesda, MD
20892-4955, USA
Email: pommier@nih.gov

DNA topoisomerase I (Top1) is an essential gene in mice and flies.
Top1 levels are tightly regulated both in replicating and post-mitotic
cells. Top1 is also the target of anticancer drugs with the camptothecin

derivatives, topotecan and irinotecan being used in standard treatment
for ovarian, lung and colon cancers.1 To uncover the basic cellular
functions of Top1 we generated cell lines with low expression levels of
Top12 and used Top1 inhibitors to interfere with Top1 functions. We
will report our finding showing genomic alterations and replication-
associated DNA damage measured by endogenous phosphorylation of
histone H2AX3 and single molecule analyses of DNA replication
fibers4,5 in Top1-deficient cells and in cells treated with camp-
tothecins. Together these findings demonstrate a key role for Top1 in
DNA replication.
1. Pommier Y. Topoisomerase I inhibitors: camptothecins and beyond.
Nat Rev Cancer 2006; 6:789-802.
2. Miao ZH, Player A, Shankavaram U, Wang YH, Zimonjic DB,
Lorenzi PL, Liao ZY, Liu H, Shimura T, Zhang HL, Meng LH, Zhang
YW, Kawasaki ES, Popescu NC, Aladjem MI, Goldstein DJ, Weinstein
JN, Pommier Y. Nonclassic Functions of Human Topoisomerase I:
Genome-Wide and Pharmacologic Analyses. Cancer Res 2007;
67:8752-61.
3. Bonner WM, Redon CE, Dickey JS, Nakamura AJ, Sedelnikova OA,
Solier S, Pommier Y. gammaH2AX and cancer. Nat Rev Cancer 2008;
8:957-67.
4. Conti C, Seiler J, Pommier Y. The Mammalian DNA Replication
Elongation Checkpoint: Implication of Chk1 and Relationship with
Origin Firing as Determined by Single DNA Molecule and Single Cell
Analyses. Cell Cycle 2007; 6:2760-7.
5. Seiler JA, Conti C, Syed A, Aladjem MI, Pommier Y. The Intra-S-
Phase Checkpoint Affects both DNA Replication Initiation and
Elongation: Single-Cell and -DNA Fiber Analyses. Mol Cell Biol 2007;
27:5806-18.

IN120
OXIDATIVE STRESS-INDUCED TUMORIGENESIS IN THE
SMALL INTESTINES OF VARIOUS TYPES OF DNA 
REPAIR-DEFICIENT MICE
T Tsuzuki (1), J Piao (1), T Isoda (1), K Sakumi (2), Y Nakabeppu (2)
and Y Nakatsu (1)
(1) Department of Medical Biophysics and Radiation Biology, Faculty
of Medical Sciences; (2) Division of Neurofunctional Genomics,
Department of Immunobiology and Neuroscience, Medical Institute of
Bioregulation, Kyushu University, Fukuoka, 812-8582 Japan
Email: tsuzuki@med.kyushu-u.ac.jp

Oxygen radicals are produced through normal cellular metabolism, and
the formation of such radicals is further enhanced by radiation and by
various chemicals. Oxygen radicals attack DNA and its precursor
nucleotides, and consequently bases with various modifications are intro-
duced into the DNA of normally growing cells. One such modified base,
8-oxo-7, 8-dihydroguanine (8-oxoG) is highly mutagenic because of its
ambiguous pairing property. Three enzymes, MTH1, OGG1, and
MUTYH, play important roles in avoiding the 8-oxoG-related mutagen-
esis in mammalian cells. We have established an experimental system for
oxidative DNA damage-induced mutagenesis and tumorigenesis in the
gastrointestinal tracts of mice. Oral administration of an oxidizing
reagent, potassium bromate (KBrO3), effectively induced G:C to T:A
transversions and epithelial tumors in the small intestines of Mutyh-defi-
cient mice, implying the significance of Mutyh in the suppression of
mutagenesis and tumorigenesis induced by oxidative stress. To elucidate
the roles of other DNA repair genes in the suppression of oxidative DNA
damage-induced tumorigenesis, we performed KBrO3-induced tumori-
genesis experiments using Ogg1-, Mth1-, Msh2- and Xpa-deficient mice.
We observed an enhanced tumor-formation in the small intestines of
Msh2-deficient mice, as compared with the wild type and heterozygous
mice. No such enhancement was observed in Xpa-deficient mice. These
results indicate that mismatch repair, but not nucleotide excision repair,
is involved in the suppression of oxidative stress-induced intestinal
tumorigenesis in mice. The number of tumors was marginally increased
in Ogg1- and Mth1-deficient mice, in comparison to the wild-type mice,
suggesting that in contrast to Mutyh, Ogg1 and Mth1 may play a limited
role in the suppression of intestinal tumorigenesis caused by oxidative
stress. Our data indicate that among the repair factors examined, only
Mutyh and Msh2 play a significant role in the suppression of KBrO3-
induced intestinal tumorigenesis in mice. These findings are well corre-
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lated with the fact that among many DNA repair factors, only MUTYH
and mismatch repair factors are, so far, identified to be associated with
hereditary colorectal cancers in humans.

IN121
ROLE OF MICROENVIRONMENT ON TUMOR 
PROGRESSION: ENDOTHELIUM, ANGIOGENESIS AND
INFLAMMATION.
Adriana Albini, Ilaria Sogno, Rosaria Cammarota, Annarita Cantelmo,
Giuseppina Pennesi, Douglas Noonan
IRCCS Multimedica and University of Insubria, Varese, Italy
Email: adriana.albini@multimedica.it

Tumor angiogenesis is increasingly recognized as a crucial process for
cancer progression as well as an important target of therapy. The ini-
tially transformed cell in an avascular state can only form tumors of rel-
atively small size and rapidly reaches a state of equilibrium between
cell growth and cell death mainly due to the lack of oxygen and nutri-
ents. Tumor cells that acquire growth autonomy through the induction
of vessel growth into the tumor in a crucial phase in tumor develop-
ment termed the “angiogenic switch”, through the release of pro-angio-
genic factors such as vascular endothelial cell growth factor, VEGF, or
basic fibroblast growth factor, bFGF, have a selective growth advan-
tage. Intriguingly, many of the biological processes involved in angio-
genesis, such as cell migration and invasion, expression of matrix met-
alloproteases (MMPs) and control of their inhibitors (TIMPs) are also
required for metastasis, and the newly formed tumor vessels are also a
major route of metastatic cell dissemination. Further, tumor inflamma-
tion also promotes angiogenesis and tissue remodeling. These consid-
erations have led to the development of anti-angiogenic drugs. Clinical
trials have shown that angiogenesis inhibition is a promising, but also
an elusive, target; only those strategies directed against a specific
angiogenic factor, VEGF, have shown positive responses. The disrup-
tion of VEGF signaling is active on incompletely formed vessels, caus-
ing localized endothelial cell death. An alternative, valuable approach
should contemporarily targeting the endothelium and inflammatory
cells at the beginning of the pathologic process, and should be contin-
ued chronically. We identified “Angioprevention”, the chemopreven-
tion of angiogenesis, as one possible concrete strategy. Several mole-
cules share the ability to inhibit inflammatory and angiogenic process-
es, many of them are already approved for clinic use, or dietary com-
ponents. We have shown that several flavonoids, antioxidants and
retinoids act on the tumor micro-environment to inhibit enrollment and
activation of endothelial cells and innate immune cells, thus linking
inflammation and vascularization to tumor onset and progression and
providing a key target for angiogenesis prevention.

IN122
ANTIMUTAGENIC STRATEGIES APPLIED TO 
CHEMOPREVENTIVE DRUG DEVELOPMENT
Vernon E. Steele
Division of Cancer Prevention, National Cancer Institute, Bethesda,
MD, USA
Email: vs1y@nih.gov

The prevention of cancer is one of the most important public health and
medical practices of the 21st century. Much progress has been made in
this emerging field, but a significant amount or work remains before
accepted practice and widespread use become commonplace. The
process of carcinogenesis typically requires 20-40 years to reach the
endpoint called invasive cancer. It follows multiple, diverse and com-
plex pathways in a stochastic process of clonal evolution.
Chemoprevention research has demonstrated that these pathways are
amenable to inhibition, reversal or retardation at various stages. We
must therefore identify the key pathways in the evolution of cancer that
must be blocked to prevent this carcinogenesis process. Current mech-
anistic approaches include administering agents which block the acti-
vation of carcinogens, promote the detoxification of carcinogens
(Phase II enzyme inducers), enhance glutathione, block the production
of reactive oxygen species, inhibit carcinogen uptake, promote repair
processes, and block cell cycle progression.  Antimutagens become

chemopreventive agents since oncogenes can be activated and/or tumor
suppressor genes may become mutated or even deleted, rendering them
inactive. Receptors for growth factors can become over or constitutive-
ly expressed, under expressed or mutated, angiogenesis factors can be
expressed, telomerase becomes activated, and many other defects
occur in cellular machinery which lead to evolution of the cancer phe-
notype. Many of these early precancerous lesions favor cell division
over quiescence and protect cells against apoptosis or senescence when
growth signals are present. Many of these antimutagenic agents are
now in chemoprevention clinical trials in humans. To conquer this
diverse disease, we must attack multiple key pathways at once.
Furthermore, each organ-specific cancer type may require a custom
combination of prevention strategies to be successful.

IN123
CLINICAL  STRATEGIES FOR DEVELOPING 
ANTIMUTAGENIC CHEMOPREVENTIVE DRUGS
GJ Kelloff
Division of Cancer Treatment and Diagnosis, National Cancer
Institute, Bethesda, Maryland, USA
Email: kelloffg@mail.nih.gov

Carcinogenesis at the cellular and tissue levels is characterized by
accelerating mutagenesis and proliferation, and chemopreventive drug
development strategies involving modulation of these processes by tar-
geting key molecular targets and pathways are increasingly important.
Advances in genomics, proteomics and functional and molecular imag-
ing allow better definition of carcinogenesis mechanisms, more precise
early cancer detection and cancer risk estimates, and quantitative
histopathological evaluation of precancerous tissues. All these tech-
nologies contribute to discovery and characterization of chemopreven-
tive agents and evaluation and validation of carcinogenesis biomarkers
as surrogate endpoints for cancer incidence. These tools can therefore
provide evaluation of individual and population-based cancer risks
allowing selection of cohorts benefitting from chemoprevention and
suitable for evaluating chemopreventive strategies. Many classes of
antimutagenic and antiproliferative agents have already shown chemo-
preventive activity in animal models of carcinogenesis and in clinical
trials to reduce precancer—for example, agents that inhibit the inflam-
matory process (cyclooxygenase-2 selective inhibitors and other nons-
teroidal antiinflammatories in colon, lipoxygenase inhibitors in lung;
antioxidant tea polyphenols in prostate) and epigenetic modulators (his-
tone deacetylase inhibitors in breast). Three challenges that must be met
for successful development of these and other cancer preventive drugs
in the setting of precancer are identifying populations at high risk for
developing cancer; defining endpoints for clinical studies that demon-
strate chemopreventive efficacy and clinical benefit to populations stud-
ied; and demonstrating safety of long term administration. Net clinical
benefit of chemopreventive interventions is determined by the change in
significant efficacy event rates (e.g., reduction in precancer or cancer)
compared to the change in significant toxicity event rates (e.g.,
increased cardiovascular events). Proving chronic safety in chemopre-
ventive settings is more challenging than proving efficacy. Chronic safe-
ty is very important, since these drugs may be prescribed to large popu-
lations at relatively low absolute risk of developing cancer.

IN124
TARGETING KEAP1-NRF2 SIGNALING WITH DRUGS
TW Kensler (1), PA Egner (1), PM Dolan (1), MS Yates (1), N
Wakabayashi (1), JD Groopman (1), TR Sutter (2), K Liby (3), MB
Sporn (3), BD Roebuck (3), and M Yamamoto (4)
(1) Johns Hopkins University, Baltimore, MD, USA; (2) University of
Memphis, Memphis, TN USA; (3) Dartmouth Medical School,
Hanover, NH, USA; and (4) Tohoku University, Sendai, Japan
Email: tkensler@jhsph.edu

Oltipraz, a drug originally developed for the chemotherapy of schistoso-
miasis, is an effective inducer of enzymes that detoxify carcinogens (e.g.,
glutathione S-transferases and UDP-glucuronosyltransferases) and is a
potent anticarcinogen in animals.  A common cis-acting sequence, the
Antioxidant Response Element (ARE), is found in the promoter regions
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of these protective genes.  The transcription factor Nrf2 regulates inducible
and/or basal expression of genes by the ARE.  An actin-binding protein,
Keap1, sequesters Nrf2 in the cytoplasm and facilitates its degradation
through ubiquitination. Keap1 is a sulfhydryl-rich protein, and several cys-
teine residues mediate the Keap1-inducer interaction. Treatment with
oltipraz or other inducers such as sulforaphane alters the interaction
between Keap1 and Nrf2, allowing Nrf2 to translocate to the nucleus.
Highlighting the importance of this signaling pathway, Nrf2-deficient mice
are considerably more sensitive to carcinogenesis than wild-type mice, per-
haps reflecting a lower constitutive expression of carcinogen detoxication
enzymes.  Moreover, the cancer chemopreventive efficacies of oltipraz and
sulforaphane are completely lost in the knockout mice. Genomic, proteom-
ic and biochemical analysis indicate that Nrf2 regulates the expression of
carcinogen detoxication and antioxidative genes, as well as those affecting
glutathione homeostasis, NADPH generation, solute transporters, and pro-
teasome function. Monitoring for induction of Nrf2-regulated genes led to
the original identification of oltipraz as a potential chemopreventive agent
and, more recently, the recognition that some triterpenoids are exception-
ally potent inhibitors of aflatoxin carcinogenesis in vivo.
As proof of principle for the merit of targeting Nrf2, administration of

oltipraz in a placebo-controlled, randomized, double-blind clinical trial
also conducted in Qidong resulted in a 2.6-fold increase in the excretion of
aflatoxin-mercapturic acid, a detoxication product of the reactive, DNA-
damaging intermediate of aflatoxin . Follow-up clinical trials are evaluat-
ing newer generations of Nrf2 activators. Supported by NIH Grants
ES06052, CA39416, & CA94076.

IN125
CHEMOPREVENTION OF CIGARETTE SMOKE 
GENOTOXICITY AND CARCINOGENICITY
R Balansky (1, 2), F D’Agostini (2), A Izzotti (2), VE Steele (3), S De
Flora (2)
(1) National Center of Oncology, Sofia, Bulgaria; (2) Department of
Health Sciences, University of Genoa, Italy; (3) National Cancer
Institute, Rockville, MD, USA
Email: rubalansky@onco-bg.com

The most obvious way to prevent lung cancer and other smoke-related
diseases is either to refrain from smoking or to quit smoking or not to
live in smoke-contaminated environments. A complementary strategy
is chemoprevention, which uses dietary and pharmacological agents
capable of protecting addicted active smokers, ex-smokers, and passive
smokers. The biological effects of cigarette smoke (CS) as a complex
mixture, either mainstream (MCS) or sidestream (SCS) or environmen-
tal (ECS), have been poorly explored. During the last two decades we
showed that MCS and ECS induce a broad variety of alterations of
intermediate biomarkers in animal models, including adducts to
nuclear DNA and mtDNA, oxidatively generated DNA damage, prolif-
eration, apoptosis, alterations of oncogenes and tumor suppressor
genes, multigene expression, microRNA and proteome profiles as well
as cytogenetic damage in the respiratory tract, bone marrow and
peripheral blood. CS-altered end-points were variously modulated by
chemopreventive agents of natural or pharmacological origin, such as
N-acetyl-L-cysteine (NAC), 1,2-dithiole-3-thione, oltipraz, 5,6-ben-
zoflavone, phenethyl isothiocyanate (PEITC), indole-3-carbinol, sulin-
dac, and budesonide. Combinations of agents were also assayed.
Unfortunately, until recently a suitable animal model for evaluating CS
carcinogenicity was not available. We demonstrated that ECS and espe-
cially MCS become potent carcinogens when exposure of mice starts at
birth. The carcinogenic response induced by MCS is characterized by
very short latency times, high incidence and multiplicity of benign lung
tumors, early occurrence of malignant lung tumors, and lesions in other
organs. This mouse model was successfully used to demonstrate the
ability of NAC, PEITC, and budesonide to prevent smoke-induced
lung cancer, according to protocols mimicking the situation either in
current smokers or in ex-smokers. Moreover, NAC was successful to
prevent lung cancer induced by MCS after birth when the chemopre-
ventive agent was administered during the prenatal life. Therefore, it is
now possible to investigate in vivo not only alterations of intermediate
biomarkers but also the carcinogenicity of CS and their modulation by
chemopreventive agents.

IN126
LIKE FATHER LIKE SON: TRANSGENERATIONAL
GENOMIC INSTABILITY IN MAMMALS
YE Dubrova
Department of Genetics, University of Leicester, United Kingdom
Email: yed2@le.ac.uk

Mutation induction in the directly exposed cells is currently regarded
as the main component of the genetic risk of ionizing radiation and
chemical mutagens. However, recent data on the delayed effects of
exposure to ionizing radiation represent a new challenge to the existing
paradigm. The results of numerous in vitro studies show that ionizing
radiation can not only induce mutations in the directly exposed cells,
but can also lead to delayed effects, with new mutations arising many
cell divisions after the initial irradiation damage. Apart from the stud-
ies on mutation rates in somatic cells, considerable progress has been
made in the analysis of radiation-induced instability in the mammalian
germline, where the effects of radiation exposure were investigated
among the offspring of irradiated parents. Our results show that muta-
tion rates at tandem repeat DNA loci and protein-coding genes are sub-
stantially elevated in the germline and somatic tissues of non-exposed
offspring of irradiated male mice. According to our data, this remark-
able transgenerational destabilization can be attributed to the presence
of a subset of endogenous DNA lesions. We have recently shown that
paternal treatment by the alkylating agent ethylnitrosourea also results
in the transgenerational effects, thus implying that this phenomenon is
not initiated by a specific sub-set of DNA lesions and is most probably
triggered by a stress-like response to a generalized DNA damage. Our
data imply that instability detected in the non-exposed offspring is
caused by some DNA-dependent signal transmitted from the irradiated
father and implicate an epigenetic mechanism for the transgenerational
instability. The potential implication of these results for the estimates
of genetic risks for humans will be discussed.

IN127
THE MECHANISM AND CLINICAL UTILITY OF SOMATIC
MITOCHONDRIAL MUTAGENESIS IN CANCER
Nolan G. Ericson (1), Marc Vermulst (2), Edward J. Fox (3), Jacintha
N. O’Sullivan (3), Jason H. Bielas (1,4)
(1) Molecular Diagnostics, Public Health Sciences, Fred Hutchinson
Cancer Research Center, Seattle, WA; (2) Division of Biology,
California Institute of Technology, Pasadena, CA; (3) Centre for
Colorectal Disease, St. Vincent’s University Hospital, University
College Dublin, Dublin, Ireland; (4) Department of Pathology,
University of Washington, Seattle, WA
E-mail: jbielas@fhcrc.org

Several studies have revealed a substantial number of clonally expand-
ed (homoplasmic) somatic mitochondrial DNA (mtDNA) mutations in
a variety of human cancers. It has been debated whether these muta-
tions are involved in early or late carcinogenesis, or merely accumulate
by chance. We address this question by studying mutations in mtDNA
isolated from nine patient-matched sets of normal, adenoma, and carci-
noma colorectal tissues. These tissues allow us to establish a mutation-
al timeline during colorectal cancer progression. First, we identified
homoplasmic mutations in adenoma and carcinoma tissues by sequenc-
ing the entire mitochondrial genome from each sample, and found at
least one mutation in 33% of adenomas and 56% of carcinomas. We
hypothesized that the abundance of these mutations was driven by an
elevated rate of mutagenesis in mtDNA, i.e., a mitochondrial mutator
phenotype. We investigated this hypothesis by adapting the Random
Mutation Capture (RMC) assay to assess the frequency of random
mutations in the 12S rRNA and COXI regions of the mitochondrial
genome in all patient-matched colorectal tissue samples. The results of
this study revealed no statistically significant difference in random
mutation frequency between mtDNA isolated from normal and adeno-
ma tissues at either the 12S rRNA (p=0.39) or the COXI sites (p=0.07).
Mitochondrial DNA isolated from carcinoma tissues, however, exhib-
ited a greater than two-fold reduction in random point mutations com-
pared to mtDNA isolated from normal colonic tissue at both the 12S
rRNA (p=0.01) and COXI sites (p=0.05). The increase in clonally
expanded mtDNA mutations we observed in carcinoma, when contrast-
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ed with a decreased random mutation frequency, suggests their selec-
tion during carcinogenesis. Irrespective of the precise mechanisms of
homoplasmic mtDNA mutation accumulation in cancer pathogenesis,
mutational homoplasmy in cancer provides a more specific biomarker
of disease, than any other yet described. As such, we have developed
new technologies that exploit mtDNA mutations to monitor tumor pro-
gression, therapeutic response and cancer recurrence.

IN128
CROSS-SPECIES, ENDOGENOUS MUTATION ASSAY BASED
ON THE PIG-A GENE
Jeffrey C. Bemis (1), Souk Phonethepswath (1), Dean Franklin (1),
Sarojini Raja (1), Dorothea K. Torous (1), Steven M. Bryce (1), James
T. MacGregor (2), and Stephen D. Dertinger (1) 
(1) Litron Laboratories, Rochester, NY, USA; (2) Toxicology
Consulting Services, Arnold MD, USA
Email: jbemis@litronlabs.com

This laboratory has developed a flow cytometric technique for moni-
toring gene mutation at the pig-a locus. The pig-a gene product is
responsible for a critical step in the formation of glycosylphos-
phatidylinositol (GPI) anchors that are used to target certain proteins to
the cell surface. Preliminary experiments were directed at optimizing
mouse and rat blood staining strategies whereby lack of a specific GPI-
anchored surface protein served as a phenotypic marker of pig-a muta-
tion. The kinetics of the pig-a response to known mutagens was char-
acterized using N-ethyl N-nitrosourea (ENU), 7,12-dimethyl-1,2-
benz[a]anthracene (DMBA), 4-nitroquinoline-1-oxide, benzo(a)pyre -
ne, and N-methyl-N-nitrosourea (MNU). For all studies, treatment of
Wistar Han rats or CD-1 mice occurred on three consecutive days via
oral gavage (i.e., Days 1-3), with blood samples collected on Days -1
(rat only), 4, 15, 30, 45 and 90. Mutant phenotype erythrocytes and
reticulocytes were measured following staining with SYTO 13 in com-
bination with either anti-CD59-PE (for rats) or anti-CD24-PE (mice).
Mutant phenotype cells were not evident on Day 4, but significant
increases were observed on Day 15 for each chemical. The persistence
of the responses were markedly different for these chemicals, which
presumably relates to the degree to which mutation is occurring in
long-lived hematopoietic stem cells versus cells with limited self-
renewal capacity. These data support flow cytometry-based assessment
of pig-a gene function as a cross-species indicator of mutation.

IN129
MUTATION NOT CANCER: VALIDATION AND UTILITY OF
TRANSGENIC GENE MUTATION ASSAYS
George R. Douglas (1), Lynda M. Soper (1), and Tim M. Singer (1,2)
(1) Environmental Health Science and Research Bureau, Health
Canada, Tunney’s Pasture, Ottawa, Canada, K1A 0K9; (1,2) New
Substances Assessment and Control Bureau, Health Canada, 123
Slater St., Ottawa, Canada, K1A 0K9
Emailr: george_douglas@hc-sc.gc.ca

The Organization for Economic Cooperation and Development
(OECD) has recently approved the development of a Test Guideline on
Transgenic Rodent (TGR) Gene Mutation assays following the accept-
ance of a Detailed Review Paper on this endpoint. The process of
OECD Test Guideline development will require consideration of the
extent to which these assays have been “validated” according to specif-
ic criteria.  One basic issue is the selection of the most relevant end-
point against which validation should be made. The predictivity of
genotoxicity tests for carcinogenicity is an important consideration in
the acceptance and interpretation of such tests for regulatory use since
mutagenicity is a primary event in the etiology of most cancers.
Despite the close association between these two endpoints, it is an
imperfect association, which is evident for all tests for genotoxicity,
including TGR assays. There is a small, but distinct, proportion of non-
carcinogens that are genotoxic, presumably because mutagenicity per
se was insufficient for the development of tumours in such cases.
Furthermore, there are carcinogens that are non-genotoxic, due to
mechanisms that do not involve genotoxicity as a primary event.
Carcinogenicity, therefore, may not be the most appropriate endpoint

against which to validate a new assay such as the transgenic rodent
gene mutation assay, since there is an expectation of non-concordance
among test results. The most biologically relevant endpoint for use in
validation of the predictivity TGR assays would be another, well-estab-
lished in vivo gene mutation assay that is not limited to a single tissue.
Since such an assay does not exist, we have used sequence data from
the DNA isolated from mutant phenotypes (i.e. plaques or colonies) to
estimate the Positive Predictive Value (PPV) of these presumptive
mutant genotypes. The PPV is the proportion of mutant phenotypes that
are confirmed as mutant genotypes. We have reviewed the data from
over 140 studies in which a total of 32,751 mutant phenotypes were
sequenced yielding 31,659 mutant genotypes and a PPV of 0.967, val-
idating the effectiveness of TGR assays for detecting gene mutations,
and facilitating the establishment of an OECD Test Guideline.

IN130
OVEREXPRESSION OF SOME DNA REPAIR PATHWAYS ARE
ASSOCIATED WITH METASTASIS RISK IN MELANOMA
PATIENTS
A Sarasin (1), A Kauffmann (2), V Winnepenninckx (3), V Lazar (2), J
J Van Den Oord (3), A Spatz (4), P Dessen (1)
(1)Genomes and Cancers, FRE 2939, CNRS, Institut Gustave Roussy,
Villejuif, France; (2) Institut Gustave Roussy, Unit of functional genomic,
Villejuif, France; (3) University Hospitals, Katholieke Universiteit Leuven,
Leuven , Belgium; (4) Institut Gustave Roussy, Département d’Anatomie
Pathologie, Villejuif, France
Email: sarasin@igr.fr

Melanoma is the most life-threatening human neoplasm of the skin and
shows a worldwide dramatic increase in incidence and mortality. The
underlying molecular events leading to metastasis have not been clear-
ly elucidated.
Using a collection of 83 frozen human primary cutaneous melanomas
we determined their genome-wide gene expression profiles. Thanks to
a new multiple random validation strategy we identify a signature of
254 genes allowing us to predict with a high probability distant metas-
tasis free-survival as well as overall survival at 4 years. Clusterization
of these genes into functional groups identified distinctive trends in
gene expression throughout tumor progression. 
Because melanoma development is partly linked to ultraviolet expo-
sure, we analyzed the role of genes involved in DNA replication, DNA
repair and recombination in primary melanomas that are going to
metastasize. We used a newly-developed bioinformatic tool allowing
us to analyze the differential gene expression by looking at whole bio-
logical pathways rather than individual genes. Among the most signif-
icant pathways associated with progression to metastasis, we found the
DNA replication (p=10-14) and the DNA repair pathways (p=10-16).
We concentrated our analysis on DNA repair in a large sense and found
that 47 genes of this category, among a list of 234 DNA repair genes,
are associated with metastatic progression and poor prognosis.  Most of
the genes involved in the regulation of replication origin firings are
overexpressed in primary melanomas that will lead to metastasis as
well as numerous genes involved in the maintenance of genetic stabil-
ity, such as homologous recombination and the pathways leading to
recovery of replication fork stalling, due to spontaneous blockage or
induced DNA lesions such as double-stranded breaks or crosslink’s. It
looks if genome stability is necessary for a primary tumoral cell to
invade and succeed to inducing distant metastasis. Moreover, this over-
expression of repair genes explains nicely the extraordinary resistance
of metastatic melanoma to chemo- and radiotherapy. New tailored ther-
apies should be developed by inhibiting specifically these DNA repair
processes to better cure melanoma metastasis.

IN131
DNA DAMAGE AND DNA DAMAGE RESPONSES AFTER
THIOPURINE/UVA TREATMENT
Reto Brem, Feng Li, Quentin Gueranger, Peter Karran
Cancer Research UK London Research Institute, Clare Hall
Laboratories, UK
Email: peter.karran@cancer.org.uk
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Background The immunosuppressant azathioprine (Aza) is prescribed
to prevent graft rejection in organ transplant patients. The incidence of
non-melanoma skin cancer is extremely high in these patients and the
duration of immunosuppression and sunlight exposure are both
acknowledged risk factors. The DNA of Aza-treated patients contains
measurable 6-thioguanine (6-TG) which, unlike canonical DNA bases,
absorbs the ultraviolet A (UVA) radiation that comprises 95% of the
ultraviolet in incident sunlight. The skin of patients taking Aza is selec-
tively UVA sensitive, consistent with the formation of DNA photoprod-
ucts. UVA photoactivation of 6-TG generates reactive oxygen species
(ROS) and UVA irradiation of cultured cells containing DNA 6-TG
produces DNA lesions that block replication and transcription. The
DNA 6-TG/UVA combination is synergistically cytotoxic and muta-
genic. Aims To determine the products of the interaction between DNA
6-TG and UVA and their impact on DNA repair and DNA damage
responses. Results Photochemical lesions include damaged DNA
bases, DNA strand breakage, oxidized DNA-associated proteins, and
DNA-protein crosslinks. Potentially lethal photochemical damage
caused by DNA 6-TG is not removed by nucleotide excision repair
(NER); neither NER-deficient nor transcription-coupled NER-defec-
tive cells are hypersensitive to 6-TG/UVA. The interaction between
DNA 6-TG and low dose UVA induces both single- and double-strand
(DSB) DNA breaks. The DNA of S phase cells - and particularly DNA
at replication forks - is exceptionally sensitive to breakage and cells
defective in the repair of DSB by homologous recombination are
hypersensitive to killing by this treatment. Photochemical activation of
6-TG provokes the ATM- and ATR-mediated DNA damage responses
and both the Chk2 and Chk1 proteins are rapidly activated together
with the G2/M cell cycle checkpoint. Higher levels of damage cause a
proteasome-dependent degradation of Chk1 and abrogation of the
checkpoint. Conclusion The DNA 6-TG that is present in the skin cells
of patients undergoing long-term Aza therapy can interact with low
doses of UVA to generate persistent DNA damage. These findings have
implications for the development of skin cancer in this patient group.

IN132
GENOTOXIC STRESS RESPONSE: MECHANISMS AND 
RELEVANCE TO CANCER
Jiri Bartek 
Institute of Cancer Biology, Danish Cancer Society, Copenhagen,
Denmark 
Email: jb@cancer.dk

Recent work in the field of DNA damage recognition, signaling and
repair identified multiple protein modifications that operate in concert
with the ‘classical’ phosphorylation/dephosphoryla- tion network gov-
erned by the ATM/ATR-regulated DNA damage response (DDR). This
lecture will summarize our recently published and unpublished data
documenting the biological and pathophysiological role of the emerg-
ing ubiquitylation/deubiq- uitylation cascade, including the RNF8,
RNF168, HERC2/UBC13 and BRCA1 ubiquitin ligases, USP7 and
other deubiquitylation enzymes and additional components, in DNA
damage signaling and repair in human cells. The data will include
results from pan-genomic RNAi-based screens for novel DDR compo-
nents, live-cell imaging of human cells to analyze the spatiotempral
orchestration of the key DDR pathways, and mechanistic insights into
the cooperation between phosphorylation, ubiquitylation and protein-
protein inter- actions in response to DNA double strand breaks. Finally,
recent results extending our concept of DDR as a tumorigenesis barri-
er in early human cancer development, and exploitation of DDR
defects in tumors as predictive markers to guide individualized
chemotherapy, will be presented.
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PROCESSING OF DNA ADDUCTS INTO DOUBLE STRAND
BREAKS.

AK Larsen (1), DG Soares (1,2), M da Silva Machado (1,2), C Rocca
(1), V Poindessous (1), A Sarasin (3), AE Escargueil (1), JAP
Henriques (2)
(1) Laboratory of Cancer Biology and Therapeutics, Centre de
Recherche Saint-Antoine, INSERM U938 and Université Paris 6,

Paris, France; (2) Centro de Biotecnologia, Universidade Federal do
Rio Grande do Sul, Porto Alegre, Brazil; (3) CNRS FRE 2939, Institut
Gustave-Roussy, Villejuif, France
Email: Akraghlarsen@aol.com

DNA double strand breaks (DBSs) are highly toxic lesions which can
trigger apoptosis and mitotic cell death. DSBs arise as a result of phys-
iological, pathological, pharmacological or environmental exposure.
Our current knowledge of the biological response to DSBs rely princi-
pally on experiments with ionizing radiation. However, radiation-
induced DSBs are primary lesions with two blunt ends, whereas most
other types of DSBs are secondary lesions formed within the context of
macromolecular complexes, which may conceivably change the nature
of the DSB. We here describe the processing of 3 anticancer agents
originally derived from natural sources: ecteinascidin 743 (yondelis) a
marine product, S23906, a plant alkaloid, and irofulven, a fungal prod-
uct. All three compounds form bulky monofunctional adducts which
can be converted into DSBs following collision with the replication
fork and/or the transcription machinery. Interestingly, interaction with
DNA repair proteins may either lead to the removal of the lesions or
convert them into different type of lesions with enhanced toxicity.
Characterization of the processing of these natural-derived agents
should permit the identification of biomarkers for clinical response pre-
diction and provide us with unique probes to dissect the biological
response to DNA damage. 
References
Léonce S, et al. (2006) Generation of replication-dependent double-
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IMPLICATION OF THE NUCLEOTIDE EXCISION REPAIR
MACHINERY ON THE RESPONSE TO DOXORUBICIN
TREATMENT IN HUMAN FIBROBLASTS
Jenifer Saffi
Laboratory of Genetic Toxicology, Lutheran University of Brazil,
Canoas, Brazil
Email: jenifer.saffi@ulbra.br or saffi@cbiot.ufgs.br

Doxorubicin (DOX), a member of the anthracycline group, is a widely
used drug in cancer therapy. The mechanisms of DOX action include
topoisomerase II-poisoning, free radicals release, DNA adducts and
interstrand cross-link (ICL) formation. DNA repair capacity is impor-
tant not only for cell survival but also influences the response to
chemotherapy, being the major contributor to drug resistance in cells.
Therefore, we aimed to test the role of nucleotide excision repair
(NER) in the response to DNA lesions and sensitivity of cells treated
with DOX. Human fibroblast cell lines carrying different mutations in
NER machinery, either in global genome repair (GGR-NER) – XPC, or
both GGR and transcription coupled repair (TCR-NER) – XP-D, TTD
and XP/CS, were employed. They were treated with different DOX
concentrations and times and were further analyzed for cell survival,
apoptosis levels and cell cycle arrest. The formation of double-strand
breaks (DSB) and their repair kinetics, measured by the generation of
gama-H2AX nuclear foci, were also investigated. Our results show that
XP-D, TTD and XP/CS cells are extremely sensitive to DOX and pres-
ent elevated levels of apoptosis, while XPC cells are weakly sensitive
to DOX and present a cell cycle profile similar to wild type cells. The
NER-deficient cell lines do not show different patterns of DSBs forma-
tion as assayed by phosphorylated H2AX foci formation. The
Topoisomerase II alpha knock-down with siRNA leads to increased
survival in both MRC5 and XP-D cells, while XP-D cells still remained
significantly more sensitive to the treatment by DOX. This indicates
that DNA lesions other than breaks induced by TopoII blockage (i.e.
DNA-adducts induced by DOX) may be responsible for the increased
cell death in XPD-mutated cells.
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INTOGEN: A NOVEL FRAMEWORK FOR INTEGRATION
AND DATA-MINING OF MULTIDIMENSIONAL 
ONCOGENOMIC DATA
Gunes Gunes, Christian Perez-Llamas, Alba Jené, Khademul Islam,
Jordi Deu-Pons, Simon J. Furney and Nuria Lopez-Bigas 
Research Unit on Biomedical Informatics. Experimental and Health
Science Department. Universitat Pompeu Fabra. Barcelona
Biomedical Research Park. Spain. http://bg.upf.edu
Email: nuria.lopez@upf.edu

The availability of data from a growing number of oncogenomic studies
provides an unprecedented opportunity to understand tumor development
from a genomic perspective. However, new integrative methodologies are
necessary in order to take full advantage of these valuable data. IntOGen
is a novel framework that addresses this by collecting, organizing, analyz-
ing and integrating genome-wide experiments that study several forms of
alterations in numerous cancer types. IntOGen explores the data at differ-
ent levels, from individual experiments to combinations of experiments
that analyze the same tumour type, and from individual genes to biologi-
cal modules, pathways or gene sets. IntOGen is designed to be an updata-
ble, flexible, extensible and efficient system for integrative oncogenomics
analysis and visualization. The system consists of three main components:
1) Data, including oncogenomics experiments and biological modules. 2)
Statistical methods for analysis and integration of the data. A specifically
designed statistical framework has been implemented with the objective of
identifying driver genes and modules significantly altered in different
tumour types. 3) Visualization methods to explore the results in intuitive
and efficient ways. We have developed two complementary visualization
systems, i) A publicly accessible web system (www.intogen.org) which
allows an easy and efficient access to IntOGen results and ii) A standalone
Java application, GiTools, which permits a more flexible and sophisticated
navigation of IntOGen data and results. IntOGen is a unique and high valu-
able resource for the research community studying cancer. We expect that
it will be a highly useful addition to the field and will assist researchers by
allowing exploration of altered genes and modules in many tumour types.
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THE COMPARATIVE TOXICOGENOMICS DATABASE: 
A DISCOVERY TOOL FOR IDENTIFYING CHEMICAL-
GENE-DISEASE NETWORKS 
Allan P. Davis, Cynthia G. Murphy, Cynthia A. Saraceni-Richards,
Michael C. Rosenstein, Thomas C. Wiegers, and Carolyn J. Mattingly 
The Mount Desert Island Biological Laboratory, Salisbury Cove, ME
04672, USA
Email: cmattin@mdibl.org

The Comparative Toxicogenomics Database (CTD; http://ctd.mdibl.o rg)  is a
curated database that promotes understanding about the effects of environ-
mental chemicals on human health.   This is a critical area of research
because the etiology of many chronic diseases involves interactions between
environmental factors and genes and proteins that modulate important phys-
iological processes.  CTD integrates manually curated data from peer-
reviewed published literature with diverse public data sets to provide a cen-
tralized, freely available resource for exploring cross-species chemical-gene
and protein interactions and chemical- and gene-disease relationships.  Over
167,000 interactions between 4,700 chemicals and 15,900 genes have been
curated from 289 species, and over 8,100 gene-disease and 5,000 chemical-
disease relationships have been curated.  By integrating these data, 555,000
gene-disease relationships and 153,000 chemical-disease relationships can
be inferred.  CTD also integrates external data sets like Gene Ontology anno-
tations and KEGG pathways, which greatly expands query and analysis
options in CTD.  Several unique features were recently implemented to
enhance data access and analysis, including: a) data download options; b)
batch query options; c) a VennViewer tool that allows users to compare asso-
ciated data sets for chemicals, genes/proteins or diseases; and d) GeneComps
and ChemComps, which are statistical metrics   used to identify comparable
genes or chemicals, respectively, based on similar toxicogenomic profiles.
CTD’s integrative approach provides researchers with important connections
between chemicals, genes/proteins and diseases that may not otherwise be
apparent, and provides the basis for developing novel hypotheses about the
mechanisms underlying the etiology of environmental diseases.

This presentation will demonstrate the current scope and functionality of the
database using a CTD-curated data set.
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METABOLIC PROFILING AS A TOOL IN BIOMARKER
RESEARCH AND SYSTEMS BIOLOGY
Dr Hector C Keun
Department of Biomolecular Medicine, Imperial College London
Email: h.keun@imperial.ac.uk

Metabolic biomarkers have much potential in biomedical and toxicologi-
cal research.  They can be measured non-invasively via imaging or body
fluid profiling, which is better for the welfare of both patients and animals
and facilitates longitudinal studies and translation of results between mod-
els and man. Metabolites are also defined chemical entities without genet-
ic variation or post-translational modifications, which also helps to trans-
late analytical methodologies directly from the laboratory to clinical and
population studies. A substantial body of research has shown that metabol-
ic profiles can report sensitively and specifically on a number of patholog-
ical states, both in terms of clinical disease processes and laboratory stud-
ies of genetic manipulation or chemical exposure.  Certain conditions, such
as Type II diabetes or cancer have defined metabolic phenotypes that are
already exploited in diagnosis and therapy.  Importantly, metabolic bio-
markers have been shown to be predictive of the way that individual peo-
ple or animals metabolise and respond to chemicals.  In this lecture I will
review some of this evidence, and go on to present data from our own lab-
oratory to show that metabolic profiling (metabonomics/metabolomics) is
a crucial element of systems biology, enhancing the information (“path-
way”) recovery from other “-omics” datasets.
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BLOOD TRANSCRIPTOMICS AND EXPOSURE BIOMARK-
ERS IN A POPULATION-BASED COHORT – THE NOWAC
POSTGENOME STUDY
Vanessa Dumeaux 
Institute of Community Medicine, University of Tromsø, Norway
E-mail: vanessa.dumeaux@uit.no

Environmental exposures, used in the broadest sense of lifestyle, infec-
tions, radiation, chemicals and occupation, are a major cause of human
cancer. Surrogate analysis is not a new concept in exposure biomarker
research, but the development of -omic technologies has broadened both
the range of tissues that can be examined and the number of targets that can
be analyzed in a single experiment. Thus, there is growing evidence that
use of peripheral blood cells for transcriptome analysis is valuable to assess
environmental- or disease-associated gene signatures. To date, these stud-
ies investigating various blood cell subsets are characterized by relatively
small number of subjects not representative of the general population, and
a lack of consideration of potential confounders. During this talk, I will
focus on altered gene expression in blood by lifestyle factors and exposure
to perfluorinated compounds measured in plasma of a representative sam-
ple set of postmenopausal women in the NOWAC postgenome study. We
have identified and deciphered blood gene expression signals associated to
lifestyle (body mass index, fasting, smoking), and exposure to some per-
fluorinated compounds (perfluorooctane sulphonate and perfluorooc-
tanoate). Perturbed biological pathways were more or less numerous
according to specific exposure, some interconnected, and potentially asso-
ciated with pattern of other behaviors. Overall, these data indicate that
environmental exposures at low level in human population can elicit
changes in blood gene expression, and also provide valuable information
pertinent to the design of studies where pre-cancerous or cancer itself
might be the outcome.

IN139
EXPERIMENTAL TESTS AND MODELING APPROACHES:
GETTING THE BEST FROM BOTH
Romualdo Benigni
Istituto Superiore di Sanita’, Environment and Health Department,
Rome, Italy
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The in vivo mutagenicity studies, shortly followed by carcinogenicity,
are posing high demand for test-related recourses: therefore, the devel-
opment and extensive use of estimation techniques such as (Q)SARs,
read-across and grouping of chemicals, might have a huge saving
potential for these endpoints. In particular, the Structure-Activity
Relationships paradigm provides a wide range of tools that have differ-
ent degrees of uncertainty and apply to different scopes. On one side,
there are coarse-grain approaches such as the Structural Alerts (SA).
Beside being a repository of the science on chemical biological inter-
actions, the SAs have a crucial role in risk assessment, for: a) descrip-
tion of sets of chemicals; b) preliminary hazard characterization; c) for-
mation of categories; d) generation of subsets of congeneric chemicals
to be analyzed subsequently with Quantitative Structure-Activity
Relationships (QSAR) methods; e) priority setting. On the other side,
there are fine-tuned QSARs for congeneric classes of chemicals. A
range of good quality, local QSARs for mutagenicity and carcinogenic-
ity have been assessed in our laboratory, and challenged for their pre-
dictivity in respect to real external test sets. The QSARs for potency
generated predictions 30 to 70 % correct, whereas the QSARs for dis-
criminating between active and inactive chemicals were 70 to 100 %
correct in their external predictions. A crucial issue is that of the uncer-
tainty of the modeling approaches. More properly, their uncertainty
should be compared with that of the competing experimental tests. For
example, the ability of SAs to predict rodent carcinogenicity is of the
same order of the Ames test (around 65% accuracy). Equally illuminat-
ing is the fact that the external predictivity of good local QSARs (70 to
100 % accuracy) is of the same order of the reported inter-laboratory
variability of the Ames test (85%). Thus, uncertainties are proper to
both modeling and experimental systems. The crucial issue is that of
exploiting and combining –at their best- both methods.

IN140
NEW CHEMICAL/BIOLOGICAL PROFILING AND
INFORMATICS APPROACHES FOR EXPLORING
MUTAGENICITY & CARCINOGENICITY: UPDATES OF EPA
TOXCAST™AND TOX21 PROGRAMS
Ann M. Richard
National Center for Computational Toxicology, Office of Research &
Development, U.S. Environmental Protection Agency, Research
Triangle Park, NC, USA
Email: richard.ann@epa.gov

EPA’s National Center for Computational Toxicology is building capabili-
ties to support a new paradigm for toxicity screening and prediction
through harnessing of legacy toxicity data, creation of data linkages, and
generation of new in vitro screening data. In association with EPA’s
ToxCast™, ToxRef DB, and ACToR projects, the DSSTox project pro-
vides cheminformatics support and is improving public access to structure-
annotated chemical toxicity information to facilitate modeling, data-min-
ing and read-across approaches.  Phase I of EPA’s ToxCast™ research proj-
ect is building on three rich data tiers: 309 unique, structurally diverse
chemicals (predominantly pesticides), activity and concentration response
data from approximately 500 in vitro (cell-based and cell-free) high-
throughput screening (HTS) assays, and extensive in vivo rodent bioassay
data extracted from EPA pesticide registration records (entered in EPA’s
ToxRefDB).  Contained within these data tiers are chemicals with muta-
genic and non-mutagenic mechanisms of carcinogenicity, target-specific
bioassay data for multiple rodent species pertaining to tumorigenicity, and
HTS assay results potentially relevant to, and informative of mutagenic
and carcinogenic mechanisms in rodents and humans.  Highlights of the
first ToxCast™ Data Analysis Summit will be presented, along with some
preliminary analysis of genetox HTS assays. A future course for broaden-
ing the chemical test space, HTS assay coverage, and reference genotoxi-
city studies contained within ToxRefDB will be described, in the context
of both the ToxCast™ programs and the expanded multi-laboratory Tox21
research projects. These efforts, combined with progress in expanding pub-
lic genotoxicity databases and integrating structure-activity relationship
(SAR) approaches, point to exciting prospects for computational toxicolo-
gy impacting the field of mutagenesis and carcinogenesis. This work was
reviewed by EPA and approved for publication, but does not necessarily
reflect EPA policy, nor does mention of trade names constitute endorse-
ment.
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A KNOWLEDGE-BASE APPROACH TO IDENTIFY 
SIGNATURES FOR BIOLOGICAL AND CHEMICAL PAIRS
IN THE RISK ASSESSMENT PROCESS
C Yang (1), K Arvidson (1), MA Cheeseman (1), A McCarthy (1), JF
Rathman (2) 
(1) US FDA CFSAN OFAS, College Park, MD 20740, USA; (2)
Department of Chemical and Biomolecular Engineering, The Ohio
State University, Columbus, Ohio 43235, USA
Email: chihae@altamira-llc.com

Developing computational toxicology methods to assist the risk assess-
ment process has recently gained much attention both in regulatory agen-
cies and industries. The FDA Center for Food Safety and Applied
Nutrition’s Office of Food Additive Safety (CFSAN OFAS) applies TTC
(Threshold of Toxicological Concern) approach to address the carcino-
genicity and uses (Q)SAR methods as part of the evaluation process of
new food contact materials, food additives, and their impurities and
breakdown products. The structural classes defined in the TTC can be
further stratified across various toxicity endpoints. In addition, they can
become a major component of the knowledge-base when transformed to
chemical signatures by association with biological assays from high
throughput screening (HTS) experiments that are anchored to in vivo
phenotypic effects. The challenges of this new paradigm are being
addressed within research projects such as, for example, the US EPA
ToxCastTM and Critical Path Initiative Projects at US FDA. The Food
Additives KnowledgeBase will be a part of FDA’s larger effort to link
understanding of chemotypes to phenotypes and eventually to genotypes.
Our methodology to reduce the inherent noise in HTS assays includes the
introduction of an interpretation layer of chemical classes between com-
pound, HTS assays and in vivo data. The chemical classification meth-
ods for such compound profiling range from purely unsupervised struc-
tural classifiers to supervised rules, e.g., structural alerts or the new phe-
notype-dependent TTC categories. Integrating the biological similarities
not only helps find more biologically similar analogs, but is also critical
to improved understanding of molecular mechanism, which subsequent-
ly helps extract biologically meaningful structural rules and mode-of-
action driven models. The Food Additives KnowledgeBase project initi-
ated in US FDA CFSAN therefore will address these issues and demon-
strate how this paradigm can bridge the gap between toxicologists and
chemists involved in regulatory science.
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THE USE OF (Q)SAR IN FOOD SAFETY ASSESSMENT
E. Lo Piparo, M. Fuart Gatnik, A. Worth
European Commission - Joint Research Centre, Institute for Health
and Consumer Protection, Ispra, Italy
Email: elena.lo-piparo@ec.europa.eu

In the dietary risk assessment of pesticides, considering that the con-
sumer is exposed not only to the active substance as applied, but also
to a wide range of chemical compounds as a result of metabolic and
degradation processes, the assessment of food safety should include
metabolites and degradates of toxicological relevance. However, only
the toxicological properties of the active substance and their mam-
malian metabolites are directly investigated through the range of toxi-
cological studies required by Directive 91/414/EEC and in contrast,
very limited information about the toxicological properties of metabo-
lites and degradates is available in the majority of cases. Moreover the
requests by the authorities for further toxicological studies are restrict-
ed as far as possible to minimise the use of animals in toxicological
testing. Assessment methods and alternative scientific tools, not
involving animal testing, therefore need to be developed and used to
optimize the consistency and robustness of the evaluation the toxico-
logical profile of metabolites and degradates of pesticides. For this rea-
son, the European Commission’s Joint Research Centre (JRC) and the
European Food Safety Authority (EFSA) are working on a collabora-
tive to evaluate the possible contribution of Quantitative Structure-
Activity Relationship (QSAR) analysis in the evaluation of pesticide
metabolites toxicity for dietary risk assessment. The EFSA-sponsored
project has the eventual purpose to develop an opinion and a guidance
document on the establishment of the residue definition for risk assess-
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ment in food commodities. This presentation will provide an overview
of the project and will present preliminary results, including an evalu-
ation of the potential applicability of QSARs for mutagenicity and car-
cinogenicity in dietary risk assessment. 
Acknowledgement This work was sponsored by EFSA in the frame-
work of a collaboration agreement between EFSA and the JRC.
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THE RATE OF SOMATIC MUTATIONS AND HUMAN CANCER
Lucio Luzzatto
Istituto Toscano Tumori, Firenze, ITALY
Email: lucio.luzzatto@ittumori.it

Given the multiplicity of environmental factors and the large number of
tumor types, it is not surprising that estimates of what prorportion of
tumors can be attributed to environmental causes vary a great deal (from
40 to 80%). As for inherited factors predisposing to cancer, when only
high penetrance susceptibility genes are considered, figures of 5-20% are
quoted for different types of tumors; but if we include low penetrance
genes the figures may be much larger. In any case, and whatever the
cause(s) of any individual tumor, its development requires one or more
discrete genetic events, i.e. somatic mutations, stochastic events which
occur at random. Somatic mutations take place throughout life, and most
of them are innocuous: only when a certain set of genes is mutated does
an individual cell becomes a cancer cell. It follows that the rate of somat-
ic mutation (µ) probably plays a major role in determining the risk of
developing cancer. In principle, inherited factors may affect µ, for
instance by affecting DNA repair; and environmental mutagens will, by
definition, increase µ: thus, we have a rationale and a measurable output
for the role of these factors. Recently, by using as reporter the X-linked
PIG-A gene (which, when inactivated, gives to the cell a distinctive flow
cytometry phenotype), we have shown that µ is increased in patients with
inherited cancer-prone syndromes such as Fanconi anemia and ataxia-
telangiectasia; and we are investigating the genetic determinants of the
variability of µ in the general population.The model of cancer as a clon-
al disease in which successive mutations confer to mutant cells varying
degrees of Darwinian selective advantage was first explored over 30
years ago (see J Cairns, Nature 255: 197,1975). Since that time, much
evidence has accumulated to support this model: particularly with the
identification of over 400 genes for which somatic mutations have a
causal role in oncogenesis, and with the identification of the individual
pathways that control cell growth, apoptosis, and response to stress, to
which  most of these genes belong. It will be important now to explore
to what extent µ itself mediates our risk of cancer, both in terms of base-
line and in terms of exposure to environmental mutagens; and to consid-
er whether we can find ways to deliberately reduce µ itself, as a new
approach to cancer prevention. 

IN144
CAUSES AND MECHANISMS OF COLON CANCER 
DEVELOPMENT, AND STRATEGIES FOR ITS PREVENTION
Keiji Wakabayashi
National Cancer Center Research Institute, Tokyo, Japan.
Email: kwakabay@ncc.go.jp

Epidemiologically, a high fat intake and obesity are reported to be asso-
ciated with increased risks of several types of cancers including colon
cancer. However, the underlying mechanisms of how the high fat
intake and obesity are associated with colon carcinogenesis remain to
be elucidated. Thus, the search for colon cancer-causing and preventive
substances is an important and urgent task. More than 20 mutagenic
and carcinogenic heterocyclic amines (HCAs) are known to be formed
in meat and fish under ordinary cooking conditions. Humans are
exposed to HCAs in daily life. Among these HCAs, PhIP and IQ
induced colon tumors in rats, with alterations in β-catenin and Apc
genes in the tumors. Colon cancer by PhIP was significantly promoted
by high-fat diet in animal studies. Several epidemiological studies have
provided evidence of positive associations between the high consump-
tion of well-done red meat and the risk of colon cancer, suggesting that
HCAs are involved in the development of human colon cancer. We
recently noted that an age-dependent hyperlipidemic state exists in

Apc-deficient mice in which mRNA levels of lipoprotein lipase (LPL)
are down-regulated in the liver and small intestine.  The levels of serum
triglycerides (TG) in Apc-deficient mice were approximately 10-fold
higher than those in wild-type mice.  Moreover, steatosis in the liver
and accumulation of lipid in the polyps were clearly observed.
Adipocytokines such as TNFα and plasminogen activator inhibitor-1
(Pai-1) were remarkably over-expressed and adiponectin was down-
regulated in the liver of Min mice.  LPL induction by PPAR agonists
and a LPL selective inducer resulted in the concomitant suppression of
hyperlipidemia and intestinal polyp formation. A genetic study in Apc-
deficient mice with increasing LPL mRNA levels also clearly indicat-
ed that hyperlipidemia contributes to intestinal carcinogenesis.  Using
Pai-1 inhibitors and adiponectin-deficient Min Mice, adipocytokine’s
contribution to the polyp formation was demonstrated.  Taken together,
our results indicate that LPL and adipocytokines play an important role
in intestinal carcinogenesis.  Based on these results, effective approach-
es to colon cancer prevention will be discussed.

IN145
AN INTEGRATED VIEW OF INDUCED MUTAGENESIS IN E.
COLI
Robert P Fuchs* and Shingo Fujii
Genome Instability and Carcinogenesis, CNRS UPR 3081, 31 Chemin
Joseph Aiguier, MARSEILLE, France
Email: fuchs@ifr88.cnrs-mrs.fr

When a replicative DNA polymerase encounters a chemically altered
base that it is unable to copy, a process called Translesion Synthesis
(TLS) takes place during which the replicative polymerase is transient-
ly replaced by a specialized DNA polymerase. It is during the process
of TLS that point mutations are induced. TLS not only involve replica-
tive and translesion DNA polymerases but also accessory factors such
as the general replication processivity factor, the so-called β-clamp. In
E. coli, besides the β-clamp, RecA plays a fundamental role in TLS as
an essential co-factor of Pol V the major bypass polymerase in this
organism. We will show that under physiologically relevant conditions,
PolV activity requires both the β-clamp and a RecA filament in cis.
Both co-factors endow Pol V with the functional stability that is
required for achieving a productive biological outcome. An essential
role of the cis-RecA filament is to stretch the template DNA in order to
allow smooth elongation of the nascent strand by PolV. In this talk we
will summarize the insights into TLS gained over the last 25 years by
studying a frameshift mutation hot spot, the Nar I site. This site was ini-
tially discovered by serendipity when establishing a forward mutation
spectrum induced by a hepatocarcinogen, N-2-acetylaminofluorene
(AAF). Indeed, this carcinogen covalently binds to DNA forming
adducts with guanine residues. When bound to G* in the Nar I site, 5’-
GGCG*CC-, AAF induces the loss of the G*pC dinucleotide at a fre-
quency that is ≈ 10exp7 fold higher than the spontaneous frequency. In
vivo studies showed that the Nar I mutation hot spot is neither restrict-
ed to the Nar I sequence itself, nor to the carcinogen AAF. Genetic
analysis initially revealed that the Nar I frameshift pathway is SOS
dependent but umuDC (i.e. Pol V) independent. More recently, DNA
Pol II was identified as the enzyme responsible of this frameshift path-
way. Concurrently the AAF adduct in the Nar I site can be bypassed in
an error-free way by Pol V. The Nar I site offers a unique opportunity
to study the interplay between two TLS pathways. Lessons gained from
the reconstitution of the two pathways will be presented and discussed.

IN146
INTERPLAY OF DNA REPAIR, DNA POLYMERASES AND
TRANSCRIPTION IN THE PROCESS OF SPONTANEOUS
MUTAGENESIS IN YEAST
S. Boiteux
UMR217 CNRS & CEA, Fontenay aux Roses, France
Email: serge.boiteux@cea.fr

Spontaneous mutagenesis is a complex phenomenon, both deleterious
for genome integrity but also necessary for evolution. Origin of spon-
taneous mutation is diverse including replication of miscoding endoge-
nous DNA damages and errors of DNA polymerases. Spontaneous
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mutation may represent limits of the fidelity of DNA repair and repli-
cation mechanisms. Transcriptional activity also impacts spontaneous
mutagenesis: the TAM process (Transcription Associated Muta -
genesis). Here, we discuss processes that impact spontaneous mutage-
nesis in a model eukaryote, the yeast Saccharomyces cerevisiae. In a
first part, we discuss the role of 8-oxoGuanine, an abundant and muta-
genic oxidative DNA lesion. We present evidence for cooperation
between the Ogg1 DNA N-glycosylase, Rad18-Rad6-dependent
monoubiquitylation of PCNA at K164, the damage-tolerant DNA poly-
merase eta and the mismatch repair system (MMR) to prevent 8-oxoG-
induced mutagenesis. We also discuss the impact of transcription on
spontaneous mutation rate. Under high transcription condition, sponta-
neous mutation rate at the CAN1 reporter gene is about 30-fold higher
than that observed at low transcription. We show that high transcription
results in enhanced base pair substitutions (BPS) and 2 nucleotides
deletions. Our results point to DNA polymerase zeta and
Topoisomerase I are important players in the TAM process.

IN147
OXIDATIVE STRESS, DNA ALKYLATION AND MUTAGENESIS
JM Essigmann 
Departments of Chemistry and Biological Engineering, Massachusetts
Institute of Technology, Cambridge, MA 02139, USA 
Email: jessig@mit.edu

Reactive oxygen and nitrogen species can generate oxidative stress in
cells.  These species directly cause damage to DNA, and the resultant
DNA lesions can be the sites of replication errors during DNA synthe-
sis.  These reactive species also can cause damage to membrane lipids,
and the products of lipid damage can themselves damage DNA, form-
ing organic compound-DNA adducts, such as 1,N6-ethenoadenine.
Cancer and other genetic diseases can result from the accumulation of
these genetic changes over time.  This presentation will describe the
genoprotective role of DNA repair proteins from the alpha-ketoglu-
tarate dioxygenase category.  These enzymes usually remove oxidative
or alkylative damage to DNA by a direct reversal mechanism.  In addi-
tion, this class of enzymes helps cells counter the toxic effects of DNA
adducts made by bis-chloroethylnitrosourea, a commonly used anti-
cancer drug.

IN148
MUTAGENIC OR ACCURATE OUTCOME OF TRANSLE-
SION DNA SYNTHESIS IS DETERMINED BY SPECIFIC 
TWO-POLYMERASE MECHANISMS IN MAMMALIAN
CELLS
Z Livneh (1)*, S Shachar (1), N Geacintov (2), T Reissner (3), T Carell
(3), L Izhar (1) ,N Diamant (1), A Hendel (1), O Ziv (1), H Abutbul (1),
I Cohen (1), Z Goren (1)
(1) Department of Biological Chemistry, Weizmann Institute of Science,
Rehovot 76100, Israel; (2) Chemistry Department, New York University, New
York, NY 1003-5180, USA; (3) Department of Chemistry and Biochemistry,
Ludwig-Maximilians-University Munich, 81377 München, Germany
Email: zvi.livneh@weizmann.ac.il

Translesion DNA synthesis (TLS), also termed error-prone DNA
repair, is a cellular DNA damage tolerance pathway that manages
stalled replication forks and replication gaps caused by DNA lesions.
The key components in TLS are specialized low-fidelity DNA poly-
merases, which have a remarkable ability to replicate across DNA
lesions, with the concomitant formation of mutations. Mammalian cells
contain 5 dedicated TLS DNA polymerases, and 5-10 additional poly-
merases that may participate in this process. The significance of TLS is
illustrated by the disease xeroderma pigmentosum variant (XPV),
which is characterized by high predisposition to sunlight-induced skin
cancer caused by germ-line mutations in the POLH gene encoding the
TLS DNA polymerase eta. TLS must be tightly regulated in order to
avoid an escalation in mutations rates. This regulation is primarily at
the posttranslational level, and involves monoubiquitination of PCNA,
as well as the action of p53, and p21 via its interaction with PCNA
(Avkin et al., Mol. Cell 22, 407-413, 2006). Quantitative Analysis of
TLS in cultured mammalian cells in which the expression of specific

TLS polymerases was either knocked-out or knocked-down revealed
that specific two-polymerase mechanisms determine mutagenic or
accurate outcome (Shachar et al., EMBO J. 28, 383-393, 2009). The
activity of the mechanisms that back up TLS across UV light-induced
cyclobutane pyrimidine dimers in cells from XPV patients will be
described. These mutagenic mechanisms are likely to play a critical
role in the high cancer predisposition of XPV patients.

IN149
EPISTASIS ANALYSIS OF THE DNA DAMAGE RESPONSE
A M Guénolé (1), S Bandyopadhyay (2), A Roguev (3), T Ideker (2), N
Krogan (3), H van Attikum (1)
(1) Department of Toxicogenetics, Leiden University Medical Center, Leiden,
The Netherlands; (2) Department of Medicine and Bioengineering, University
of California, San Diego, USA; (3) Department of Cellular and Molecular
Pharmacology, University of California, San Francisco, USA
Email: h.van.attikum@lumc.nl

Chromosomes are continuously threatened by exposure to intracellular
(e.g. free radicals) and environmental agents (e.g. ionizing radiation)
that induce DNA damage. The DNA Damage Response (DDR) protects
chromosomes from the mutagenic effects of these agents, and as such
prevents genome instability and carcinogenesis. The DDR is an evolu-
tionary conserved signaling network that orchestrates various biologi-
cal processes, including chromatin remodeling, cell cycle progression,
DNA repair and DNA replication, in response to genetic insult.
However, how the interplay between proteins involved in these diverse
processes regulates the DDR remains unclear. To address this issue we
investigated the interaction between DDR factors by performing a sys-
tematic genetic analysis, called EMAP (Epistatic MiniArray Profiling),
under DNA damage-inducing conditions in the model organism S.
cerevisiae (budding yeast). Our novel DDR EMAP provides new
insights into how interactions between DDR factors, particularly those
which involve chromatin remodeling complexes, orchestrate the DDR. 

IN150
TRANSLATIONAL RESPONSES TO DNA DAMAGE
Thomas J. Begley
University at Albany, 1 Discovery Drive, Rensselaer, NY 12144-3456
USA
Email: tbegley@albany.edu

Transcriptional and post-translational signals are known mechanisms
which promote efficient responses to DNA alkylation damage. Using
high throughput screens of E. coli and Saccharomyces cerevisiae gene
deletion libraries we have identified a number of translation associated
proteins as modulating the toxicity of the DNA alkylating agent MMS.
We postulate that specific translational programs optimize the DNA
damage response, and in support we have identified Saccharomyces
cerevisiae tRNA methyltransferase 9 (Trm9) as an enzyme that pre-
vents cell death via translational enhancement of DNA damage
response proteins.  Trm9 methylates the uridine wobble base of
tRNAARG(UCU) and tRNAGLU(UUC).  We used computational and
molecular approaches to predict that Trm9 enhances the translation of
some transcripts over-represented with specific arginine and glutamic
acid codons.  We found that translation elongation factor 3 (YEF3) and
the ribonucleotide reductase (RNR1 and RNR3) large subunits are over-
represented with specific arginine and glutamic acid codons, and
demonstrated that Trm9 significantly enhances Yef3, Rnr1, and Rnr3
protein levels. In addition, we identified 425 genes, which included
YEF3, RNR1, and RNR3, with a unique codon usage pattern linked to
Trm9.  We propose that Trm9-specific tRNA modifications enhance
codon-specific translation elongation and promote increased levels of
key damage response proteins.

IN151
GLOBAL ANALYSIS OF SIGNALING NETWORKS BY 
HIGH-RESOLUTION MASS SPECTROMETRY-BASED
QUANTITATIVE PHOSPHOPROTEOMICS
Jesper V. Olsen
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NNF Center for Protein Research, University of Copenhagen,
Denmark
Email: olsen@biochem.mpg.de

Phosphorylation is a reversible covalent modification that is tightly
controlled by the action of protein kinases and phosphatases, and it
plays a universal role in regulating essentially all signaling pathways in
the eukaryotic cell, for example the insulin signaling network, cell-
cycle progression and the DNA damage response. Protein phosphory-
lation events are dynamic, spatial and temporal in their distribution,
and often present an activating or deactivating switch to control protein
activity. Deregulation of signaling networks is a hallmark of cancer and
other diseases, and protein kinases are therefore prominent drug tar-
gets. In molecular biology, phosphorylation events are usually probed
in a targeted manner by using phospho-specific antibodies or radioac-
tive phosphate labeling. In contrast, advances in proteomics, including
phosphopeptide enrichment methods, high-accuracy mass spectrome-
try, and associated bioinformatic tools now make it feasible to obtain
an unbiased view of phosphoproteomes at a ´systems-level´. Com -
bining all these methodologies with stable isotope labeling of amino
acids in cell culture (SILAC) that allows for accurate quantitation, we
obtained a global view of dynamic regulation of phosphorylation in
mammalian cells as a function of a growth factor (epidermal growth
factor; EGF) stimulus in a time-resolved manner [Olsen et al, Cell
2006]. In this study, we were able to determine phosphopeptides with
very high accuracy and obtained kinetics of 6600 in-vivo phosphoryla-
tion sites. This data set provided the first and fascinating view into tem-
poral regulation of the phosphoproteome and we have now used this
technology platform to study other phosphorylation networks in detail.
Applications range from fundamental studies of signal transduction
pathways to cross talk in cell signaling and to drug development in can-
cer and other diseases. We believe that the ability of MS-based pro-
teomics to quantitatively ‘read out’ the phosphoproteome will revolu-
tionize the cell  signaling field.

IN152
TOXICOGENOMICS OF (NON)-GENOTOXIC 
CARCINOGENS - TOWARDS ALTERNATIVES FOR 
EXPERIMENTAL ANIMALS.
Bob van de Water (1), Martine Raamsman (1), Ilse Huijskens (1), Jordi
Puigvert (1), Erik Danen (1), Haziz Jadaar (1), Mirna Atallah (2), Giel
Hendriks (2) and Harry Vrieling (2) 
(1) Division of Toxicology, LACDR, Leiden University, Leiden, The
Netherlands (2) Dept. of Toxicogenetics, LUMC, Leiden, The Netherlands
Email: b.water@lacdr.leidenuniv.nl

Genotoxic effects of chemicals are the primary cause of genomic insta-
bility followed by the onset of carcinogenesis. Alternatively, carcino-
genesis is initiated by a variety of non-genotoxic carcinogens with
diverse mechanisms of action. Our goal is to establish novel predictive
cell-based models to classify (non)-genotoxic carcinogens. Since tissue
stem cells are the primary site where chemical-induced mutation may
initiate tumor formation, we use normal mouse embryonic stem (mES)
cells as a model. We carefully characterized the timing and mechanism
of the DDR in mES cells using cisplatin as a model. Next, we further
determined the transcriptional program of a panel of direct acting
DNA-damaging agents, indirect DNA-damaging agents and non-geno-
toxic carcinogens. Bioinformatics analysis allowed the identification of
a group of around fourty different candidate predictive genes. The pro-
moter regions of these genes have been cloned into fluorescent protein
DsRed-based reporter constructs and several reporter mES cell lines
have been generated that now allow the selective quantitative evalua-
tion of the DNA damage response. Our work demonstrates the feasibil-
ity to generate novel mechanism-based alternative in vitro methods to
predict carcinogen hazard. Future prospects of unraveling the signaling
programs underlying the responses to carcinogens will be discussed.
This work was sponsored by IOP Genomics grant IGE03009, Stichting
Technische Wetenschappen grant 06935 and the Netherlands
Toxicogenomics Center

IN153
CHIP-SEQ APPROACH TO STUDY THE CELLULAR
RESPONSE TO DAMAGE INDUCED TRANSCRIPTION
INTERFERENCE
M Fousteri
Dept. of Toxicogenetics, Leiden University Medical Center, 2300 RC
Leiden, The Netherlands
Email: M.I.Fousteri@lumc.nl

One of the major cytotoxic events in organisms is the interference of
DNA damage with transcription. In particular, the persistent encounter
of the elongating RNA polymerase II (RNAPIIo) with DNA lesions has
severe consequences for the cell as this event can provide a strong sig-
nal for cell death. On the other hand, damage-stalled RNAPIIo will ini-
tially trigger a cascade of protective cellular responses to DNA damage
i.e. signalling, cell cycle arrest, chromatin remodelling and repair. The
main pathway for the removal of transcription blocking DNA lesions
and restoration of damage-inhibited transcription is the transcription
coupled nucleotide excision repair (TC-NER). Defects in TC-NER are
manifested in patients that suffer from Cockayne syndrome (CS) and
CS associated rare human disorders such as the combined Xeroderma
Pigmentosum (XP)/CS and cerebro-oculo-facio-skeletal syndrome
type 1 (COFS1), all characterised by neurological abnormalities,
growth retardation and premature ageing. To unravel the molecular
events that underlie the cellular responses to DNA damage-induced
transcription interference and to gain insight into the complex geno-
type-phenotype relationship manifested in CS associated genetic disor-
ders we have used normal and patient derived cell lines and advanced
proteomic and genome wide technologies. Whereas activities so far
were limited to the analysis of single model genes or gene clusters, util-
ising the Illumina/Solexa second generation technology of direct
genome wide sequencing of chromatin immunoprecipitated (ChIP-seq)
DNA has enabled the global scale mapping of TC-NER factors and
RNAPIIo occupancy in response to UV irradiation and other agents
that block transcription. Using this approach, profound differences in
the binding profile of CS factors to their respective genomic target sites
in response to damage-induced transcription blockage have been iden-
tified. These data suggest an as yet unanticipated regulatory function of
CSB in the expression of genes involved in cell cycle arrest and inhi-
bition of apoptosis underscoring the power of this technology to pro-
vide valuable information on the regulation of the interplay between
DNA repair, damage signalling and gene expression.

IN154
FANCONI ANEMIA: OMIC APPROACHES AND 
THERAPEUTIC APPLICATIONS
Jordi Surralles
Department of Genetics and Microbiology, Universitat Autònoma de
Barcelona, Barcelona, Spain and Center for Biomedical Network
Research on Rare Diseases (CIBERER)
Email: jordi.surralles@uab.es

Fanconi anemia (FA) is a rare genetic disease characterized by chromo-
some fragility, congenital malformations, progressive pancytopenia
and cancer susceptibility. 13 FA genes have been identified and their
products interact with many other DNA damage response proteins in an
intricate pathway1-2. The genetic characterization of FA patients is
critical for future therapeutic applications including gene therapy and
regenerative medicine. In this context we were able to generate dis-
ease-free hematopoietic progenitors from skin cells of FA patients by
combining gene therapy and induced-pluripotent stem (iPS) cell tech-
nology3. Interestingly, the FA pathway is essential for the maintenance
and proliferation of iPS. In order to identify novel molecular partners
of the FA/BRCA pathway in the repair of stalled-replication forks, 34
unique proteins of the FA signalling network (including all 13 FA pro-
teins, BRCA1, BLM, ATM, ATR, NBS1, CHEK2, XPF, EMSY,
RAD51, RPA1, etc…) were selected for an interactome mapping. The
corresponding genes were subdivided into 137 baits for a massive
yeast-2-hybrid (Y2H) screen. Of the baits showing interactions, we
defined 28 high-confidence interactions, of which two were previously
known. The 26 newly identified interacting proteins are mainly
involved in DNA damage response, signal transduction, transcription,
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cell cycle, cell proliferation, chromosome segregation and DNA
recombination. Data on the role of these new interacting proteins in the
DNA cross-link repair and in breast cancer susceptibility will be pre-
sented. Finally, we applied differential proteomics by DIGE (or differ-
ence in gel electrophoresis) with cells deficient in FANCA or FANCC
and the spontaneously reverted isogenic counterparts (FANCA-R and
FANCC-R). 49 proteins were up/down regulated in FANCA, 36 in
FANCC, and 43 in FANCA versus FANCC and, of these, 47 proteins
were unequivocally identified by mass spectrometry#. The pathways
recurrently involved are inflammatory response, cell growth, transcrip-
tion, mitochondrial function, apoptosis and redox status.
1Surrallés et al (2004). Genes and Development 18: 1359-1370.
2Bogliolo et al (2007). The EMBO J 26:1340-1351
3Raya et al (2009) Nature (31st May aop)
#Patent pending

IN155
FANCM CONNECTS THE TWO GENOME INSTABILITY 
DISORDERS BLOOM’S SYNDROM AND FANCONI ANEMIA
Andrew J Deans and Stephen C West 
Genetic Recombination Laboratory, London Research Institute,
Cancer Research UK, Clare Hall Laboratories, Blanche Lane, South
Mimms, EN6 3LD, UK
Email: andrew.deans@cancer.org.uk

Fanconi Anemia (FA) is a genetic disorder characterised phenotypically by
bone marrow failure, cancer predisposition and cellular sensitivity to
agents that induce DNA interstrand cross-links (ICLs). Mutations in one of
13 different genes can cause FA, and 8 of these gene products form the
Fanconi core complex. The core complex is required to mono-ubiquitylate
FANCD2 after ICL damage. The only DNA binding component of the core
complex is the 230kDa protein FANCM, thought to be the “anchor” of the
complex at sites of ICL damage. We show that FANCM also “anchors”
another DNA repair complex: the Bloom’s complex, after similar types of
damage. BLM of the Bloom’s complex is mutated in an FA-related disor-
der, Bloom’s Syndrome. We used immunoprecipitation of Flag-tagged
fragments or deletion mutants of FANCM and identified the region of
FANCM essential for interaction with the FA and Bloom’s complexes
respectively. Distinct motifs in FANCM mediate the interactions, showing
that the protein provides a link between the complexes in cells. This is a
critical interaction as we show that in FANCM-depleted cells the FA com-
plex and the BLM complex assemble correctly, but fail to come together at
sites of DNA damage. We demonstrate that FANCM knockdown caused
increased sensitivity to DNA damaging agents and decreased activation of
the FA and Bloom’s pathways. We have generated mutants that bind one
complex but not the other and measured their ability to rescue the pheno-
type of FANCM knockdown using a novel complementation system.
FANCM appears to be a central co-ordinator of ICL repair. In a het-
erodimer with FAAP24, the FANCM C-terminus recognises fork DNA,
the key substrate of the FA pathway. Through direct binding of the
FANCM N-terminus to HCLK2, it also activates the ATR dependent cell
cycle checkpoint. The mapping of two novel domains has defined two fur-
ther protein:protein interactions essential for FANCM function. With dele-
tion and point mutations that independently ablate specific protein interac-
tions within conserved domains we have devised separation of function
within the FANCM protein. This separation of function provides vital clues
to the activity of the FA and Bloom’s syndrome pathways.

IN156
GENETIC PATHWAYS REQUIRED FOR TEMPLATE-SWITCH
MEDIATED DAMAGE BYPASS REPLICATION
Fabio Vanoli, Marco Fumasoni, Julie Sollier, and Dana Branzei 
DNA Repair Laboratory, FIRC Institute of Molecular Oncology, Milan,
Italy
Email: dana.branzei@ifom-ieo-campus.it

Gaps occur during replication and their filling is required for cell via-
bility and replication completion. Homologous recombination (HR)
and post-replication repair (PRR) genes are required for damage-
bypass of the lesions and promote the formation of X-shaped sister
chromatid junctions (SCJs) at damaged replication forks. It has been

suggested that these catenated molecules represent template switch
intermediates and are resolved by the RecQ helicase Sgs1/BLM in
cooperation with topoisomerase III (Top3/Top3α). Here we examine
the contribution of different replication factors to the initiation and the
DNA synthesis step of template switch-mediated repair. We analyzed
the contribution of the polymerase alpha-primase, nucleases such as
Exo1 and Rad27, proteins mediating HR or stabilizing the Rad51
nucleofilament such as Rad51, Rad55, Rad57, Rad52 and RPA, transle-
sion synthesis polymerases (polymerase eta and zeta), lagging and
leading strand polymerases responsible for the bulk DNA synthesis
(polymerase delta and epsilon) and accessory replication factors such
as RFC and PCNA. The results will be presented and discussed.

IN157
ACTIVATION OF THE CELLULAR DNA DAMAGE
RESPONSE IN THE ABSENCE OF DNA LESIONS
Evi Soutoglou
Cancer Department, IGBMC1 rue Laurent Fries, 67404, Illkirch, France
Email: evisou@igbmc.fr

The cellular DNA damage response (DDR) is initiated by the rapid
recruitment of repair factors to the site of DNA damage to form a mul-
tiprotein repair complex. How the repair complex senses damaged
DNA and then activates the DDR is not well understood. Here we
demonstrate that prolonged binding of DNA repair factors to chromatin
can elicit DDR in an ATM- and DNAPK- dependent fashion in the
absence of DNA damage. Targeting of single repair factors to chro-
matin revealed a hierarchy of protein interactions within the repair
complex and suggests amplification of the damage signal. We conclude
that activation of DDR does not require DNA damage and stable asso-
ciation of repair factors with chromatin is likely a critical step in trig-
gering, amplifying and maintaining the DDR signal. 

IN158
ATM AND TGF� PATHWAY SIGNALING FOLLOWING 
X-RAY AND HEAVY IONS EXPOSURE
Francis A. Cucinotta (1), Artem Ponomarev (2), Claudio Carra (2),
Ianik Plante (2), and Janice M. Pluth (3)
(1) NASA, Lyndon B. Johnson Space Center, Houston TX, USA; (2)
USRA Division of Life Sciences, Houston TX USA; (3) Lawrence
Berkeley National Laboratory, Berkeley CA, USA
Email: francis.a.cucinotta@nasa.gov

A goal at NASA is to develop event-based systems biology models of
space radiation risks that will replace the current dose-based empirical
models. Complex and varied biochemical signaling processes transmit
the initial DNA and oxidative damage from space radiation into cellu-
lar and tissue responses. Mis-repaired damage or aberrant signals can
lead to genomic instability, persistent oxidative stress or inflammation,
which contribute to cancer risk. Protective signaling through adaptive
responses or cell repopulation is also possible. We are developing a
computational simulation approach to galactic cosmic ray (GCR)
effects that is based on biological events rather than average quantities
such as dose, fluence, or dose equivalent. Conventional space radiation
risk assessment employs average quantities, and assumes linearity and
additivity of responses over the complete range of GCR charge and
energies. To investigate possible deviations from these assumptions,
we studied several biological response pathway models of varying
induction and relaxation times including the ATM, TGFβ-Smad, and
WNT signaling pathways. We then considered small volumes of inter-
acting cells and the time-dependent biophysical events that the GCR
would produce within these tissue volumes to estimate how GCR event
rates mapped to biological signaling induction and relaxation times. We
considered several hypotheses related to signaling and cancer risk, and
then performed simulations for conditions where aberrant or adaptive
signaling would occur on long-duration space mission. Our results do
not support the conventional assumptions of dose, linearity and addi-
tivity. A discussion on how event-based systems biology models, which
focus on biological signaling as the mechanism to propagate damage or
adaptation, can be further developed space radiation risk projections is
given.
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IN159
CYTOGENETIC EFFECTS OF HEAVY IONS
Marco Durante
GSI Darmstadt, Germany
Email: m.durante@gsi.de

Chromosomal aberrations are generally considered as an excellent bio-
marker of exposure and risk. They are very much used indeed in radi-
ation biodosimetry. The recent multi-color painting techniques allow a
much better resolution and characterization of the radiation-induced
damage at DNA level.
Several in vitro studies on chromosomal aberrations induced by heavy
ions have demonstrated that high-LET particles produce a much high-
er fraction of complex-type exchanges, but the extension of these
observations to the in vivo case seems to be problematic. We will pres-
ent here new data on the cytogenetic effects of energetic heavy ions,
obtained at the SIS synchrotron at GSI (Germany) using human periph-
eral blood lymphocytes exposed in vitro or in vivo during radiotherapy
for prostate cancer.

IN160
DNA DAMAGE AND REPAIR FROM SPACE RADIATION
Maria Antonella Tabocchini
Technology and Health Department, Istituto Superiore di Sanità, and
INFN-Sezione di Roma1-Gruppo Collegato Sanità, Rome, Italy
Email: antonella.tabocchini@iss.it

While ionizing radiation in the terrestrial environment is largely com-
posed by sparsely ionizing radiation (such as X- or gamma-rays and
electrons), with the exception of low energy alpha-particles, mainly
deriving from the radioactive decay of radon and radon progeny, space
radiation is characterized by the presence of high energy protons and
high charge and energy (HZE) particles. An improved knowledge of
the biological effects of densely ionizing HZE particles is required to
evaluate the radiation health risk during long term space travels with a
reasonably low level of uncertainty, and to develop appropriate coun-
termeasures. Although less abundant than protons, HZE particles are
more effective in damaging biological systems. It is thought that this is
due to the production of spatially correlated and/or clustered DNA
damage, in particular double strand breaks (DSB) or DSB associated
with other lesions within a localized DNA region. This kind of complex
damage, difficult to repair accurately, is rarely produced by sparsely
ionizing radiation or by endogenous processes. Various approaches
have been exploited to characterize DNA breakage and to study DSB
repair in human cells irradiated with charged particles. DNA fragmen-
tation studies have shown that the yield, the spatial correlation and the
rejoining kinetics of DSB are influenced by radiation quality and relat-
ed to the differences in biological effectiveness for cellular effects
among different radiation types. Immunofluorescence techniques,
based on antibodies against proteins involved in DNA damage
response, made it possible to visualize how the different patterns of
energy distribution for various charged particles are reflected by the
different distributions of DSB in the cell nucleus, to analyze the mor-
phology of the fluorescent foci as a function of radiation quality, and to
study the mechanisms of DBS induction and processing in single cells
at doses as low as those released by one particle traversal and in situa-
tions where only few cell are hit in the overall cell population.
Quantitative evaluation of DNA damage in un-hit cells as a conse-
quence of signals released by cells traversed  by one or few tracks is a
further crucial point in space radiation protection.

IN161
POPULATION ACTION AS A MODIFIER OF RADIATION-
INDUCED CARCINOGENESIS
L Hlatky
Center of Cancer Systems Biology, St. Elizabeth’s Medical Center, Tufts
University School of Medicine, Boston, MA, USA
Email: Lynn.Hlatky@tufts.edu

Background:  Carcinogenesis risk estimation is complicated by a num-
ber of factors, among these being the lack of a common platform to

integrate and analyze the available data, and the inherently systems-
biologic nature of the problem.  Carcinogenesis must be treated as a
systems biology problem because it is a multi-scale phenomenon,
influenced critically by determinants not only at the molecular level,
but at the cell and tissue-levels as well. A comprehensive carcinogene-
sis paradigm must therefore take into account multi-scale effects.
Methods: A Two-Stage Logistic model we developed considers the
molecular-level events of initiation and promotion, while incorporating
in a rudimentary way the larger-scale growth-limiting role of cell-cell
interactions. Likewise, to account for cell-level carcinogenesis progres-
sion as influenced by inter-tissue signaling at the next higher scale, a
dynamic carrying capacity construct has been studied that both
explains and quantifies the growth-limiting effect of induced vascula-
ture on tumor growth.  Recent data has suggested this mechanism to
important for whether nascent tumors ever rise to become a disease
threat.  Results:  Intercellular interactions, even after the fact of cancer
cell creation, are seen to play a major and sometimes decisive role in
whether that cancer will even become epidemiologically significant.
Intercellular interactions are therefore a cancer risk determinant that
must be accounted for in any prediction of clinical occurrence.  We
report on a number of results showing how proton and Fe radiations
alter cancer outcomes at this level, and propose a mechanistic rationale
for what is taking place.  Following the initiation-promotion-progres-
sion paradigm, we have begun to quantitatively link the successive
scales of influence on risk.  Conclusion: The current mutational para-
digm for cancer alone is inadequate.  Specific, population-level mech-
anisms must be introduced as additional steps in the model pathway to
cancer disease to reconcile mechanism with epidemiologic data.
This project was funded by NASA NSCOR Grant NNJ06HA28G

IN162
THE EUROPEAN AND INTERNATIONAL AGENDA OF
PUBLIC HEALTH GENOMICS 
Angela Brand
European Centre for Public Health Genomics (ECPHG), Maastricht
University, Universiteitssingel (UNS) 40 West, 6229 ER Maastricht-
Randwijk, The Netherlands
Email: a.brand@socmed.unimaas.nl

The task of Public Health Genomics (PHG) has become a challenge for
all healthcare systems having major implications for future research
and policy strategies. The various stakeholders in public health play a
key role in translating the implications of genomics such as deriving
from systems biology and integrative genomics including epigenomics
or genome-environmental interactions. Recent advances in systems
biology indicate that specific cellular functions are infrequently carried
out by single genes, but rather by groups of cellular components. This
network-based research is already starting to change nosology.
Seemingly dissimilar diseases and health outcomes are being lumped
together. What were thought to be single diseases are being split into
separate ailments. The approach offers a novel method for human dis-
ease classification. It defines disease expression on the basis of its
molecular and environmental elements in a holistic way. This knowl-
edge will not only enable clinical interventions but also health promo-
tion messages and disease prevention programmes to be targeted at sus-
ceptible individuals as well as subgroups of the population (personal-
ized healthcare). So far there has been no systematic integration of
genome-based knowledge and technologies into public health research,
policy and practice. Thus, the public health agenda demands a vision of
translational research that reaches beyond the research horizon to arrive
at application and public health impact of these innovations. Both, the
EU funded Public Health Genomics European Network (PHGEN)
(www.phgen.eu) as well as the Genome-based Research and
Population Health International Network (GRaPHint)
(www.graphint.org) aim to fulfil this task. While PHGEN is involving
all European Member States, EFTA-EEA and Applicant Countries and
is developing European best practice guidelines for quality assurance,
provision and use of genome-based knowledge and technologies,
GRaPHint has a push-pull function between governmental bodies such
as CDC or PHAC and academia on the international level.
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IN163
PUBLIC HEALTH AND GENOMIC EPIDEMIOLOGY
S Boccia
Genetic Epidemiology and Molecular Biology Unit, Institute of
Hygiene, Università Cattolica del Sacro Cuore; Rome, Italy
Email: sboccia@rm.unicatt.it

Continuous advances in genotyping technologies and the inclusion of
DNA collection in observational studies have resulted in an increasing
number of genetic association studies. The ability to perform genome-
wide analyses has provided in the recent years tantalizing new clues to
disease causation and therapeutic targets. As a result of that, companies
have sprung up to use these new technologies to provide information to
individuals about predicted health and disease, and about behavioural
traits. Nevertheless, the evidence surrounding the benefits and harms of
these genomic tests is frequently weak, with their predictive value usu-
ally small and an unclear clinical utility. Public Health Genomics con-
tributes to this discussion by focussing on the use of genome-based
information for epidemiological research, surveillance systems, health
policy development, individual health information management and
effective health services. As a premature introduction of technologies
into healthcare settings could potentially overwhelm the health system
financially, legally and ethically. The main challenges to the successful
translation of new research findings about genotype-phenotype associ-
ations into clinical practice are presented, highlighting the need for
genomic medicine to become more evidence-based. The next decade
will provide the opportunity to establish infrastructures and educate
health providers to enable the genome-based technologies to be trans-
lated into evidence-based guidelines and policies.

IN164
ASSESSING GENE-ENVIRONMENT INTERACTIONS IN
CANCER
Paolo Boffetta
International Agency for Researach on Cancer, Lyon, France
Email: boffetta@iarc.fr

The Human Genome Epidemiology Network has developed  interim
guidelines for the evaluation of the rapidly expanding cumulative f evi-
dence on the role of genetic variants in human disease. A comparable
effort for a comprehensive assessment and evaluation of environmen-
tal causes of cancer has been done by the IARC Monographs program.
The importance of gene-environment interactions in cancer etiology is
becoming more apparent as knowledge on causes and mechanisms of
human cancer evolve.  However, no theoretical framework has been
elaborated on to assess the evidence of such type of interactions, which
is derived mainly from observational studies. There is the need to
develop guidelines on how to assess the cumulative evidence on the
role of gene-environment interactions in cancer causation, and to
explore the performance of such guidelines in selected examples of
gene-environment interaction in human cancer. This will help to deter-
mine how knowledge on genetic variants can help in the identification
of human carcinogens and vice-versa, how evaluations of environmen-
tal carcinogens contribute to the identification of cancer-causing genet-
ic variants.

IN165
TRANSLATIONAL RESEARCH IN GENOMICS 
Cecile Janssens
Department of Public Health, Erasmus University Medical Center
Rotterdam, Rotterdam, The Netherlands
Email: a.janssens@erasmusmc.nl

Genome-wide association studies are rapidly unraveling genetic sus-
ceptibility variants that are implicated in the etiology of common mul-
tifactorial diseases such as coronary heart disease, type 2 diabetes and
non-familial forms of breast cancer. Expectations about the future
impact of these discoveries on preventive and clinical health care prac-
tice are high. Future use of genetic tests is foreseen for the prediction
of disease susceptibility, targeting pharmacotherapy and tailoring
lifestyle and health behavior recommendations. Fueled by the enor-

mous progress in gene discovery, many researchers are already inves-
tigating the prediction of common diseases based on genetic profiling,
the simultaneous testing of multiple susceptibility variants, and an
increasing number of companies already offer personalized lifestyle
health recommendations and nutritional supplements based on clients’
genetic profiles. Despite the current euphoria, the predictive value of
genetic profiling is still limited for most disorders, with only some
promising exceptions. This presentation will present the framework for
the translational research that is needed, and review recent studies in
this area.

IN166
PRACTICAL IMPLEMENTATION OF PUBLIC HEALTH
GENOMICS: THE CASE OF GENAR INSTITUTE
B. Serdar Sava�
Director of GENAR Institute for Public Health and Genomics
Research, Istanbul, Turkey
Email: ssavas@genar.gen.tr

Epidemiological and demographic transition has brought populations
to an extended life expectancy in 21st century. The diseases of this cen-
tury are complex diseases, which stem from mainly the complex inter-
action of human genome with life style and environmental factors.
These diseases are common, chronic and costly. Cardiovascular and
cerebrovascular diseases, cancers, diabetes and osteoporosis are among
major chronic and complex diseases, which account for approximately
two third of all deaths in the world. Currently, the best known preven-
tion for complex diseases is adopting a healthy lifestyle. However, this
is not achieved in many places of the world. Effective intervention
models including lifestyle changes for prevention of these diseases is
urgently needed. Genome based information has a very important
potential to improve human health, quality of life and performance, and
extend life span. At this point, a new concept called ‘Public Health
Genomics’ emerges, which focuses on translating the genomic discov-
eries into individual and public health interventions. Utilizing public
health genomics and personalized medicine approach, GENAR
Institute for Public Health and Genomics Research (Turkey) has been
working on a preventive health care model to combat with the complex
diseases. It is based on application of public health genomics tools and
concepts in individual level, in order to stratify individuals according
to risk groups, prevent diseases and detect them early. It is an integra-
tive preventive model utilizes individuals’ clinical information,
detailed lifestyle analysis, biochemical markers and the genetic make-
up in order to prevent, early detect and treat complex diseases in a tar-
geted way. Based on the results of the aforementioned components, an
optimum lifestyle plan is drawn, including personal menu plans and
exchange lists, exercise plans, smoking cessation recommendations
based on the individual causes of smoking, and medical follow up plan.
The mission of this model is changing the behaviour of individuals. It
creates awareness by informing individuals about their current lifestyle
and genetic predispositions. Further, it causes an attitude change by
creating a vulnerability perception. Finally, behavior change is
achieved with the follow-up programme and the trainings. Public
health genomics and personalized health care will play major role in
combating the chronic-complex disease burden of the aging popula-
tions of 21st century. In parallel to exponentially increasing knowledge
gained through research, health care systems need to foresee these
upcoming developments and prepare for the transition. The approach
of GENAR is an example to translation of genome-based knowledge
into preventive health care.

IN167
THE FUNCTIONS OF AID AND OTHER DNA DEAMINASES
IN IMMUNITY
M Wang, K Ganesh, J Ellyard, R Geisberger, A Chandra, C Rada and
MS Neuberger
MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB0
2QH, UK
Email: msn@mrc-lmb.cam.ac.uk

The immune system is unique in mammals in its use of active genom-
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ic mutation for a programmed physiological purpose. Within the adap-
tive immune system, the functionally rearranged immunoglobulin
genes in activated B lymphocytes are targeted for deamination at cyto-
sine residues by activation-induced deamination (AID).  Deamination
within the immunoglobulin V gene triggers antibody gene diversifica-
tion by somatic hypermutation and gene conversion. Deamination in
the vicinity of the immunoglobulin switch (S) regions triggers the shift
from the expression of IgM to that of one of the downstream isotypes
(IgG/A/E).  Programmed DNA deamination is also used within the
innate immune system where deamination of retroviral replication
intermediates by members of the APOBEC3 family (which show
sequence homology to AID) is associated with pathways of retroviral
restriction. The action of AID needs to be targeted: to the IgV for
somatic mutation and to the relevant S regions for appropriate class-
switching.  Furthermore, off-target action of AID can lead to genomic
instability and predispose to cancer. Results will be presented on the
need for an interaction with CTNNBL1 for AID targeting and on the
possible role of the carboxy-terminal region of AID in immunoglobu-
lin class-switching.  Data will also be presented suggesting that the spe-
cific activity of AID may have been limited by the risk of cancer-asso-
ciated off-target mutation.  Using high-throughput assays to select for
AID mutants with improved activity, we have found that many of the
up-mutations map close to the active site. Some of these variants are
more potent not just in vitro but also in respect of their ability to induce
immunoglobulin somatic mutation and class-switching in vivo.
However, the AID up-mutants are also more potent in the induction of
cancer-associated chromosomal translocations suggesting that the spe-
cific activity of AID can be increased to improve antibody maturation
but at the risk of increasing predisposition to cancer.  Interestingly,
many of the up-mutations in AID bring the sequence of AID closer to
that of APOBEC3s which predominantly function in the cytosol and
whose evolution might therefore not have been limited by an associat-
ed risk of genomic instability.

IN168
INTENTIONAL MUTAGENESIS IN B CELLS: PCNA-UBIQUI-
TYLATION CONTROLS SOMATIC HYPERMUTATION 
Petra Langerak (1), Peter H. L. Krijger (1), Paul van den Berk (1),
Marinus R. Heideman (1), Jacob G. Jansen (2), Niels de Wind (2), and
Heinz Jacobs (1)
(1) The Netherlands Cancer Institute, 1066 CX Amsterdam, The
Netherlands (2) Leiden University Medical Center, 2300 RA Leiden,
The Netherlands
Email: h. jacobs@nki.nl

BACKGROUND: Proliferating cell nuclear antigen (PCNA) encircles
DNA as a ring shaped homotrimer and by tethering DNA polymerases
to their template PCNA serves as a critical replication factor. In con-
trast to high-fidelity DNA polymerases the activation of low-fidelity
translesion synthesis (TLS) DNA polymerases can require damage
inducible monoubiquitination (Ub) of PCNA at lysine residue 164
(PCNA-Ub). TLS polymerases tolerate DNA damage and replicate
directly across DNA lesions. The lack of proofread activity renders
TLS highly mutagenic. Interestingly, B cells take advantage of muta-
genic TLS to introduce somatic mutations in immunoglobulin genes to
generate high affinity antibodies. AIM: Determine the role of
PCNAK164 modifications in DNA damage tolerance, cell cycle con-
trol, and somatic hypermutation of Immunoglobulin genes. METH-
ODS: PCNAK164R knock-in mice and cell lines thereof were generat-
ed following standard procedures. RESULTS: Primary pre B cells from
PCNAK164R mutant mice are highly sensitive to DNA damage.
PCNAK164R delays but does not abolish the progression of replication
forks in bypassing UV-C induced lesions in vivo. Interestingly, UV-C
treatment of PCNAK164R mutant cells delays the synthesis (S) phase
and the gap (G) phases of the cell cycle. Consistent with these obser-
vations, the recruitment of Polη into nuclear repair foci strongly
depends on PCNA-Ub. Given the critical role of PCNA-Ub in activat-
ing TLS we analyzed the mutation spectrum of somatically mutated Ig
genes in B cells from PCNA K164R knock-in mice. A ten-fold reduc-
tion in A/T mutations is associated with a compensatory increase in
G/C mutations- a phenotype similar to Polη and mismatch repair defi-
cient B cells. The G/C mutator(s) do not depend on PCNA-Ub.  CON-

CLUSIONS: Our data indicate a dual physiological role for PCNA-Ub
dependent TLS by Polη: Anti-mutagenic TLS to survive UV-C-induced
DNA lesions and mutagenic TLS at template A/T of AID-induced
lesions to generate high affinity Ig variants. During SHM Polη is
recruited by PCNA-Ub to establish the vast majority of mutations at
template A/T. PCNA-Ub controls cell cycle progression and damage
tolerance throughout the interphase of the cell cycle, i.e. during DNA
replication and long patch DNA repair synthesis.

IN169
DIVERSITY-GENERATING RETROELEMENTS
Jeff F. Miller
Department of Microbiology, Immunology and Molecular Genetics,
UCLA School of Medicine, Los Angeles, CA, USA
Email: jfmiller@ucla.edu

Host-parasite interactions are often driven by mechanisms that promote
genetic variability. In the course of our studies on bacterial pathogene-
sis, we discovered a group of temperate bacteriophages that generate
diversity in a gene that specifies tropism for receptor molecules on host
Bordetella species, which cause respiratory infections in humans and
other mammals. This microevolutionary adaptation is produced by a
novel “diversity-generating retroelement” (DGR) that combines the
basic retroelement life cycle of transcription, reverse transcription and
integration with site-directed, adenine-specific mutagenesis. Central to
this process is a reverse transcriptase-mediated exchange between two
repeats, one serving as an donor template (TR) and the other as a recip-
ient of variable sequence information (VR). Recent work has focused
on the genetic basis of diversity-generation. The directionality of infor-
mation transfer is determined by the initiation of mutagenic homing
(IMH) sequence present at the 3’ end of VR. We have demonstrated
that DGR function occurs through a TR-containing RNA intermediate
by a unique target-primed reverse transcription mechanism that pre-
cisely regenerates target sequences. This non-proliferative, “copy and
replace” mechanism enables repeated rounds of protein diversification
and optimization of ligand-receptor interactions. The potential utility of
DGRs is illustrated by the identification of over 40 related elements in
bacterial, phage, and plasmid genomes. DGRs are present in human
pathogens (Treponema, Legionella spp.), human commensals
(Bacteroides, Bifidobacterium spp.), green sulfur bacteria
(Chlorobium, Prosthecochloris spp.), cyanobacteria (Trichodesmium,
Nostoc spp.), magnetotactic bacteria (Magnetospirillum spp.), and
many other diverse species. DGRs comprise a new family of retroele-
ments with the potential to confer powerful selective advantages to
their host genomes. In addition to shedding light on DGR function, our
results suggest novel approaches for DGR-based protein engineering.

IN170
ERROR-PRONE REPAIR PATHWAYS MOBILIZING TLS
DNA POLYMERASES IN IMMUNOGLOBULIN GENE
HYPERMUTATION
CA Reynaud (1), F Delbos (1), S Aoufouchi (2), A Stary (2), A Faili(3),
A Sarasin (2), JC Weill (1)
(1) INSERM U783 Faculté de Médecine Paris Descartes, Site Necker-
Enfants Malades, Paris, France. (2) CNRS FRE2939, Université Paris
Sud, Institut Gustave Roussy, Villejuif, France. (3) Université de
Rennes I, Rennes, France
Email: claude-agnes.reynaud@inserm.fr

Hypermutation of immunoglobulin (Ig) genes is initiated by the
enzyme AID (activation-induced cytidine deaminase) that deaminates
cytidines into uracils at the Ig loci. Most mutations observed at these
loci are however produced by the processing of these lesions, generat-
ing further mutations at the site of the initial deaminated base or at dis-
tance from it, a process mobilizing mutagenic polymerases specialized
in the by-bass of damaged bases. Our studies are focused on the role of
DNA polymerase eta in this process, and on the specific pathways
(error-prone repair vs. translesion DNA synthesis) ensuring its specific
recruitment.
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IN171
EDITING DEAMINASES: STORY OF A MULTI-TALENTED
DOMAIN
S Conticello
Core research laboratory - Istituto Toscano Tumori, Florence, Italy
Email: silvo.conticello@ittumori.it

The AID/APOBECs are a family of cytidine deaminases acting on
(deoxy)nucleotides in the context of nucleic acids. While sharing sim-
ilar enzymatic properties, the AID/APOBECs are players in a diverse
set of pathways: AID and the APOBEC3s are DNA mutators acting
respectively in the antigen-driven antibody diversification processes
and in an innate pathway of defense against retroviruses; APOBEC1
edits the mRNA encoding for the Apolipoprotein B, involved in lipid
transport. But their peculiar activity comes at a steep price: several
lines of evidence link the AID/APOBECs to the promotion of cancer.
All AID/APOBECs bear a characteristic Zinc-coordination motif,
which forms the core of the catalytic site. Here I use a phylogenetic
approach coupled to an analysis of the available structural information
to place the AID/APOBEC proteins in the context of other zinc-
dependent deaminases.  The ancestral AID/APOBECs have originated
at the beginning of the vertebrate radiation from the tRNA adenosine34
deaminases (TadA/ADAT2), a branch of the Zinc-dependent deami-
nase superfamily. Other members have arisen in the mammals from
duplication of the AID locus, and present a history of complex gene
duplications and positive selection. Given the paucity of available data
on the recognition and binding of the AID/APOBECs to their substrate,
the similarities of the TadA/ADAT2 deaminases to the AID/APOBECs
can provide a useful structural paradigm to understand the specificities
of the mode of action of the AID/APOBECs.

IN172
REGULATION OF DNA POLYMERASE ETA IN HUMAN
CELLS
Alan R Lehmann
Genome Damage and Stability Centre, University of Sussex, Falmer,
Brighton BN1 9RQ, UK
Email: a.r.lehmann@sussex.ac.uk

An important pathway by which cells are able to tolerate unrepaired
DNA damage during replication is translesion synthesis (TLS). In this
process DNA is synthesized past the damaged bases by specialized
DNA polymerases, most of which belong to the Y-family. These poly-
merases have an open structure which allows them to accommodate
damaged DNA bases in their active sites. Deficiency in one of these
polymerases, DNA polymerase (pol) eta, is responsible for the variant
form of the highly skin cancer-prone disorder xeroderma pigmento-
sum. Regulation and control of pol eta is mediated by several impor-
tant motifs close to the C-terminal third of the protein. These motifs are
required for their correct localisation in replication factories and for
protein-protein interactions. The sliding clamp accessory protein
PCNA plays a crucial role in regulating TLS. When the replication fork
is blocked, PCNA becomes ubiquitinated. This increases the affinity of
pol eta for PCNA, because it contains both PCNA-binding and ubiqui-
tin-binding motifs. Localisation of pol eta in replication factories and
interaction with PCNA are complex and highly dynamic processes.

IN173
DNA POLYMERASE KAPPA-DEFECTIVE MICE ARE 
SPONTANEOUS MUTATORS
Nicole Kosarek-Stancel, Lisa. D. McDaniel,  Susanna Velasco, James
Richardson, Errol C. Friedberg
Laboratory of Molecular Pathology, Department of Pathology,
University of Texas Southwestern Medical Center at Dallas, USA
Email: errol.friedberg@utsouthwestern.edu

DNA polymerase kappa (polχ) is one of multiple DNA polymerases
involved in translesion DNA synthesis (TLS) in eukaryotes. Polk-defi-
cient mice have no observable phenotypes except for a slightly reduced
life span. Polk-/- mice were bred with BigBlue mice carrying a reporter
gene (the cII gene of bacteriophage λ), which allows the measurement

of mutation frequencies in any tissue of interest. We have observed
enhanced spontaneous mutagenesis in the kidney, liver and lung (but
not in the spleen) of Polk-/- mice. The majority of mutations arose from
GC->AT transitions, suggesting that either G or C is a target for spon-
taneous mutations. Consistent with recent studies by others (1), tissues
from mice defective for polη (for which the “cognate” substrate for
TLS is presumably the cyclobutane pyrimidines dimer) are not sponta-
neous mutators. Cells from Polk-/- mice are hypersensitive to killing by
benzo[a]pyrene, which like many planar polycyclic chemicals binds
primarily to the N2 position of G in DNA. Additionally, Polχ accurate-
ly bypasses ring compounds that form N2adducts in G in vitro. We pos-
tulate that some type(s) of naturally occurring planar ring compound(s)
bound to G in DNA is the “cognate” substrate for accurate TLS by polχ
in vivo. Cholesterol or cholesterol derivatives, such as various steroids,
are prime candidates for such spontaneous DNA damage.
(1). R. A. Busuttil, et al., Mutation frequencies and spectra in DNA
polymerase η-deficient mice. Cancer Res. 68: 2081 (2008)

IN174
HUMAN DNA POLYMERASE NU (POLN), A UNIQUE 
A-FAMILY DNA POLYMERASE WHICH CAN BYPASS DNA
DAMAGE
Kei-ichi Takata and Richard D. Wood
The University of Texas M.D. Anderson Cancer Center, Science
Park–Research Division, Smithville, TX, 78957, USA
Email: ktakata@mdanderson.org

The human genome encodes two nuclear A-family DNA polymerases
related to E. coli DNA polymerase I, DNA polymerase θ (POLQ) and
DNA polymerase ν (POLN). POLQ possesses both a helicase-like and
a DNA polymerase domain while POLN encodes only a DNA poly-
merase domain. POLQ homologs are present in the genomes of most
animals and plants whereas POLN homologs appear more recently in
evolutionary time, in the deuterostome lineage of animals. It is impor-
tant to determine the cellular functions of these enzymes, which have
unusual fidelity and DNA lesion bypass properties. POLQ is expressed
in many tissues, cell lines, and cancer cells. Mice with disruption of the
gene have elevated spontaneous and radiation-induced frequencies of
micronuclei, and bone marrow stromal cell lines show increased sensi-
tivity to γ-irradiation. POLQ may aid in cellular tolerance of DNA
damage that can lead to double-strand breaks. Biochemically, POLQ is
a low fidelity enzyme and can catalyze efficient DNA synthesis oppo-
site an apurinic site or a thymine glycol (Tg), which both present strong
blocks for synthesis by replicative DNA polymerases. In contrast, we
find that POLN is expressed in testis of mammals and the zebrafish but
is generally weakly or not expressed in other tissues. POLN has sever-
al unique properties, including strong strand displacement activity. It is
a low-fidelity enzyme favoring incorporation of T almost as often as C
for template G, resulting in frequent GC to AT transitions. POLN can
catalyze accurate translesion synthesis past a 5S-Tg, which is a major
DNA lesion generated by reactive oxygen species. Unlike POLQ,
POLN cannot bypass an apurinic site. To explore the basis for these
features of POLN, we altered residues in the DNA polymerase domain.
In Motif 4, a positively charged Lys (K) is present at residue 679, a con-
served position in the POLN group. This residue is an uncharged Ala
(A) in E. coli pol I or Thr (T) in Taq pol I and is one of the most impor-
tant for controlling fidelity of the procaryotic enzymes. The K679A or
K679T POLN mutants are active but poorly incorporate T opposite
template G and do not bypass 5S-Tg efficiently. This residue is critical
for the unique fidelity and bypass properties of POLN.

IN175
REPAIR AND TOLERANCE MECHANISMS OF 
DNA-PROTEIN CROSSLINK DAMAGE
Hiroshi Ide
Department of Mathematical and Life Sciences, Graduate School of
Science, Hiroshima University, Japan
Email: ideh@hiroshima-u.ac.jp

Various chemical agents such as aldehydes and heavy metal ions and phys-
ical agents such as ionizing radiation and ultraviolet light induce DNA-pro-
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tein crosslinks (DPCs). DPCs are unique among DNA lesions in that they
are extremely bulky as compared to conventional bulky DNA lesions such
as pyrimidine photodimers and the base adducts of aromatic compounds.
Covalently trapped proteins would impede the progression of replication
and transcription machineries, posing an enormous threat to cells.
However, it has not been fully elucidated how cells alleviate the genotox-
ic effect of DPCs. Recently we have shown that in bacterial cells
nucleotide excision repair (NER) and homologous recombination (HR)
contribute to the repair/tolerance of DPCs, but differentially. NER removes
DPCs with crosslinked proteins (CLPs) smaller than 12-14 kDa, whereas
oversized DPCs are processed exclusively by RecBCD-dependent HR.
These results rigorously define the size limit of bulky DNA lesions
amenable to bacterial NER, and provide insight into how NER and HR col-
laboratively alleviate the genotoxic effect of DPCs in bacterial cells. We
further asked whether NER and HR were similarly involved in the repair
and tolerance of DPCs in mammalian cells. Analysis of the incision activ-
ity with cell extracts revealed that the upper size limit of CLPs amenable
to mammalian NER was around 8 kDa, a value notably smaller than that
for bacterial NER. Chromosomal DPCs induced by formaldehyde were
released at comparable rates in NER-proficient and NER-deficient cells.
CLPs in chromosomal DNA were not polyubiquitinated. These results
together indicate that NER and NER coupled with the proteasomal degra-
dation of CLPs are not involved in the repair of DPCs. Cells deficient in
HR were hypersensitive to DPC-inducing agents and accumulated RAD51
and gamma-H2AX nuclear foci following treatment with DPC-inducing
agents, demonstrating the pivotal role of HR in mitigating the toxic effects
of DPCs. The present results show the differential involvement of NER in
the repair of DPCs in bacterial and mammalian cells, and highlight the ver-
satile and conserved role of HR in tolerance to DPCs among species.

IN176
NEW FUNCTIONAL ROLES OF THE HUMAN DNA 
POLYMERASES ETA AND KAPPA DURING GENOMIC DNA
REPLICATION
Jean-Sébastien Hoffmann
CNRS; IPBS (Institute of Pharmacology and Structural Biology); 205
route de Narbonne,, University of Toulouse F-31077 Toulouse, France
Email: jseb@ipbs.fr

DNA polymerases eta (pol η) and kappa (pol k) are members of the Y-
family of DNA polymerases that are thought to function primarily in
trans-lesion synthesis (TLS) past different types of exogenous DNA
damage. In order to explore additional functional roles and importance
of these DNA polymerases in human cells, we used sh/siRNA to selec-
tively deplete Pol eta or Pol kappa from cells and then determine how
the loss of these polymerases affected cell cycle progression, cell pro-
liferation and DNA replication dynamics in unperturbed cells or fol-
lowing the addition of replication inhibitors. Pol η-depleted cells
demonstrated two consistent abnormalities that may be mechanistical-
ly linked: altered replication factory dynamics and elevated instability
of a common fragile site. Of importance, these abnormalities were
demonstrated in unperturbed replicating cells and in several different
cell types, including primary fibroblasts, and appeared to depend on
Pol η catalytic activity as demonstrated by a combination of depletion
and complementation experiments. Moreover, these effects are specif-
ic to Pol η since none of these cellular or karyotypic defects were
observed in cells depleted for Pol i, the closest relative of Pol η.
Pol k depletion experiments allowed us to uncover a novel Pol k func-
tion in the replication stress response. DNA replication stress triggers
the activation of the intra-S checkpoint signalling cascade resulting in
the ATR-mediated phosphorylation of Chk1 protein kinase, thus pre-
venting genomic instability. We found that Pol k regulates Chk1 phos-
phorylation after UV damage and under conditions of nucleotide star-
vation. We showed that Pol k interacts with Claspin, an adaptor protein
that promotes Chk1 phosphorylation, and is required for loading
Claspin on chromatin under replication stress. This novel checkpoint
function of Pol k is required for cell proliferation, for normal replica-
tion fork progression and for the maintenance of genomic stability in
unstressed human cells. These data extend therefore the functions of
Pol η and Pol k to normal DNA replication in cycling cells, and indi-
cate that a functional interplay between TLS and replication checkpoint
signalling is important to maintain genomic stability.

IN177
GENE-ENVIRONMENT INTERACTIONS AS COMMON
DETERMINANTS OF NONCANCER-DEGENERATIVE 
DISEASES
A Izzotti, S De Flora
Department of Health Sciences, University of Genoa, Italy
Email: izzotti@unige.it

Genomic and postgenomic changes resulting from gene-environment
interactions are extensively investigated in cancer research. Similar
alterations, affecting genome, transcriptome, mirnome and/or proteome
end-points, have been detected in a variety of other chronic degenera-
tive diseases, such as atherosclerosis, degenerative heart diseases,
chronic obstructive pulmonary diseases, neurological disorders, eye
diseases, and skin ageing. No generalization can be made due to the
myriad of diverse clinical entities classified as chronic degenerative
diseases. Moreover, the detection of molecular changes does not auto-
matically imply their causal role. Nevertheless, common mechanisms,
such as DNA damage, epigenetic alterations, oxidative stress, and
chronic inflammation, in addition to genetic predisposition, are often
involved in noncancer diseases. Typically, mitochondrial DNA is a
common target of pathogenic factors involved in a variety of noncancer
degenerative diseases. Genomic and postgenomic changes do also
occur during critical periods of life, including the prenatal life, the peri-
natal period, and ageing. In addition, stem-derived cells are more sus-
ceptible to molecular damage than more differentiated cells. All these
data are relevant in the perspective of preventive medicine. In fact,
there is evidence that the genomic and postgenomic alterations occur-
ring not only in several pathological conditions but also in paraphysio-
logical situations that affect critical periods of life can be modulated by
means of dietary and pharmacological agents.

IN178
GENETIC INFLUENCES ON SMOKING BEHAVIOR AND
PREVENTION OF CHRONIC DEGENERATIVE DISEASES
FJ van Schooten (1), M Quaak (1,2), CP van Schayck (2)
1) Department of Health Risk Analysis and Toxicology, and 2)
Department of General Practice, Maastricht University, Maastricht,
The Netherlands
Email: f.vanschooten@grat.unimaas.nl

Tobacco smoking remains the major preventable cause of premature
morbidity and mortality throughout the world. Research on tobacco use
and smoking cessation has contributed to reductions in smoking preva-
lence. However there are still more than 1.2 billion smokers world-wide,
resulting in 3-4 million deaths per year. Currently, 35% of all deaths can
be attributed to cardiovascular diseases, making it the most common
cause of death from smoking. On the other hand, by 2015 about one-third
of the smoking-related deaths will probably be caused by cancers, close-
ly followed by cardiovascular diseases and chronic respiratory diseases
(both ~30%). Because smoking is a modifiable risk factor, a large part of
related deaths and diseases could be prevented. Smoking is a complex
behavior and both genetic and environmental factors are believed to be
involved. Recent studies have found significant influences of heredity on
several aspects of smoking behavior (e.g. initiation and maintenance,
number of cigarettes smoked, and cessation). More recently significant
genetic influences on more clinically relevant phenotypes, such as indi-
cators of nicotine dependence and withdrawal, have been found as well.
The search for specific genetic effects on smoking behavior has focused
on genotyping of two broad classes of genes: (1) genes that may predis-
pose to addictive behavior via their effects on key neurotransmitter path-
ways (especially dopamine) and (2) genes that are involved in the metab-
olism of nicotine (determining its half-life). Even with help of pharma-
cological and behavioral therapies more than 70% of smokers motivated
to stop smoking start smoking again within 12 months after their quit
attempt. We recently analyzed multiple genetic variants of smoking-
behavior related genes in clinical trials of different types of smoking ces-
sation therapy in order to define an algorithm that can be used to predict
in advance which therapy could be used best. Personalized treatment
based on a person’s genetic profile is expected to result in a more effi-
cient use of anti-smoking therapies, less frustration by smokers, more
effort by health care providers in stimulating cessation attempts,
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increased quit rates and ultimately, in reduced toxic exposures and deaths
from smoking.

IN179
THE IMPACT OF GENETIC AND ENVIRONMENTAL 
FACTORS IN NEURODEGENERATION: THE EMERGING
ROLE OF EPIGENETICS
Lucia Migliore
Department of Human and Environmental Sciences, University of Pisa 
Via S. Giuseppe 22, 56126 Pisa, Italy
Email: l.migliore@geog.unipi.it

Neurodegenerative diseases are a heterogeneous group of pathologies of
the nervous system which includes complex multifactorial diseases, such
as Alzheimer’s disease (AD), Parkinson’s disease (PD) and Amyotrophic
lateral sclerosis (ALS). Familial forms represent a minority of the cases
(ranging from 5 to 10% of the total), whereas the vast majority of AD,
PD and ALS occurs as sporadic forms, likely resulting from the contri-
bution of complex interactions between genetic and environmental fac-
tors superimposed on slow, sustained neuronal dysfunction due to aging.
Several causative genes for the familial forms have been discovered in
recent years, they are inherited as Mendelian traits and their discovery
has led to a better comprehension of the molecular pathways responsible
for the selective neuronal degeneration which is specific for each of these
disorders. Moreover several environmental factors, including pesticides,
metals, head injuries, lifestyles and dietary habits have been associated
with increased disease risk or even with protection. Hundreds of genetic
variants have been investigated as possible risk factors for the sporadic
forms, but results are often conflicting, not repeated or inconclusive. It is
now clear that various environmental and dietary components and
lifestyles can modulate both genome and epigenome, this last by altering
genetic expression and potentially modifying the risk and/or severity of
a variety of disease conditions including neurodegenerative ones. The
possible role of epigenetic modifications of human genes has been the
focus of recent studies aimed at a better understanding of both the origin
and the possible treatment of several neurodegenerative diseases. Dietary
modification can indeed have a profound effect on DNA methylation and
genomic imprinting, moreover among dietary factors, antioxidant com-
pounds seem to exert a neuroprotective role throughout epigenetic mech-
anisms. Many of the processes with a key role in the neurodegeneration
such as the formation of senile plaques, the accumulation of ROS, the
cleavage of  APP by neuroscretases, can be now analysed in light of the
new epigenetic knowledge, to facilitate the implementation of future dis-
ease prevention strategies.

IN180
POLYMORPHISMS OF CYTOCHROME P450 1A1, CIGARETTE
SMOKING AND RISK OF CORONARY ARTERY DISEASE
Chih-Ching Yeh (1)*, Li-Tang Kuo (2, 3), Fung-Chang Sung (4), Wan-
Ping Hsu (1), Hsiang-Yu Chu (1)
(1) Department of Health Risk Management, China Medical University
College of Public Health, Taichung, Taiwan; (2) Division of
Cardiology, Department of Internal Medicine, Chang Gung Memorial
Hospital, Keelung, Taiwan; (3) Chang Gung University College of
Medicine, Taoyuan, Taiwan; (4) Institute of Environment Health, China
Medical University College of Public Health, Taichung, Taiwan
Email: ccyeh@mail.cmu.edu.tw; d88844003@ntu.edu.tw

Background/Aims: The relationship between cigarette smoking and
coronary artery disease (CAD) has been previously demonstrated with
strong epidemiological evidence. Cytochrome P450 1A1 (CYP1A1) is
one of the key enzymes that metabolize cigarette smoking derived
toxin and may be relevant to smoking-induced atherogenesis. This
case-control study was designed to examine whether CYP1A1 poly-
morphisms, including CYP1A1*2A (T6235C) and CYP 1A1*2C
(A4889G), play a role in susceptibility to smoking-related CAD.
Methods: We recruited participants who had undergone coronary
angiography form a hospital in Taiwan. Cases (n = 481) were those
with any coronary arteries with 50% or more luminal obstructions.
Normal subjects (n = 228) served as controls. Information about soci-
demographic factors and smoking status were obtained by a self-admin-

istered questionnaire. Genotypes of CYP1A1*2A and CYP1A1*2C poly-
morphisms were determined by polymerase chain reaction or in combi-
nation with restriction fragment length polymorphism methods. Logistic
regressions were used to calculate the odds ratios (ORs) and 95% confi-
dence intervals (CIs). Results: We found that the CYP1A1*2C G allele
was more prevalent in controls (p = 0.03) and it exerted a dose effect on
the protective risk of CAD (p for trend = 0.016). After adjusting for
potential confounders, the CYP1A1*2C G/G genotype compared to the
A/A genotype was significantly associated with a decreased risk of CAD
(OR = 0.32, 95% CI = 0.15-0.70). This protective effect was pronounced
among never cigarette smokers, but the interaction between genotype
and smoking status was not statistically significant. Never cigarette
smokers who carrying the CYP1A1*2C G/G genotype have 77%
decrease risk of CAD than those carrying the A/A genotype (OR = 0.23,
95% CI = 0.08-0.71). However, there was no significant association
between CYP1A1*2A polymorphism and CAD risk. Conclusions: Our
findings suggest that the CYP1A1*2C G/G genotype may reduce the risk
of CAD in the Taiwanese population, especially among never smokers.
Keywords: Cytochrome P450 1A1; Polymorphisms; Coronary artery
disease; Cigarette smoking

IN181
USE OF THE COMET ASSAY FOR THE DETECTION OF
DNA PROTECTIVE CONSTITUENT IN THE HUMAN DIET
S Knasmüller, J Bichler, T Simic, M Kundi, C. Hoelzl, N Kager, A
Nersesyan, V Ehrlich, M Misik, F Ferk
Cancer Research Institute, Medical University of Vienna,
Borschkegasse 8a, A-1090 Vienna
Email: siegfried.knasmueller@meduniwien.ac.at

The COMET assays is based on the determination of DNA migration in
an electric field and is increasingly used in human intervention trials for
the detection of DNA protective dietary constituents in lymphocytes. It
enables the detection of prevention of single and double strand breaks,
measurements of endogenous formation oxidised bases by use of lesion
specific enzymes, and also the investigation of alterations of the cells
sensitivity towards damage caused by reactive oxygen species and DNA
reactive dietary carcinogens (such as PHAs, mycotoxins, HAAs, acry-
lamide, nitrosamines and heavy metals). Recently also protocols were
developed which enable to monitor alteration of the DNA repair capaci-
ty (BER and NER). At present the results of 85 studies have been pub-
lished, and in about half of them the protective effects were found.
Examples for chemoprotective foods which we studied in the last years
in human trials comprise Brussels sprouts, spinach, the spice sumach,
coffee and wheat sprouts. All of the them reduce the formation of oxi-
dised DNA bases and/or protect against DNA damage induced by select-
ed carcinogens. The effects could be attributed to alterations of enzymes
involved in the detoxification of ROS (e.g. SOD by coffee and Brussels
spouts) and to alterations of enzymes involved in the activa-
tion/detoxification of carinogens (GST induction by coffee, SULT inhi-
bition by sprouts). Gallic acid which we identified as the active principle
in sumach was found to be a “super antioxidant” which is 30-50 times
more effective than vitamins C and E (in human SCGE trials) and we
showed in follow up experiments that it protects also rodents against
oxidative DNA damage in a variety of inner organs and prevents the for-
mation of ROS (radiation) induced precursors of liver tumours in rats
(GSTp+ foci). Also with coffee protective effects were seen in the latter
model.  This approach (i.e. the combination of human trials with animal
experiments aimed at relating the results seen humans to the prevention
of diseases) appears to be a promising strategy for the identification of
food constituents which cause beneficial heath effects.

IN182
TRANSIENT GENERATION OF REACTIVE OXYGEN
SPECIES AS AN IMPORTANT SIGNALLING MECHANISM
IN CANCER CHEMOPREVENTION
J. Strathmann, K. Klimo and C. Gerhäuser
Cancer Chemoprevention Group, Division of Epigenomics and Cancer
Risk Factors, German Cancer Research Center, Heidelberg, Germany
Email: c.gerhauser@dkfz.de
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Excessive production of reactive oxygen species (ROS) has been asso-
ciated with oxidative stress, cellular damage and carcinogenesis. Many
natural plant polyphenols are capable of scavenging ROS and have
antioxidant functions. These have been related to cancer preventive
potential. Xanthohumol (XN) from hops is a broad-spectrum cancer
chemopreventive agent, acting by distinct mechanisms including radi-
cal-scavenging, anti-estrogenic, anti-proliferative, anti-angiogenic, and
apoptosis-inducing potential (Gerhauser et al., Mol. Cancer Ther.
2002). To better define the role of ROS in cancer preventive potential
of XN, we established test systems based on sensitive fluorescent
markers to detect and quantify ROS formation in cell culture and in iso-
lated mitochondria. We used 2’,7’-dichlorodihydrofluorescein diac-
etate (H2DCF-DA) to monitor ROS in benign prostate cancer cells
(BPH-1). We detected an immediate XN-mediated dose- and time-
dependent increase in fluorescence, indicative of ROS production, with
a maximum at 12.5 µM concentration. ROS detection was not due to
artificial H2O2 generation, as described previously for selected
polyphenols. Rather, after treatment with XN up to 25 µM, we moni-
tored a dose-dependent intracellular increase of superoxide anion radi-
cals (O2

-*) by dihydroethidium oxidation. Fluorescence microscopy
images of BPH-1 cells stained with MitoSOX Red specific for mito-
chondrial O2

-* suggested a mitochodrial origin of O2
-* formation.

This was confirmed by XN-mediated induction of O2
-* in isolated

mitochondria. Furthermore, in rho-zero BPH-1 cells harboring non-
functional mitochondria, XN treatment did not induce O2

-* formation.
Detection of O2

-* in BPH-1 cells was significantly reduced by co-
treatment with ascorbic acid, N-acetyl cysteine and the superoxide dis-
mutase mimetic MnTMPyP. Also, co-treatment of BPH-1 cells with
MnTMPyP significantly prevented XN-mediated anti-proliferative
activity and induction of apoptosis, monitored by flow cytometry and
poly(ADP-ribose)polymerase cleavage. These data suggest that apop-
tosis induction by XN is a functional consequence of mitochondrial
O2

-* production. In conclusion, transient generation of ROS in addi-
tion to ROS scavenging may be an important determinant for cancer
preventive potential of natural products.

IN183
IN SEARCH OF A MECHANISM: FOOD POLYPHENOLS FROM
ANTIOXIDANTS TO MODULATORS OF GENE EXPRESSION
Piero Dolara, Cristina Luceri, Elisabetta Bigagli, Vanessa Pitozzi, Lisa
Giovannelli, Department  of Preclinical and Clinical Pharmacology,
University of Florence, Italy
Email: piero.dolara@unifi.it

Food is an important determinant of cancer. A high intake of fruit and
vegetables has been linked to a decreased incidence of human tumours.
Since most plant materials contain polyphenols,  the possibility was sug-
gested that plant polyphenols might have a cancer-preventive activity.
Polyphenols from tea and grapes have shown cancer-inhibiting activity
in experimental animal models; however, the mechanism through which
food polyphenols modulate cancer risk were unknown or speculative. We
carried out experiments in rodents to study the effect of plant materials
containing polyphenols on the  gene regulation of the colon mucosa and
liver, which come into contact with polyphenols or their metabolites
(mutant strains of Arabidopsis Thaliana,  varieties of apples and straw-
berries containing  various amounts of phenolic acids and complex
polyphenols, polyphenol-rich and depleted olive oil). No major changes
in DNA oxidative damage were found in the organs studied, except in
animals treated with flavonol-rich Arabidopsis seeds.  Gene expression
profiles were investigated in liver and colon mucosa samples using rat
oligonucleotide arrays, (Rat Genome Oligo Set Version 1.1™ , Operon
Technologies, CA, USA) and composed of 5,677 oligonucleotides
(70mers), each representing one gene. We compared the gene expression
profile of  animals  fed high polyphenol diets vs reference pools obtained
by  RNA extracts from rodents fed the same diets devoid or with low lev-
els of polyphenols. GenMAPP and MAPPFinder analysis revealed
effects of polyphenols on genes regulating cell growth, transport, regula-
tion of transcription, metabolism, apoptosis, inflammatory and defense
responses. The combination of  gene-regulatory effects were variable
with  different polyphenol-containing foods. Some of the foods contain-
ing high phenolic acids (Marie Ménard apples) had a marked anti-
inflammatory effect. We propose that the change in gene regulation

induced by  polyphenol-containing foods, associated with variation of
intestinal flora, might explain their cancer- modulating activity in vivo.
Some of the anti-inflammatory phenolic acids present in foods  may have
cancer-preventive properties on their own.

IN184
NON-ANTIOXIDANT EFFECTS OF PHYTOCHEMICALS:
DNA REPAIR
AR Collins (1), A Azqueta (1), A Brevik (2), Y Lorenzo (1,3)
(1)Department of Nutrition, University of Oslo, Oslo, (2) Division of
Environmental Medicine, Norwegian Institute of Public Health, Oslo,
Norway; (3) Faculty of Medicine, Universidad Autónoma de Madrid, Spain
Email: a.r.collins@medisin.uio.no

It is clear from many human supplementation trials in humans that pure
antioxidant compounds do not protect against cancer (or other serious
chronic diseases). However, the evidence still indicates a protective
role for fruits and vegetables. How else might phytochemicals be act-
ing? One possible role is in modulating DNA repair activity. The comet
assay can be used in different ways to measure DNA repair. If cells are
treated with a specific agent to induce DNA damage, and incubated, the
removal of the damage can be followed using a lesion-specific endonu-
clease; for example, base excision repair (BER) of 8-oxoguanine is
monitored using formamidopyrimidine DNA glycosylase. Another
approach is more biochemical; a subcellular or nuclear extract is incu-
bated with a substrate, consisting of agarose-embedded nucleoids from
cells treated with a specific DNA-damaging agent, such as a photosen-
sitiser plus light to induce 8-oxoguanine. The rate of accumulation of
incisions in the DNA (the first step in repair) reflects the extract’s repair
capacity. We previously reported that daily consumption of kiwifruit
led to an enhancement of BER in lymphocyte extracts, measured on a
substrate containing 8-oxoguanine. Similar findings emerge from a
recent intervention study with whole fruits and vegetables. We recent-
ly modified the assay to measure nucleotide excision repair (NER), and
found that a phytochemical-rich diet, rather than enhancing repair, sig-
nificantly decreased the NER rate. In parallel, we are carrying out
experiments in which cells are preincubated with a phytochemical, and
then monitored for effects on repair. β-Cryptoxanthin, for example,
accelerates strand break rejoining, and removal of 8-oxoguanine, in
HeLa or Caco2 cells; it also enhances the BER capacity of cell extracts.
There are wide inter-individual variations in BER and NER activities
in humans. The next challenge is to find out how much of the variation
is genetic in origin, and how much is due to environment, including
nutrition.
Supported by the Throne Holst Foundation, EC contract LSHB-CT-
2006-037575 (COMICS), and the Ministerio de Educación, Política
Social y Deporte of Spain (scholarship to YL).

IN185
CELLULAR ADAPTIVE SURVIVAL RESPONSE TO 
OXIDATIVE, NITROSATIVE AND INFLAMMATORY
STRESSES: ROLES OF REDOX-SENSITIVE 
TRANSCRIPTION FACTORS
Y.-J. Surh
National Research Laboratory of Molecular Carcinogenesis and
Chemoprevention, Department of Molecular Medicine and
Biopharmaceutical Sciences, College of Pharmacy, Seoul National
University, Seoul 151-742, South Korea
Email: surh@plaza.snu.ac.kr

In an almost every moment, living organisms are subjected to diverse
types of stress both external and internal sources. While excessive
stress leads to necrotic or apoptotic death, moderate amounts of nox-
ious stimuli may render the cells adaptive or tolerant to ongoing or sub-
sequent insults. Such adaptive survival response normally accompanies
de novo synthesis of proteins through activation of distinct stress-
responsive signaling. One of the key signaling molecules involved in
cellular adaptation or tolerance to a wide array of noxious stmuli is
nuclear factor-kappa B (NF-χB). Our previous studies have revealed
that NF-χB plays a pivotal role in Bcl-2-mediated resistance to oxida-
tive PC12 cell death through augmentation of cellular antioxidant
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capacity. Induction of phase-2 detoxifying or antioxidant genes also
represents an important cellular defence in response to oxidative and
electrophilic insults. Nuclear transcription factor erythroid 2p45 (NF-
E2)-related factor 2 (Nrf2) plays a crucial role in regulating cytoprotec-
tive gene induction. Nrf2 is sequestered in the cytoplasm as an inactive
complex with the inhibitory protein Keap1. Upon activation, Nrf2
binds to antioxidant responsive element (ARE) or electrophile respon-
sive element (EpRE) sites, leading to the coordinated up-regulation of
down-stream target genes that boost cellular antioxidant potential.
Many dietary phytonutrients can induce ARE-driven upregulation of
antioxidant/phase-2 detoxifying enzymes or other cytoprotective pro-
teins, thereby fortifying cellular defence against oxidative, nitrosative
insult. Recent studies highlight the protective role of Nrf2 against
inflammatory cell and tissue damage. Cysteine thiols present in various
transcription factors and their regulators function as redox sensors in
fine-tuning of transcriptional regulation of many genes essential for
maintaining cellular homeostasis. Thus, oxidation or covalent modifi-
cation of thiol groups present in the above redox-sensitive transcription
factors and their regulating molecules can provide a unique strategy for
molecular target-based chemoprevention and cytoprotection.

IN186
INVOLVEMENT OF MUTATOR DNA POLYMERASES IN
CARCINOGENESIS
Michael W. Schmitt, Ranga Venkatesan, Marc J. Prindle and Lawrence
A. Loeb
Joseph Gottstein Memorial Cancer Research Laboratory, Departments
of Pathology and Biochemistry, University of Washington, Seattle, WA
98195-7705, USA
Email: laloeb@u.washington.edu

In order to account for the large number of mutations in human tumors, we
proposed that cancers exhibit a mutator phenotype. The basic concept is
that normal mutation rates are insufficient to account for the large numbers
of mutations in tumors, and as such cancer cells have an increased muta-
tion rate during the course of tumorigenesis.  Mutations in the primary
enzymes involved in base-selection, DNA polymerases, provide an attrac-
tive mechanism for a progressive increase in mutation frequency through-
out the genome during each round of cell division.   So far evidence for the
prominence of mutator DNA polymerases in human tumors has been lim-
ited to Pol-beta and to overexpression of certain translesion DNA poly-
merases. DNA polymerase-δ (Pol-δ) is responsible for lagging strand DNA
synthesis during replication, and functions in various DNA repair path-
ways.  Based on homology to mutations in other polymerases that alter the
fidelity of DNA synthesis, we mutated position L606 in the catalytic
domain of human Pol-δ. Wild type human Pol-δ is highly accurate, cat-
alyzing base-substitution or frameshift errors at rates less than 5 X 10-6
nucleotides polymerized.  Inactivating the proof-reading exonuclease or
introducing  substitutions at L606 increases mis-incorporation.  L606G
Pol-δ exhibits an increased rateof single-base substitutions.  In contrast,
L606K is accurate in base-selection but is defective in copying past site-
specific nucleotide modifications. These differences in the in vitro pheno-
type were reinforced by analysis of yeast harboring the homologous sub-
stitutions.  In vivo, the G-substitution yields single-base substitutions and
the K-substitution results in random deletions. Moreover, in mouse embry-
onic fibroblasts, established from heterozygous mice, the frequency of
chromosomal aberrations was 17-fold and 38-fold greater in cells harbor-
ing the G and K substitutions, respectively. Mice heterozygously express-
ing the K-mutation, but not the G-mutation, exhibited decreased survival
in concert with enhanced tumor progression. These studies indicate that a
heterozygous deletion mutator in Pol-δ can promote genetic instability and
accelerate tumor progression.

IN187
THE EFFICIENCY OF DNA MISMATCH REPAIR IN
SACCHAROMYCES CERIVISIAE
SN McElhinny, ZF Pursell and TA Kunkel
Laboratory of Molecular Genetics and Laboratory of Structural
Biology, National Institute of Environmental Health Sciences, NIH,
DHHS, Research Triangle Park, NC 27709, USA
Email: kunkel@niehs.nih.gov

We are investigating whether the efficiency with which the mismatch
repair machinery corrects replication errors varies in yeast depending
on which replicative polymerase generates the mismatch, the identity
of the mismatch, and/or the DNA strand or the local sequence context
in which the mismatch resides.  To identify the polymerase involved,
we use haploid yeast strains harboring pol1 (Pol alpha), pol 2 (Pol
epsilon), and pol3 (Pol delta) mutant alleles that retain robust replica-
tive capacity but have elevated spontaneous mutation rates at the
URA3 locus that are further increased upon inactivation of Msh2-
dependent DNA mismatch repair.  Sequence analysis of ura3 mutants
previously revealed strand-specific and site-specific differences in
mutation rates in patterns implying that Pol epsilon is the primary lead-
ing strand polymerase, while Pol alpha and Pol delta primarily replicate
the lagging strand.  Here we compare ura3 mutational spectra in wild
type versus msh2∆ derivatives of these mutator strains. The results
reveal that Msh2-dependent mismatch repair efficiently corrects most,
but not all, replication errors made by all three polymerases.  On aver-
age, MMR efficieny is highest for single base indel mismatches and
slightly lower for single base-base mismatches, with transition mis-
matches repaired slightly more efficiently than transversion mismatch-
es.  The efficiency of repairing the same mismatch at different locations
can vary widely.  Consequently, errors at the least efficiently corrected
sites are observed even in MMR-proficient strains, i.e., these sites are
at greater than average risk for replicational mutagenesis.

IN188
PATHWAYS SUPPRESSING SPONTANEOUS MUTATION
AND CANCER IN MICE
TM Albertson (1), M Ogawa (1), JM Bugni (1), LE Hays (1), Y Chen
(2), Y Wang (2), PM Treuting (1), JA Heddle (2), RE Goldsby (3), BD.
Preston (1)
(1) University of Washington, Seattle, USA;  (2) York University,
Toronto, Canada;  (3) University of California, San Francisco, USA
Email: bradp@u.washington.edu

Organisms require faithful DNA replication to avoid deleterious muta-
tions.  This is achieved through a network of conserved pathways that
repair DNA damage and correct replication errors.  In yeast, replicative
leading- and lagging-strand DNA polymerases (Pols epsilon and delta,
respectively) have intrinsic proofreading exonucleases that cooperate
with each other and mismatch repair to restrict spontaneous mutation
to less than one per genome per cell division.  The relationship of these
pathways in mammals and their functions in vivo are unknown.  Here
we show that mouse Pol epsilon and delta proofreading suppress dis-
crete mutator and cancer phenotypes.  We found that inactivation of Pol
epsilon proofreading elevates base-substitution mutations and acceler-
ates a unique spectrum of spontaneous cancers.  The types of tumors
that develop are entirely different from those triggered by loss of Pol
delta proofreading.  Intercrosses of Pol epsilon-, Pol delta- and mis-
match repair-mutant mice show that Pol epsilon and delta proofreading
act in parallel pathways to prevent spontaneous mutation and cancer
and to ensure normal embryogenesis.  These findings uncouple Pol
epsilon and delta functions in vivo and reveal tissue-specific require-
ments for DNA replication fidelity.

IN189
GENOMIC INSTABILITY AND CANCER IN MOUSE DNA
REPLICATION MUTANTS
C-H Chuang, M Wallace, X Li, B Tye, J Schimenti
Cornell University, Ithaca, NY, USA
Email: jcs92@cornell.edu

Genomic instability (GIN) and uncontrolled cell growth are hallmarks
of cancer cells. Although proper regulation and execution of DNA
replication is required to prevent these outcomes, most studies on
genetic causes of GIN have focused on DNA damage response (DDR)
and cell cycle checkpoint genes rather than the DNA replication
machinery. Previously, we reported the first evidence that a defect in
the core DNA replication machinery can cause cancer.  Using a forward
genetic screen for mutations causing GIN in mice, we isolated a hypo-
morphic allele (Chaos3) of the essential gene Mcm4, which encodes a
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subunit of the MCM2-7 DNA replication-licensing complex and
replicative helicase. Nearly all C3H-Mcm4Chaos3/Chaos3 nulliparous
females get mammary adenocarcinomas.  The mutation causes a ~30%
reduction in all MCM2-7 members, attenuates the ATR checkpoint
response, and elevates chromosome breaks in replication-stressed cells.
To better understand the events leading to GIN and tumorigenesis, we
have explored the biochemical defects of the Chaos3mutation in yeast,
and investigated the potential role of MCM reductions.  Budding yeast
containing the orthologous amino acid change exhibit recombination-
dependent, elevated chromosome aberrations linked to replication fork
defects.  We have generated mice containing mutations of all the other
Mcm genes, and crossed them in various combinations and to DNA
repair-defective backgrounds.  These studies indicate that 1) the levels
of MCM proteins are coordinately regulated; 2) rather small reductions
in MCMs can cause synthetic lethality and/or cancer; and 3) different
types of cancers can arise in different genetic backgrounds and with
different mutant combinations.  Tumor genome resequencing is being
conducted to explore the nature of secondary mutations that we hypoth-
esize to be the “drivers” of cancer in these replication-defective mice.
Overall, these studies will provide a comprehensive assessment of the
importance of properly tuned replication licensing in maintaining the
integrity of the mammalian genome and in cancer prevention.

IN190
CHALLENGES IN THE DESIGN AND STATISTICAL 
ANALYSIS OF POPULATION STUDIES WITH 
HIGH-THROUGHPUT ASSAYS
S. Bonassi
Unit of Molecular Epidemiology, National Cancer Research Institute,
Genova, Italy.
Email: stefano.bonassi@istge.it

The dramatic evolution of high throughput assays has greatly changed
the scenario of human population studies. Molecular epidemiologists
experience a period of great uncertainty, due to the inadequate knowl-
edge regarding the most appropriate study design to be used with new
techniques, and particularly due to the lack of statistical models specif-
ically developed for the analysis of massive databases originated from
high-throughput assays. This presentation will discuss major limita-
tions of traditional study designs when biomarkers generated by new
technologies are involved. More space will be given to the use of inno-
vative methods for statistical data analysis. In particular the pro’s com-
ing from the use of a game theory algorithm will be discussed togeth-
er with some details concerning the evolution of methods based on
measures of centrality. The rapid evolution of high-throughput tech-
niques has generated a puzzled situation, with methods now technical-
ly reliable and increasingly cheap that still need validation for preven-
tive, diagnostic, or therapeutic purposes. On the other hand, the evi-
dence accumulated on classic biomarkers should not be dismissed,
especially since many of them are extensively used to study genotoxic
exposures, susceptibility or to predict cancer incidence. An approached
based on the mixed evaluation of data from high- and low-throughput
assays seems to be the most efficient approach. The association
between micronuclei frequency and the gene expression pattern of a
selected number of candidate genes in a population exposed to air pol-
lution will be discussed as an example.

IN191
CLUES TO CANCER AETIOLOGY AND CARCINOGENIC
MECHANISMS DERIVED FROM DNA ADDUCTS
D. H. Phillips
Institute of Cancer Research, Brookes Lawley Building, Cotswold
Road, Sutton SM2 5NG, UK
Email: david.phillips@icr.ac.uk

DNA adducts detected in human tissues indicate carcinogen exposure
and may be also be indicative of carcinogenic risk. Accessible surro-
gate tissues, such as blood cells, provide the means to investigate occu-
pational or environmental exposure in healthy individuals. Such expo-
sure, e.g. to polycyclic aromatic hydrocarbons, has been demonstrated
in several industries and in defined populations by the detection of

higher levels of adducts. Adducts detected in many tissues of smokers
are at higher levels than in non-smokers, although the magnitude of the
elevation does not predict the magnitude of the risk and the exact
nature of the adducts detected remains obscure in some cases. The
detection of identified DNA adducts in target tissues, e.g. in urothelial
tissues of patients with Balkan endemic nephropathy, and in
oesophageal tissue of Chinese populations at high risk of oesophageal
cancer has provided important insight into environmental cancer cau-
sation. The influence of genetic polymorphisms on DNA adduct levels
may also shed light on factors affecting cancer susceptibility. Recently
we found that smoking-related DNA adducts were higher in the lungs
of lung cancer patients with the TERT-CLPTM1L lung cancer suscep-
tibility variant on chromosome 5p15. Current controversies on which
DNA adduct measurements may shed light are whether women are at
greater risk than men of lung cancer from smoking, and whether smok-
ing causes breast cancer. DNA adduct measurements provide a useful
means of exploring mechanisms of carcinogenesis in in-vitro and in-
vivo systems. Animal experiments show that the occurrence of DNA
adduct formation in a tissue does not always mean that it is a target
organ for carcinogenesis. The dependence of DNA adduct formation by
benzo[a]pyrene in human cells on p53 reveals a hitherto unknown link
between p53 expression and metabolism by cytochrome P450.
Experiments with synchronised cells indicate that activation of
benzo[a]pyrene is cell-cycle dependent. While cytochrome P450
enzymes are involved in the metabolic activation of benzo[a]pyrene in
vitro, recent results with genetically modified mice suggest that their
role may primarily be one of detoxification in vivo.

IN192
THE USE OF DNA ADDUCTS IN RISK ASSESSMENT
Herman Autrup
School of Public Health, University of Aarhus, Aarhus Denmark
Email: ha@mil.au.dk

Mange chemical carcinogens are metabolized into metabolites that
react with DNA to form covalently bound DNA adducts. The chemical
structure of these adducts have in many cases been elucidated. Early
studies indicated that the ability to bind to was linked to the carcino-
genic potency, the so-called carcinogen binding index. It was also
observed that the biological activity was associated with the level of
specific adducts, rather than total adduct levels. The association
between specific adducts and biological endpoint relevant for the car-
cinogenic process in target cells indicate that DNA- adducts are rele-
vant in the mode of action (MOA) concept for cancer risk assessment.
One of the ongoing questions in cancer risk assessment is the question
about threshold. The use of DNA adducts suggest that a threshold may
exists, as initial damage will be repaired efficiently at low dose expo-
sure. However DNA adducts cannot be used in isolation in the risk
assessment process but must be used in an integrated fashion with other
information, i.e., dosimetry, toxicity, tumor incidence. Recent epidemi-
ological studies have indicated that the adduct level is an indicator of
cancer risk, that reflects both exposure and genetic susceptibility. The
usefulness of carcinogen-DNA adducts, as an indicator of risk at low
exposure situations, will depend on the technological development of
sensitive and specific analytical procedures.

IN193
GENOMIC ALTERATIONS AS EARLY INDICATORS OF
ADVERSE EFFECTS OF EXPOSURES 
RS Paules (1), PR Bushel (1), AN Heinloth (1), Edward K. Lobenhofer
(2), RD Fannin (1), J Li (1), L Huang (1), JW Chou (1), GA Boorman
(1), DE Malarkey (1), SM Ward (1), RE Wilson (1), MW Russo (3), PB
Watkins (3) and RW Tennant (1)  
(1) National Institute of Environmental Health Sciences, NIH, Research
Triangle Park, NC, USA, 27709; (2) Cogenics, Morrisville, NC 27560;
and (3) University of North Carolina, Chapel Hill, NC 27599, USA
Email: paules@niehs.nih.gov

To respond to potential adverse exposures properly, health care
providers need accurate indicators of exposure levels and early indica-
tors that precede the development of overt injury or disease. This is par-
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ticularly important in the case of acetaminophen (APAP) intoxication,
the leading cause of liver failure in the USA. We hypothesized that
gene expression patterns derived from blood cells would provide use-
ful early indicators of acute exposure levels. To test this hypothesis, we
used a blood gene expression data set from rats exposed to APAP to
train classifiers in two prediction algorithms and to extract patterns for
prediction using a profiling algorithm. Prediction accuracy was tested
on a blinded, independent rat blood test data set and ranged from 88.9
to 95.8 %. Genomic markers outperformed predictions based on tradi-
tional clinical parameters. Analysis of human blood samples revealed
separation of APAP-intoxicated patients from control individuals based
on blood expression levels of human orthologs of the rat discriminato-
ry genes. These results support the hypothesis that gene expression data
from peripheral blood cells can provide valuable information about
exposure levels, well before liver damage is detected by classical
parameters. To directly test this hypothesis, a clinical study has been
initiated to investigate the gene expression changes in blood from
healthy volunteers exposed to therapeutic doses of acetaminophen in a
well controlled, clinical environment. Our preliminary results support
the potential use of genomic markers in the blood as surrogates for clin-
ical markers of potential acute liver damage.
This work was supported by the Intramural Research Program of the
National Institute of Environmental Health Sciences of the NIH.

IN194
MASS SPECTRAL DETECTION OF DNA ADDUCTS 
PRODUCED BY EXPOSURES TO CARCINOGENS 
P B Farmer, K Brown and R Singh
Department of Cancer Studies and Molecular Medicine, University of
Leicester, Leicester, UK
Email: pbf1@le.ac.uk

Human DNA is continuously being damaged by exposure to endoge-
nous and exogenous electrophilic molecules and reactive oxygen
species. The extent of background damage in DNA reaches more than
1 modification/million nucleotides. Accurate assessment of these dam-
age products, many of which may be used as specific markers of the
biologically effective dose of genotoxins, is very valuable prior to
approaches for risk determination. Many highly specific and sensitive
analytical procedures for determining individual DNA damage prod-
ucts (covalently bound adducts from genotoxic compounds and oxida-
tive DNA damage products) are already available. These include 32P-
postlabelling, HPLC-fluorescence, HPLC-electrochemical detection,
immunoassay based procedures, modified Comet assays and mass
spectrometry (MS) normally coupled to a liquid chromatograph (LC).
MS techniques are playing an increasing role in these determinations
owing to their chemical specificity. Two main approaches have been
used: the determination of modified 2’-deoxynucleosides (separated
from enzymically digested DNA, or present in urine), or of adducted
purine bases (derived from thermal degradation of DNA or repair). The
former group of compounds show a common fragmentation in MS/MS
of neutral loss of 116u, allowing high throughput, selective and sensi-
tive detection, which may be further improved by the use of on-column
switching in LC-MS/MS. This has allowed our recent development of
analytical methods for N2-ethyl-2’-deoxyguanosine (a monitor of
acetaldehyde exposure), various polycyclic aromatic hydrocarbon
adducts, and 8-oxo-2’-deoxyadenosine (a marker of oxidative DNA
damage). Screening systems (‘adductomics’) also seem possible by
monitoring this MH+ - [MH-116]+ fragmentation. Accelerator mass
spectrometry, which has the advantage of much increased sensitivity,
may be used for the detection of 14C- or 3H-labelled adducts follow-
ing administration of labelled carcinogen.  Using this technique we
have differentiated between adduct formation at the N7-position of
guanine from exogenous and endogenous ethylene oxide, and showed
the effect of endogenous production on dose-response relationships for
exogenous adduct formation. 
Acknowledgements to EC, American Chemistry Council and Cancer
Research UK

IN195
THE NUCLEOTIDE EXCISION REPAIR: TFIIH AND CO
J.-M. Egly
CNRS, Strasbourg, France

Abstract not available at the time of publication

IN196
INSIGHTS INTO GENOTYPE-PHENOTYPE RELATIONSHIPS
IN THE REPAIR/TRANSCRIPTION SYNDROME 
TRICHOTHIODYSTROPHY
D Orioli, E Botta, T Nardo, M Lanzafame, FA Peverali, M Stefanini
Istituto di Genetica Molecolare CNR, via Abbiategrasso 207, 27100
Pavia, Italy
Email: orioli@igm.cnr.it

Trichothiodystrophy (TTD) is a rare autosomal recessive multisystem
disorder characterized by hair anomalies, nail dysplasia, ichthyosis,
physical and mental retardation, proneness to infections, signs of prema-
ture aging and, in many cases, photosensitivity but no cancer. Sun-sensi-
tive TTD cases are mutated in one of three genes (XPB, XPD and
GTF2H5/TTDA) that encode distinct subunits of TFIIH, a multi-protein
complex essential for RNA polymerase II transcription and nucleotide
excision repair (NER), the main pathway removing DNA lesions induced
by ultraviolet (UV) light. TTD cells are unable to repair UV-induced
DNA damage and are characterised by reduced amounts of TFIIH.
Several lines of evidence support the hypothesis that TFIIH may become
limiting in TTD terminally differentiated tissues, thus being insufficient
to provide adequate transcriptional activity of highly expressed genes.
Furthermore, emerging in vivo and in vitro data indicate that mutations
responsible for TTD interfere with the role of TFIIH in basal transcrip-
tion and in gene expression regulation. By gene expression profiling, we
have identified about one hundred genes differentially expressed in pri-
mary skin fibroblasts of TTD patients mutated in XPD. The majority of
these genes are down-regulated, in agreement with the notion that the
pathological phenotype of TTD mainly reflects subtle defects in tran-
scription. The altered expression of some of these genes was paralleled
by quantitative alterations of the corresponding product. By focusing on
proteins involved in skin formation and maintenance, we have obtained
the first evidence of alterations in components of the extracellular matrix
(ECM), the structure that forms the bulk of the dermis and plays funda-
mental roles in normal tissue homeostasis, cell adhesion and cell migra-
tion. As well as identifying new markers for TTD diagnosis, these find-
ings contribute to understand the aetiology of those symptoms that TTD
shares with other disorders caused by mutations in ECM genes.
Biochemical and molecular studies are elucidating how TTD-specific
mutations in the XPD subunit of TFIIH interfere with the normal expres-
sion of genes/pathways relevant for ECM.

IN197
TRANSCRIPTION STALLING AND CELLULAR RESPONSES
M Fousteri, A Jensen, H Kool, S Lagerwerf and L Mullenders 
Department of Toxicogenetics, Leiden University Medical Center, 2333
RC Leiden, The Netherlands
Email: l.mullenders@lumc.nl

Transcription coupled nucleotide excision repair (TC-NER) is a critical
survival pathway that protects against acute toxic and long-term effects
(cancer) of UV light or chemicals. Deficiency in TCR is a hallmark of
the rare human disorder Cockayne syndrome (CS) associated with
severe clinical symptoms such as dwarfism, mental retardation and
photosensitivity. Two complementation groups (A and B) have been
identified. The CSB protein displays ATPase, DNA binding activity
and nucleosome remodelling activity, whereas the CSA protein is part
of a E3 ubiquitin ligase (E3-ub ligase) complex. CSB fulfils a key role
as coupling factor to attract nucleotide excision repair (NER) proteins
and the CSA- E3-ubiquitin ligase complex to the stalled RNA poly-
merase.  CSA is dispensable for attraction of NER preincision proteins
to lesion-stalled RNAPIIo, yet in cooperation with CSB is required to
recruit NER postincision factors. Both CS proteins have distinct func-
tions in recruitment of chromatin remodelers and TFIIS. The emerging
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picture of TCR is complex: repair of transcription blocking lesions
requires the NER factors, chromatin remodelers and at least two essen-
tial assembly factors i.e. the CSA and B proteins. Together, these and
yet unidentified proteins will accomplish not only efficient repair but
also contribute to DNA damage signalling events.

IN198
INTERSECTING DNA REPAIR PATHWAYS AND 
COORDINATION WITH TRANSCRIPTION
P.K. Cooper 
Life Sciences Division, Lawrence Berkeley National Laboratory,
Berkeley, California, USA
Email:  pkcooper@lbl.gov

Human XPG protein is a structure-specific endonuclease whose enzymat-
ic activity is strictly required in nucleotide excision repair (NER) to make
the 3’ incision in removal of bulky lesions. Defects in this function result
in the cancer-prone disease xeroderma pigmentosum (XP). However,
XPG appears to be highly pleiotropic, and it also has critical non-enzy-
matic functions. Mutations in XPG that inactivate these functions result in
the severe postnatal developmental disorder Cockayne syndrome (CS),
and mice and humans with knockout or severe truncations of XPG die in
very early life. We are investigating the molecular basis for this postnatal
requirement for XPG. Suggesting a role in initial steps of transcription-
coupled repair (TCR), XPG interacts with stalled RNA polymerase II
(RNAPII), the TCR proteins CSB and TFIIH, and transcription-sized bub-
bles in DNA. In addition, XPG directly and functionally interacts with
multiple proteins throughout the pathway for base excision repair (BER)
of oxidative DNA damage. Supporting the importance of XPG in this
pathway, XP-G/CS cells lacking XPG protein are hypersensitive to ioniz-
ing radiation and to hydrogen peroxide treatment. Extracts of these cells
are both deficient in incision at oxidative lesions and defective in Long
Patch-BER, consistent with the demonstrated stimulation by XPG of gly-
cosylase activity and of DNA Ligase I activity, respectively. Of signifi-
cance for a possible mechanistic connection between BER of oxidative
DNA damage and transcription, XPG exists in a large cellular complex
that includes the NEIL2 glycosylase, RNAPII, and other TCR proteins.
However, whether the multiple roles of XPG in BER are functionally con-
nected to its role in early steps of TCR remains to be definitively deter-
mined. The existence of two large domains in XPG that appear to be
unstructured and flexible and that mediate all of its many known protein-
protein interactions is consistent with the emerging concept that confor-
mational changes in intrinsically disordered regions of scaffold proteins
allow reversible interactions that determine partnerships, control pathway
progression, and regulate pathway intersections. Intriguingly, these
unstructured domains of XPG have been implicated in CS by patient
mutations and mouse models.

IN199
DIETARY FACTORS, MUTATION AND CANCER
Lynnette R. Ferguson
Discipline of Nutrition, The University of Auckland, Auckland 1023,
New Zealand
Email: l.ferguson@auckland.ac.nz

Compelling evidence supports an accumulation of somatic mutations
during carcinogenesis, leading to the activation of oncogenes and/or
inactivation of tumour suppressor genes. Genome-wide association
studies have identified genes associated with familial cancers, but
genes and mutations involved in sporadic events are less well charac-
terised.  Many dietary components are mutagenic, including natural
dietary components, mutagens generated during cooking and process-
ing of food, or through contamination. Association studies, supported
by molecular epidemiology, provide evidence that certain dietary muta-
gens, including aflatoxin B1, aristolochic acid and benzo[a]pyrene, are
causal in some human cancers. Similar studies have correlated the level
of oxidative DNA damage, DNA adducts and clastogenesis with cancer
risk.  Micronutrient deficiencies lead to comparable effects on mutage-
nesis to adding dietary carcinogens. The balance between mutagens
and antimutagens in the diet remains critical, and may require molecu-
lar epidemiological approaches to interpret.

IN200
BASE EXCISION REPAIR, OXIDATIVE STRESS AND CANCER
B Tudek (1,2), A Winczura (1), E Speina (1), T Obtułowicz (1), P
Kowalczyk (1), B Janowska (1), J M Cieśla (1), M Komisarski (1), D
Gackowski (3), R Oliński (3)
(1) Institute of Biochemistry and Biophysics, PAS, (2) Institute of
Genetics and Biotechnology, University of Warsaw, Pawinskiego 5a,
02-106 Warsaw, Poland, (3) Collegium Medicum, Nicolaus Copernicus
University, Bydgoszcz, Poland
Email: tudek@ibb.waw.pl

Oxidative stress is involved in the pathology of human cancers.
Functional assays performed in blood leukocytes of cancer patients and
matched controls show that specific BER pathways are decreased in
cancer patients, and may be risk factors. These include 8-oxoguanine
(8-oxoG) repair in lung cancer patients, as well as repair of lipid per-
oxidation (LPO) derived exocyclic adducts in patients developing lung
and colon cancers. However, during carcinogenic process in target tis-
sues repair mechanisms may be regulated differentially. BER activity
for 8-oxoG, ethenoA and ethenoC is enhanced in colon cancers in com-
parison to unaffected surrounding tissues. In contrast in lung tumors,
repair of ethenoadducts is similar to that in unaffected lung tissue, but
8-oxoG repair is decreased. Regulation of BER proteins activity may
be related to oxidative stress. Transcription of several DNA glycosy-
lases and AP-endonuclease is activated by reactive oxygen species. In
rodent model this is accompanied by the appearance of preneoplastic
colon lesions, aberrant crypt foci. Enzymatic activities of repair pro-
teins may, however, be abolished by oxidative stress. One of the major
lipid peroxidation products, 4-hydroxynonenal (HNE) inhibits in vitro,
methylpurine- and thymine DNA glycosylases (ANPG and TDG), but
not APE-1 and OGG1. Moreover, incision of oligonucleotides with
ethenoA and ethenoC by cell extracts is decreased when cells are pre-
treated with HNE. HNE also sensitizes cells to oxidizing and alkylat-
ing agents. Oxidative stress-driven modulation of BER enzymes activ-
ities may be, then, an important factor determining the risk of cancer.

IN201
DIETARY INTAKE OF ARISTOLOCHIC ACID AS A RISK
FACTOR FOR BALKAN ENDEMIC 
NEPHROPATHY-ASSOCIATED UROTHELIAL CANCER
VM Arlt
Institute of Cancer Research, Section of Molecular Carcinogenesis,
Sutton, Surrey, UK
Email: volker.arlt@icr.ac.uk

Balkan endemic nephropathy (BEN) is a chronic renal interstitial fibro-
sis with slow progression to end-stage renal failure associated with a
high risk of urothelial cancer found in certain rural areas of Bosnia,
Bulgaria, Croatia, Romania and Serbia. Substantiated by the investiga-
tions on aristolochic acid nephropathy (AAN) the proposal has been
put forward that the primary cause of BEN is exposure to food crops
contaminated with seeds of Aristolochia spp, which contain high levels
of aristolochic acid (AA). On both clinical and morphological grounds,
AAN is very similar to BEN. Recently, tumour DNA samples from
patients with BEN were found to harbour principally A to T mutations
in the TP53 tumour suppressor gene (Grollman et al., Proc Natl Acad
Sci USA 2007; 104:12129-34). A to T tranversions are typical muta-
tions observed after AA exposure in experimental animal models and
are consistent with AA-DNA adduct formation primarily at adenine
residues. Using a novel mutation assay that has been designed to
induce and select mutations in human TP53 sequences in vitro by expo-
sure of cultured cells to a mutagen, we found A to T mutations were
elicited by AA at sites in TP53 rarely mutated in human cancers in gen-
eral, but which were observed in the BEN patients. This concordance
of specific mutations in patient tumours and AA-exposed cultures
strongly support the argument that AA has a direct role in the aetiolo-
gy of BEN-associated cancer.
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IN202
THE ROLE OF GENETIC AND NON-GENETIC MECHANISMS
IN FURAN RISK
A Mally (1), T Chen (2), C Hamberger (1), S Moro (1), K Hickling, JK
Chipman (2), W Dekant (1)
(1) Department of Toxicology, University of Würzburg, Würzburg, Germany;
(2) School of Biosciences, The University of Birmingham, Birmingham, UK;
(3) AstraZeneca R&D Charnwood Safety Assessment, Loughborough, UK
Email: mally@toxi.uni-wuerzburg.de

After the discovery of the formation of acrylamide during heat process-
ing of food, more recent studies have also indicated the presence of the
simple organic molecule furan in a wide variety of heat-treated foods.
Furan is a potent hepatotoxicant and liver carcinogen in rodents, but
existing data on furan toxicity do not provide a suitable basis for risk
assessment of human exposures to furan with food. To improve risk
assessment, a 6th FP-STREP project (FURAN-RA) was initiated to
assess the role of genotoxic and non-genotoxic mechanisms and their
dose-response relationships in furan carcinogenesis. In rat liver, a dose-
dependent increase in the 14C-content of DNA was observed following
treatment of male F344 rats with 14C-furan at a known carcinogenic
dose (2 mg/kg bw) and at a dose close to estimated human exposures
(0.1 mg/kg bw). Importantly, 14C-label was not associated with normal
nucleosides, suggesting covalent binding of furan to DNA. Repeated
administration of furan in the same dose-range resulted in increased
hepatocyte proliferation along the edge of the left and caudate liver
lobes accompanied by very thin foci of non-specific inflammation,
indicating that short-term furan administration may induce prolifera-
tive changes in rat liver in the absence of appreciable cytotoxicity.
Increased mitotic activity was associated with reversible change in the
expression of cell cycle and apoptosis-related genes independent of
DNA methylation, but surprisingly – and in contrast to higher doses -
no significant alterations in DNA damage related genes were found.
Collectively, our data suggest that both genotoxic and non-genotoxic
events contribute to furan carcinogenicity and that chronic administra-
tion of furan at doses close to human exposure may promote tumor for-
mation in rat liver.
This work was supported by FP6 of the European Union (SSPE-CT-
2006-44393) and DFG (MA 3323/3-1).

IN203
REPORTS FROM THE 5TH INTERNATIONAL WORKSHOP
ON GENOTOXICITY TESTING
D Kirkland (1), S Galloway (2), M Moore (3), P Kasper (4), S Pfuhler
(5), M Hayashi (6), V Thybaud (7)
(1) Covance, UK; (2) Merck, USA; (3) NCTR, USA; (4) BfArM, Germany;
(5) Procter & Gamble, Switzerland; (6) BSRC, Japan; (7) Sanofi-Aventis,
France
Email : dkirkland@genetoxconsulting.co.uk

Just a few days before this ICEM the 5th in the series of IWGT work-
shops will have taken place in Basel. As usual, some challenging top-
ics will have been discussed and recommendations, based on data-driv-
en consensus, will (hopefully) have been reached. A report on one of
the topics “Improvement of In Vivo Genotoxicity Assessment – The
link to Standard Toxicity Testing” has already been given by the chair,
Andreas Rothfuss, in the session on New Developments in Regulatory
Genetic Toxicology earlier in this ICEM. Reports from the other work-
ing group leaders will be given here, namely: A re-evaluation of the top
concentration for testing non-toxic substances in mammalian cells in
vitro – David Kirkland (Covance, UK). Top concentration and cytotox-
icity issues in mammalian cell chromosomal aberration/mi cro -
nucleus and mutation assays – Sheila Galloway (Merck, USA) and
Martha Moore (NCTR, USA). A re-appraisal of the recommendations
for photogenotoxicity testing– Peter Kasper (BfArM, Germany)
Recommendations for choice of better test systems to improve the pre-
dictivity of in vitro mammalian cell tests – Stefan Pfuhler (Procter &
Gamble, Switzerland) The collection and use of historical control data
in the interpretation of in vitro positive results. – Makoto Hayashi
(BSRC, Japan) Suitable follow-up risk assessment testing for in vivo
positive results – Veronique Thybaud (Sanofi-Aventis, France) 

IN204
THE MOLECULAR BASIS OF LIFE’S ROBUSTNESS
Miroslav Radman & Anita Krisko
University of Paris 5- R. Descartes Medical School, Paris, France, &
Mediterranean Institute for Life Sciences, 21000 Split, Croatia
Email: miroslav.radman@inserm.fr

The key approach of classical molecular genetics and molecular biolo-
gy, i.e., the phenotypic change caused by gene inactivation, taught us
plenty about the functions of genes/proteins in the wild type organism.
However, to learn how a standard species could become more resilient,
we turned to the study of robust organisms, e.g., bacterium
Deinococcus radiodurans and the aquatic animals Bdelliod Rotifers
(collaboration with Prof. M. Meselson, Harvard University), both
extremely resistant to desiccation and radiations. So far we have
learned the following:
(1) DNA is equally susceptible to double-strand breakage (DSB) in
robust and sensitive species. What matters for survival is the efficacy
of the DNA repair system1.
(2) D. radiodurans did not acquire any recognizable new DNA repair
activities2, instead:
(3) Both D. radiodurans and the rotifer Adineta vaga show a remark-
able intracellular protection system against the oxidative damage (car-
bonylation) to their proteome (both constitutive and radiaiton-induced),
as compared with their standard counterpart species: the bacterium E.
coli and the nematode C. elegans3. In all four species death correlates
with the sharp increase in protein oxidation at lethal doses of radiation.
(4) The protective agent is a small molecule that acts also as a protec-
tor of proteins from sensitive speces.
(5) When normalized against killing fraction, all four species show the
same quantitative correlation with the oxidation of their proteome4

caused either gamma or UV irradiation.
(6) Protein carbonylation appears as the cause of cellular degeneracy
and death, a feature that seems to apply also to human aging.
(7) We propose that “intrinsic aging” – the fundamental chemistry of
aging, age-associated diseases, and death – is the progressive oxidation
of the cellular proteome leading to its increasing fatal functional degen-
eracy by the failing cellular interactome and catalysome.
References:
1: Zahradka K, Slade D, Bailone A, Sommer, S, Averbeck, D,
Petranovic, M,  
Lindner, AB, & Radman M (2006) Nature 443: 569-573
2: Slade D, Lindner AB, Paul G, & Radman M (2009) Cell 136: 1044-
1055
3: A. Krisko, M. Leroy, M. Radman & M. Meselson, in prep.
4: A. Krisko & M. Radman, in prep.

IN205
MUTATIONS IN MICRORNA PRECURSORS IN
HEMATOPOIETIC MALIGNANCIES
Carlo M Croce
The Ohio State University, Columbus, OH, USA
Email: Carlo.Croce@osumc.edu

We have examined different leukemias for mutations in microRNA
genes. We have found a number of germ lines and somatic mutations
of microRNA precursors. Such alterations affect the processing of the
microRNAs, resulting in lower levels of mature microRNA expression.
The role of these alterations in cancer predisposition will be discussed. 
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FOR01
ANTIMUTAGENESIS AND CHEMOPREVENTION IN A 
U-SHAPED WORLD
Chair: DJ Waters
Purdue University, West Lafayette, IN, USA
Email: waters@purdue.edu

The perception that is pervasive among the public is that, when it
comes to anti-cancer nutrients or anti-cancer drugs, more is better. A
growing body of scientific evidence, however, suggests that the dose
response between DNA damage and the dietary intake of cancer-fight-
ing nutrients, such as selenium, zinc, and beta-carotene, is in fact U-
shaped. Therefore, more of these “good things” may not necessarily be
a good thing. Ironically, health-conscious men and women may be at
highest risk for the ill-effects of over supplementation because they are
already consuming high quality diets rich in vitamins and minerals.
This forum emphasizes the need for a new approach to cancer preven-
tion that is personalized. This forum will explore mechanisms related
to U-shaped dose responses and will show how non-linear dose-
responses have important implications for public health.

FOR02
DEFINING THE OPTIMAL DOSE OF SELENIUM FOR
PROSTATE CANCER RISK REDUCTION
DJ Waters (1,3), EC Chiang (1,3), S Shen (3), SS Kengeri (3), H Xu
(2), C Suckow (3), GF Combs Jr (4), JS Morris (5), DG Bostwick (6)
(1) Department of Veterinary Clinical Sciences, Comparative
Oncology Program, and The Center on Aging and the Life Course; (2)
Department of Statistics, Purdue University, West Lafayette, Indiana,
USA; (3) Gerald P. Murphy Cancer Foundation, West Lafayette,
Indiana, USA; (4) Grand Forks Human Nutrition Research Center,
Grand Forks, North Dakota, USA; (5) University of Missouri-
Columbia Research Reactor Center, Columbia, Missouri, USA; (6)
Bostwick Laboratories, Richmond, Virginia, USA
Email: waters@purdue.edu

Our work in dogs has revealed an intriguing U-shaped dose response
between selenium (Se) status and prostatic DNA damage that remark-
ably parallels the relationship between dietary Se and prostate cancer
risk in men, suggesting that more Se is not necessarily better.  Recently,
we extended this work to test the hypothesis that the Se dose that min-
imizes prostatic DNA damage upregulates apoptosis in prostatic
epithelial cells.  In a randomized feeding trial, 62 elderly beagle dogs
(equivalent to 65 year-old men) received nutritionally adequate or
supranutritional levels of Se for 7 months.  Prostatic DNA damage
(alkaline Comet assay), apoptosis (TUNEL staining of formalin-fixed
prostate tissues) and Se status (neutron activation analysis of toenails)
were measured.  The extent of apoptosis was compared between dogs
with low Se status (<.67 ppm in toenails, the level above which sele-
noenzymes like GPX are maximally expressed), moderate Se status
(.67-.92 ppm), and high Se status (>.92 ppm, which exceeds one s.d.
above mean Se level in U.S. men).  Dogs with moderate Se status were
84% less likely to have high prostatic DNA damage than dogs in the
low Se group (OR, 95% CI = 0.16, 0.04-0.63); prostatic damage in the
low and high Se groups was not significantly different.  Foci of intense
apoptosis (“hot spots” with >30 apoptotic cells/200X field) were seen
4.1X (95% CI, 1.1-15.3) more often in the moderate Se group than in
the low Se group; there was no significant difference between the fre-
quency of apoptosis in the high and low Se groups. These findings are
leading to a new line of thinking about how selenium may reduce can-
cer risk.  Mid-range Se status (.67-.92 ppm toenails) favors homeosta-
tic housecleaning – an upregulated apoptosis that preferentially purges
damaged cells.  Our observations converge with the null results from
oversupplementing men in SELECT to set a new research priority: to
test whether men with low, suboptimal Se can achieve cancer risk
reduction through daily Se supplementation.  Clearly, not all men will
benefit from additional Se.  Recognizing the U-shaped dose-response
offers fresh insight into clinical trial design by categorizing individuals
as Se-responsive or Se-refractory based upon the likelihood of reduc-
ing their cancer risk by Se supplementation.

FOR03
MUTAGENIC MODE OF ACTION FOR CARCINOGENS:
HOW HIGH IS THE BURDEN OF PROOF?
Chair: M Moore
Food and Drug Administration, Jefferson, AR, USA
Email: martha.moore@fda.hhs.gov

In 2005 U.S. EPA issued its final Guidelines for Carcinogen Risk
Assessment (Cancer Guidelines) and Supplemental Guidance for
Assessing Susceptibility from Early-Life Exposure to Carcinogens
(Supplemental Guidance). Among other topics, the Cancer Guidelines
provides guidance on evaluating data to determine mode of action
(MOA) of biologically active chemicals. The 2005 Cancer Guidelines
specify a two step extrapolation process: modeling data in the observed
range and choosing a point of departure; followed by linear or non-linear
extrapolation. MOA information is used in the choice of linearity or non-
linearity at low dose. The Supplemental Guidance evaluates evidence
that early life exposure may result in increased cancer risk by compari-
son to later life exposure, and recommends that for carcinogens that
induce cancer through a mutagenic MOA, age dependent adjustment fac-
tors be used to increase slope factors calculated from standard cancer
bioassays or epidemiologic data. Based on the recommendations from
these two documents, it is likely that increased use of MOA analyses will
have a major impact on future risk management decisions. This calls for
new thinking concerning assumptions implicit in cancer MOA evalua-
tion. It can be argued that there are currently three potential conclusions
from the MOA analyses for carcinogenicity: (1) sufficient evidence to
support a MOA, and mutation is NOT the key event; (2) sufficient evi-
dence that mutation IS the key event; and (3) insufficient evidence to
determine the MOA. Before the publication of the Supplemental
Guidance, the focus of the cancer MOA evaluation was on weighing the
evidence that the MOA did not include mutation as the key event and on
assessing the weight of the evidence (WOE) for other MOAs. When
mutation could not be excluded, the risk assessment practice was to
default to a linear extrapolation model (generally the linearized multi-
stage procedure). With the publication of the new Supplemental
Guidance, it becomes necessary to consider the WOE for actually estab-
lishing that mutation IS a key event for carcinogenicity, rather than an
ancillary observation. This new requirement modifies the strategy, focus
and the burden of proof for the MOA assessment. This forum will
explore the implications of the new requirements for MOA assessment
with a focus on evaluating mutagenicity as the MOA for cancer and will
provide a lively discussion as to just how much information should be
required before establishing a chemical as a “mutagenic carcinogen”.

FOR04
RATIONALE OF GENOTOXICITY TESTING OF 
NANOMATERIALS
Moderators: Helmut Greim (1) Hannu Norppa (2)
(1) Technische Universität München, Freising-Weihenstephan,
Germany; (2) Finnish Institute of Occupational Health, Helsinki,
Finland 
Email: helmut.greim@lrz.tu-muenchen.de
Email: hannu.norppa@ttl.fi

The Forum discussion will address the following questions.
1) Are the tests recommended by the OECD appropriate and sufficient
to screen for the genotoxic effects of NM?  How can we interpret the
positive results of the studies? 
Are nanomaterials primary or secondary genotoxic?  What is the best
methodological approach to evaluate this?  Do we have to propose
other tests?
2) What is the biological relevance of NM found systemically such as
in the cardiovascular system or the brain?
3) What should be the minimal set of parameters that we have to report
in a study?  Includes stability of aggregates and agglomerates in bio-
logical environment. Do they disintegrate?  Are agglomerates more
toxic than a single particle of the same size? 
4) Which kind of NM could be used as reference material?  What
should be the main characteristics of a reference NM?  Is it possible to
have one reference NM for all the tests or should we define different
representative NM in function of the endpoints studied?

Forum abstracts For01-020

108 ICEM 2009, August 20-25, Firenze - Italy



Reference articles
Gonzalez L, Lison D, Kirsch-Volders M.  2008.  Genotoxicity of engi-
neered nanomaterials: A critical review.  Nanotoxicology 2:252-273 
Landsiedel R, Kapp MD, Schulz M, Wiench K, Oesch F.  2009.
Genotoxicity investigations on nanomaterials: Methods, preparation
and characterization of test material, potential artefacts and limitations-
Many questions, some answers.  Mutat Res 681:241-258.

FOR05
RATIONALE OF GENOTOXICITY TESTING OF 
NANOMATERIALS:  REGULATORY REQUIREMENTS AND
APPROPRIATENESS OF AVAILABLE TEST SYSTEMS
DB Warheit (1), CM  Sayes (2), KL Reed (1), EM Donner (1)
(1) DuPont Haskell Global Centers for Health & Environmental
Sciences, Newark, Delaware, USA; (2) Texas A&M University, College
Station, Texas, USA
Email: david.warheit@gmail.com

The development of a risk management system for nanoscale particle-
types requires a base set of hazard data.  Assessing risk is a function of
hazard and exposure data.  When proposing a strategy for conducting
nanoparticle research, mechanistic studies on “representative” nanoparti-
cles should be considered.  Alternatively, with regard to nanoparticle-
types in commerce, an environmental, health and safety (EHS) frame-
work may include a minimum base set of toxicity studies.  These could
include the following criteria: substantial particle characterization, pul-
monary toxicity studies, acute dermal toxicity and sensitization studies,
acute oral and ocular toxicity studies, along with screening type genotox-
icity, and aquatic toxicity studies. We have previously reported the toxi-
city results of a base set of hazard tests on a set of newly developed, well-
characterized, ultrafine TiO2 (uf-TiO2) particle-types. In vivo pulmonary
and oral toxicity studies in rats demonstrated low hazards. Acute dermal
irritation studies in rabbits and local lymph node assay results in mice
indicated that uf-TiO2 was not a skin irritant or dermal sensitizer.
Genotoxicity tests demonstrated that uf-TiO2 was negative in both the
Bacterial Reverse Mutation Test and in an In Vitro Mammalian
Chromosome Aberration Test with Chinese hamster ovary cells.
To summarize the findings, the results of most of the studies demonstrat-
ed low hazard potential in mammals or aquatic species following acute
exposures to the ultrafine TiO2 particle-types tested in this program.
More recently, we have conducted short-term inhalation studies in rats
with aerosols of amorphous silica nanoparticles.  In addition to assess-
ments of pulmonary hazards, we also conducted a flow cytometric-based
micronucleus assay following 1 or 3-day inhalation exposures. The
results of the flow cytometric-based micronucleus assay did not indicate
any increases in the number of micronuclei in immature erythrocyte cell
populations. In conclusion, the results obtained from these two sets of
studies support the use of already established in vitro and in vivo
methodologies for evaluating the biological and genotoxic potential of
nanoparticles for hazard and risk assessment purposes.

FOR06
POSSIBLE GENOTOXIC MECHANISMS: CRITERIA FOR
IMPROVED TEST STRATEGIES
Ken Donaldson 
Centre for Inflammation Research, University of Edinburgh,
Edinburgh, Scotland
Email: ken.donaldson@ed.ac.uk

Particle-induced genotoxic effects arise by two mechanisms – direct
and indirect mechanisms. Direct mechanisms involve interactions
between the particles and the target cell that lead directly to genotoxic
change including oxidative adducts formation and mechanical interfer-
ence with the mechanisms of segregation of chromosomes during
anaphase and telophase. Indirect mechanisms involve the induction of
inflammation by the particles and the involvement of the inflammato-
ry cells in leading to genotoxic effects. The mechanisms are not neces-
sarily mutually exclusive. Many in vitro studies have shown that
nanoparticles (NP) have the potential to cause genotoxic and a number
studies where the same material (TiO2, carbon black) in the form of NP
were genotoxic but not in the form of larger particles. This is very sim-

ilar to the SA dose-dependent effects experienced with NP in pro-inflam-
matory effects in the rat lungs and highlights the likely role of surface
area and surface reactivity. This highlights the need to employ surface
area dose and plausible dosimetry in the selection of doses of NP; the
determination of plausible dose is complicated by hotspots in deposition.
Nel has described a hierarchical particle –induced oxidative stress model
where different degree of oxidative stress can cause transcription of
phase II antioxidant enzymes (Tier 1), MAPK and NF-κB activation
leading to inflammation (Tier 2) and finally perturbation of the mito-
chondria resulting in apoptosis or necrosis at the highest levels (Tier 3).
High doses of some NP types in in vitro genotoxicity assays very likely
induce high levels of oxidative stress consistent with Tier 3, whilst the
lower doses encountered in vivo might be more likely to induce inflam-
mation. Reference to Paracelsus’ dictum suggests that we should be care-
ful of effects found only at high doses that may not be relevant for human
exposures and the interpretation of in vitro genotoxicity assays must be
carefully related to dosimetry. There need to be inclusion of adequate
control particles that allow us to contextualise the outcome of studies
with unknown NP to those found with conventional particles of known
carcinogenicity in order that risk assessment can be done.  A number of
NP are in common use and have been examined in long term animal
studies but found to be negative for carcinogenic effects, apart from over-
load –induced effects and such particles should be the starting point for
selection of negative controls.  The relevance of combustion-derived NP
like diesel soot, containing metals and organics, to manufactured NP is
questionable.  In the long run a structure:activity model of NP genotoxi-
city needs to be constructed that allows prediction on the basis of physic-
ochmemical characteristics and for this to be attained we need good
chracterisation and to this end some minimal criteria for particle charac-
terisation accompanying data on genotoxicity have been suggested.

FOR07
ECOGENOTOXICOLOGY: PAST SUCCESSES AND FUTURE
NEEDS
Chairs: C. Bolognesi (1), DM DeMarini (2)
(1) National Cancer Reasearch Institute, Genova, Italy; (2) U.S.
Environmental Protection Agency, Research Triangle Park, NC, USA
Email: claudia.bolognesi@istge.it
Email: demarini.david@epa.gov

Genotoxic compounds including carcinogens, are the components of
complex environmental matrices, including surface water, aquatic sed-
iment, soil, and urban air that can have adverse health effects on
humans and on indigenous biota. A wide number of common marine
pollutants are studied only for acute effects, and their long-term
adverse environmental hazard is not known. The impact of pollutant
mixtures frequently may be manifest only after relevant important
effects on ecosystems and on human health have occurred. The appli-
cation of short-term bioassays, in vitro or in situ, allows for the assess-
ment of mutagenic hazards and/or for the identification of the sources
and fate of the contaminants without a priori information about the
identity or physico-chemical properties of the contaminants. In vitro
tests that measured different genetic endpoints were used to evaluate
urban air particulates and water or soil samples to characterize the tox-
icological features of environmental complex mixtures and to assess
human health risk.  Inconsistencies between studies have been often
observed because of the use of different extraction procedures and
methodologies. Aquatic organisms such as teleosts and bivalves were
used as bioindicators to monitor surface water contaminated with geno-
toxic chemicals. Earthworms have been proposed as sentinel species
for detecting genotoxicity in soil. No effective animal assay for in situ
monitoring of air pollution has been identified, however a number of
plant bioassays are used for this purpose. A limited number of well-
established biomarkers were applied in different sentinel species in
environmental programs, but a large number of non-standardized
parameters are evaluated in risk assessment studies. The aim of this
forum is to discuss the role of genotoxicity tests in environmental mon-
itoring, the reliability and reproducibility of tests, the choice and vali-
dation of specific bioassays in the field, and the expression and inter-
pretation of the results. The potential role of genomic and proteomic
approaches to identify new biomarkers and to develop new bioassays
in environmental genotoxicology will be also discussed.

Forum abstracts For01-020

ICEM 2009, August 20-25, Firenze - Italy  109



FOR08
EVALUATING THE MUTAGENICITY OF AIR, WATER, AND
SOIL BY THE SALMONELLA ASSAY: WHERE ARE WE
AFTER 40 YEARS?
DM DeMarini
U.S. Environmental Protection Agency, Research Triangle Park, NC
Email: demarini.david@epa.gov

The Salmonella (Ames) assay is nearly 40 years old, and prior to its
introduction in 1970, little was known regarding the mutagenicity of
our environment.  However, after its introduction, the Ames assay was
the first to reveal the mutagenicity of air (1977), river water (1977),
drinking water (1978), and soil (1982).  Since then, most studies on the
mutagenicity of these environmental matrixes have used the Ames
assay, resulting in thousands of publications. These studies have indi-
cated that essentially all air, drinking water, and soil samples are muta-
genic, as well as most river water samples.  PAHs account for <5% of
the mutagenic activity of air but correlate highly with the mutagenic
activity of soil in TA98 +S9.  Concentrations of chemicals monitored
routinely in air do not correlate with air mutagenicity because few of
the monitored compounds are mutagenic.  The predominant mutagens
in air are nitroaromatics, aromatic amines, and ketones.  The smallest
particles are the most mutagenic, and organic extracts of air and water
induce primarily G to T base substitutions in TA100.  Few air sheds
around the world have been tested for mutagenicity.  Sewage, industri-
al chemicals, and petrochemicals account for most of the mutagenicity
of rivers, whereas disinfection by-products cause the mutagenicity of
drinking water.  Although much has been learned from these studies,
the Ames assay needs to be incorporated into a systematic, routine
analysis of air, drinking water, river water, and soil to complement cur-
rent chemical analyses. [Abstract does not reflect the policies or views
of the US EPA.]

FOR09
ECOGENOTOXICITY APPLIED TO ENVIRONMENTAL
QUALITY CONTROL 
VMF Vargas
Fundação Estadual de Proteção Ambiental Henrique Luís Roessler,
Porto Alegre, Rio Grande do Sul, RS, Brasil
Email: ecorisco@fepam.rs.gov.br.

FEPAM, the environmental protection agency of the State of Rio
Grande do Sul, Brazil, is developing programs for ecogenotoxicology
assessment applied to environmental quality control to subsidize envi-
ronmental legislation. These programs comprehend interdisciplinary
studies which combine the efforts of specialists from different institu-
tions to assess the impact of pollutants on air, water and soil and, thus,
estimate possible acute, chronic or genotoxic damage occurrences in
high-contaminated risk urban and industrial sites. The presence of toxic
and genotoxic substances are primarily investigated from the contami-
nated sources and their action is verified at different environmental
compartments. In regard to such ecogenotoxicity monitoring, our
multi-disciplinary research group applies different strategies to it using
biological approaches such as acute and chronic ecotoxicity essays,
mutagenicity measured by Salmonella/microssoma assay in different
compartiments, cytogenetic endpoints in vitro applied to water sam-
ples, genetic biomarks in plants, aquatic biota or human biomonitoring
- all followed by chemical analyses to establish cause-effect relation-
ships and different pollutant dispersion models. Also, as a consequence
of contamination, studies have been carried out on fish malformation,
human teratogenesis and cancer incidence. One of our goals has been
achieved through the studies conducted: the Salmonella/microssoma
essay, along with other acute and chronic ecotoxicological essays, have
been included in an environmental legislation which defines and
enforces criteria and patterns as to the emission of industrial liquid
effluents discharged in the superficial waters of the state of Rio Grande
do Sul made effective in November 24, 2006 (RESOLUÇÃO CONSE-
MA N º 129/2006, que “Dispõe sobre a definição de Critérios e Padrões
de Emissão para Toxicidade de Efluentes Líquidos lançados em águas
superficiais do Estado do Rio Grande do Sul”).  Support:
PADCT/FINEP/ FAPERGS/ CNPq.

FOR10
INDUSTRIAL SOLID WASTE LEACHATES INDUCED 
GENOTOXICITY: MODELS AND ASSAYS
D. Kar Chowdhuri (1), HR Siddique (1,2), A Sharma (1), M Mishra (1)
and DK Saxena (1)
(1) Embryotoxicology Laboratory, Indian Institute of Toxicology
Research (Council of Scientific and Industrial Research, India)
Mahatma Gandhi Marg, Lucknow 226 001. (2) Present address:
Department of Molecular Pharmacology, Univ. of Wisconsin School of
Medicine, 389 Medical Sciences Center, Madison, WI 53706, USA
Email: dkarchowdhuri@rediffmail.com

Industrial processes generate waste that are dumped and desired to be
free from causing toxicity to the environment. However, a number of
studies showed that these wastes either dumped in engineered sites or
in an unplanned manner may cause leaching which subsequently can
reach both ground and surface water for their percolation into different
strata of the food chain thereby causing toxicity to flora and fauna.
Hence, genotoxicity studies are aimed to assess the DNA damaging
potential of these leachates for safety purposes. A number of sentinel
species are being used to assess the real life genotoxic potential of the
wastes with different DNA damage measuring endpoints. Data so far
generated reveal that a number of species and a number of assays to be
performed. Our laboratory has used a genetically well defined model
organism, Drosophila and a widely accepted non-biased assay, Comet
assay to determine the genotoxic potential of wastes generated from
three industries situated at the vicinity of the city of Lucknow, India.
Our data showed that of these, metal based industrial waste leachates
have the maximum genotoxic potential to this organism. Subsequent
examination of two different tissues viz. gut and brain of the exposed
organism showed a comparable assessment of genotoxicity caused by
the leachates. Studies from the other laboratory from this institute with
plant (Allium cepa chromosome aberrations assay) and mammalian
genotoxicity assays also suggest a comparable genotoxic potential of
these solid waste leachates as observed in Drosophila. In addition, cel-
lular toxicity of these leachates in Drosophila was assessed by stress
gene expression and oxidative stress markers. While sentinel species
remain at the forefront of assessing genotoxicity of wastes, genetically
defined model like Drosophila based assay provides useful information
on assessing genotoxicity of complex chemical mixture.

FOR11
AN APPROACH TO VALIDATE GENOTOXICITY 
BIOMARKERS IN ENVIRONMENTAL ANIMALS:  THE
EXAMPLE OF THE MICRONUCLEUS TEST.
Claudia Bolognesi
Environmental Carcinogenesis, National Cancer Reasearch Institute,
Genoa, Italy
Email: claudia.bolognesi@istge.it

Micronucleus (MN) test, due to its simplicity, seems to be one of  the
most promising techniques to identify  genomic alterations in environ-
mental biomonitoring studies. Micronuclei frequency  provides an index
of accumulated genetic damage during the lifespan of the cells and it is
an index of integrated response to the complex mixture of contaminants
monitored or not that contributes to the toxic load. This test has the
advantage that it can be applied in interphase to any proliferating cell
population regardless of its karyotype. MN assay, originally developed
with mammalian species, is today widely applied in fish and other aquat-
ic organisms, including sea urchin, mussels, oysters, crabs and worms,  in
wild and transplanted animals.  Hemocytes and gill cells in bivalves, ery-
throcytes in fish are the most frequently targets used  for MN evaluation.
Nuclear anomalies, chromatin buds, invaginations, vacuoles are also
considered as biomarkers of genetic events. The validation process of the
test involves the evaluation of  the kinetics  of  cytogenetic effects in sen-
tinel species and the identification of the potential sources of variability.
Sensitivity and specificity of the assay, in revealing the exposure to the
main classes of genotoxic pollutants, have to be determined in experi-
mental studies under controlled conditions. Interspecies and interindivid-
ual variability in spontaneous MN frequency, related to differences in
metabolic competency and DNA repair mechanisms as well as in the MN
expression, has been observed.
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Two main sources of variability impairing  the  measurement of the MN
frequency in environmental animals have been identified. The first one is
inherent to the laboratory method and  sample collection, that could eas-
ily be controlled by the standardization of the protocol  and quality assur-
ance. The lack of uniform criteria of scoring for MN and other nuclear
abnormalities is the main critical factor preventing the comparison of the
results from different labs. Other sources of variability include biotic fac-
tors such as age and reproductive status and  environmental factors asso-
ciated to seasonal changes and nutritional status. Multiple samplings dur-
ing the year allow to overcome environmental and seasonal effects.

FOR12
APPLICATIONS OF BIOMARKERS FOR THE MONITORING
OF AQUATIC ENVIRONMENT: CHALLEHENGES AND NEW
TRENDS
A N Jha
School of Biological Sciences, University of Plymouth, Plymouth, PL4
8AA, UK
Email: a.jha@plymouth.ac.uk

Determination of sub-lethal biological responses following exposure to
environmental contaminants contributes to assess exposure, estimate
internal and biological effective doses to elucidate underlying basis of
diseases, identify susceptible groups and to take preventive action to
avoid detrimental outcomes. Despite the fact that in common with
humans, similar biological responses could be observed in natural
biota, until recently relatively little importance has been given to appli-
cations of biomarkers in environmental risk assessment (ERA). With
growing interest for the adoption of an ecosystem-based approach for
the management of aquatic environment, however, new legislations are
emphasizing the need for biological effects of contaminants as the cri-
teria for ERA. Given the complexity and dynamism of the aquatic envi-
ronment, there is however need to adopt a more pragmatic approach to
environmental monitoring with emphasis on the elucidation of cause-
effect coupling for potential environmental degradation. It is also
emerging that pollutants could simultaneously manifest their toxicity in
varieties of way. This expression of toxic response could be cell, tissue
and species specific depending on routes of exposure, life stages and
ecological niche in addition to physico-chemical and natural variations.
It is therefore essential that an integrated approach for the determina-
tion of ecosystem health is implemented in which biomarkers provide
complementary information and an added value while obtaining infor-
mation through bioassays, chemical and ecological measures. It is also
important to benefit from the rapid technical and methodological
developments taking place in human health arena for the use of bio-
markers in the wild species. We have attempted to develop and imple-
ment a range of genotoxicological and biological responses to (a) deter-
mine the relative sensitivity of key species to a range of common con-
taminants and (b) link and compliment observed biomarker responses
to bioavailability, body burden and the site chemistry. In ecotoxicolo-
gy, such a rationale could offer the opportunity to adopt preventive
approach to hazard and risk assessment for environmental sustainabil-
ity and to simultaneously protect human health.

FOR13
RENAISSANCE MEDICINE BETWEEN TYPIFICATION AND
DIRECT OBSERVATION
Olivia Catanorchi
Scuola Normale Superiore, Pisa, Italy
Email: o.catanorchi@sns.it

Renaissance medical theories and practices, which basically consisted
of a mixture of natural philosophy, physiology, herbal medicine, meta-
physics, astrology and magic, were at a crossroads between the corpus
of doctrines inherited from ancient and medieval authors � Galen,
Hyppocrates and Avicenna, first and foremost, whose works were
already at the core of past tradition but were newly rendered into Latin,
discussed and sometimes even harshly criticized � and the develop-
ment of “experimental method” � though the effects of “scientific rev-
olution” were more readily perceived in other disciplinary fields like
physics and astronomy. After delineating, in a brief overview, the main

cornerstones of Renaissance medicine and presenting the structure of
the curriculum of physicians in early modern universities, the presen-
tation will focus on two different but interrelated aspects concerning
the attitude of doctors towards patients and diseases: on one hand, the
use of general classifications of human types - the theory of four
humours and temperaments, complexions, resemblances between men
and animals (physiognomy), astral influences - and, on the other hand,
the importance of the direct observation of the sick person, of the visi-
ble manifestations of the illness, of matter discharged from the body.
The relationship between these two elements lies in the fact that med-
ical treatises recommended a global examination of patients and of
their body features also under normal conditions, since the interpreta-
tion of symptoms and the choice of a remedy could not neglect the
peculiar physical characteristics of the patient. Another intersection
between general rules and taxonomy and specific examples is repre-
sented by the importance of “time”: the determination of the beginning
of a disease and the individuation of the moments when it was more or
less acute were of crucial importance, and appropriate timing in the
administration of medicines was essential to recovery. In this latter
case, physicians often resorted to astrological doctrines such as the idea
of the “Lords of the hours”, according to which a specific planet
“superintended” specific days, hours and parts of the body: something
between traditional Oriental medicine and circadian rhythms.

FOR14
ART, SCIENCE AND NATURE IN THE RENAISSANCE FROM
BOTTICELLI TO LEONARDO
Annalisa Perissa Torrini
Art Historian, Director of the Design and Print Cabinet of the Gallerie
dell’Accademia di Venezia; Venezia, Italia
Email: sspm-ve.accademia.gabdisegni.didattica@beniculturali.it

In  Florence during the Humanism  a  Renaissance of the arts and sci-
ences took place, having  as protagonists great artists like  Sandro
Botticelli, Piero della Francesca and  Leonardo. They developed their
work on ideas of the neo-platonic philosophical movement flourishing
at the court of Lorenzo dei Medici, according to which art had to cele-
brate humans and their capacity to study nature and to experiment new
methods of scientific research. In fact, precisely in Florence the first
public Library of the modern age was established with the patronage of
Cosimo dei Medici. The   Biblioteca di San Marco gathered Italian
translations of many scientific and philosophic texts: the Greek Euclide
for Mathematics, Aristoteles and Plato for philosophy; the Latin
Lucretius and Plinius for natural and physical sciences and Ptolemy for
cosmology. The Medici sponsored costly expeditions to collect rare
plants, like the voyage of Benincasa to Crete, favoring naturalistic col-
lections and natural sciences, especially botany, through the foundation
of botanical gardens and the attempt to plant classification. These
efforts were coupled with a very high artistic quality of scientific illus-
trations, from the extraordinary designs by Leonardo of plants, flowers,
animals and fossils to the watercolors of Jacopo Ligozzi. The interest
of the Florentines for anatomy, mathematics and geometry was excep-
tionally high and inspired the new studies on perspective of the archi-
tect Leon Battista Alberti and of the painter Piero della Francesca. The
supreme synthesis of the Renaissance was accomplished by Leonardo
in all fields of human learning, using an approach that we can now
define as “scientific”. In his innumerous Codici and Trattati, he report-
ed  and   theorized about his experimental observations in botany, bird
flight, anatomy, hydraulics, mechanics, engineering and optics. In his
famous Uomo Vitruviano, created using science and geometry, he put
humans at the center of the Universe, in equilibrium with the micro and
micocosmos, becoming the symbol of universal harmony, a primary
goal of Renaissance humans. Numerous examples of the art of this
period in Florence will be shown during the conference.

FOR15
WORKSHOP ON CYTOTOXICITY MEASURES IN THE IN
VITRO MICRONUCLEUS TEST 
Chair: D Kirkland
Covance, Harrogate, UK
Email: dkirkland@genetoxconsulting.co.uk
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The draft OECD guideline for the in vitro micronucleus (MN) test has
been almost 10 years in development. A final version was very nearly
adopted in 2007, but issues relating to the recommended measures of
cytotoxicity were still outstanding and unresolved. It was therefore
necessary to conduct a collaborative trial across several European lab-
oratories, and different cell types. The objective was to test 11 different
genotoxic chemicals with different modes of action and different pro-
files of activity, and to compare the more well known measures of cyto-
toxicity (namely replication index in the presence of cytochalasin B or
relative cell count in the absence of cytochalasin B) with the newer rec-
ommendations for relative increase in cell count or relative population
doubling. In addition, 3 further chemicals, which could not from the lit-
erature be clearly expected to induce MN, were evaluated by 2 US lab-
oratories. In this workshop the results of this joint EU/US/OECD trial
will be presented.

FOR16
RISK ASSESSMENT OF GENOTOXIC TRACE SUBSTANCES
IN FOOD
Chair R Crebelli
Istituto Superiore di Sanità, Roma, Italy
Email: Riccardo.Crebelli@iss.it

The deliberate addition of genotoxic substances to food is generally
considered not acceptable by regulatory authorities, whatever the dose
level. Yet, trace amounts of genotoxic compounds may occur in every-
day diet as natural food components, as by-products from food process-
ing, or as environmental contaminants. The assessment and manage-
ment of the health risks posed by genotoxic trace substances in diet, as
well as by the numberless unknowns with undefined identity and toxi-
city, are challenging tasks which call for both good science and prag-
matism. In this Forum, mechanistic aspects of low doses effects,
including practical thresholds, and examples of regulatory options for
trace genotoxins and /or unknowns in food will be shortly reviewed and
discussed, also with reference to the application of the Threshold of
Toxicological Concern approach.

FOR17
THE MARGIN OF EXPOSURE APPROACH TO SUBSTANCES
IN FOOD THAT ARE GENOTOXIC AND CARCINOGENIC
D J Benford
Food Standards Agency, London, UK
Email: Diane.Benford@foodstandards.gsi.gov.uk

Substances that are genotoxic in vivo are not permitted for deliberate
use in food production, whether as food additives, pesticides, veteri-
nary medicines or in materials that come into contact with food.
However an appreciable number of known or suspected genotoxic car-
cinogens occur inadvertently in food, resulting from natural occur-
rence, environmental contamination, generation during cooking and
processing, or as impurities in permitted food chemicals. There are also
incidents of adulteration of food with genotoxic substances, including
unauthorised dyes and veterinary medicine residues. Long-standing
UK and EU advice has been that, unless there is evidence to the con-
trary, a non-threshold approach should be adopted for risk assessment
of substances that are genotoxic and carcinogenic, i.e. that there is
some risk, albeit small, even at extremely low levels of exposure.
However the mathematical models that attempt to provide a best esti-
mate of cancer risk by extrapolation below experimental data points are
not scientifically justified, and therefore the advice has generally been
that exposure should be kept as low as reasonably practicable
(ALARP). The ALARP approach has been criticised as not informative
for prioritisation of risk management action because it does not take
into account carcinogenic potency or exposure. The Joint Expert
Committee on Food Additives of the Food and Agriculture
Organisation and World Health Organisation (JECFA) and the
European Food Safety Authority (EFSA) have both proposed a margin
of exposure approach to inform on possible magnitude of health con-
cerns at different levels of intake. The margin of exposure is defined as
a reference point on the dose-response curve (e.g. a benchmark dose
lower confidences limit derived from a rodent carcinogenicity study)

divided by the estimated human intake. A small margin of exposure
indicates a higher concern than a very large margin of exposure. Whilst
the margin of exposure cannot be directly equated to risk, it supports
prioritisation of substances for further research or for possible regula-
tory action. If the MOE is very large, it can also be used to underpin on
communication of a low level of human health concern.

FOR18
POSSIBLE MECHANISMS UNDERLYING PRACTICAL
THRESHOLDS FOR GENOTOXIC CARCINOGENS
T Nohmi
Division of Genetics and Mutagenesis, National Institute of Health
Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan 
Email: nohmi@nihs.go.jp

Toxicological studies with rodents including genotoxicology are usual-
ly conducted at high doses based on the maximum tolerable dose for
the animals. However, the doses used for the assays are sometime more
than 1,000 times higher than the doses at which humans are actually
exposed in daily life. Therefore, a question rises whether the genotox-
icity and/or carcinogenicity at the high doses can be linearly extrapo-
rated at the low doses. In regulatory sciences, it is supposed that geno-
toxic compounds can induce mutations and/or chromosome aberrations
even at single molecules and that there are no thresholds for genotoxic
carcinogens. Thus, no ADI (acceptable daily intake) can be established
for food additives, pesticides and veterinary medicines when the com-
pounds are genotoxic carcinogens. The assumption, i.e., linear non-
threshold (LNT) model, seems counterintuitive, however, because all
organisms including humans possess defense mechanisms such as
detoxication metabolism, antioxidants, DNA repair, error-free transle-
sion DNA synthesis, apoptosis and so on, which may suppress the
genoxocity and carcinogenicity of chemicals and constitute practical
thresholds at low doses. In addition, it is not clear how to define the
genotoxicity. There are a number of genotoxicity assays, e.g., Ames
Salmonella assay, mouse lymphoma gene mutation assay and in vivo
micronucleus assay, and chemicals usually exhibit different results
(genotoxic or non-genotoxic) depending on the assay employed. In this
forum, I will discuss (1) possible mechanism underlying the practical
thresholds for genotoxic and carcinogenic compounds and (2) in vivo
transgenic mutation assay, i.e., gpt delta transgenic rats, for the suitabil-
ity to identify genotoxicity at target organs of carcinogenicity.

FOR19
US FDA SAFETY ASSESSMENT OF GENOTOXIC FOOD
CONTACT SUBSTANCES
Chingju W. Sheu 
Center of Food Safety and Applied Nutrition, FDA, USA
Email: Chingju.Sheu@fda.hhs.gov

The Office of Food Additive Safety at the US FDA Center for Food
Safety and Applied Nutrition is charged with regulating industry to
ensure that food contact substances are safe. The food contact sub-
stance (FCS) includes polymers (plastic packaging materials), pig-
ments and antioxidants used in polymers, can coating, slimicides and
biocides 
(antimicrobial agents), and sealants for lids and caps. Introduction of
genotoxic food contact substances or their components into food may
occur from their contact with food, and our approaches for the safety
assessment of such components are described in the Guidance to
Industry: Toxicology Recommendations.  The safety assessment of
such substances includes the assessment of all the components that may
migrate to food as a result of the use. An overview will be presented on
the assessment of genotoxic components with a dietary concentration
at or below 0.5 parts per billion (ppb) or 1.5 µg/person/day assuming
an intake of 3 kg of food/person/day. At these low dietary levels, addi-
tional (new) genotoxicity studies are not recommended, but it is neces-
sary to review all available information on genotoxicity studies, car-
cinogenicity studies as well as structural similarity to known mutagens
or carcinogens. For risk assessment, a genotoxic component is regard-
ed as a potential carcinogen and cancer risk is estimated based on lin-
ear non-threshold risk extrapolation model and QSAR (Quantitative
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Structural Activity Relationship) analysis.  Risk assessment is only
applicable if the so-called Delaney anti-cancer clause in U.S. law is not
triggered. For dietary concentrations at or below 0.05 ppb (0.15
µg/p/d), even a genotoxic component can be regarded as safe if it pres-
ents only a negligible risk at this dietary exposure. Our definition of the
term “safe” is a “reasonable certainty in the minds of competent scien-
tists that a substance is not harmful under the intended condition of
use”.  

FOR20
PREPARING THE NEXT GENERATION OF SCIENTISTS
THROUGH EDUCATION AND RESEARCH
Chair: J Gentile
Research Corporation for Science Advancement, Tucson, AZ, USA
Email: gentile@rescorp.org

At the opening of Tale of Two Cities Dickens wrote “It is the worst of
times.  It is the best of times.” These words have probably rung true
often in human history since first written, but perhaps ring truer than
ever now as applied to science, and science education, in the world.
The worst of times always provide opportunity, and that is what is there
for the next generation of scientists. Young scientists of today are the
foundation upon which the careers of those future scientists will be
constructed. In her book We are the Ones We Have Been Waiting For
Alice Walker notes that “ because we live in an age in which we are
able to see and understand our own predicament with so much greater
awareness than our ancestors with such a capacity for insight, knowl-
edge, and empathy we are uniquely prepared to create positive change
within ourselves and our world.” This forum will allow to discuss the
how indeed ‘we are the ones’ to change the face of how we do science,
teach science, and serve society with our science.
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ME001
DEXRAZOXANE ERADICATES THE GENOMIC 
DAMAGE INDUCED BY ETOPOSIDE VIA THE 
APOPTOTIC MODE
SM Attia, AA Al-Anteet, NM AL-Rasheed, AA Alhaider 
and MM Al-Harbi 
Department of Pharmacology, College of Pharmacy, King Saud
University, Riyadh, Saudi Arabia
Email: attiasm@yahoo.com

Etoposide is a highly successful anticancer drug that has been in clini-
cal use for nearly 30 years. However, full therapeutic efficacy of this
drug is limited due to the development of various side effects in the
host as the development of acute myeloid leukemia due to its genomic
damage in normal cells. Dexrazoxane was originally developed as an
anti-tumour agent. However, it now is clinically used to reduce doxoru-
bicin-induced cardiotoxicity. The protection of mouse bone marrow
from etoposide-induced genomic damage by dexrazoxane was estab-
lished in our laboratory by a battery of short-term cytogenetic tests.
One of the possible mechanisms of their anti-mutagenic action could be
an increase in apoptotic elimination of heavily-damaged cells.
Therefore, a series of three related but separated methods were applied
for the detection of apoptosis in genotoxically-damaged bone marrow
cells in animal treated with etoposide and/or dexrazoxane. First, the
exposure of phosphatidylserine on the surface of early apoptotic cells
caused by the test chemicals was assessed using the annexin V assay.
Second, the counting of nuclei with a sub-diploid DNA content was
quantified after staining with propidium iodide. Lastly, the activity of
caspase-3 in signalling transduction was investigated by the caspase-
3/CPP32 assay. Data presented here indicate that etoposide induce
death in marrow cells with morphological and biochemical character-
istics typical of apoptosis. Dexrazoxane did not significantly change
the frequency of apoptotic cells in animals not post-treated with etopo-
side, whereas it markedly and significantly enhanced the degree of
apoptosis of etoposide-treated animals. Dexrazoxane enhanced the per-
centage of both early and late apoptotic cells and fragmentation of
nuclear DNA induced by etoposide as detected by the exposure of
phosphatidylserine on the surface of apoptotic cells and the appearance
of nuclei with sub-diploid DNA content, respectively. Moreover, cas-
pase-3 activation, an event that has been shown to play a critical role in
apoptosis signalling transduction, becomes evident in animals pre-
treated with dexrazoxane. The results suggest that the enhancement of
apoptosis by dexrazoxane can explain a major part of its anti-genotox-
ic activity.

ME002
avß3 INTEGRIN MEDIATED DRUG RESISTANCE IN
HUMAN TONGUE SQUAMOUS CELL CARCINOMA
A Brozovic, N Stojanovic, D Majhen, M Osmak, A Ambriovic Ristov
Rudjer Boskovic Institute, Division of Molecular Biology, Laboratory
for Genotoxic Agents, Zagreb, Croatia.
Email: brozovic@irb.hr

Integrin-mediated drug resistance is based on the adherence of cells to
extracellular matrix proteins through integrins. In human laryngeal car-
cinoma cells a mechanism of multidrug resistance mediated by avß3
integrin have been described. In the present study we investigated
whether similar mechanism exists in tongue squamous carcinoma cells
(Cal27) which express a small amount of avß3 integrins, and Cal27-
derived stable transfectants with increased expression of avß3 integrin.
The cell clones were produced by stable transfection of Cal27 cells
with a plasmid expressing the ß3 subunit. In one stable transfectant the
expression of avß3 was increased but the expression of avß5 remained
the same in comparison to parental cell line. The other stably transfect-
ed cell line showed an increase in avß3 expression and a moderate

decrease in avß5 expression, due to the competition of ß3 for available
av in the cell. The sensitivity of Cal27 and Cal27-derived avß3 integrin
expressing clones to anti cancer drugs was determined using MTT
assay. Our results showed that both Cal27-derived avß3 integrin
expressing cell lines were resistant to cisplatin, doxorubicin and mito-
mycine C. This thesis shows that increased avß3 integrin expression
can protect cells from various citostatics. Thus measuring the expres-
sion of avß3 integrin in head and neck cancer cells could be an impor-
tant indicator of tumor resistance to anti-cancer drugs.

ME003
COMPARISON OF REPAIR ACTIVITIES OF PROKARYOTIC
AND EUKARYOTIC NUCLEOTIDE EXCISION REPAIR 
SYSTEMS FOR DNA-PROTEIN CROSSLINKS
T Nakano (1), A Salem (1), H Terato (2), SP Pack (3), K Makino (4), H
Ide (1) 
(1) Hiroshima University, Higashi-Hiroshima, Japan; (2) Saga
University, Saga, Japan; (3) Korea University, Jochiwon, Korea; (4)
Kyoto University, Uji, Japan
Email: tosiaki@hiroshima-u.ac.jp

DNA-protein crosslinks (DPCs) are unusually large DNA lesions and are
produced by a number environmental mutagens and chemotherapeutic
agents. Proteins irreversibly trapped on DNA strands will hamper DNA
transactions such as replication and transcription and exert an adverse
effect on cells. In both prokaryotic and eukaryotic cells, bulky DNA
lesions are generally repaired by nucleotide excision repair (NER). In
NER, the damage recognition protein binds to the lesion and recruits the
nuclease that incises the 5’ and 3’ sides of the lesion. The DNA fragment
containing the lesion is released by helicase and the resulting gap is filled
by polymerase. Finally the nick is sealed by ligase. Unlike conventional
bulky lesions, it is possible that steric hindrance imposed by trapped pro-
teins inhibit the binding of a damage recognition protein or the assembly
of NER proteins at the DPC site. Keeping this in mind, we assessed the
incision activity of prokaryotic and eukaryotic NER systems for DPCs in
vitro. To prepare DNA substrates containing DPCs (DPC-DNA), oxanine
was site-specifically incorporated into oligonucleotides and crosslinked
to proteins. With the UvrABC nuclease, the incision efficiency initially
increased and then decreased with increasing the size of crosslinked pro-
teins (CLPs). The upper size limit of CLPs incised by UvrABC was
around 12–14 kDa. The efficiency of DNA-UvrB complex formation
was dependent on the CLP size, indicating that the damage recognition
step by UvrA2B was key to the excision of DPCs by UvrABC. DPC-
DNA was also incubated with HeLa cell free extracts (CFEs). The inci-
sion activity was dependent on the CLP size. The upper size limit of
CLPs incised by HeLa CFEs was around 8-10 kDa, which was notably
smaller than that for prokaryotic UvrABC. E. coli and human cells were
treated with formaldehyde, a typical DPC inducing agent, and the
removal of chromosome DPCs was analyzed. Consistent with the in vitro
data for UvrABC, chromosome DPCs with CLPs smaller than 11 kDa
were removed in wild type E. coli but not in the uvrA mutant.
Conversely, the rates of removal of chromosome DPCs were similar in
HeLa and NER-deificient XPA cells, suggesting that NER was not
involved in the repair of DPCs in human cells.

ME004
MECHANISM OF DNA REPAIR BY FPG FROM E. coli
NA Kuznetsov, VV Koval, OS Fedorova 
Institute of Chemical Biology and Fundamental Medicine, Siberian
Division of Russian Academy of Sciences, 630090 Novosibirsk, Russia
Email: Nikita.Kuznetsov@niboch.nsc.ru

Reactive oxygen species appear in the cell as metabolism byproducts
and may be generated by environmental factors such as ionizing radia-
tion. They react with DNA to produce a variety of genotoxic lesions
that are considered as possible causative agents in aging and a number
of diseases. In particular, 7,8-dihydro-8-oxoguanine is one of the most
common products of base oxidation in DNA. It can pair with C, form-
ing a Watson–Crick-type oxoG:C pair, but also easily forms a pre-
mutagenic Hoogsteen pair oxoG:A. In the latter case, replication of an
oxoG:A mispair produces a T:A pair thus leading to a G:T transversion.
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Although the mechanism of Fpg action and structures of several com-
plexes in the reaction pathway are known, it is still not clear how Fpg
can robustly select sparse substrate lesions among the vast excess of
normal DNA or non-substrate lesions. One possibility is that the con-
formational transitions during substrate binding occur sequentially,
with at least some steps structurally optimized for the selection of cor-
rect substrates. This model is supported by our previous stopped-flow
studies of Fpg catalytic cycle that used tryptophan and 2-aminopurine
as fluorescence reporters [1-3]. This pre-steady-state kinetic analysis of
Fpg acting on various DNA substrates and ligands reveals several
sequential conformational changes that precede the chemical steps in
the reaction pathway. The most likely sequence of structural rearrange-
ments leading to preferential recognition of oxoG:C by Fpg has been
thus described [3]. In this study, we have used a micro-volume rapid
quench instrument and mass spectrometry to examine the reactions cat-
alyzed by Fpg. According to these mass spectrometry data combined
with the kinetic scheme derived from the quench-flow analysis, hydrol-
ysis of the Schiff base intermediate involving Pro-1 of the enzyme and
the 4-oxo-2-pentenal residue can be rate-limiting under the steady-state
conditions of the reaction. Support from RFBR (07-04-00191, 08-04-
00596), SB RAS (2009-48) and Russian Ministry of Education and
Science (MK-987.2008.4) is acknowledged.
1. Fedorova O.S. et al. (2002) Biochemistry 41, 1520-1528.
2. Koval V.V. et al. (2004) Nucleic Acids Res. 32, 926-935.
3. Kuznetsov N.A. et al. (2007) Biochemistry 46, 424-435.

ME005
GENOTOXICITY OF DOPAMINE: ROLE OF THE DOPAMINE
TRANSPORTER AND OF MONOAMINE OXIDASE
G Fazeli, N Schupp, H Stopper
Institute of Pharmacology and Toxicology, University of Wuerzburg,
Wuerzburg, Germany.
Email: fazeli@toxi.uni-wuerzburg.de

We have shown that the neurotransmitter dopamine causes DNA
damage in the low micromolar concentration range in the rat neuronal
cell line PC12. The role of the dopamine transporter (DAT) in the
genotoxicity of dopamine was investigated using the two DAT-
inhibitors nomifensin and GBR12909. Both of them decreased the
dopamine induced DNA damage. Real time PCR mRNA expression
results revealed that treatment of PC12 cells with dopamine resulted
in upregulation of DAT mRNA. This provides an explanation for the
observed reduction of the genotoxicity of dopamine by cotreatment
with the D2-antagonist sulpiride, which might have prevented the
upregulation of DAT upon dopamine-treatment. To investigate the
role of DAT in more depth, we used the dog kidney MDCK cell line
which is believed not to express DAT and MDCK-DAT cells which
have been transfected with human DAT gene. In MDCK cells,
dopamine was not able to increase the number of micronuclei, where-
as MDCK-DAT cells showed elevated micronucleus formation after
treatment with dopamine. Once transported inside the cells,
dopamine is either metabolized by the enzyme monoamine oxidase
(MAO), other oxidizing enzymes or undergoes autoxidation. To dis-
tinguish which of these ways is more important in the genotoxicity of
dopamine, we inhibited MAO with the specific inhibitor trans-2-
phenylcyclopropylamine hydrochloride (PCPA), which reduced the
number of micronuclei induced by dopamine. In conclusion,
dopamine exerted genotoxicity in vitro in our cell models upon trans-
port into the cells and oxidization by MAO.

ME006
GENE EXPRESSION PROFILE OF 
1,2-DIMETHYLHYDRAZINE-INDUCED COLON CANCERS
IN F344 RATS BY MICROARRAY ANALYSIS
AP Femia (1), C Luceri (1), S Toti (1), M Salvadori (1), P Dolara (1),
G Caderni (1)
(1) Departement of Pharmacology, University of Florence, Florence, Italy
Email: giovanna.caderni@unifi.it

Background: Genome wide gene expression analysis may identify
genes and molecular pathways relevant for colon cancer. Aim: To study

gene expression profile in colon cancers induced in rats by 1,2-
dimethylhydrazine (DMH), a widely used model of colon carcinogen-
esis, mimicking the various steps of colon carcinogenesis as observed
in humans. Methods: DMH-induced F344 rats were sacrificed after 32
weeks to harvest colon tumours. Eight carcinomas and their paired nor-
mal mucosa (NM) were hybridized on Agilent Whole Rat Genome
arrays containing 41,000 genes and transcripts. After spot quality con-
trol and normalisation, differential analysis was performed (t-moderat-
ed test with Benjamini-Hochberg correction). The functional analysis
was performed with GenMAPP/MAPP Finder software. Results:
27,329 probes passed the quality control step, 55.8% of which were
differentially expressed in tumours compared to NM; 256 (0.9%) and
566 (2%) with a fold change > 2 and <-2, respectively. Defcr4,
Slc30a2, Lum, Igfbp5, Nos2, Mmp7, S100A8 and S100A9 were
among the most up-regulated genes, while Slc26a3, Mptx, Retlna and
Muc2 were among the most down-regulated. RT-PCR on selected
genes confirmed microarray results. GenMAPP analysis showed that
pathways linked to ribosomal proteins, translational factors, mRNA
processing, proteasome degradation, cell cycle, nucleotide metabolism
and glycolysis were up-regulated. TNF-alpha/NF-Kb, TGF� and hepa-
tocyte growth factor signalling pathways were also up-regulated as
well as the prostaglandin synthesis and matrix metalloproteinases.
Krebs cycle, electron transport chain, and the fatty acid beta oxidation
were down-regulated. Conclusion: Tumours exhibit intense protein
metabolism, increased proliferation, an energy metabolism shifted
toward glycolysis and increased inflammation. Given the relevance of
this model for human pathology, the complete analysis of the differen-
tially expressed genes in carcinomas as well as in earlier steps of the
carcinogenesis process may be useful for cross-species analyses and
for the identification of conserved and functionally relevant genes in
the carcinogenesis process.

ME007
HIGH FREQUENCY OF GENOMIC DELETIONS INDUCED
BY ME-LEX, A SEQUENCE SELECTIVE N3-ADENINE
METHYLATING AGENT, AT THE HPRT LOCUS IN 
CHINESE HAMSTER OVARY CELLS
D Russo (1), G Fronza (1), L Ottaggio (2), P Monti (1), A Inga (1), P
Iyer (3), B Gold (3), P Menichini (1) 
(1) Molecular Mutagenesis and DNA Repair Unit, Department of
Epidemiology and Prevention, National Cancer Research Institute
(IST), Genova, Italy; (2) Cytogenetics Unit, Department of Advanced
Diagnostic Techniques, National Cancer Research Institute (IST),
Genova, Italy; (3) Department of Pharmaceutical Sciences, University
of Pittsburgh, Pittsburgh, PA 15261 U.S.A.
Email: paola.menichini@istge.it

Background. Many antineoplastic agents currently used in cancer ther-
apy generate a wide panel of DNA lesions with different mutagenic
and/or toxic potential. One serious complication associated with the
use of alkylating chemotherapeutic agents is the induction of pre-muta-
genic lesions that could give rise to therapy–related secondary tumors.
Me-lex is a methylating agent that preferentially generate N3-methy-
ladenine (3-MeA) mainly in A-T rich regions. Unlike other methylat-
ing agents (i.e., MMS, MNU) that induce highly mutagenic adducts,
such as 7-MeG and 6-MeG, Me-lex induces more than 95 % of 3-MeA,
a DNA lesion that is highly cytotoxic and poorly mutagenic in differ-
ent yeast strains. Aim of this work is to study the toxicity and muta-
genicity of Me-lex in eukaryotic cell lines by using the HPRT as target
gene. Results. Me-lex treatment was cytotoxic but poorly mutagenic,
resulting only in a 3-fold induction above background in the Hprt muta-
tion frequency. The molecular nature of 43 Hprt mutations induced by
Me-lex was determined by sequence analysis of the Hprt cDNA and
genomic analysis of the gene locus. Base pair substitutions represented
about 25% of Me-lex induced mutations. The mutation spectrum
revealed a high percentage of genomic deletions comprising sin-
gle/multiple exon(s) and even the loss of the complete locus (51%).
The difference between the spontaneous and Me-lex induced CHO
spectra was statistically significant (p<0.012), indicating that the sites
where mutations occurred were Me-lex specific. To study the role of
DNA repair on Me-lex mutagenicity, Hprt deficient mutants were also
isolated from the EM-C11 cell line, a CHO-9 derivative cell line defec-
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tive in the ligation step of the BER pathway (xrcc1-). The definition of
the Hprt mutation spectrum induced by Me-lex in these cells is under
investigation and will be discussed. Conclusions. Based upon our
results we hypothesize that a large proportion of mutations induced by
Me-lex may result from the processing of 3-MeA within A/T rich
sequences in non-coding regions of the Hprt gene. The processing of
these lesions by DNA polymerases could result in recombination and
genomic deletions, thus representing a severe threat for genome
integrity.

ME008
MUTAGENICITY OF ME-LEX, A SEQUENCE SELECTIVE
N3-ADENINE METHYLATING AGENT IS A MULTI
TRANSLESION POLYMERASES AFFAIR
P Monti (1), I Traverso (1), L Casolari (1), P Menichini (1), A Inga (1),
L Ottaggio (2), D Russo (1), P Iyer (3), B Gold (3), G Fronza (1). 
(1) Molecular Mutagenesis and DNA Repair Unit, Department of
Epidemiology and Prevention and (2) Cytogenetics Unit, Department
of Advanced Diagnostic Techniques, National Cancer Research
Institute (IST), L.go R. Benzi, 10, 16132-Genova, Italy; (3) Department
of Pharmaceutical Sciences, University of Pittsburgh, 512 Salk Hall,
Pittsburgh, PA 15261 U.S.A.
Email: paola.monti@istge.it

Background. A number of exogenous and endogenous methylating
agents form N3-methyladenine (3-mA) in DNA. Bacteria, yeast and
mammals have evolved and maintained specific DNA repair enzymes
that are selective for removal of 3-mA from their genomes, a strong
indication of the deleterious effect of 3-mA. Using Me-lex, an agent
that efficiently and selectively generates 3-mA in A-T rich regions of
double-stranded DNA due to its minor groove binding conferred by the
lexitropsin dipeptide, we showed that the lesion itself is cytotoxic in E.
coli, S. cerevisiae and in mammalian cells. In particular, we showed in
yeast that the toxicity and mutagenicity of Me-lex, is dependent on the
nature of the DNA repair background. The fixation of lesions into
mutations depends on the activity of TLS DNA polymerases that can
bypass specific DNA lesions that stall replication forks. In S. cerevisi-
ae, there are three known TLS polymerases: Polη, Rev1 and Polζ. We
recently demonstrated that Polζ and Rev1 contribute to alleviate the
lethal effects of Me-lex by error prone bypass. Aim and experimental
approach. In order to determine the role of Polη in the biological fate
of Me-lex induced lesions, the RAD30 (Polη) gene was deleted in the
yIG397 parental yeast strain and in its rev3 (Polζ) derivative and the
strains were transformed with plasmid DNA damaged in vitro by Me-
lex. Results. Our results indicate that Polη is involved in the process-
ing of Me-lex induced lesion(s) and can reduce their toxic effect with a
limited and dose-dependent impact on mutagenicity. Me-lex induced
mutation spectra in WT and rad30 strains were not significantly differ-
ent. However, we found mutational events suggestive of error free (sig-
nificant increase of AT>GC in rad30 vs RAD30) and error prone (signi-
ficant decrease of AT>TA at a mutation hotspot in rad30 vs RAD30)
bypass dependent on Polη. This dual effect could explain why a signi-
ficant increase in induced mutation frequency in the absence of Polη
was observed only at the highest concentration of Me-lex used. 
Conclusion. Altogether, our results suggest that mutagenicity of Me-lex
lesions is a multi-DNA polymerases process that is most effective when
all three TLS polymerases are present.

ME009
DNA METHYLATION AT THE C-5 POSITION OF CYTOSINE
BY CHEMICAL REACTIONS: A POSSIBLE ROLE FOR 
EPIGENETIC CHANGE DURING CARCINOGENESIS BY
ENVIRONMENTAL AGENTS
H Kasai, K Kawai
Department of Environmental Oncology, Institute of Industrial
Ecological Sciences, University of Occupational and Environmental
Health, Kitakyushu, Japan
Email: h-kasai@med.uoeh-u.ac.jp

During carcinogenesis, methylation of the C-5 position of cytosines in
the promoter region of tumor suppressor genes is often observed.

Enzymatic DNA methylation is a widely accepted mechanism for this
phenomenon. However, the exact mechanisms of hypermethylation,
particularly in relation to environmental factors during carcinogenesis,
are not clear. It is interesting to propose a free radical mechanism for
5-methyldeoxycytidine (5mdC) production, because the C-5 position
of cytosine is an active site for free radical reactions. When deoxycyti-
dine (dC) and cumene hydroperoxide (CuOOH), a tumor promoter and
a methyl radical producer, were reacted in the presence of ferrous ion
at pH 7.4, the formation of 5mdC was clearly identified by HPLC
equipped with a photodiodo array UV detector. When a radical scav-
enger, TEMPO or POBN, was added to the reaction mixture, the 5mdC
formation was inhibited. From these results, it can be concluded that
this reaction proceeds via a free radical mechanism, probably via a
methyl radical. The same reaction also proceeded with t-butyl
hydroperoxide. After a double-stranded homopolymer, poly(dG) •
poly(dC) or an alternating copolymer, poly(dG-dC) • poly(dG-dC), was
reacted with CuOOH in the presence of ferrous ion, the formation of
5mdC was examined by an immuno-dot blot analysis. The formation of
5mdC was clearly detected in both DNA polymers after the treatment.
The formation of 5mdC from dC or in the DNA polymers was also con-
firmed by LC/MS/MS analysis. This is the first report of chemical
DNA methylation at cytosine C-5 by environmental tumor promoters.
We propose that this reaction is one of the important mechanisms of de
novo DNA methylation during carcinogenesis, because methyl radicals
are produced by the biotransformation of various endogenous and
exogenous compounds.

ME010
POLYMORPHISMS IN THE MTHFR GENE: 
SUSCEPTIBILITY TO COLORECTAL CANCER AND ROLE
IN THE RESPONSE TO THERAPY
B Pardini (1), A Naccarati (1), R Kumar (2),V Polakova (1), L
Vodickova (1,3), J Novotny (4), JL Bermejo (2), K Hemminki (2) and
P Vodicka (1)
(1) Institute of Experimental Medicine, Academy of Sciences of Czech
Republic, Prague, Czech Republic; (2) German Cancer Research
Center, (DKFZ), Heidelberg, Germany; (3) National Institute of Public
Health, Prague, Czech Republic; (4) 1st Medical Faculty, Charles
University, Prague, Czech Republic
Email: superbab16@yahoo.it

Background: Sporadic colorectal cancer (CRC) is a multifactorial dis-
ease resulting from the combined effects of numerous genetic, environ-
mental and behavioral risk factors. Genetic association studies have sug-
gested that low-penetrance alleles of an extremely large variety of genes
are involved in susceptibility to CRC in Caucasian populations. The
Czech Republic in the last decade has reported one of the highest inci-
dences of CRC in the world. Aims/Methods: The objective of the pres-
ent study was to evaluate whether methylenetetrahydrofolate reductase
(MTHFR) C677T and A1298C polymorphisms are associated with an
increased risk of sporadic colorectal cancer in a population from the
Czech Republic. We also evaluated the possibility that these polymor-
phisms may be a prognostic and predictive marker for CRC patients
treated with 5-fluorouracil-based adjuvant chemotherapy. The analysis
has been done on 666 colorectal cancer patients, 614 controls with neg-
ative colonoscopy and 767 healthy blood donors from the Czech
Republic. Results and Conclusions: Preliminary results have shown a
decresead risk of CRC in individuals carrying MTHFR 677TT genotype
(odds ratio, OR: 0.60; 95% confidence interval, CI: 0.37-0.87; p = 0.009)
when compared with controls with negative colonoscopy. Similar results
have been found when CRC patients were compared with the second
control group (OR: 0.62; 95% CI: 0.41-0.93; p = 0.02). These results
confirmed previous studies on the same topic and in different popula-
tions. At the moment the effect of the MTHFR haplotype is under inves-
tigations. We evaluated also the possibility that these polymorphisms
may be a prognostic marker in CRC patients treated with 5-fluorouracil-
based adjuvant chemotherapy. For this purpose we analysed the effect of
MTHFR polymorphisms in a subgroup of 290 CRC patients treated with
5-FU. The analysis of the obtained results is currently ongoing. This
study was supported by the grants: Czech Science Foundation, no.:
GACR 310/07/1430 and GACR 305/09/P194.
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ME011
ANALYSIS OF SOMATIC MUTATIONS SPECTRA IN 
MITOCHONDRIAL DNA OF WISTAR RATS
UN Rotskaya (1), IB Rogozin (1), EA Vasyunina (1), NG Kolosova (1),
GA Nevinsky (1,2), OI Sinitsyna (1)
(1) Institute of Cytology and Genetics SD RAS, Lavrentieva 10,
Novosibirsk 630090, Russia; (2) Institute of Chemical Biology and
Fundamental Medicine SD RAS, Lavrentieva 8, Novosibirsk 630090,
Russia.
Email: ulyanar@mail.ru

Mutation frequencies vary significantly along nucleotide sequences
sometimes resulting in the formation of so called hotspots. The most
variable part of human and mouse mitochondrial genome is a noncod-
ing region which is about 900 base pair between the tRNA genes for
proline and phenylalanine, and including D-loop and control region. To
present day it is a great interest to investigate the accumulation of
somatic mutations in the D-loop for rat’s mtDNA. The work was per-
formed on 3 and 12 month old male rats of Wistar strain from the
Laboratory of Animal Breeding (ICG SB RAS, Novosibirsk) and The
Animals Breeding Center (Branch of Institute of Bioorganic Chemistry
RAS, Pushchino). Total liver DNA was isolated from frozen tissues
stored at -70oC. PCR of investigated fragment was performed using a
high-fidelity DNA polymerase HF2 (Clontech, USA). Amplified frag-
ment was cloned into the T-vector and then transformed to E.coli strain
XL1-Blue MRF’. Individual clones containing the vector with inser-
tions were taken by white-blue selection. Plasmid DNA was isolated
and the presence of insertions and mutation in them was confirmed by
sequencing according to Sanger. In mutations spectra of base substitu-
tions in rats of both ages were a prevalence of transitions – about 95%
of all mutations. The most part of base substitutions (about 75%) was
observed in the AT pairs. The mutation frequency in investigation
region of mtDNA for 3 and 12 month Wistar rats was 5,3*10-4 and
3,5*10-3 respectively. Also was observed the increasing of mutation
frequency in the regulatory regions ETAS and in highly conserved
sequences CSB1, 2 and 3 with age. The dislocation mutagenesis model
was analyzed for the reconstructed mutation spectrum using a Monte-
Carlo procedure (the KUNKEL program). Analysis of the 3-month-old
Wistar (ICG SB RAS) spectrum revealed that many base substitutions
(50%) are consistent with the dislocation model. No statistically signif-
icant support for the dislocation model was found in the 12-month-old
Wistar spectrum. These results suggested that there are differences in
mechanisms of mutagenesis in the two studied ages of rats.

ME012
DINAMIC CHANGES OF CAJAL BODIES AND HISTONE
LOCUS BODIES DURING MITOSIS.
P Vernole (1), L Bongiorno-Borbone (2) 1, A De Cola (2) V De
Laurenzi (3)
(1) Department of Public Health and Cell Biology. (2) Dept. of
Experimental Medicine, University of Rome Tor Vergata, via
Montpellier 1, 00133, Rome, Italy (3) Department of Biomedical
Sciences, University’ “G. d’Annunzio” Chieti-Pescara.
Email: vernole@uniroma2.it

Cell nucleus contains many specialized organelles, including Cajal
Bodies (CBs), marked by the presence of coilin and involved in vari-
ous functions including snRNA biogenesis. We and others demonstrat-
ed the existence of a new group of organelles named: Histone locus
bodies (HLB), characterized by at least two main proteins: FLASH and
NPAT. HLBs associate with CBs in a cell cycle dependent manner
(3).While their function is still in part elusive, we have shown that they
are involved in replication-dependent histone gene transcription.
Phosphorylation of a HLB component p220/NPAT by cyclinE/Cdk2 is
required to activate histone transcription, exit from G1 and progression
through S phase. Also another HLB component: FLASH is essential to
this function and its down regulation results in structural alterations of
HLBs and CBs, reduction of replication-dependent histone gene tran-
scription, and block of cells in the S phase (1, 2). In the last few years
the characterization and classification of the different nuclear bodies
has progressed, but there is still much to investigate. Moreover the des-
tiny of these highly dynamic structures, at the beginning of mitosis,

when the nucleus and nucleoli disappear, is not known. We therefore
decided to investigate the presence and localization of different pro-
teins characterizing CBs and HLBs during mitosis. HT1080 and Saos2,
human cell lines, already used in our previous studies (3), were grown
on coverslips, fixed in 4% paraformamide in PBS and subjected to
Immunofluorescence with antibodies against FLASH, NPAT, coilin,
SMN and α or β tubulin and secondary fluorescent antibodies. We
examined cells in the different phases of mitosis. We observed that
HLBs disappear during prophase to reappear only at the end of mitosis.
On the contrary CBs labelled by antibodies directed against coilin
remain visible during the whole cell division and are not associated
with chromosomes. This is a further confirmation of the existence of
these two different bodies and suggests that their components might
play different roles during mitosis.
Bibliography
1) Barcaroli et al. 2006a Proc Natl Acad Sci USA 103:14808. 
2) Barcaroli et al. 2006 b Proc Natl Acad Sci USA 103:14802. 
3) Bongiorno-Borbone et al. 2008 Cell Cycle 7: 1.

ME013
EPIGENETIC CHANGES AND MICRONUCLEI RELATED TO
ANTI-B[A]PDE-DNA ADDUCT LEVELS IN PAH-EXPOSED
INDIVIDUALS.
S Pavanello (1), L Dioni(2), M Hoxha (2), V Bollati (2), A-C Pesatori
(2), C Bolognesi (3), P-ABertazzi (2), A Baccarelli (2)
(1) Occupational Health Section, Department of Environmental
Medicine and Public Health, University of Padova, Via Giustiniani 2,
35128 Padova, Italy. (2) Center of Molecular and Genetic Epi de -
miology, Department of Environmental and Occupational Health,
University of Milan & IRCCS Maggiore Policlinico Hospital,
Mangiagalli and Regina Elena Foundation, Via San Barnaba 8, 20122
Milan, Italy. (3) Environmental Carcinogenesis Unit, National Cancer
Research Institute, L.go Rosanna Benzi, 10, 16132 Genoa, Italy.
Email: sofia.pavanello@unipd.it

From some years chromosomal instability and/or epigenetic changes
by exposure to genotoxins has been an issue in the literature, but the
clear demonstration that such alterations are caused by one or more
specific agents in people has been demanding In this study the effect of
carcinogenic polyaromatic hydrocarbons(PAHs) exposure on DNA
methylation (percentage of methylated cytosines(%mC)) and telomere
shortening in Polish male non-smoking coke-oven workers and
matched controls was investigated. Methylation of gene-specific pro-
moters (p53, p16, HIC1 and IL-6) and of Alu and LINE-1 repetitive ele-
ments, as surrogate measures of global methylation, were quantified by
pyrosequencing and telomere length by real-time quantitative PCR in
peripheral blood lymphocytes (PBLs). We also evaluated if PAH-
induced DNA methylation and telomere changes were in turn associat-
ed with micronuclei (MN) in PBLs, an indicator of chromosomal insta-
bility. Workers were heavily exposed to PAHs, as their urinary 1-
pyrenol concentrations exceeded the biological exposure index (BEI)
in 79% workers vs. 0% controls (P<0.001). Workers, besides to exhib-
it higher levels of genetic alterations in PBLs,i.e., anti-B[a]PDE-DNA
adduct (p<0.0001) and MN (p<0.0001), presented significantly higher
epigenetic changes, such as telomere shortening and, global and gene-
specific promoters methylation (mainly p53), compared to controls
(p<0.05 and P≤0.001). Global, IL-6 and p53 methylation states were
significantly correlated to PAH-exposure (urinary 1-pyrenol and anti-
B[a]PDE-DNA adduct levels, p<0.01). Telomere shortening were sig-
nificantly correlated with raise in working years (P=0.039), anti-
B[a]PDE-DNA adduct (P=0.0415) and p53 hypomethylation
(P=0.0053). In a linear multivariate regression analysis p53 hypo -
methylation, was the only significant determinant in increasing MN
(P<0.01), and not methylation of other genes. Moreover MN levels
raised with the increase in telomere shortening (p<0.001). DNA methy-
lation changes (mainly p53 hypomethylation), telomere shortening and
MN in circulating PBLs, related to anti-B[a]PDE-DNA adduct, are
some characteristics acquired by PBLs of subjects exposed to PAHs
suggesting that these events could be determined to identify subjects at
high cancer risk.
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ME014
DI-(2-ETHYLHEXYL)-PHTHALATE EFFECTS ON RETINAL
VASCULARIZATION IN NEWBORN RATS.
A Pascarella, MR Labriola, S Stefanini 
Dept. of Cell and Developmental Biology. Sapienza University of
Rome, Rome, Italy.
Email: stefania.stefanini@uniroma1.it

Di-(2-ethylhexyl)-phthalate (DEHP), released from PVC medical
devices, is toxic for several tissues and species. In pre-term babies, a
correlation was found between endotracheal intubation with PVC tubes
and incidence of chronic diseases and DEHP treatment of pregnant and
lactating rats was found to impair the lung maturation of their pups. In
the present research DEHP was orally administered to rats since day 15
of pregnancy. Retinal vessels of 7 and 14 day-old pups were examined
in fluorangiographies, in flat-mounted retinas labelled with the en -
dothelial marker isolectin B4 and in eye-cup sections incubated with
biotinylated IB4. In angiographies taken from DEHP-treated 7 day-old
animals the differences with age-matched controls mainly consisted in
non-perfused segments of radial arterioles and less regular distribution
of superficial and deep capillary nets. At 14 days, the alterations affect-
ing the superficial vascular plexus, generally heavier than in younger
animals and qualitatively different among the individual specimens,
mainly consisted in strongly dilated and branched radial venules, not
uniformly perfused radial arterioles and persistence of periarteriolar
capillary-free regions. In few specimens, FITC leakages and non-vas-
cularised areas were observed, while immunolocalization of α-SMA
failed to reveal alterations in vessel mural cells. In eye sections from
DEHP-treated 14 day-old rats the mean number of vessels belonging to
the superficial plexus was significantly decreased with respect to con-
trols. On the basis of these observations, we suggest that indirect
assumption of DEHP by foetal and neonatal rats causes structural alter-
ations (probably with a flow reduction) in their retinal radial vessels;
modifications of other vessels include vascular shunts in the retinal mid
periphery, but not include increased permeability or pre-retinal tufts.
The high responsiveness to DEHP shown, in the present research, by
the immature rat retina is in agreement with that referred for neonatal
liver, kidney and lung and strongly supports the idea that DEHP,
released by PVC medical devices utilised for intensive care of preterm
babies, can influence the maturation of several of their organs.

ME015
EFFECTS OF NATURAL POLYPHENOLS ON 
PHYSIOPATHOLOGY OF RETINAL ANGIOGENESIS IN
NEWBORN RATS. 
A Pascarella, M Arcangeletti, S Stefanini 
Dept. of Cell and Developmental Biology. Sapienza University of
Rome, Rome, Italy.
Email: stefania.stefanini@uniroma1.it

Angiogenesis is a key step in tumour growth, invasion, and metastasis,
besides than in numerous diseases; its modulation constitutes an impor-
tant therapeutic strategy for human health. Several polyphenols, pro-
duced by different plants as reaction against biotic and abiotic stress,
are effective in inhibiting endothelial proliferation and migration. Our
aim is to study pro- and/or anti-angiogenic properties of different com-
pounds (camptothecin and derived compounds, resveratrol, quercetin,
curcumin, ecc.), in cultured endothelial cells (e.g. HUVEC), which
proliferation, migration and tube formation activities we are now eval-
uating, and in vivo in physiological conditions. Rat retinal angiogene-
sis was chosen as a useful system for analyzing events involved in the
construction of organized vascular architecture. In rodents, in fact, at
birth retinal vessels starts to develop from the optic disc, forming a
plexus that rapidly evolves into large and small vessels and grows over
the retinal surface to form a two-dimensional structure. In the mean
time, retinal vessels sprout into deeper layers, finally leading to a three-
layered system and vessels of superficial layer establish a hierarchical
architecture consisting of arteries, veins, and capillaries; the vascular
network can be examined as a whole in flat-mount preparations
obtained from FICT-dextran-injected animals. Utilising these speci-
mens, we described the effects of a camptothecin semisynthetic deriv-
ative (the topoisomerase I inhibitor Topotecan), peribulbary injected to

7 day-old rats. In fluorangiographies from treated animals many radial
vessels showed both non-perfused and abnormally dilated segments;
persistence of capillary-free periarteriolar regions, vessel mislocations
with respect to retinal layers and spots of extravascular FITC were also
detected.

ME016
SIGNIFICANCE OF DNA ADDUCTOME ANALYSIS IN IN
VITRO MICRONUCLEUS TEST. 
S Muto (1), K Kato (1), E Yamamura (1), M Kawanishi (2), T Yagi (2),
T Matsuda (3), A Sugiyama (1), Y Uno (1)
(1) Mitsubishi Tanabe Pharma Corporation, Chiba, Japan; (2) Osaka
Prefecture University, Osaka, Japan; (3) Kyoto University, Kyoto,
Japan
Email: muto.shigeharu@mf.mt-pharma.co.jp

In vitro micronucleus (MN) test is widely used as a screening assay for
genotoxicity, but it often produces false positive results for chemical
carcinogenicity. To consider the significance of positive results in in
vitro MN test, it is very important to analyze the DNA-damaging capa-
bility of the test chemicals. In this study, the usefulness of DNA adduc-
tome analysis (Matsuda et al, 2006) for assessing the DNA-damaging
capability of chemicals was evaluated. CHL/IU cells were treated with
various classes of chemicals, A; carcinogens known to produce bulky
DNA adduct (Benzo[a]pyrene, 4-Nitroquinoline-1-oxide etc.), B; car-
cinogens known to produce small DNA adduct (Ethyl methanesul-
fonate, N-Methyl-N’-nitro-N-nitrosoguanidine etc.), C; aneugens
(Colchicine etc.), D; non-carcinogens (Caffeine etc.) for 6 hours with
or without metabolic activation followed by a 20-hour recovery period,
and the incidences of micronucleated cells were measured.
Concurrently, DNA was extracted from the cells at the termination of
the treatment period at doses producing positive results on MN test.
The extracted DNA was enzymatically hydrolyzed to deoxyribonucle-
oside by the micrococcal nuclease/bovine spleen phosphodiesterase or
P1 nuclease method, and subsequently applied to the LC/ESI-MS/MS
analysis. The strategy was designated to detect the neutral loss of
deoxyribose from positively ionized deoxynucleoside adducts by mon-
itoring the DNA samples transmitting their [M+H]+>[M+H-116]+

transitions. The transitions were monitored over the m/z range of 250-
702. All test compounds gave positive results on MN test. Many DNA
adducts were detected in cells treated with carcinogens, and some of
those m/z corresponded to those of known adducts. There was no DNA
adduct detected in cells treated with non-carcinogens or aneugens, indi-
cating that these compounds produced micronuclei through mecha-
nisms other than DNA adduct formation. These results indicate that this
DNA adductome approach would be useful to identify the DNA reac-
tivity of in vitro micronucleus test-positive compounds, and to facili-
tate understanding of their mechanism of action.

ME017
NITRATIVE AND OXIDATIVE DNA DAMAGE BY K-RAS
MUTATION IN MICE.
S Ohnishi (1), H Saito (2), N Suzuki (2), Y Hiraku (3), M Murata (3),
S Kawanishi (1)
(1) Faculty of Pharmaceutical Sciences, Suzuka University of Medical
Science, Suzuka, Japan; (2) Life Science Research Center, Mie
University, Tsu, Japan; (3) Graduate School of Medicine, Mie
University, Tsu, Japan
Email: shiho-o@suzuka-u.ac.jp

Activating mutations of Ras family genes have been found in human
cancers, and K-ras mutations in codon 12 and 13 are frequently
observed especially in lung cancer. It is reported that the activation of
the K-ras oncogene leads to lung cancer in mouse model. Therefore K-
ras mutations have been thought important for lung carcinogenesis. On
the other hand, it is considered that carcinogenesis consists from multi-
step process with mutations in more than 10 genes. In this study, we
analyzed the formation of DNA damage after oncogenic activation of
K-ras in mouse model. We prepared transgenic mice with oncogenic K-
ras, conditionally expressed by Cre/LoxP system. The mutated K-ras
has a point mutation in codon 12 with change of amino acid glycine to
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valine. For conditional activation of K-ras, the adenovirus expression
vector of Cre recombinase was infected to airway of the transgenic
mouse. Adenocarcinomas were developed in the lung of the transgenic
mice infected of Cre-adenovirus. To investigate the role of DNA dam-
age in carcinogenesis initiated by K-ras mutation, we performed
immunohistochemical analysis of nitrative and oxidative DNA damage
in lung tissues of mice. A double immunofluorescence labeling study
demonstrated that 8-nitroguanine and 8-oxo-7,8-dihydro-2’-
deoxyguanosine (8-oxodG) was apparently formed in lung adenocarci-
noma, whereas little or no immunoreactivity was observed in normal
lung. The accumulation of 8-nitroguanine was co-localized with
expression of inducible nitric oxide synthase (iNOS) and of oncogenic
K-ras. These results suggest that oncogenic K-ras activation causes
additional DNA damage via iNOS induction. It is reported that 8-
nitroguanine and 8-oxodG can cause mutations. Our recent report
revealed that the critical role of translesion DNA synthesis (TLS) poly-
merases in cellular tolerance to NO-induced DNA damage and suggest-
ed that the contrubution of these error-prone polymerases to accumula-
tion of single base substitutions. It may be concluded that the accumu-
lation of mutagenic 8-nitroguanine and 8-oxodG contribute to lung car-
cinogenesis initiated by oncogenic activation of K-ras.

ME018
4-HYDROXYESTRADIOL INDUCES ANCHORAGE-INDE-
PENDENT GROWTH OF HUMAN MAMMARY EPITHELIAL
CELLS THROUGH ACTIVATION OF IκκB KINASE-NF-κκB SIG-
NALING: ROLE OF REACTIVE OXYGEN SPECIES.
SA Park (1), HK Na (1), EH Kim (1), MH Lee (1), YN Cha (2), KK
Park (3) and YJ Surh (1,4)
(1) National Research Laboratory of Molecular Carcinogenesis and
Chemoprevention, College of Pharmacy, Seoul National University,
Seoul 151-742; (2) College of Medicine, Inha University, Incheon 400-
712; (3) College of Dentistry, Yonsei University and (4) Cancer
Research Institute, Seoul National University, Seoul 151-742, South
Korea
Email: surh@plaza.snu.ac.kr (YJS)
Email: nhk1228@snu.ac.kr (HKN)

Multiple lines of evidence support that excessive production of estro-
gen is implicated in pathophysiology of human breast cancer. Estrogen
is converted primarily by cytochrome P450 1B1 to 4-hydroxyestradiol
(4-OHE2), a putative carcinogenic metabolite of estrogen. This cate-
chol estrogen metabolite is oxidized further to produce a reactive
quinone via semiquinone. Redox-cycling between 4-OHE2 and its
quinoid generates reactive oxygen species (ROS). In the present study,
we found that 4-OHE2-induced ROS production contributed to
enhanced proliferation and neoplastic transformation of human mam-
mary epithelial (MCF-10A) cells as evidenced by elevated levels of
proligerating cell nuclear antigen and anchorage-independent growth
on soft agar, respectively. ROS overproduced by 4-OHE2 increased the
activation of NF-χB through induction of IχB kinase (IKK)-α and
IKKβ activities. The pharmacologic inhibition of the IKK activities
with Bay 11-7082 abrogated 4-OHE2-induced anchorage-independent
growth. In addition, 4-OHE2 (20 µM) induced increased expression of
heme oxygenase-1 (HO-1), an important stress-responsive antioxidant
enzyme involved in heme degradation, by activating antioxidant
response element (ARE)-mediated Nrf2 signaling. By utilizing human
HO-1 promoter reporter plasmids, we demonstrated that 4-OHE2 tran-
scriptionally activated the upstream ARE-rich enhancer region of
human HO-1 promoter. The direct binding of Nrf2 to HO-1-specific
ARE sequence was verified by the chromatin immunoprecipitation
(ChIP) assay. Induction of HO-1 by 4-OHE2 was attenuated by siRNA
knock down of Nrf2 gene. 4-OHE2-induced HO-1 expression was also
abrogated by the antioxidant N-acetyl-L-cysteine and Trolox. In con-
clusion, ROS concomitantly overproduced during redox cycling of 4-
OHE2 activates IKK-NF-χB signaling which stimulates neoplastic
transformation of MCF-10A cells. In contrast, the Nrf2-drived upregu-
lation of HO-1 expression may provide MCF-10A cells with adaptive
survival response against 4-OHE2-induced oxidative stress and cell
transformation.

ME019
NOVEL BIOCHEMICAL PATHWAYS FOR 5-FLUOROURACIL
IN MANAGING EXPERIMENTAL HEPATOCELLULAR 
CARCINOMA IN RATS. 
NM Abdel-Hamid (1), MA Morsy (2)
(1) Department of Biochemistry, College of Pharmacy , Minia
University, Egypt. (2) Department of Pharmacology, College of
Medicine, Minia University, Egypt
Email: nabilmohie@yahoo.com

Background : Five fluorouracil (5-FU) is extensively used in the treat-
ment of hepatocellular carcinoma (HCC). 5-FU and its metabolites
inhibit DNA synthesis by inhibition of thymidylate synthetase. A little
is known about additional pathways for 5-FU in managing HCC. 
Aim of the study: To study possible biochemical pathways that can be
added to 5-FU mechanisms of action. Design : Four groups of rats were
recruited as control (given saline), tichloroacetic acid,TCA (0.5 g/kg/d
for 5 days, orally), 5-FU (75 mg/kg, IP, once weekly for 3 W) and TCA
plus 5-FU (24 hours apart of TCA last dose). Methods: Biochemical
(serum alpha fetoprotein, liver tissue contents of total glycosaminogly-
can (TGAGs), collagen (as hydroxyproline (HP), total sialic acid
(TSA), free glucosamine (FGA), proteolytic enzyme activity (pepsin
and free cathepsin-D) and histological examination of liver tissue.
Results: Histological changes as, central vein congestion, irregular-
shaped, substantially enlarged, vesiculated and binucleated hepatocytes
were seen. The nuclei were pleomorphic, hyperchromatic and vacuolat-
ed cytoplasm encircling the nucleus with masses of acidophilic materi-
al. 5-FU corrected these changes, except some necrotic and cytotoxic
effects of 5-FU. AFP was significantly elevated in TCA- but reversed
in 5-FU groups. Increased proteolytic activity by TCA was reversed by
5-FU, which restored TGAG to normal, but both TCA and 5-FU deplet-
ed collagen . TCA significantly elevated FGA but depressed TSA, this
action was reversed by 5-FU treatment. Conclusion : Proteolytic activ-
ity , expressed as up-regulated pepsin and free cathepsin-D is increased
in HCC. This is accompanied by ECM macromolecular disturbance ,
decreased TGAGs, collagen and TSA, with marked increase in FGA
liver tissue content. Elevated FGA with depressed TSA content of liver
tissue may be attributed to a cancer hampered N-acetylation of FGA
into SA. 5-FU markedly depressed hepatic proteolysis, re-activated N-
acetylation of FGA into SA and elevated TGAGs without stopping tis-
sue fibrosis.This study explores additional pathways for the mechanism
of action of 5-FU, through conservation of ECM composition in situ,
inhibiting invasion and metastasis in addition to its DNA disturbing
pathway.

ME020
DNA METHYLTRANSFERASES, GLOBAL DNA 
METHYLATION AND MICRONUCLEI IN MOUSE EMBRY-
ONIC FIBROBLASTS EXPOSED TO TCDD AND CADMIUM.
K Korhonen (1), M Korkalainen (2), M Viluksela (2), J Naarala (1),
and J Juutilainen (1)
(1) Department of Environmental Science, University of Kuopio,
Kuopio, Finland (2) Department of Environmental Health, National
Institute for Health and Welfare, Kuopio, Finland
Email: katriina.korhonen@uku.fi

There is limited understanding of the significance of epigenetic mech-
anisms, such as DNA methylation, in biological and toxic effects of
exposures to environmental agents. The aim of this study was to eval-
uate the effects of a dioxin (2,3,7,8-tetrachlorodibenzo-p-dioxin,
TCDD) and a heavy metal (cadmium, Cd) on epigenetic modifications
and genomic instability. Mouse C3H/10T½ embryonic fibroblasts were
exposed to 1, 10 and 100 nM of TCDD or 0.5 and 1 µM Cd. A flow
cytometric assay was used to analyze micronucleus (MN) frequency.
The mRNA expression of DNA methyltransferases (DNMT1, DNMT2,
DNMT3a and DNMT3b) was determined by quantitative RT-PCR and
global DNA methylation was quantified using the Methylamp Global
DNA Methylation Quantification Kit by Epigentek. Measurements of
delayed effects several days after the end of exposure were included in
all assays to address persistent changes and induction of genomic insta-
bility. No significant differences were found in MN frequency between
fibroblasts exposed to TCDD for 24 h and controls at 2 or 8 days after
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starting the exposure. When the cells were exposed to TCDD for 48 h
an elevated MN frequency was found at 8 days (but not at 2 days).
Cadmium induced elevated MN frequency 2 days after the beginning
of 24 or 48 h exposures but no effect could be confirmed at day 8.
Cadmium also dose-dependently decreased the mRNA expression of
the de novo methyltransferases DNMT3a and DNMT3b, as well as
DNMT2, after 3 or 6 day exposures, but after an additional incubation
for 2 or 4 weeks without exposure, this down regulation was not
detectable anymore. TCDD (100 nM) had only slight effects on
DNMTs. In contrast, our preliminary results from global methylation
measurements revealed that the DNA methylation profiles after 3 day
exposures to TCDD or Cd persisted after 2 week incubation without
exposure. TCDD as well as 0.5 µM Cd induced hypermethylation
whereas 1 µM Cd hypomethylation. According to our preliminary
results, TCDD induced DNA hypermethylation that was not transmit-
ted through changes in DNMTs. This result, as well as the confusing
dose-response between Cd and global methylation requires further
studies. The results from the MN assay suggest that a 48 h exposure to
TCDD induced genomic instability.

ME021
HYPERMETHYLATION OF TUMOUR SUPPRESSOR GENES
IN LUNG TUMOURS FROM NEVER-SMOKERS WITH AND
WITHOUT SECOND-HAND TOBACCO SMOKE EXPOSURE.
S Jarmalaite (1,2), A Scesnaite (1,2), F Nyberg (3,4), S Benhamou
(5,6), P Boffetta (7), K Husgafvel-Pursiainen (2)
(1) Vilnius University, Vilnius, Lithuania; (2) Finnish Institute of
Occupational Health, Helsinki, Finland; (3) Karolinska Institute,
Stockholm, Sweden; (4) AstraZeneca R&D Mölndal, Sweden; (5)
INSERM U946, Fondation Jean Dausset-CEPH, Paris, France; (6)
CNRS FRE2939, Gustave-Roussy Institute, Villejuif, France; (7)
International Agency for Research on Cancer, Lyon, France
Email: sonata.jarmalaite@gf.vu.lt

Smoking is the main cause of lung cancer, but a fraction of lung cancer
cases occurs in patients with no history of smoking. Epidemiological
studies identify second-hand tobacco smoke (SHS), a widespread con-
taminant of indoor air, as a significant cause of lung cancer in never-
smokers. To provide further insight into mechanisms by which SHS
participates in the development of lung cancer we analysed the fre-
quency of gene promoter hypermethylation in lung tumours from
never-smokers with (n = 34) or without (n = 9) documented exposure
to SHS in comparison to tumours from smokers (n = 35). Promoter
hypermethylation in five tumour suppressor genes (TSGs), namely
p16, RARb, RASSF1A, DAPK and MGMT, was analysed by means of
methylation-specific PCR. The overall frequencies of promoter hyper-
methylation were 41% for RARb, 26% for DAPK, 25% for RASSF1A,
15% for p16, and 12% for MGMT gene. DAPK hypermethylation was
more prevalent in tumours from female patients (32% vs 6% in males;
p<0.05), while RARb hypermethylation occurred more frequently in
adenocarcinomas than in other histologies (53% vs 24%; p<0.05). No
major differences in the frequencies of hypermethylation were detect-
ed between tumours from smokers and never-smokers. However, the
p16 gene hypermethylation was detected in lung tumours from smok-
ers (20%) and from the SHS-exposed never-smokers (15%), but not in
tumours from non-exposed never-smokers (0%). Overall, the profile of
epigenetic alterations, particularly hypermethylation of the p16, RARb
and DAPK genes, was similar in tumours from the SHS-exposed cases
and smokers. In addition, mean methylation index was identical (MI =
0.25) in tumours from smokers and SHS-exposed never-smokers. In
conclusion, the results of our study support the role of SHS exposure in
inducing lung tumourigenesis in never-smokers, and for the first time
show an association between well-documented SHS exposure and gene
promoter hypermethylation in lung tumours from never-smokers. 
The study was financially supported by grants from the Finnish Cancer
Foundation, the Yrjö Jahnsson Foundation (grant 5447), and the
Lithuanian State and Science Foundation (C-03/2007).

ME022
VIDENCES OF AN ANTITUBULIN ACTIVITY OF Xanthium
strumarium L. EXTRACTS IN CHO CELLS.
A Sánchez-Lamar (1), J Piloto (2), Y Vega (2), A Remigio (2), M Fiore
(3), P Perticone (3), R De Salvia (3), E Cundari (3), F Degrassi (3), R
Ricordy (3), T Cornetta (4), R Cozzi (4).
(1) Laboratorio de Genética Toxicológica, Facultad de Biología,
Universidad de la Habana, Cuba; (2) Centro de Investigación y
Desarrollo de Medicamentos-CIDEM, Ciudad de la Habana, Cuba;
(3) Istituto di Biologia e Patologia Molecolari (CNR), Roma, Italia; (4)
Dipartimento di Biología, Terza Universitá de Roma, Roma, Italia.
E-mail: f.degrassi@caspur.it

Chemotherapy with cytostatic agents is one of the most widely
employed methodologies in the fight against cancer. This approach
includes the employment of compounds that interfere with the cellular
division. In this sense, the application of techniques that allow to eval-
uate the capacity of interfere and/or modify the mitotic cell course,
constitutes a valuable practice in the search of new therapeutically
active molecules. Plants are an important natural source of compounds
that, potentially, can drive to development of new cytostatic drugs. It
has recently been highlighted that complex mixtures present in vegetal
extracts can have an even greater therapeutic power than that of the iso-
lated active principle(s) they contain, due to possible positive interac-
tion with cofactors present in the mixture. Ex vivo assays demonstrat-
ed that the vegetable species Xanthium strumarium L. possesses an
effective anti-tubulin activity. The aim of the present work is to study
the effect of a hydroalcoholic extract obtained from X. strumarium on
CHO cells proliferation, evaluating parameters related to cell cycle
progression and mitotic division. Experimentally, CHO cells cultures
were treated with different extract concentrations and the following
parameters were analyzed: growth of the cellular population, cell cycle
progression, mitotic progression and mitotic spindle morphology. We
observed a dose-dependent inhibition of cell growth and a dose-
dependent decrease of anatelophases, abnormal mitotic spindle assem-
bly and significant blockade of cellular cycle in G2-M phase. These
experimental evidences are consistent with the in vitro data on X. stru-
marium extract anti-tubulin capacity and reinforce the valuation of this
vegetable species as a potential source for the development of new
cytostatic drugs.

ME023
EFFECTS OF ARSENITE ON DNA STRAND BREAKS, 
EXPRESSION OF XRCC1 AND GLOBAL DNA METHYLATION
IN HUMAN LYMPHOBLAST CELL LINE 
P Navasumrit (1,2), S Waraprasit (2), V Parnlop (1) P Hunsonthi(1) M
Ruchirawat (1,2)
(1) Laboratory of Environmental Toxicology, Chulabhorn Research
Institute, Bangkok, Thailand; (2) Graduate Program in Environmental
Toxicology, Chulabhorn Graduate Institute, Bangkok, Thailand.
Email: panida@cri.or.th

Arsenic is a ubiquitous environmental pollutant and a known human
carcinogen. A number of studies have reported that possible mecha-
nisms of arsenic carcinogenesis include both genotoxic and epigenetic
mechanisms. DNA methylation is an important factor of epigenetic
control of gene expression. In terms of human biomonitoring, circulat-
ing blood cells such as lymphocytes are easily accessible and have been
suggested as surrogate samples to reflect pathological changes and an
alternative to tissue samples for molecular profiling of human diseases.
Therefore, the study aimed to investigate the effects of arsenic on DNA
damage and DNA methylation in human lymphoblasts. 
The human lymphoblasts (RPMI 1788) were cultured and treated with
sodium arsenite. Dose-response and time-course study of arsenite on
DNA strand breaks were investigated in lymphoblasts at concentrations
0-100 µM for 2, 4, 8, 12 and 24 hours of treatment. DNA strand breaks
analyzed by Comet assay showed that arsenite significantly increased
DNA strand breaks at all concentrations (P<0.05) at 2 hours and peak
at 4 hours then decreased; the maximum level of DNA strand breaks
was observed at 50 µM of arsenite treatment. XRCC1 expression
which is responsible for DNA strand break repair was determined by
real-time RT-PCR. Conversely, mRNA expression of XRCC1 was



decreased in 50 µM arsenite-treated lymphoblasts in which a maximum
reduction was observed at 4-8 hours after treatment. In addition, glob-
al DNA methylation in Long Interspersed Nuclear Elements1 (LINE-1)
was also determined by Combined Bisulfite Restriction Assay
(COBRA). When compared to untreated lymphoblasts, global DNA
hypomethylation was observed in the arsenite-treated lymphoblasts
with a reduction of 6.45%, 16.32% (P<0.05), 37.45% (P<0.01) and
33.84% (P<0.01), following 4 hours of treatment at 10, 20, 50 and 100
µM, respectively. The results clearly showed that arsenite caused DNA
strand breaks, reduced XRCC1 expression and global DNA
hypomethylation in human lymphoblasts. The profile of arsenite-
induced DNA strand breaks and global hypomethylation may indicate
that DNA damage could in part be associated with aberrant DNA
methylation; however the mechanistic link between these two mecha-
nisms is of interest to be investigated further.

ME024
DICHLORVOS, AN ORGANOPHOSPHATE PESTICIDE,
IMPAIRS MITOTIC SPINDLE ASSEMBLY AND CAUSES 
ANEUPLOIDY. 
M Mattiuzzo (1), M Fiore (1), G Adornetto (1), G Mancuso (1), R
Ricordy (1), F. Degrassi (1) 
Institute of Molecular Biology and Pathology CNR , “ La Sapienza”
University, Rome
Email: f.degrassi@caspur.it

There is an increasing concern for the possible impact of environmen-
tal factors on genomic stability in human populations. We studied the
aneuploidy-inducing capacity of pesticides of significant human expo-
sure in cultured human cells and demonstrated that dichlorvos, an
organophosphate insecticide classified as possible carcinogen, signifi-
cantly induced CREST-positive micronuclei in binucleated lym-
phoblastoid cells (Mattiuzzo et al., 2006). To identify the mechanisms
involved in the aneuploidy-inducing ability of this chemical, we inves-
tigated the influence of the drug on mitotic progression and spindle
assembly. In both lymphoblasts and Hela cells Dichlorvos greatly
increased mitotic index and inhibited the metaphase/anaphase transi-
tion: this resulted in a mitotic arrest at promethaphase with hyper-con-
densed chromosomes. Analysis of mitotic spindles and chromosome
congression by immunofluorescence staining with anti- alpha tubulin
and anti- Ser10 phospho H3 antibodies showed that the chemical was
able to perturb spindle dynamics and chromosome behaviour. Spindle
microtubules in treated cells were not organized in parallel fibres but
collapsed in tubulin aggregates or formed distorted fibres that did not
interact with the kinetochores. At higher doses Ser10 phospho H3-pos-
itive picnotic nuclei were associated to monopolar spindles, showing
two close gamma tubulin signals. These results demonstrate that
Dichlorvos mimics spindle poison effects, inducing mitotic arrest and
altering the structure and the function of the mitotic apparatus in cul-
tured human cells. In vivo analysis of mitotic progression showed that
a large proportion of dichlorvos-treated cells did not progress beyond
prometaphase. The few cells that completed mitosis, did so without
chromatid separation producing polyploid or multinucleated cells.
Finally, B tubulin in dichlorvos treated cells was heavily phoshorylat-
ed at a residue that is specific for tubulin not incorporated into micro-
tubules (Fourest-Lieuvin et al., 2006), suggesting that the pesticide
affects microtubule dynamics during mitosis. These effects of the
chemical may be relevant for its potential carcinogenic activity.

ME25
THE ASSOCIATION OF METHYLATION PATTERN AND
PRENATAL POLYCYCLIC AROMATIC HYDROCARBONS
(PAHS) EXPOSURE
D Tang, J B Herbstman, F P Perera
Department of Environmental Health Sciences Mailman School of
Public Health, Columbia University, New York, NY 10032 USA
Email: dt14@columbia.edu

Background:PAHs are a group of carcinogenic environmental pollu-
tants. Prenatal Exposure to PAHs can alter the pattern of DNA methy-
lation, resulting in adverse biological effects. We sought to explore if

prenatal airborne PAH exposure is associated with methylation pattern
change in cord blood. Methods:In a cohort study of 730 non-smoking
women in New York City, we measured PAH exposure during pregnan-
cy using personal air monitors.  DNA was extracted from cord blood.
The Illumina Infinium® assay was used to measure 27,578 CpG loci
across 14,495 genes on a subset of 24 Dominican women, 12 with pre-
natal PAH exposure in the highest and lowest tertiles of exposure,
respectively. Results:The array data was processed by Illumina
BeadStudio for background normalization. The inter-quartile range
(IQR) of the methylation levels for each of the CpG loci was obtained,
and an IQR filter with cutoff point at the median IQR was applied.
Spearman’s correlation coefficient between the methylation levels  and
PAH exposure was calculated, and 99 most highly correlated CpG loci
were selected; A4GALT ACCN3 ADORA1 AMID ANXA4 APBA3
ASPH ATP5I BMP8A C10orf33 C19orf30 C1orf164 C2 C21orf84
CAPN12 CD9 CDH24 CDH5 CEACAM4 CHRNA2 CHRNG CR2
CRTAM CRYGD CTNND1 CYP2W1 CYP7B1 ETNK2 FBXL12
FBXO27 FLJ20186 FLJ20699 FLJ21106 FLJ27505 GBGT1 GGTLA1
GLB1L GNAS GPR85 GSTO2 GZMB HOXA2 HSPA12B HTRA4
IGF2 INPP5E INT1 JDP2 KCNK3 KCNQ1 KIAA0372 KNS2
KRT25A LILRB3 LOC92345 LRIG3 MEG3 MGC31967 NAP1L5
NCOA6 NDST1 NGFR NYX OFCC1 PCDHB3 PCDHB6 PGCP
PHB2 PKP4 POU5F1 PPAPDC3 PTGES PTPRC RAB37 RHOBTB3
ROR2 SCGB3A1 SCMH1 SFRP1 SLAMF1 SOCS1 STK3 SULT1C2
TCN1 TINAGL1 TMEM42 TMEM59 TRA2A TSC1 UBE4A WDR52
WFDC13 WWP1 ZNF512and ZNF662. The heatmaps produced by the
hierarchical clustering algorithms showed that the methylation pattern
of the females within the highest prenatal PAH exposure are distinctly
different than the pattern of those in the lowest tertile of exposure.
Conclusion:Our exploratory results indicate that prenatal PAH expo-
sure is associated with the methylation pattern of a subset of genes
measured in cord blood. This suggests that DNA methylation status can
be influenced by environmental exposures in early life. Further analy-
ses will explore pathways of exposure-related methylation differences.

ME026
STRUCTURAL ANALYSIS OF THE EPIGENETIC 
CONTROLLER, HUMAN DNA METHYLTRANSFERASE I
C-H Hsu (1)
(1) Department of Agricultural Chemistry, National Taiwan University,
Taiwan
Email: andyhsu@ntu.edu.tw

DNA methylation, one of the epigenetic mechanisms, plays an impor-
tant role in numerous biological functions in cells, from inhibition of
cleavage by endonucleases to inhibition of transcription factor binding.
The DNA methyltransferase I (DNMT1) protein represents a major
DNA methyltransferase activity in human cells and is therefore a
prominent target for environmental epigenetic control and experimen-
tal cancer therapies. However, there are only few available structural
information and inhibitors as well as their high toxicity and low speci-
ficity have so far precluded their broad use in chemotherapy. Therefore,
cloning and bacterial expression of several functional domains of
DNMT1 were carried out for the structure determination by X-ray crys-
tallography and NMR technique. One of the functional domain, DBD
(the non-catalytic amino terminus of DNMT 1) binds a new protein,
DMAP 1 (for DNMT 1 associated protein), and can mediate transcrip-
tional repression. Bioinformatics, CD (circular dichroism) and NMR
(nuclear magnetic resonance) spectroscopic approaches indicate this
domain adopt the all helical topology. In addition, DBD showed DNA
binding activity, and the responsible sequence was narrowed to about
80 amino acid residues involving the proliferating cell nuclear antigen
(PCNA) binding motif. The DNA binding activity did not distinguish
between DNA non-methylated and methylated states, but preferred to
bind to the minor groove of AT-rich sequence. Furthermore, DNA bind-
ing activity of DBD may contributes to the localization of DNMT1 to
AT-rich sequence such as satellite, Line 1, and the promoter of tissue-
specific silent genes. The structural analysis of DBD of human
DNMT1 could provide biological explanation for how the domain
interacts with other regulation proteins onto the particular sites in genes
expression, and give the structural view for specific inhibitor develop-
ment.
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ME027
COMPARATIVE STUDY OF RADIATION-INDUCED GENOMIC
INSTABILITY MANIFESTATIONS IN THE PROGENIES OF
DIRECTLY IRRADIATED AND BYSTANDER CELLS
AN Osipov (1), EY Lizunova (1), NY Vorobyeva (1), DV Guryev (2)
(1) N.N. Semenov Institute of Chemical Physics RAS, Moscow, Russia;
(2) Institute of Biology, Komi Scientific Centre RAS, Syktyvkar, Russia
Email: andreyan.osipov@gmail.com

Radiation-induced genomic instability (RIGI) is defined as a persistent
increased rate in the level of de novo formed alterations in the progeny
of irradiated cells. RIGI is observed in the progeny of directly irradiat-
ed cells as well as in the progeny of non-irradiated cells communicat-
ed with irradiated cells (bystander effect).  However the question con-
cerning the differences in RIGI-induction and perpetuation in directly
irradiated and bystander cell populations is still open. The aim of pres-
ent study was to compare the RIGI manifestations in the progeny of
totally irradiated cells vs. the progeny of cells mixture containing 90%
of non-irradiated cells and 10% of irradiated cells.  Chinese Hamster
Ovary cells (CHO K1 cell line) were used in this study. There was a
significant increasing in the DNA breaks level, apoptotic cells percent-
age and intracellular ROS content in 9-32 cell generations after total
acute irradiation of cells at a dose of 1 Gy (γ-radiation, 60Co) as an evi-
dence of RIGI induction. The increased ROS content in the progeny of
irradiated cells testifies in favor assumption of important role of mito-
chondrial dysfunction in perpetuating of RIGI. The ROS overproduc-
tion leads to elimination of cells that are sensitive to the oxidative
stress. Earlier, we have demonstrated a selective pressure of RIGI lead-
ing to the radioresistant cell clones forming. The results of the experi-
ments on cells mixture (co-culture  containing 10% of cells irradiated
at a dose of 1 Gy and 90% of non-irradiated cells) showed a statistical-
ly significant increase in the ROS content in 9(11) cell generations as
well as in all tested end-points (DNA breaks, apoptosis and ROS) from
12(14) cell generations. It is necessary to note that the effects manifes-
tation was not differ from the genomic instability expression in gener-
ations from totally irradiated cells. These studies show that the second-
ary bystander effect via signals secreted by minor population of
genome unstable cells has been involved in the forming of genomic
instability. This work was supported by RFBR grant (# 07-04-01009-a)

ME028
THE USE OF RESTRICTION ANALYSIS FOR THE 
IDENTIFICATION OF THE METABOLIC STAGE OF
ANTHRACYCLINES’ REDUCTION BY CYTOCHROME P450
REDUCTASE THAT GENERATES DNA BINDING 
INTERMEDIATES
A Bartoszek (1), B Fedejko (1), A Dopierala (1), M J Paine (2), C R
Wolf (2)
(1) Chemical Faculty, Gda�sk University of Technology, Poland; (2)
Biomedical Research Centre, Ninewells Hospital and Medical School,
University of Dundee, Scotland
Email: agnieszka.bartoszek@pg.gda.pl

Previous studies demonstrated that metabolic activation by NADPH
cytochrome P450 reductase (P450red) increased cytotoxicity of dox-
orubicin towards cultured tumour cells. Moreover, with the use of
[14C]-labelled doxorubicin, we demonstrated that this metabolic path-
way generated intermediates capable of covalent DNA binding in cel-
lular and cell-free systems. These observations suggested that one-elec-
tron reduction might play an essential role in antitumour activity of
anthracyclines. In this study, we applied the restriction analysis method
to find out the individual metabolite(s) responsible for DNA modifica-
tion for three clinically used anthracyclines: doxorubicin, daunorubicin
and epirubicin. The method employs 695 bp DNA amplicon that
includes two restriction sites; one containing only GC and the other
only AT base pairs, recognized respectively by restriction enzymes
MspI and Tru1I. The covalent modification of the restriction site(s)
abolishes their recognition inhibiting cleavage by the enzymes and
simultaneously pointing at the kind of base pairs involved in DNA
adduct formation. Since the metabolic activation by P450red is associ-
ated with 5 sequential changes of anthracycline UV-VIS spectrum, we
were able to monitor the reaction course and to collect separately con-

secutive intermediates formed upon one-electron reduction of drugs
studied. The collected samples were mixed with the amplicon, allowed
to react with DNA for 2 or 24 hr and then unbound anthracyclines were
removed by solvent extraction. The aqueous fraction containing the
amplicon was submitted to restriction analysis. The experiments con-
firmed that all three anthracyclines studied are able to bind to DNA
after P450red activation. Only intermediates formed at the 3rd stage of
reduction, corresponding to conversion of leuko form to hydroquinone,
inhibited cleavage by MspI. The cleavage by Tru1I was not affected.
This suggests that only GC base pairs are substrates for modification
by anthracyclines. Doxorubicin and daunorubicin derivatives abolished
completely DNA cleavage by MspI as soon as after 2 hr of incubation
with the amplicon, while less toxic epirubicin needed 24 hr for the reac-
tion with DNA to be accomplished.

ME029
STUDY ON DNA METHYLATION PROFILE OF ALKBH1-9
GENES PROMOTERS IN TEN HEALTHY HUMN TISSUES
J Krwawicz (1,2), S Tomczyk (1,3), E Grzesiuk (1)
(1) Institute of Biochemistry and Biophysics Polish Academy of Sciences,
Warsaw, Poland; (2) Interdisciplinary Centre for Mathematical and
Computational Modelling, University of Warsaw, Warsaw, Poland; (3)
Department of Biology, University of Life Sciences in Warsaw, Warsaw,
Poland.
Email: asiak@ibb.waw.pl

BACKGROUND: Bacterial dioxygenase AlkB protein oxidatively
demethylates 1meA and 3meC in DNA resulting the recovery of the
natural A and C bases. Among the human homologues ALKBH1-9
there are two proteins: ALKBH3 (PCA, prostate cancer antigen) and
ALKBH9 (FTO, fat mass- and obesity-associated) which are known to
affect the human health. The level of mRNA expression of human AlkB
homologues is different in various tissues what seems that expression
might be under epigenetic control. DNA methylation is a widely stud-
ied epigenetic mechanism that affects cell function and genome stabil-
ity by altering gene expression and refers to the covalent addition of a
methyl group, catalyzed by DNA methyltransferase (DNMT), results
5meC in a CpG islands. This leads to down-regulation of gene expres-
sion. METHODS: Modifying DNA using sodium bisulphite to convert
unmethylated cytosines to uracils and subsequently detect methylated
cytosines using methylation specific PCR (MSP) technique is used for
study of DNA methylation profile of ALKBH1-9 genes promoters in
ten healthy human tissues (brain, heart, lung, liver, spleen, small intes-
tine, prostate, testis, ovary, skeletal muscle). RESULTS: The model of
bisulphite treated DNA by substituting all cytosines which are not in
CpG context into tymines was generated, and 3 pairs of primers to each
gene promoter were designed. Moreover, the methylation profile of
ALKBH3 promoter in various tissues was established and seams to be
similar in ones. Study undergoes and more results will be presented
soon. CONCLUSIONS: Our study will increase the current knowledge
of genome wide DNA methylation profile.

ME030
EFECTIVENESS OF BUDESONIDE TO REVERSE THE HIGH
RATE OF ENDOREDUPLICATION IN THE REPAIR DEFI-
CIENT CHO MUTANT EM9
S Mateos, I Domínguez, N Pastor, ML Orta, F Cortés
Department of Cell Biology, Faculty of Biology, University of Seville,
Avda Reina Mercedes 6, 41012 Seville, Spain
Email: smateos@us.es

We have previously reported a dose-dependent increase in the yield of
endoreduplication after treatment with 5-azaC in the AA8 cell line that cor-
related with the level of DNA hypomethylation. In order to better under-
standing the nature of these effects, we have extended these studies to the
CHO mutant cell line EM9. a repair deficient mutant that shows elevated
indices of spontaneous endoreduplication as compared to its parental cell
line AA8, while previous work has shown no apparent difference in topo
II activity between both cell lines. First aim of this study was to analyse
global genome methylation in AA8 and EM9 cells in order to see if any
differences could exist between both parental and mutant cell lines. Our
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data seem to be indicative of reduced methylcytosine content in EM9 glob-
al genome DNA as compared to AA8. To further corroborate a direct rela-
tionship between the methylcytosine content in global genomic DNA and
the rate of endoreduplication, we did a series of experiments with the aim
to reverse the hypomethylation in the EM9 cell mutant. For that purpose,
we have taken advantage of the ability of budesonide, a known methylat-
ing agent, to produce remethylation of the CpG sites in DNA. Actively
growing EM9 cells were cultured for 24 h in the presence of a wide range
of different concentrations of budesonide and global genome methylation
was evaluated with HpaII and MspI restriction enzymes, followed of DNA
electrophoresis and densitometric analysis of the cutting pattern. Data
appear to indicate that at least in part it is possible to reduce the high fre-
quency of endoreduplication observed in EM9 cells (approximately a
reduction of 50%) by means of the chemical modification of the methyla-
tion status of their DNA. Previously we had proposed that hypomethyla-
tion of DNA induced by 5-azaC leads to reduced chromatid decatenation
that ends up in endoreduplication, most likely due to a failure in topo II
function. A plausible explanation for the results presented would be that
treatment with budesonide restore at least partially in EM9 the physiolog-
ical methylation patterns (i.e. that found in the parental cell line AA8). This
might be a pre-requisite for optimal topoisomerase II function including
the observed decatenation activity.

ME031
MODULATION OF GENE EXPRESSION NETWORKS BY
2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN (TCDD)
DURING VERTEBRATE DEVELOPMENT
A J  Planchart, Ni E Griffin, C J Mattingly 
The Mount Desert Island Biological Laboratory, Salisbury Cove, ME
04672
Email: aplancha@mdibl.org

Normal vertebrate jaw development can be disrupted by exposure to
2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD)—a potent inducer of the
aryl hydrocarbon receptor (Ahr) transcription factor required for transdu-
cing the toxic effects of TCDD. We used zebrafish (Danio rerio) embryos
to investigate their transcriptional response to TCDD with the goal of
uncovering novel, jaw-specific genes affected by exposure. Our results
uncovered a novel target of TCDD-induced transcriptional upregulation
belonging to the evolutionarily conserved family of forkhead box tran-
scription factors. This Fox gene is highly conserved in mammals, including
humans and mice, and was the most significantly upregulated gene (20-
fold) in a set of novel TCDD targets of induction. We compared the timing
of induction to Cyp1A1 as a function of TCDD exposure and observed no
significant difference, suggesting that this Fox gene—like Cyp1A1—is a
direct target of Ahr-mediated transcriptional activation. This result was
consistent with the presence of multiple Ahr binding sites within the gene’s
promoter region. Quantitative real-time polymerase chain reaction analy-
sis demonstrated that TCDD induction was strongest at 24 and 48 hours
post-fertilization (hpf). In situ hybridization analysis at 48 hpf unambi-
guously demonstrated that this gene is specifically expressed in the jaw pri-
mordium. We hypothesized that upregulation of this gene plays a critical
role in TCDD-mediated jaw abnormalities. Morpholino knockdown of this
gene followed by exposure to TCDD resulted in fry that appeared to be
identical to uninjected, unexposed fry. These results identify a novel target
of TCDD-mediated Ahr induction that also functions as a transcription fac-
tor critical for normal craniofacial development.

ME032
EVIDENCES OF AN ANTITUBULIN ACTIVITY OF Xanthium
strumarium L. EXTRACTS IN CHO CELLS.
A Sánchez-Lamar (1), J Piloto (2), Y Vega (2), A Remigio (2), M Fiore
(3), P Perticone (3), R De Salvia (3), E Cundari (3), F Degrassi (3), R
Ricordy (3), T Cornetta (4), R Cozzi (4).
(1) Laboratorio de Genética Toxicológica, Facultad de Biología,
Universidad de la Habana, Cuba; (2) Centro de Investigación y
Desarrollo de Medicamentos-CIDEM, Ciudad de la Habana, Cuba;
(3) Istituto di Biologia e Patologia Molecolari (CNR), Roma, Italia; (4)
Dipartimento di Biología, Terza Universitá de Roma, Roma, Italia. 
E-mail: f.degrassi@caspur.it

Chemotherapy with cytostatic agents is one of the most widely emplo-
yed methodologies in the fight against cancer. This approach includes
the employment of compounds that interfere with the cellular division.
In this sense, the application of techniques that allow to evaluate the
capacity of interfere and/or modify the mitotic cell course, constitutes
a valuable practice in the search of new therapeutically active molecu-
les. Plants are an important natural source of compounds that, poten-
tially, can drive to development of new cytostatic drugs. It has recently
been highlighted that complex mixtures present in vegetal extracts can
have an even greater therapeutic power than that of the isolated active
principle(s) they contain, due to possible positive interaction with
cofactors present in the mixture. Ex vivo assays demonstrated that the
vegetable species Xanthium strumarium L. possesses an effective anti-
tubulin activity. The aim of the present work is to study the effect of a
hydroalcoholic extract obtained from X. strumarium on CHO cells pro-
liferation, evaluating parameters related to cell cycle progression and
mitotic division. Experimentally, CHO cells cultures were treated with
different extract concentrations and the following parameters were ana-
lyzed: growth of the cellular population, cell cycle progression, mitotic
progression and mitotic spindle morphology. We observed a dose-
dependent inhibition of cell growth and a dose-dependent decrease of
anatelophases, abnormal mitotic spindle assembly and significant bloc-
kade of cellular cycle in G2-M phase. These experimental evidences
are consistent with the in vitro data on X. strumarium extract anti-tubu-
lin capacity and reinforce the valuation of this vegetable species as a
potential source for the development of new cytostatic drugs.
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DD001
SEALER 26 AND ZINC OXIDE EXHIBIT DIFFERENTIAL
RESPONSE RELATED TO GENOTOXICITY USING TWO
CELL LINEAGES IN VITRO 
DA Ribeiro (1,2) ACC Fracalossi (2), LM Oyama (1), JPC Marcondes
(3), DC de Almeida (3), DMF Salvadori (3)
(1) Department of Biosciences, (2) Department of Pathology, Federal
University of São Paulo, UNIFESP,  SP,Brazil; (3) Department of
Pathology, Botucatu Medical School, UNEsP, SP, Brazil
Email: daribeiro@unifesp.br

The purpose of this study was to evaluate whether Sealer 26 and zinc
oxide powder induce genetic damage in vitro. Genotoxicity was
assessed by single cell gel electrophoresis (comet assay). Chinese ham-
ster ovary (CHO) or murine fibroblast cells were exposed to increasing
powder concentrations ranging from 10-1000 µg/mL and liquid from
Sealer 26 in increasing concentrations ranging from 0.1 to 10%. All
treatments were performed for 1 hour at 37oC. Sealer 26 liquid promot-
ed DNA breakage in CHO cells at the highest concentration tested
(10%) and at all concentrations tested in murine fibroblasts. Similarly,
zinc oxide powder induced DNA damage at the highest concentration
tested when compared to negative controls for both cells types evaluat-
ed. However, the powder from Sealer 26 presented no detectable effect
on genotoxicity at all the concentrations tested. In summary, the results
indicated that Sealer 26 and zinc oxide induce genetic damage in vitro,
with more pronounced effect obtained for Sealer 26.

DD002
SLEEP LOSS INDUCES DIFFERENTIAL RESPONSE 
RELATED TO GENOTOXICITY IN MULTIPLE ORGANS OF
THREE DIFFERENT MICE STRAINS
DA Ribeiro (1), V Kahan (2), ML Andersen (2), TA Alvarenga (2), S Tufik (2)
(1) Department of Biosciences and (2) Psychobiology  - Universidade
Federal de São Paulo (UNIFESP), Brazil
Email: daribeiro@unifesp.br

The present purpose was to determine the genetic damage induced by
paradoxical sleep deprivation (PSD) in three different male mice strain
in peripheral blood, heart, kidney and liver tissues by the single cell gel
(comet) assay. Swiss, C57BL/6j and Hairless mice were submitted to
PSD by the platform technique for 72 hours and DNA damage was
evaluated. Significant statistically differences (p<0.05) for DNA dam-
aging were found in blood cells of Swiss mice strain when compared
to negative controls. By contrast, no significant statistically differences
(p>0.05) were noticed to C57BL/j  or Hairless (HRS/j) mice strains as
depicted by the tail moment data. Regarding the liver, extensive geno-
toxic effects were noticed in the Swiss strain only. Hairless (HRS/j) and
C57BL/j mice strains did not show any signs of genotoxocity for this
organ. The same lack of effect was noted in kidney or heart cells, i.e.,
no statistically significant differences (p>0.05) were detected between
experimental group and the negative controls for all strains evaluated.
In conclusion, our results reveal that sleep deprivation exerted genetic
damage in the form of DNA breakage in blood and liver cells of Swiss
mice strain only. This kind of approach should be considered when test-
ing noxious activitives on genetic apparatus induced by sleep depriva-
tion in mice since the Swiss strain is more suitable for this purpose.

DD003
A MRN/TIP60 COMPLEX INVOLVED IN DNA DOUBLE
STRAND BREAKS REPAIR
Y Canitrot (1), C Chailleux (1),  S Tyteca (1),  C Papin (2), N Puget (3),
C Courilleau (1), M Grigoriev (2), D Trouche (1)
(1) LBCMCP, CNRS UMR 5088 and University of Toulouse, Toulouse,
France; (2) LBME, CNRS UMR 5099 and University of Toulouse,

Toulouse, France; (3) IPBS , CNRS UMR 5089 and University of
Toulouse, Toulouse, France
Email: canitrot@cict.fr

Chromatin modifications and chromatin modifying enzymes are
believed to play a major role in the process of DNA repair. The Tip60 his-
tone acetyl transferase is physically recruited to DNA double strand
breaks (DSB) where it mediates histone acetylation. Here, we show that
Tip60 expression is required for DNA DSB repair through Homologous
Recombination. Tip60 is involved in the formation of Rad50 foci follow-
ing ionizing radiations, suggesting that Tip60 expression is necessary for
recruitment of the DNA damage sensor MRN (Mre11, Rad50, Nbs1)
complex to DNA DSB. Moreover, Tip60 physically interacts with MRN
proteins in a complex which is distinct from the classical Tip60 complex.
Finally the Tip60/MRN complex is rapidly mobilized to chromatin fol-
lowing DNA DSB induction, suggesting that the effects of Tip60 on
DNA repair are mediated within this complex. Taken together, our results
provide important new insights into the role and mechanism of action of
Tip60 in the process of DNA DSB repair.

DD004
THE HUMAN HEPATOMA HEPARG CELLS – RECENT
ADVANCES IN KNOWLEDGE OF MECHANISMS OF 
MUTAGENICITY AND CARCINOGENICITY
L Le Hégarat (1), S Huet (1), J Dumont (2), A Guillouzo (2), V Fessard (1)
(1) AFSSA, Unité de Toxicologie génétique des contaminants alimentaires,
Fougères, France (2) INSERM U620 , Université de Rennes1, Rennes, France
Email: l.lehegarat@afssa.fr

The HepaRG hepatocyte-like cells express various liver specific func-
tions in vitro after differentiation in the presence of DMSO. Various
phase I and phase II metabolism enzymes are express in these cells at
comparable levels to that found in human hepatocytes and higher lev-
els than any other available hepatocytes in vitro models. Therefore,
HepaRG cells represent a promising in vitro model in genetic toxicol-
ogy that should be more predictive for hazard assessment. Recently, we
showed the attractivity of this model to detect human procancerogens
by the comet and the micronucleus assays, especially B[a]P, Aflatoxin-
B1 and PhIP. First, in order to improve the sensitivity of the comet
assay to detect oxidative DNA damage and alkylated bases, we per-
formed the modified comet assay with FormamidoPyrimidine DNA-
Glycosylase (FpG) protein. We found that FpG strongly enhanced
Cyclophosphamide-, B[a]P-, Acrylamide- and Glycidamide-induced
DNA damage in HepaRG cells after 24-h treatment. Whether the comet
assay in its standard version at pH>13, only detects a small fraction of
DNA damage induced by cyclophosphamide and glycidamide, the
response obtained in the comet assay in the presence of FpG was
observed at lower doses and was strongly enhanced at each dose.
Secondly, combined exposure to heterocyclic aromatic amines (HAAs)
in differentiated HepaRG cells was investigated in the comet assay. We
tested different co-exposition scenarios with PhIP, IQ and MeIQx in
HepaRG cells. Whereas only PhIP induced comet formation when
incubated alone, we showed that IQ and MeIQx inhibited PhIP
induced-DNA strand breaks in HepaRG cells. This work was support-
ed by an ANR contract number 06SEST17

DD005
URINARY 8-HYDROXY-2’-DEOXYGUANOSINE, A
METABOLITE OF OXIDIZED DNA, IS NOT ELEVATED IN
INFANTS FED WITH MELAMINE-CONTAMINATED
POWDERED FORMULA
Y Ke, J Cheng, L Li, S Xu, T Wu
Department of Genetic Toxicology, Shenzhen Center for Diseases
Control and Prevention, Shenzhen[Y.K.,J.C.,L.L.], 518020, P.R. China
Department of Occupational and Environmental Health and Ministry
of Education Key Lab for Environment and Health, School of Public
Health, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan[S.X.,T.W.], 430030, P.R. China
Email: keyke@tom.com

Oxidative DNA damage is involved in the process of carcinogenesis.
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There is no evidence in humans for the carcinogenicity of melamine. In
this study, urinary 8-hydroxy-2’-deoxyguanosine (8-OHdG) was meas-
ured to determine if melamine-contaminated formula feeding leads to
oxidative damage to DNA in infants. A cross-sectional study was car-
ried out measuring urinary 8-OHdG in four groups of infants according
to the type of feeding: Infants of observation group 1 and 2 receiving
90% and 50% to 90% of their intake as melamine-contaminated pow-
dered formula, respectively; infants of reference group 1 and 2 receiv-
ing respectively 90% and 50% to 90% of their intake as imported milk
powder formula, which has been proven not to have melamine contam-
ination. The mean spot urinary 8-OHdG levels (micromoles per mole
of creatinine) for the observation groups 1 and 2 and the reference
groups 1 and 2 were: 2.3±1.02, 1.7±0.76, 1.9 ±0.85 and 2.1±1.10
(mean ± standard deviation), respectively. No significant difference in
mean urinary 8-OHdG excretions was observed among the four groups.
In addition, no correlation between mean urinary 8-OHdG excretions
and percentage of melamine-contaminated powdered formula intake
was observed. Our data suggest that melamine does not lead to oxida-
tive damage of DNA in infants.

DD006
MICRORNAs IN HUMAN IRRADIATED LYMPHOCYTES:
TIME AFTER IRRADIATION AND MICROGRAVITY INCU-
BATION MODULATE MICRORNA EXPRESSION
C Girardi (1), S Casara (1), C De Pittà (1), L Celotti (1, 2), M Mognato (1)
(1) University of Padova, Department of Biology, Italy; (2) National
Laboratories I.N.F.N of Legnaro, Padova, Italy
Email: cristina.girardi@unipd.it

Cell response to ionising radiation (IR) depends both on genetic and
physiological features of the biological systems, and on environmental
conditions occurring during DNA repair. In this work we analysed the
profile of microRNAs of peripheral blood lymphocytes (PBLs), a class
of short single strand RNAs, whose expression inhibits target protein
translation and regulates a large variety of cellular processes. We iden-
tified the expression changes of miRNAs during repair time (4 and
24h), at two doses of ionising radiation, like early bio-indicator of radi-
ation exposure, and to correlate them with their target levels. In addi-
tion, we investigated if MMG during repair time can modify miRNA
profiles, to provide important information about the risks of human in
space. Microgravity is a condition of weightlessness experienced by
astronauts in space, which can be only simulated on Earth. Our previ-
ous results provided evidences that incubation in modelled micrograv-
ity (MMG) during repair time affects cell survival and mutant frequen-
cy and delays the rejoining of IR-induced DSBs, increasing the geno-
toxic effects of ionising radiation. Our experiments were carried out on
human PBLs, obtained from healthy donors, irradiated with γ-rays at
the doses of 0.2-2Gy and incubated in normal gravity and in parallel
MMG. MiRNA and gene expression profiles were assessed at 4 and 24
h after irradiation by using Agilent Microarray platforms. As reported
in previous works, we confirmed that DNA damages induce up-regula-
tion of miR-34a, which is directly transactivated by p53, and increase
its activity promoting apoptosis. We found others miRNA whose
expression patterns were affected by radiation: cluster of miR-513,
miR-630, miR-188-5p, that are up-regulated after 24h of repair time
with a higher de-regulation after 2Gy of γ-rays. Moreover, we found
some miRNAs specifically deregulated by MMG incubation during
24h of repair time, with the share of MMG on radiation effect that is
opposite in low respect high dose of γ-rays. On the whole, our results
suggest that miRNA expression patterns are function of radiation dose
and repair-time, and the effect of radiation/MMG on miRNA expres-
sion varied according to radiation levels, individual-radiosensivity and
post-irradiation time point.

DD007
OXIDATIVE DNA DAMAGE AND CELL DEATH IN 
PERIPHERAL LYMPHOCYTES FROM PATIENTS 
SUBMITTED TO SURGERY UNDER PROPOFOL OR 
ISOFLURANE ANESTHESIA
MG Braz (1), MA Mazoti (1), J Giacobino (1), LG Braz (2), MF Pinotti
(2), MA Golim (3), JRC Braz (2), DMF Salvadori (1)

(1) Department of Pathology; (2) Department of Anesthesiology; (3) Blood
Center,   Botucatu Medical School - UNESP, Botucatu, São Paulo, Brazil
Email: mgbraz@hotmail.com

To investigate genotoxicity of anesthetics widely used in human sur-
gery has drawn considerable attention because of their possible second-
ary effects. Nothing is known about the oxidative potential of propofol
(PF) on DNA, and there are controversial results regarding the in vivo
isoflurane (ISF) genotoxicity. On the other hand, surgery is often asso-
ciated with a temporary perioperative immunological alteration, and
some anesthetics seem to contribute to a transient lymphocytopenia
after surgery. PF is an intravenous anesthetic used for induction and
maintenance of anesthesia, while ISF is used for maintenance of
inhalation anesthesia. Since both compounds are very used in anesthe-
sia, this study aimed to evaluate their possible genotoxic effect (DNA
strand breaks and purine and pyrimidine oxidation) as depicted by the
comet assay, and whether anesthesia with these anesthetics could
induce apoptosis or necrosis in T lymphocytes, by using flow cytome-
try. The experimental design included 24 patients classified as physical
status ASA I, submitted to otorhinolaryngologic surgery, and under at
least 120 minutes anesthesia. Blood samples were collected at three
moments: before anesthesia, at 120 minutes of surgery, and at the fol-
lowing day of surgery. Tail intensity, as evaluated by the software
Comet Assay II, was considered to estimate DNA damage; lympho-
cytes were phenotyped as CD4+ and CD8+ and also stained with
annexin-V and 7-AAD to detect dead cells. Results demonstrated no
statistically significant difference in the levels of DNA damage and of
oxidized bases among the three moments, for both anesthetics.
Anesthesia with PF or ISF also did not increase the percentage of early
or late apoptosis, and necrosis in both subpopulations of T lympho-
cytes. In conclusion, our data indicated that general anesthesia main-
tained with PF or ISF did not induce DNA damage (DNA strand breaks
and purine and pyrimidine oxidation) in lymphocytes from ASA I
patients submitted to elective surgery. Furthermore, none of the anes-
thetic procedures led to ex vivo death of CD4+ or CD8+ T lymphocytes
after surgery and at the postoperative first day.

DD008
APOPTOSIS, CELL CYCLE PROGRESSION AND GENE
EXPRESSION IN URINARY BLADDER TUMOR CELLS 
SUBMITTED TO IN VITRO TREATMENTS WITH CISPLATIN
AND GEMCITABINE
GN da Silva (1), JPC Marcondes (1), EA de Camargo (1), GA Passos
(2), ET Sakamoto-Hojo (3), DMF Salvadori (1)
1 Dept. Pathology, Botucatu Medical School, UNESP – São Paulo
State University – Brazil; 2 Dept. Morphology, Faculty of Dentistry,
University of São Paulo, Ribeirao Preto, SP, Brazil; 3 Dept. Biology –
FFCLRP - USP, Ribeirão Preto, SP, Brazil.
Email: glenda_silva@yahoo.com

Currently, the combination of cisplatin and gemcitabine is considered a
standard chemotherapeutical protocol for bladder cancer. Nevertheless,
the mechanism by which these drugs act on tumor cells is not com-
pletely understood. The present study was designed to evaluate cellular
and clonogenic survival, apoptotic index, cell cycle and gene expres-
sion in urinary bladder transitional carcinoma (TCC) cell lines, under
different treatment protocols with cisplatin and gemcitabine. Three cell
lines, with different TP53 status, were used: RT4, with wild type TP53,
and established from a low-grade papillary tumor; 5637 and T24 lines,
with mutated TP53, and established from high-grade tumors. Results
showed that: 1) treatment with cisplatin (1µM)  induced apoptosis only
in the wild type TP53 cells (RT4); 2) RT4 was also more sensitive to
apoptosis and presented lower percentage of clonogenic survival when
treated with gemcitabine (1.56µM); 3) the combined treatment (cis-
platin + gemcitabine) induced higher apoptosis rates in the wild type
TP53 cells; 4) G1 cell-cycle arrest was observed in the three cell lines
after treatment with gemcitabine or with combination of both; 5) sig-
nificant cell death (other than apoptosis) was detected in mutant TP53
cell lines after treatments with cisplatin or gemcitabine; 6) lower per-
centage of survival occurred when the antineoplastic compounds were
given in combinations, independently on TP53 status; 7) the combina-
tion of lower concentrations of cisplatin and gemcitabine had the same
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cytological effect than those obtained with high concentrations of each
compound; 8) more significant alterations on gene expression were
observed after combined treatment; 9) mainly genes related to cell pro-
liferation inhibition were affected. In conclusion, it was demonstrated
that treatment with combination of cisplatin and gemcitabine is effec-
tive, despite of tumor-associated TP53 mutations or grade of tumor.
Besides apoptosis, other cell death mechanisms occurred in mutated
TP53 cells treated with these drugs. Since high concentrations of cis-
platin is known to be toxic to the whole organism, the synergism
between low concentrations of cisplatin and gemcitabine is a good
alternative for chemotherapy of TCC. Supported by FAPESP and
CNPq.

DD009
THE ROLE OF ASN 211 RESIDUE IN A CATALYTIC 
MECHANISM OF HUMAN AP ENDONUCLEASE 1
LY Kanazhevskaya (1), VV Koval (1), MK Saparbaev (2), OS
Fedorova (1)
(1) Institute of Chemical Biology & Fundamental Medicine, Siberian
Branch of the Russian Academy of Sciences, Novosibirsk, Russia; (2)
Groupe “Reparation de l’ADN”, UMR 8126 CNRS, Institute Gustave
Roussy, Villejuif, France.
Email: amyp@niboch.nsc.ru

Apurinic/apyrimidinic (AP) sites belong to the most common DNA
lesions arising under the action of UV and ionizing radiation, alkylat-
ing agents and oxygen radicals. In human cells AP endonuclease 1
(Ape1) recognizes AP sites and makes a single nick in the phosphodi-
ester backbone 5’ to the AP site. In our previous study (Pshenichnikova
et al., 2007) we have investigated the conformational dynamics of wild
type (wt) Ape1 protein. The obtained data suggests the multi-stage
character of recognition of damaged sites in DNA and their incision,
and can explain the origin of the high specificity of the Ape1 enzyme.
It was suggested earlier (Rothwell et al., 1996) that Asn-211 residue of
the Ape1 active site is essential for AP sites binding and DNA cleavage
as well. The goal of present research was to ascertain a role of Asn-211
in the catalytic mechanism of Ape1. We have employed two Ape1
mutants where Asn-211 residue was substituted for alanine or aspartate.
The conformational dynamics of N211A and N211D Ape1 mutants was
investigated by stopped-flow technique combined with fluorescence
detection. Conformational transitions in the protein molecule were fol-
lowed by changes in the fluorescence intensity of its Trp residues. In
addition, we have used the fluorescent analogue of cytosine, pyrrolocy-
tosine (pyC), introduced into DNA sequence in order to observe a con-
formational dynamics of DNA during enzymatic cleavage. The 12-bp
DNA duplexes 5’CTCTCXCCTTCC3’•3’GAGAGYGGAAGG5’
(where X is G residue, natural AP site or its tetrahydrofuran analogue;
Y is C or pyC residues) were used as specific and non-specific sub-
strates for the Ape1 mutants. The quantitative analysis of fluorescent
data obtained in single-turnover conditions has shown that the rate of
reaction catalyzed by mutant Ape1 proteins is decreased significantly
in comparison with wtApe1. Based on these findings we have shown
that Asn-211 residue is not essential for DNA substrates recognition
and binding but highly required for effective catalysis.

DD010
KINETIC MECHANISMS OF HUMAN AP ENDONUCLEASE
(APE1) AND ITS MUTANT APE1K98A IN NUCLEOTIDE 
INCISION REPAIR PATHWAY (NIR)
NA Timofeyeva, VV Koval, OS Fedorova
Institute of Chemical Biology and Fundamental Medicine, Siberian
Branch of the Russian Academy of Sciences and Novosibirsk State
University, Novosibirsk, Russia.
Email: na_timof@niboch.nsc.ru

APE1 is involved in the alternative NIR pathway that bypasses the gly-
cosylase step. In avoiding formation of a potentially toxic AP-site (AP)
intermediate, NIR may have certain advantages over BER. We ana-
lyzed the conformational dynamics and the kinetic mechanism of
APE1 action on 5,6-dihydro-2’-deoxyuridine (DHU) containing sub-
strate in NIR process. For this purpose the changes of fluorescence

intensity of 2-aminopurine, located in two different positions of the
substrate, were detected. We have shown, that APE1 had at least three
centers for DHU-substrate binding, ~100% of APE1 molecules pos-
sessed a binding activity. Using [32P]-labelled DHU-substrate we have
shown, that only ~15% of APE1 had a catalytic activity towards this
substrate. Probably, APE1 formed three types of complexes with DHU-
substrate, and only one of them was catalytically active.
We have studied the influence of Lys-98 substitution for Ala
(APE1K98A) on kinetic parameters of APE1 action in NIR. As for
APE1 only ~15% of APE1K98A possessed the catalytic activity
towards the DHU-substrate. The cleavage of DHU-substrate by both
enzymes was described by the identical kinetic schemes. The enzyme-
substrate complex formations were followed by fast substrate cleavage
in the catalytically active complex. The rapid isomerisation of the pro-
tein-nucleic complex occurred and followed by the slower conforma-
tional change resulting in the formation of stable enzyme-product com-
plex. Further the limiting process of product release from this stable
complex took place. It progressed very slowly, although we didn’t
detect the Schiff-bases formation. The equilibrium dissociation fol-
lowed the limiting stage. Rate constant of DHU-substrate catalytic
cleavage by APE1 in NIR conditions was comparable with rate con-
stants of tetrahydrofuran and AP containing substrates cleavage in BER
conditions (Timofeyeva et al. JBSD 26, 2009). These data showed NIR
to be the biologically relevant process. The catalytic cleavage of DHU-
substrate by APE1K98A occurred ~200 fold slower in comparison with
APE1 demonstrating the critical role of Lys-98 in the catalysis in NIR.
The research was supported by grants from RFBR (08-04-12211, 07-
04-00191), SBRAS (28, 48), Russian Ministry of Education and
Science (NS-652.2008.4).

DD011
MODELING STUDY OF EFFECT OF AMINOACID 
MUTATION AND COFACTOR STRUCTURE ON THE 
ββ-ELIMINATION STAGE OF CATALITIC CYCLE OF HUMAN
8-OXOGUANINE-DNA GLYCOSYLASE ENZYME OF DNA
REPAIR SYSTEM
YN Vorobjev, AV Popov. 
Institute of Chemical Biology and Fundamental Medicine of  SB RAN,
8 Lavrentiev Ave. Novosibirsk, 630090, Russia
Email: ynvorob@niboch.nsc.ru

The effect of oxidative damages to DNA include miscoding and disreg-
ulation of gene expression and may lead to cancer and aging. Base
excision repair of damaged bases is initiated by DNA glycosylases,
enzymes that recognize lesions and excise the damaged base. The
human  8-oxoguanine-DNA glycosylase hOgg1 plays a prominent role
and excise the 8-oxoguanine (8-oxoG), a major damaged purine, from
DNA. Defects in hOgg1 have been associated with human cancer and
enhanced mutagenesis. Recently it was show that recognition and exci-
sion of damaged bases by DNA glycosylases is accompanied by sever-
al conformational rearrangements that bring the excised damaged base
into enzyme catalytic site, i) initial encounter with DNA and forming
of enzyme/DNA complex with inversion of the damaged base, ii) inser-
tion of several enzyme residues into DNA, iii) enzyme isomerization to
the catalytically competent form, and finally, iv) reaction of  ββ-elimi-
nation to break the damaged DNA strand. At the last stage, the 8-oxoG
base bound to the active site of hOgg1, acts as a cofactor of  the ββ-elim-
ination reaction . It was shown that the rate of  ββ-elimination reaction
increased at least 10-folds by 8-BrG, an 8-oxoG analog [1,2] . In this
work we report  results of computer simulations of  8-oxoG and 8-BrG
in the active site of enzyme to understand the nature of the difference
between  the two compounds. Docking, analysis of interactions of
cofactors and calculations of binding rate are performed for wild type
hOgg1 and three hOgg1 mutants of amino acids in a spatial proximity
to the 8-oxoG  binding pocket. A computational analysis reveals details
of coupling between cofactor nature and structure of hOgg1 mutants at
the ββ-elimination reaction stage. Acknowledgement. This work was
supported by RFBR grants # 09-04-00136 
1. Kuznetsov N.A., Koval V.V., Nevinsky G.A., Douglas K.T., Zharkov
D.O., Fedorova O.S. 2007. J. Biol. Chem. 282: 1029-1038.
2. Fromme J.C., Bruner S.D., Yang W., Karplus M., Verdine G.L. 2003.
Nat.Struct.Biol. 10: 204-211.
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DD012
CHANGES IN EXPRESSION OF GPX AND SOD IN MICE
TREATED WITH CHRONIC DOSES OF 
CYCLOPHOSPHAMIDE 
HAS Oraby (1), AAM Hassan (1), NAF Aboul Maaty (1)
(1) Cell Biology Department, National Research Center (NRC),
Dokki, Cairo, Egypt
Email: amal.a.hassan@hotmail.com

Cyclophosphamide (CP) is an alkylating agent used for the treatment
of malignant and non-malignant disorders. Despite its wide spectrum
of clinical uses, CP also possesses wide spectrum of cytotoxicity to
normal cells not only in patients but also in pharmacists and nurses
occupationally exposed to CP during its production or distribution.
Limited information has been reported on the effect of CP on the
expression of genes specially those coding for antioxidant enzymes
such as superoxide dismutase (SOD) and glutathione peroxidase
(GPX). Changes in levels of expression of these two antioxidant genes,
SOD and GPX were investegated in liver and brain cells of mice inject-
ed intrapritoneally with cyclophosphamide (4 mg/kg) for 5, 10, and 15
consecutive days using reverse transcriptase polymerase chain reaction
(RT- PCR) technology. Results indicated that GPX expression has been
declined in liver cells whereas; changes in SOD gene expression were
comparable to those of the control.  In brain cells, a dramatic depres-
sion in the levels of expression of SOD and GPX occurred after chron-
ic administration of CP for five consecutive days. Further exposure to
CP for 10 and 15 days, up-regulated the expression of GPX and down-
regulated SOD expression compared to the control. Analysis of
SOD/GPX expression ratios recorded a significant increase in the
SOD/GPX expression ratios in liver cells after 15 days of treatment
with CP. A significant decrease in SOD/GPX expression ratios were
also recorded in brain cells after ten and 15 days of treatment. Changes
in the SOD/GPX expression ratios suggested that the liver is more
injured by chronic treatment with CP and that an adaptive response has
developed in the brain cells by upregulating GPX gene expression.

DD013
COMET ASSAY STUDY OF HUMAN LEUKOCYTES
EXPOSED TO OKADAIC ACID
B Laffon (1), V Valdiglesias (1,2),  J García-Lestón (1,2), E Pásaro (1),
J Méndez (2)
(1) Toxicology Unit, Dept. Psychobiology, University of A Coruña, A
Coruña, Spain; (2) Dept. Cell and Molecular Biology, University of A
Coruña, A Coruña, Spain.
Email: blaffon@udc.es

Okadaic acid (OA), a toxin produced by several dinoflagellate species
and responsible for frequent food poisonings associated to shellfish
consumption, is a specific inhibitor of serine/threonine protein phos-
phatases 1 (PP1) and 2A (PP2A) and a tumour promoter in two-stage
carcinogenesis experiments. Although several studies have document-
ed this role of phosphatase inhibition by OA on cell transformation, the
molecular mechanistic basis for the effects induced by OA is not com-
pletely understood and the number of controversial data on OA geno-
toxicity is increasing in the literature. In the present study, the possible
genotoxic effects of OA on human leukocytes were examined. Cells
were treated with a range of OA concentrations (5, 10, 20, 50, 100 and
1000nM) in presence and absence of S9 fraction with the purpose of
determining if this compound acts directly or it needs metabolic activa-
tion. Standard comet assay was used to evaluate DNA strand breaks,
and combination with hOGG1 enzyme incubation enabled the specific
recognition of oxidative damage. Data obtained showed increases in
DNA damage, both strand breaks and oxidative, in all OA treatments in
absence of S9-fraction, significant only for the highest concentrations.
Nevertheless, no differences were found with regard to the control for
any OA concentration in leukocytes cultured with S9-fraction, neither
strand breaks nor oxidative damage. These results suggest that OA can
act as a direct genotoxicity inducer in human leukocytes at the concen-
trations tested. Research supported by Xunta de Galicia (INCI-
TE08PXIB106155PR).

DD014
DIFERRENTIAL DNA REPAIR RESPONSE OF CANCER
CELLS TO CHEMOTHERAPEUTIC DRUGS STUDIED USING
A MULTIPLEX IN VITRO ASSAY - PREDICTIVE VALUE?
A Forestier, B Pons, S Caillat, A-S Belmont, S Sauvaigo
Laboratoire de Lésions des Acides Nucléiques, LCIB (UMR-E3 CEA-
UJF), CEA Grenoble, INAC SCIB LAN, 17 rue des Martyrs, 38054
Grenoble Cedex 9, France
Email: sylvie.sauvaigo@cea.fr

Aim: There is strong indication that the sensitivity of tumour cells to
chemotherapeutic drugs is partly related to their reduced ability to
repair drug-induced damaged DNA. On the other hand cancer cells can
become resistant to drugs by acquiring DNA repair capacity.
Investigating DNA repair is still a challenge due to a lack of appropri-
ate tool that would take into account the complexity of the interplay
between the different repair pathways. In this study we showed that the
multiplex excision/synthesis repair assay we have developed allowed
gaining insights into the complex response of several tumor cells treat-
ed by a panel of genotoxic drugs. Methods: 8 cancer cell lines were
treated by 5 anticancer drugs (20% cytotoxiciy at 72h) and their repair
capacity toward several lesions was investigated using a quantitative in
vitro assay on biochip using cell extracts. We first had to set up the
method that would allow interpretation of the data. Two parameters
were defined: (1) global DNA repair capacity which is total repair
activity that can be measured (2) DNA repair profile which is the con-
tribution to total repair of the different repair pathways (toward photo-
products, cisplatin adducts, oxidized bases, AP sites). We then calculat-
ed for each cell line/drug pair, the ratio treated/non-treated for each
parameter. A range of significance was established that was applied to
each ratio. We could then express the effects of the drugs on DNA
repair (global capacity and profile) according to 3 terms: stimulating,
no effect, inhibitory. Results: at basal state each cell line exhibited a
typical DNA repair profile. Effect of the drugs on DNA repair was not
necessarily correlated with the corresponding cytotoxicity. Roughly,
two categories of responses were observed: (1) global effect of drugs
on repair capacity with no modification of the repair profile, (2) specif-
ic drug effect on certain repair pathways. Repair phenotypes were com-
pared to available data on known mutations in cell regulatory and
repair genes. Conclusion: we hope identifying mutations in driver
genes that direct the response to therapy. Applied to cancer patients this
strategy could help identifying predictive markers of individual
response to chemotherapy.

DD015
IS THERE A WAY TO PREDICT THE CLINICAL OUTCOME
OF DNA STRAND BREAKS GENERATING DRUGS? THE
CASE OF CALICHEAMICIN.
S Galati (1), A Buschini (1), M Lazzaretti (1), P Poli(1), F Ferraro (2),
S Bonomini (2), C Frati (2), P Storti (2), VRizzoli (2), C Rossi (1), F
Quaini (2) 
(1) Department of Genetics, Biology of microorganisms, Anthropology,
Evolution, University of Parma-Italy ; (2) Departments of Internal
Medicine, Hematology and Genetics, University of Parma-Italy
Email: serenagalati@gmail.com

Gemtuzumab Ozogamicin (GO) is a chemotherapeutic agent conjugat-
ed with a cytotoxic antibiotic, calicheamicin. The antibody portion of
GO binds to the CD33 antigen, an adhesion protein found on leukemic
blasts. Binding of the anti-CD33 antibody portion of GO with the
CD33 antigen results in the formation of a complex that is internalized.
The calicheamicin derivative is then translocated into the nucleus and
binds to the minor groove of DNA. This results in DNA double strand
breaks and in cell death. A variable clinical response to GO has been
observed in spite of the presence of CD33 on leukemic cells and this
seems not only related to the presence of membrane proteins involved
in drugs efflux (P-gp/MDR-1). The amount of GO-related DNA dam-
age was evaluated by different methodologies in freshly isolated blasts
from AML patients to identify the possible mechanisms of drug resist-
ance and to correlate the in vitro individual response with the clinical
outcome. For this purpose patients with relapsed leukemia were includ-
ed in the study. The effect of GO was evaluated also in HL60 cells
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(CD33+ acute promyelocytic leukemia). The evaluation of genotoxic
effect in cells exposed to GO was obtained by microscopic visualiza-
tion of DNA damage by Comet Assay. DNA strand breaks were detect-
ed by immocytochemical evaluation of the expression of γ histone AX
(H2AX). The identification of apoptotic cells was performed by annex-
in/PI FACS technique. GO treated HL-60 cells showed high cito- and
geno-toxic effects. Generally, GO induced nuclear damage and cellular
death in a time dependent manner on patients CD33+ blasts. In vivo
drug resistance and low level of DNA damage were associated with
high nuclear damage level, as detected by Comet test and by H2AX
expression. The presence, in some cases, of high levels of early DNA
damage not related to consistent in vitro apoptotic death but showing a
poor clinical outcome, suggests that DNA repair mechanisms or alter-
native death pathways activation could be connected with GO resistant
phenotypes. Better understanding of these systems may provide a use-
ful way to increase CD33+ blast sensitivity against GO and to find effi-
cient therapy combination.

DD016
ANIMAL MODLE FOR AGE-RELATED GENOTOXICITY OF
DIETHYSTILBESTROL
A Fučić (1), R Stojkovic (2), J Katić (1), D Markovic (3), Z Ferencic
(4),  M Koršić (5),  A-M Jazbec (6), M Gamulin (5) 
(1) Institute for Medical Research and Occupational Health, Zagreb,
Croatia; (2) Rudjer Boskovic Institute, Croatia; (3) GlaxoSmithKline
Research Centre Zagreb Ltd., Zagreb, Croatia; (4) Children’s hospital
“Srebrnjak”, Zagreb, Croatia; (5) University Hospital “Zagreb”,
Zagreb, Croatia: (6) Faculty of Forestry, Zagreb, Croatia
Email: afucic@imi.hr

Background: Environmental xenoestrogens pose a significant health
risk for all living organisms. There is growing evidence on different
susceptibility to xenoestrogens in developing and adult organism, but
little is known about their genotoxicity in pre-pubertal mammals.  Aim:
In this study we developed an animal model to show gender and age
specific genotoxcity of a synthetic oestrogen diethylstilbestrol (DES).
Material and methods: Genotoxicity of DES was tested on the reticulo-
cytes of pre-pubertal and adult mice using the in vivo micronucleus
(MN) assay. Diethylstilbestrol had been administered intraperitonealy
(0.05 µg/kg ,0.5  µg/kg and 5 µg/kg) for three days. Animals were sam-
pled 48 h,72 h, 96 h, and 2 weeks after exposure. Results: After the
dose of 0.05 µg/kg of DES pre-pubertal mice showed a significant
increase in MN frequency (P<0.001) while in adults it remained at ref-
erence values (5,3 MN/1000 versus 1,0 MN/1000 reticulocytes). At
doses of 0.5 µg/kg  and 5 µg/kg, MN frequency significantly increased
in both age groups. In pre-pubertal male animals, the MN frequency
remained above the reference values even two weeks after exposure.
Conclusion: Our animal model for pre-pubertal genotoxicity assess-
ment using in the vivo MN assay proved to be sensitive enough to dis-
tinguish age and sex differences in genome damage caused by DES.
Diethylstilbestrol showed to be more genotoxic in prepuberal animals
especially in males.

DD017
INTERLABORATORY COMPARISON OF NUCLEAR BUDS,
NUCLEOPLASMIC BRIDGES AND MICRONUCLEI 
SCORING FOR POTENTIAL FOOD AND ENVIRONEMNTAL
MUTAGENS;benzo(a)pyrene , 2-amino-1-methyl-6- 
phenylimidazo[4,5-b] pyridine and 2-amino-3-methyl- 
imidazo[4,5-f]-quinoline
J Katic (1), E Cemeli(2), A Baumgartner(2), J Laubenthal (2), I
Bassano (2), S Berntsen (3), B Granum(3), E. Namork(3), U C
Nygaard (3), M. Løvik (3), D van Leeuwen (4), K Vande Loock (5), M
Kirsch-Volders (5), D Anderson (2), A Fučić (1), I Decordier (5)
(1) Institute for Medical Research and Occupational Health, Zagreb,
Croatia; (2) University of Bradford, Department of Biomedical Sciences,
Bradford, UK; (3) Norwegian Institute of Public Health, Oslo, Norway;
(4) Department of Health Risk Analysis and Toxicology, Maastricht
University, Maastricht, the Netherlands; (5)Vrije Universiteit Brussel,
Laboratorium voor Cellulaire Genetica, Brussels, Belgium.
Email: jkatic@imi.hr

BACKGROUND: Continous increase in cancer incidence reported
worldwild is providing evidence that only small proportion of cancero-
genesis can be attributale to genetic traits. Particulary critical period is
intrauterine development where maternal exposure to food and/or envi-
ronmental genotoxicants might contribute to health risk in the unborn
child and programed onset of diseases occuring later in life. Within the
NewGeneris framework programme, biomarker technology is used to
evaluate, early effects of, and individual susceptibility to, a selection of
food and/or environmental genotoxicants. The in vitro micronucleus
assay, a well-validated method, is being used for the screening of poly-
cyclic aromatic hydrocarbons and heterocyclic amines. METHODS:
Blood samples were collected from 60 healthy adult male and female
donors ranging from 20 to 35 years old. Peripheral blood lymphocytes
were isolated from whole blood, and three selected chemicals:
Benzo[a]pyrene (BaP), 2-amino-1-methyl-6-phenylimidazol[4,5-
b]pyridine (PhIP) and 2-amino-3-methylimidazol[4,5-f]quinoline IQ
were tested by in vitro micronucleus assay with S9 for several doses
(1%, 10% and 100%). Micronucleus assay was performed and slides
were scored according to the criteria defined by Fenech and Morley
1985 and Fenech et al.  2003. The slides were manually scored at the
University of Bradford and the Institute for Medical Research and
Occupational Health in Zagreb. RESULTS: Dose- dependent increase
in MN frequency in binucleates (BiMN) was observed for BaP and IQ,
but the differences were not statistically significant. There is only sig-
nificant increase of BiMN at concentration of 1% for PhIP chemical.
BaP, PhIP and IQ did not generate MN in mononucleated lymphocytes,
nuclear buds and CBPI. CONCLUSION: Interlaboratory collaborative
study was performed in order to reduce heterogeneity and give more
objective results of scoring and therefore increasing accuracy of
results. At our experimental conditions  BaP and IQ we were not able
to detect their genotoxicity. As S9 fraction was used for all tested com-
pounds, the difference in detected genotoxic effect may be influenced
by potency of S9 to activate all compounds with the same efficiency.

DD018
MICRONUCLEI FREQUENCY AND GENE EXPRESSION IN
CHILDREN EXPOSED TO AIR POLLUTION
F Gallo (1)*, S Moretti (2)°, M Fenech (3), S Bonassi (2)
(1) Unit of Molecular Epidemiology, National Cancer Research In sti -
tute, Genoa, Italy;  (2) Unit of Molecular Epidemiology, National Can  -
cer Research Institute, Genoa, Italy;  (3) CSIRO Human Nutrition,
Gate 13, Kintore Ave, Adelaide BC 5000, South Australia.
*The work of FG was supported by the fellowship of the Italian
Neuroblastoma Foundation. °NewGeneris: EU 6th Framework Programme
Contract no. FOOD-CT-2005-016320 http://www.newgeneris.org
Email: fabio.gallo@istge.it

The Teplice area in the Czech Republic is a mining district whit high levels of
air pollution including airborne carcinogens. This environmental threat may
impact human health [1]. Gene expression analysis and micronuclei (MN) fre-
quency was measured in lymphocytes of children living in this area and com-
pared with a similar group of children living in the much less polluted area of
Prachtice [2]. The raw and transformed data files were downloaded from
http://www.ncbi.nlm.nih.gov/GEO [2]. Aim of this study has been to
investigate the association between the frequency of MN in peripheral
blood lymphocytes and a list of 20 candidate genes which were report-
ed in the literature to be associated with chromosome malsegregation
(BUB1, Cyclin2E, hCDC4, Face-1, TP53, WAF1, BAX, TPX2, PRC1,
CDC2, FOXM1, KIF20A, AURKB, NEK2, H2AFX, CDC20, ZWINT,
CCNB1, CCNB2 and AURKA). The role of major covariates such as
area, gender, and age, as effect modifiers of this association was eval-
uated. Only 16 of 20 genes were found into microarrays database. First
of all, univariate statistical parameters were evaluated, linking gene
expressions to MN frequency (Pearson correlation). After this, the
association between chromosome malsegregation and gene expression,
taking into account the influence of the area, gender, and age, was
investigated according to a binomial negative regression model. The
extent of linear correlation between MN frequency and the expression
level of the 16 gene investigated was quite low, never reaching the
threshold of statistical significance. The differential expression analy-
sis did not show statistically significant difference for any of the
covariates included in the model. The binomial negative regression
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model confirmed the association between MN frequency and region
and age (p-value < 0.01). The Likelihood ratio tests showed a statisti-
cally significant interaction between the expression of TP53 gene and
gender (p-value < 0.02).
1. van Leeuwen,D.M. et al. (2006) Genome-wide differential gene expres-
sion in children exposed to air pollution in the Czech Republic.Mutat. Res.,
600, 12–22.
2. van Leeuwen D. M., et al. (2008) Genomic analysis suggests higher sus-
ceptibility of children to air pollution. Carcinogenesis., 29 977–983.

DD019
ALDOSTERONE ACTIVATES NF-�B IN KIDNEY CELLS
THROUGH NADPH OXIDASE-MEDIATED OXIDANT 
PRODUCTION.
N Queisser (1), N Schupp (1), H Stopper (1), P Oteiza (2)
(1) Department of Toxicology, University of Würzburg, Germany; (2)
Department of Nutrition and Department of Environmental Toxicology,
University of California, Davis, USA.
Email: queisser@toxi.uni-wuerzburg.de

An inappropriate increase of the mineralocorticoid aldosterone (ALD)
can be induced by a stimulated renin-angiotensin system.
Epidemiological exploring the connection between hypertension and
cancer found higher cancer mortality and an increased risk to develop
kidney cancer in hypertensive individuals. This work investigated if
high concentrations of ALD could activate the transcription factor NF-
κB, an oncogenic signal when overstimulated. The incubation of LLC-
PK1 and MDCK kidney cells in the presence of ALD caused a dose (5-
100 nM)- and time (0-4 h)-dependent activation of NF-κB as evaluat-
ed by EMSA. In LLC-PK1 and MDCK cells the maximum nuclear NF-
κB-DNA binding occurred at 100 nM ALD after 30 and 120 min,
respectively. ALD-induced NF-κB activation was inhibited by the
antioxidants lipoic acid (LA) and N-acetylcysteine (NAC), and by the
superoxide scavenger tempol. Significantly, cell oxidant levels, meas-
ured with the probe 5-(and-6)-carboxy-2’7’-dichlorodihydrofluores-
cein diacetate (DHDCFDA), increased in both kidney cell lines upon
treatment with 100 nM ALD. This increase was prevented by LA,
NAC, and tempol. The mechanisms involved in ALD-mediated oxidant
increase and NF-κB activation were investigated. Both, the increase in
cell oxidant levels and NF-κB activation were inhibited by the NADPH
oxidase (NADPHox) inhibitors apocynin (Apo) and diphenyleneiodo-
nium chloride (DPI), and by the protein kinase C (PKC) inhibitor Ro
320432. The results indicate that high levels of ALD can trigger an
increased oxidant production in kidney cells, through the PKC-mediat-
ed activation of NADPHox activating NF-κB. These events could in
part underly the genotoxic actions of ALD.

DD020
MULTIPLE FACTORS FEATURING HYPERSENSITIVITY OF
P53 DEFICIENT CELLS TO TOPOTECAN
M-T Tomicic (1), M Christmann (1), B Kaina (1)
(1) Department of Toxicology, University Medical Center Mainz,
Mainz, Germany
Email: tomicic@uni-mainz.de

Topotecan (TPT), a camptothecin derivative, belongs to the group of
topoisomerase I (topoI) inhibitors and is a relevant anticancer drug.
Previously we showed that the frequency of TPT-triggered apoptosis
depends on the p53 status, i.e. we observed that p53 or one of its target
proteins support the degradation of topoI in the so-called topoI cleav-
able complex, thus making p53 proficient cells more resistant to TPT.
We dissected the apoptotic pathway in great detail and demonstrate that
p53 deficient (p53-/-) MEFs undergo abundant apoptosis (annexin V
fraction) in response to TPT whereas p53 proficient (wt and apaf-1-/-)
MEFs are slightly sensitive and fully resistant to TPT, respectively. In
TPT-treated p53-/- cells the H2A histone variant, H2AX (a hallmark of
stalled replication forks and SSB/DSB formation), was strongly phos-
phorylated. Both Bax stabilization in p53 proficient and Bcl-xL down-
modulation in p53 deficient cells led to cytochrome c release and with
exception of apaf-1-/- cells to caspase-9/-3 activation. Since none of
the cell lines displayed caspase-8 activity, we infer that cells undergo

apoptosis by activating the mitochondrial pathway with caspase-9 cru-
cially involved, as substantiated by experiments with caspase inhibitors
and dominant-negative mutated constructs of caspase-9/-3. In p53-/-
cells caspase-2 was significantly processed, cleaving Bid. In wt and
apaf-1-/- cells neither caspase-2 was active nor Bid was cleaved. Co-
treatment of cells with caspase-3 inhibitor and TPT abolished caspase-
2 activation and Bid cleavage, implying that caspase-2 is processed
downstream of the apoptosome by caspase-3. Although caspase-9 and
-3 were similarly processed in wt and p53-/- cells, only in p53-/- cells
caspase-3 was significantly active. This was due to proteasomal degra-
dation of the anti-apoptotic proteins XIAP and survivin in p53-/- cells.
In accordance, in wt cells TPT-induced apoptosis was enhanced by the
knockdown of XIAP and survivin. Overall, the data show that p53 defi-
cient cells are hypersensitive to TPT because of lack of degradation of
topoI, accumulation of DNA double-strand breaks, down-regulation of
XIAP and survivin, and amplification of the intrinsic pathway via cas-
pase-2-mediated Bid cleavage.

DD21
ERCC1-XPF IS A DETERMINANT FOR CROSSLINK REPAIR
DEFICIENCY AND CISPLATIN HYPERSENSITIVITY IN
TESTIS TUMOR CELLS
S Usanova, A Piée-Staffa, U Sied, B Kaina, B Köberle
Institute of Toxicology, Clinical Centre University of Mainz, Germany
Email: koeberle@uni-mainz.de

Metastatic testicular germ cell tumors (TGCT) are cured in over 75 %
of patients using cisplatin-based combination therapy. In contrast,
almost all other solid cancers in adults are incurable once they have
spread beyond the primary site. The reasons underlying the cisplatin
sensitivity of TGCT are not yet known. Cell lines derived from TGCTs
retain the cisplatin hypersensitivity in vitro, therefore providing a good
model system for investigating the factors controlling cisplatin sensi-
tivity. We previously showed that testis tumor cells have a reduced
capacity to remove cisplatin-induced DNA platination suggesting that
repair deficiency might be a factor for the observed cisplatin sensitivi-
ty. In further studies we found that the nucleotide excision repair
(NER) factor ERCC1-XPF is reduced in testis-tumor cell lines indicat-
ing a possible role of ERCC1-XPF for repair deficiency and cisplatin
sensitivity of testis tumor cells. Cisplatin induces both intrastrand
adducts (IAs) and interstrand crosslinks (ICLs). To investigate repair of
IAs we used the method of DNA slot blotting. Repair of ICLs was
investigated using the Comet assay. We found that repair of IAs is sim-
ilar in the testis tumor cell lines 833K and SuSa compared to the cis-
platin resistant bladder cancer cell line MGH-U1. Repair of ICLs, how-
ever, was significantly reduced in the testis tumor cells compared to the
bladder cancer cell line. To analyse the causal role of ERCC1-XPF for
repair deficiency and cisplatin sensitivity in testis tumor cells we over-
expressed ERCC1-XPF in the testis tumor cell line 833K using a mam-
malian expression vector. Overexpression of ERCC1-XPF increased
ICL repair and made the cells more resistant to cisplatin induced apop-
tosis. In proof of principle experiments we demonstrated that downreg-
ulation of ERCC1-XPF sensitized MGH-U1 bladder cancer cells to cis-
platin. These findings suggest that ERCC1-XPF levels modulate sensi-
tivity to cisplatin and identify ERCC1-XPF as a target for sensitizing
cells to cisplatin and related drugs that cause ICLs.

DD022
DNA POLYMERASES BETA AND LAMBDA AS A POTENTIAL
PARTICIPANTS OF TLS DURING GENOMIC DNA REPLICA-
TION ON THE LEADING AND LAGGING STRANDS
EA Belousova (1), NA Lebedeva (1), G Maga (2), OI Lavrik (1)
(1) Institute of Chemical Biology and Fundamental Medicine,
Lavrentiev pr, 8, 630090, Novosibirsk, Russia; (2) Istituto di Genetica
Molecolare, CNR, I-27100, Pavia, Italy
Email: sheffield@ngs.ru;

The main strategy used by pro- and eukaryotic cells for replication of
damaged DNA is translesion synthesis (TLS). Here, we investigated
TLS activity of the human X-family DNA pols beta and lambda on
DNA duplexes containing different lesions resulted from the oxidative

Abstracts of Posters - DNA damage responses DD001-180

ICEM 2009, August 20-25, Firenze - Italy  131



stress – abasic site, oxoguanine and thymine glycol. We determined
kinetic parameters of native and photoreactive dNTP incorporation
opposite different DNA damages by DNA pols activity in the presence
of Mg(II) or Mn(II) ions. Additionally, we investigated the influence of
hPCNA and hRPA on TLS-reaction. Further, to discriminate the sur-
rounding proteins that could potentially act during TLS in the cell we
applied the photoaffinity labelling approach for modification of Bovine
Testis (BT) and HeLa (RC) extract proteins. We found a limited number
of modification products among the general pool of proteins. It was con-
firmed: (i) by Western blotting that the RC 75-80 kDa crosslinking prod-
uct is the covalent adduct of DNA to pol lambda; (ii) by immunoprecip-
itation with human antibodies that the BT 105 kDa crosslinking product
is PARP1. On the basis of experimental results, DNA pols beta and
lambda can be proposed as a “good” candidates for participation in TLS
process across AP-site, 8-oxoG and Tg during genome DNA replication
on the leading and lagging strands. Moreover, DNA pols beta and lamb-
da can be a components of TLS machine not only during the first stage
of the process (i.e. incorporation of dNMP opposite damage) but on the
stage of processing of uncomplementary 3’-end of primer. Both DNA
pols are very attractive for construction and application of photoreactive
DNA structures for studying TLS process in eukaryotic cellular/nuclear
extracts. This work was supported by a grant from the Russian
Foundation for Basic Research (No. 09-04-00899-a), and program of
Russian Academy of Science “Molecular and cellular biology”.

DD023
DEFECTIVE REPAIR OF 5-HYDROXY-2’DEOXYCYTIDINE IN
COCKAYNE SYNDROME CELLS AND ITS 
COMPLEMENTATION BY E.COLI FORMAMIDOPYRIMIDINE
DNA GLYCOSYLASE AND ENDONUCLEASE III
M Foresta (1,4,*), M Ropolo (1,*), P Degan (1), I Pettinati (1), Y W
Kow (3), A Poggi (2), G Frosina (1)
(1) Molecular Mutagenesis & DNA Repair Laboratori, Istituto
Nazionale Ricerca, Italy (2) Immunology Laboratory, Istituto
Nazionale Ricerca, Italy (3) Department of Radiation Oncology, Emory
University School of Medicine, Atlanta, USA (4) Department of Health
Sciences, University of Genova, Italy. *Joint First Authors.
Email: foresta.mara@gmail.com

Repair of the oxidized purine 8-oxo-7,8-dihydroguanine (8-oxoGua) is
inefficient in cells belonging to both complementation groups A and B
of Cockayne syndrome (CS), a developmental and neurological disor-
der characterized by defective transcription coupled-repair. We show
here that both CS-A and CS-B cells are further defective in repair of 5-
hydroxy-2’-deoxycytidine (5-OHdC), an oxidized pyrimidine with
cytotoxic and mutagenic properties. The defect in repair of oxidatively
damaged DNA in Cockayne syndrome cells thus extends to an oxidized
pyrimidine, indicating a general flaw in repair of oxidized lesions in
this syndrome. The defect could not be reproduced in in vitro repair
experiments on naked oligonucleotides substrates, suggesting a role of
both CS-A and CSB proteins in chromatin remodeling during 5-OHdC
repair. Expression of E. coli formamidopyrimidine DNA glycosylase
(FPG) or endonuclease III (NTH) complemented the 5-OHdC repair
deficiency. Hence, expression of one single enzyme, FPG from E. coli,
stably corrects the delayed removal of both oxidized purines and
pyrimidines in CS cells and represents a possible gene therapy tool.

DD024
DEFECTIVE REPAIR OF 5-HYDROXY-2’DEOXYCYTIDINE IN
COCKAYNE SYNDROME CELLS AND ITS 
COMPLEMENTATION BY E.COLI FORMAMIDOPYRIMIDINE
DNA GLYCOSYLASE AND ENDONUCLEASE III
M Foresta (1,4,*), M Ropolo (1,*), P Degan (1), I Pettinati (1), Y W
Kow (3), A Poggi (2), G Frosina (1)
(1) Molecular Mutagenesis & DNA Repair Laboratori, Istituto
Nazionale Ricerca, Italy (2) Immunology Laboratory, Istituto
Nazionale Ricerca, Italy (3) Department of Radiation Oncology, Emory
University School of Medicine, Atlanta, USA (4) Department of Health
Sciences, University of Genova, Italy. * Joint First Authors.
Email: foresta.mara@gmail.com

Repair of the oxidized purine 8-oxo-7,8-dihydroguanine (8-oxoGua) is
inefficient in cells belonging to both complementation groups A and B
of Cockayne syndrome (CS), a developmental and neurological disor-
der characterized by defective transcription coupled-repair. We show
here that both CS-A and CS-B cells are further defective in repair of 5-
hydroxy-2’-deoxycytidine (5-OHdC), an oxidized pyrimidine with
cytotoxic and mutagenic properties. The defect in repair of oxidatively
damaged DNA in Cockayne syndrome cells thus extends to an oxidized
pyrimidine, indicating a general flaw in repair of oxidized lesions in
this syndrome. The defect could not be reproduced in in vitro repair
experiments on naked oligonucleotides substrates, suggesting a role of
both CS-A and CSB proteins in chromatin remodeling during 5-OHdC
repair. Expression of E. coli formamidopyrimidine DNA glycosylase
(FPG) or endonuclease III (NTH) complemented the 5-OHdC repair
deficiency. Hence, expression of one single enzyme, FPG from E. coli,
stably corrects the delayed removal of both oxidized purines and
pyrimidines in CS cells and represents a possible gene therapy tool.

DD025
LESION RECOGNITION AND CATALYSIS IN BER PATHWAY
INVOLVE MULTIPLE CONFORMATIONAL CHANGES IN
ENZYMES AND DNA
OS Fedorova 
Institute of Chemical Biology and Fundamental Medicine, Siberian
Division of Russian Academy of Sciences, 630090 Novosibirsk, Russia
Email: fedorova@niboch.nsc.ru

Base-excision repair (BER) pathway is one of the main ways to repair
damages of individual DNA bases. The key enzymes in BER are DNA
glycosylases, which recognize a variety of modified or mismatched
bases and catalyze cleavage of the N-glycosidic bond to release the
inappropriate base from the deoxyribose ring. Many glycosylases also
catalyze a beta-elimination (or lyase) reaction to effect strand scission
after the base removal. Subsequent action of apurinic-apyrimidinic
(AP) endonucleases and 3’-phosphodiesterases remove the remaining
sugar fragment to produce a single-nucleotide gap with the proper 3’-
OH and 5’-phosphate termini, a substrate for DNA polymerases. After
the DNA polymerase adds the correct nucleotide, DNA ligase com-
pletes the BER process. Bacterial Fpg and eukaryotic OGG1 are two
proteins that share no sequence homology nor are they structurally sim-
ilar. In spite of this, they both are able to remove 8-oxoguanine, an
abundant pre-mutagenic oxidized nucleobase, from DNA. Recently we
have investigated the conformational transitions in several DNA repair
enzymes, including DNA glycosylases (E. coli Fpg and Nei, human
OGG1) and AP endonucleases (human APE1), and in their DNA sub-
strates by stopped-flow detection of tryptophan and 2-aminopurine flu-
orescence as well as using FRET labels in DNA. DNA substrates con-
tained damaged bases or abasic sites of different natures. In all cases,
multiple transient changes in fluorescence intensities of enzymes and
DNA substrates were observed, indicating sequential conformational
changes in both macromolecules during the catalytic cycle. Detailed
kinetic schemes were derived that describe the mechanisms for sub-
strate recognition and cleavage. A comparison of the fluorescence
traces for wild-type Fpg and its mutant forms F110W and F110A sug-
gests that the search for damaged bases in DNA proceeds through inter-
calation of Phe-110 residue into the DNA helix. This step could initiate
the eversion of the damaged deoxynucleoside into the catalytic center
of enzyme. The research was supported by grants from RFBR (No 08-
04-12211, 07-04-00191), SB RAS (No 28, 48), Russian Ministry of
Education and Science (652.2008.4).

DD026
DNA FRAGMENTATION IN BACTERIA ASSESSED IN SITU
R Santiso (1,2), M Tamayo (1,2), G Bou (3), JL Fernández (1,2)
(1) INIBIC-Genética, Complejo Hospitalario Universitario de A
Coruña, A Coruña, Spain; (2) Laboratorio de Genética Molecular y
Radiobiología, Centro Oncológico de Galicia, A Coruña, Spain; (3)
INIBIC-Microbiología, Complejo Hospitalario Universitario de A
Coruña, A Coruña, Spain.
Email: rebeca.santiso.brandariz@sergas.es
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BACKGROUND AND AIMS: Chromosomal DNA fragmentation,
resulting from massive DNA double-strand breaks, is a hallmark of cell
death. Despite its importance from both a basic research and a clinical
point of view, DNA fragmentation has not been assessed in the micro-
biology laboratory. This may be due to the lack of a simple and rapid
evaluation procedure. Here we present an adaptation of a diffusion-
based assay, developed as a kit, which allows for simple, fast, repro-
ducible and accurate discrimination of bacteria with fragmented DNA.
METHODS: Intact microorganisms were processed using de Micro-
Halomax® kit. In this way, cells were embedded in an agarose micro-
gel on a slide and incubated in a lysis buffer at 37ºC for 5 minutes to
partially remove the cell walls, membranes, and proteins. After wash-
ing, the slide was dehydrated and then stained with a DNA fluo-
rochrome, SYBR Gold. RESULTS: Cells without DNA fragmentation
show nucleoids with DNA loops spreading from a central core, which
corresponds to the residual bacterium, with a compact, microgranular
surface extended peripherally to many branches. Identifying cells with
fragmented DNA have a very big halo of DNA spots radiating from the
residual central core. These results have been seen in several gram-neg-
ative and gram-positive bacteria. Detection of DNA fragmentation was
confirmed by fluoroquinolone treatment and by DNA breakage detec-
tion-fluorescence in situ hybridization (DBD-FISH). Analysis of spon-
taneous DNA fragmentation in Proteus mirabilis cultures, and analysis
of antibiotic or reactive oxygen species induced damage in Escherichia
coli demonstrated the great potential of this procedure to determine
chromosomal DNA fragmentation in microorganisms. CONCLU-
SIONS: Our assay may be useful for the evaluation of DNA damage
and repair as well as cell death, either spontaneous or induced by
exogenous stimuli, including antimicrobial agents or environmental
conditions. Its simplicity, short assay time (50 min), and efficacy makes
this technique useful for the routine determination of DNA fragmenta-
tion and intracellular variation. Applications may be extensive for both
basic and clinical research.

DD027
ASSESSMENT IN SITU OF DNA DOUBLE-STRAND BREAKS
INDUCED BY CIPROFLOXACIN ON CHROMOSOMAL DNA
FROM Escherichia coli 
M Tamayo (1,2,3), R Santiso (1,2), G Bou (3), JL Fernández (1,2)
(1) INIBIC-Genética, Complejo Hospitalario Universitario de A
Coruña, A Coruña, Spain; (2) Laboratorio de Genética Molecular y
Radiobiología, Centro Oncológico de Galicia,  A Coruña, Spain; (3)
Departamento de Biología Celular y Molecular, Universidade da
Coruña, A Coruña, Spain (4) INIBIC-Microbiología, Complejo
Hospitalario Universitario de A Coruña, A Coruña, Spain.
Email: maria.tamayo.novas@sergas.es

Background/Aims: Fluoroquinolones are extensively used antibiotics
that induce DNA double-strand breaks (DSB) by trapping DNA gyrase
and topoisomerase IV on DNA. In bacteria, this effect is usually eval-
uated using biochemical or molecular procedures but not at the single-
cell level. We have assessed ciprofloxacin (CIP) induced chromosomal
DNA breakage in single-cell Escherichia coli by a procedure of direct
visualization of DNA fragments that diffuse from the nucleoid.
Method: We have recently developed a kit (Micro-Halomax® Kit) that
allows the simple and rapid assessment of the presence of fragmented
DNA at the single cell level in microorganisms. Cells immersed in a
microgel on a slide are lysed, stained, and visualized with a fluores-
cence microscope. The nucleoids with fragmented DNA are discrimi-
nated clearly by the peripheral halo of diffused DNA fragments. The
greater the fragmentation, the greater the number of DNA spots and the
greater the circular surface area of diffusion. Results: When the E. coli
strain TG1 was exposed to increasing doses of CIP for 40 min, DNA
damage started to be detectable with the minimum inhibitory concen-
tration (MIC) dose. As the dose increased, the DNA affectation was
clearly visualized immediately after processing, its degree progressive-
ly increasing when rising the antibiotic incubation time. The affectation
level was much higher when bacteria come from liquid LB broth and,
CIP treatment along stationary phase resulted in progressively slower
DNA affectation. CIP-induced DSB were not totally irreversible, and a
progressive repair activity with time was evident. The magnitude of
DNA repair was inversely related to dose. The repair activity was not

strictly related to viability. Four E. coli strains with identified mecha-
nism of reduced sensitivity to CIP were assessed with the procedure,
obtaining DNA fragmentation levels that were inversely related to MIC
dose. Conclusion: The procedure for determination of DNA fragmenta-
tion is a simple and rapid test for studying and evaluating the effect of
quinolones.

DD028
BIOCHEMICAL EVIDENCES INVOLVE DNA POLYMERASE
BETA OF Trypanosoma cruzi IN REPAIR OF OXIDATIVE
LESIONS IN MITOCHONDRIAL DNA
BLF Schamber-Reis (1) , S Nardelli (2), CG Régis-da-Silva (1), PC
Campos (1), GR Franco (1), AM Macedo (1), SDJ Pena (1), S
Schenkman (2), SMR Teixeira (1), CR Machado (1)
(1) Institute of Biological Sciences, Federal University of Minas
Gerais, Brazil; (2) Microbiology, Immunobiology and Parasitology
Department, Federal University of São Paulo, Brazil.
Email: schambermail@yahoo.com.br

During its life cycle, Trypanosoma cruzi must deal with the deleterious
action of reactive oxygen species (ROS) on DNA. ROS can oxidize
guanines to generate 7,8-dihydro-8-oxoguanine (oxoG) that has the
ability to mispair with adenine. If unrepaired, oxoG can lead to trans-
versions during cell division. Specific biochemical pathways were
identified to minimize the mutagenic consequences of oxoG in T. cruzi.
We believe that base excision repair (BER) is essential to maintain an
equilibrium between generation of genetic variability and genome pro-
tection against oxidative genotoxic stress in this parasite. DNA poly-
merase beta (polβ) is strictly involved in BER, and T.cruzi possesses
two mitochondrial polβ (Tcpolβ and TcpolβPAK). We showed that in
vitro DNA synthesis capability for both recombinant enzymes was dif-
ferentially modulated by NaCl and pH. Different from human polβ,
Tcpolβ was unable to synthesize DNA across an oligonucleotide con-
taining oxoG or a 3´ mismatch. We immunolocalized Tcpolβ on kine-
toplast antipodal sites of replicative epimastigotes and amastigotes cel-
lular forms. To further explore Tcpolβ function in vivo, we isolated
clones overexpressing Tcpolβ. Two clones obtained were tested for sur-
vival in presence of DNA replicating blocking agent zidovudin (AZT).
These clones were more sensitive to AZT treatment compared to con-
trol, suggesting that Tcpolβ can incorporate AZT in DNA. This was
confirmed through in vitro experiments, suggesting involvement of this
enzyme in mitochondrial DNA replication. In addition, overexpressing
clones were treated with hydrogen peroxide (H2O2). The treatment
increased survival rate, and a lower level of 8-oxoguanine was detect-
ed in kinetoplast of overexpressing clones compared to control.
Curiously, a possible DNA repair focus of Tcpolβ was identified in the
vicinity of kinetoplast of epimastigotes wild type CL Brener cells after
H2O2 treatment. This focus was not observed after methyl methanesul-
fonate treatment. Lastly, treatment of non-dividing trypomastigotes
with crescent doses of H2O2 directs the polymerase toward to kineto-
plast. The experimental data obtained suggest participation of Tcpolβin
replication of kinetoplast and repair of oxidative damage in mitochon-
drial DNA of T. cruzi.

DD029
USE OF MULTIPLEX OLIGONUCLEOTIDE CLEAVAGE
ASSAY ON SUPPORT FOR SELECTION OF DNA REPAIR
INHIBITORS BY ROBOTIC SCREENING OF CHEMICAL
LIBRARIES 
A-S Belmont (1), C Barette (2), L Sapey-Triomphe (1), B Pons (1), S
Caillat (1), L Lafanechère (2), S Sauvaigo (1)
(1) Laboratoire de Lésions des Acides Nucléiques, LCIB (UMR-E3
CEA-UJF), INAC/SCIB/ LAN, and (2) DSV/iRTSV/CMBA, CEA
Grenoble, 17, rue des Martyrs, 38054 Grenoble Cedex 9, France
Email: sylvie.sauvaigo@cea.fr

Aim: Many studies linked chemoresistance and overexpression of
DNA repair enzymes. Enzymes from Base Excision Repair pathway
and in particular apurinic endonuclease 1 (APE1) are attractive targets
for anti cancer drug development as therapeutic modulation of these
enzymes could potentiate effects of genotoxic drugs. The aim of our
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study was to demonstrate that we could use a multiplex oligonucleotide
(ODN) cleavage assay on support together with nuclear extract to
screen a compound library and find specific inhibitors of human APE1
and human Uracil-N-glycosylase (UNG). Method: 4 ODN fluorescent
duplexes containing tetrahydrofuran (THF) (paired with A), Uracil
(paired either with A or with G) and normal base pairs were addressed
onto streptavidin coated slides in a 96-well platearray format adapted
for robotic handling. Upon action of repair enzymes contained in stan-
dard HeLa nuclear extracts, lesions were cleaved and the correspon-
ding fluorescent signal was released. Automated screening of a chemi-
cal library of small molecules was performed using extracts at 6 µg/ml
and compounds at an average concentration of 200 µM. Results: First,
to develop the assay we had to select a specific DNA repair inhibitor as
positive control. Several molecules were tested (methoxyamine, nitro-
indole carboxylic acid, aminouracil, carboxyuracil,…) and hycanthone
was chosen, due to its strong inhibitory potential on all targeted activi-
ties. The primary screening allowed the identification of about 40
potential hits that exhibited various specificity (specific inhibition of
(U/G) or (U/G and U/A) or (U/G, U/A and THF/A)). It is worth noting
that, as expected, inhibition of THF cleavage was always associated
with inhibition of U cleavage. Conclusion: The identified hits are cur-
rently being extensively characterized. Nevertheless we brought here
the proof of concept that multiplex ODN cleavage assay using cell
extract is a convenient mean for the fast determination of DNA repair
inhibitory properties of small molecules.

DD030
ROLE OF THE APOPTOSIS-MODULATORY MOLECULE
NF-ΚΚB IN DNA REPAIR
M Volcic (1), L Wiesmüller (1)
(1) Department of Gynaecology and Obstetrics, Ulm
Email: meta.volcic@uniklinik-ulm.de

Activation of nuclear factor κB (NF-κB) is part of the DNA damage
signalling network and regulates a cell survival pathway, which,
together with the activation of the cell cycle checkpoints and DNA
repair, allows the cell in cases of limited damage to restore a normal
life cycle (1). It is well known, that NF-κB is activated upon DNA
damage and DNA double-strand breaks (DSBs) in particular via ATM
signalling (2), but very little is known about NF-κB downstream targets
involved in damage repair. With the use of a fluorescence-based recom-
bination test system we systematically studied a potential role of NF-
κB in the repair of DSBs introduced by the meganuclease I-SceI.
Expression of the NF-κB family member protein p65, as well as NF-
κB activation by TNFα or chemotherapeutic exposure (etoposide,
champtothecin and doxorubicin) led to stimulation of DSB repair in
different cell types. This effect was fully repressed by concomitant
expression of the NF-κB antagonist IκBα super-repressor and was
demonstrated to be independent of apoptosis, cell cycle changes, reac-
tive oxygen species, or the chromatin context. To further investigate
this NF-κB specific activity, we applied substrates designed to assay
distinct DNA repair pathways. Interestingly, we found that homologous
recombination (HR) is the DSB repair pathway which is highly up-reg-
ulated by NF-κB. To the contrary, NF-κB had a very small impact on
microhomology mediated non-homologous end joining (NHEJ) as well
as on single-strand annealing (SSA). When we investigated transcrip-
tional NF-κB targets involved in DSB repair by epistatis analysis, our
results did not indicate the involvement of BRCA2 or Ku70. Similarly,
when checking the dual role apoptosis factors and DSB repair modula-
tors Bcl2, Bcl-xL and Bax, we did not find evidence for an involvement
in NF-κB-mediated HR. However, the p65 binding partner BRCA1
was identified to be necessary for NF-κB mediated HR regulation. All
in all, our results provide first evidence for a stimulatory role of NF-κB
in DSB repair with a specific influence on the pathway of HR mediat-
ed by the NF-κB-complex partner BRCA1.
(1) Tschopp; Cell Death Differ. 2006 May; 13(5): 773-84
(2) HabrakenY, Piette J; Biochem Pharmacol. 2006 Oct; 72(9): 1132-41

DD031
GENETIC INSTABILITY IN THE PERIPHERAL 
LYMPHOCYTES AND BUCCAL CELLS OF HEAD AND
NECK CANCER PATIENTS AND THEIR FIRST DEGREE
RELATIVES: INFLUENCE OF XRCC1 Arg399Gln 
POLYMORPHISM?
S Burgaz(1),NA Kocabas (1), E Coskun (1),GD Cakmak (1),F
Cetindag (2), O Sunter (2), H Edinsel (2) 
(1)Gazi Univ.Fac. Pharmacy, Dept. Toxicology, 06330, Hipodrom,
Ankara, Turkey ; (2) Abdurrahman Yurtaslan Oncology Hospital, Dept.
Radiation Oncology, Head and Neck Group, Ankara,Turkey.
Email: burgaz@gazi.edu.tr

It may be important to know the influence of genetic polymorphisms
on chromosome damage with respect to the improvement of cytogenet-
ic biomarkers and also to the identification of at-risk groups. We stud-
ied the baseline micronucleus (MN) and radiation-induced micronucle-
us (Ind-MN) frequencies in lymphocytes and the buccal cell MN fre-
quencies and influence of  XRCC1 gene polymorphism (Arg399Gln)
both for head and neck cancer (HNC) patients (n=59) and their first
degree relatives (FDRs) (n=34) as well as controls (n=31).The XRCC1
alleles were detected using PCR-RFLP technique. For the Ind-MN
assay, blood samples were exposed in vitro to 2 Gy gamma rays (60Co)
at a dose rate of 0.62 Gy/min. The mean(SD)MN and Ind-MN frequen-
cies(‰)in lymphocytes of HNC patients, FDRs and controls were
27.1(9.5), 172.7(44.8),14.1(5.2),169.5(47.1)and 9.0 (6.9), 150.9(43.3),
respectively. Significant differences in baseline MN frequencies
between studied groups were found (p<0.05), however, there were no
differences in Ind-MN frequencies between all groups (p>0.05).
Significant differences in buccal MN frequencies between HNC
patients and FDRs as well as controls were found (p<0.001). Number
of subjects with wild genotype (Arg/Arg), heterozygous subjects
(Arg/Gln) and mutant subjects (Gln/Gln) are 23, 12, 12; 21,14,14 and
8,5,5 for patients, FDRs and controls, respectively. Our data suggest
that MN frequencies in lymphocytes and buccal cells may be predictive
for cancer risk. It might be possible to identify high risk family mem-
bers by analyzing background MN frequencies in lymphocytes but not
in buccal cells. XRCC1 variant genotypes did not significantly modu-
late the frequency of MN in studied groups. Further work is needed to
resolve the importance of other polymorphisms of XRCC1 including
codon 194, as well as other DNA repair systems.

DD032
RH1 ENHANCES RADIOSENSITIVITY THROUGH THE 
ACTIVATION OF ER STRESS AND DNA DAMAGE RESPONSE.
MT Park (1), ET Oh (1), H Lee (1), JH Seo (1) CW Song (2), H-J Park (1)
(1) Department of Microbiology, Center for Advanced Medical
Education by BK21 Project, College of Medicine, Inha University,
Inchon, Republic of Korea; (2) Radiobiology Laboratory, Department
of Therapeutic Radiology/Radiation Oncology, University of
Minnesota, Minneapolis, Minnesota
Email: park001@inha.ac.kr

Background and aims: RH1 (2,5-diaziridinyl-3-(hydroxymethyl)-6-
methyl-1,4-benzoquinone), is a novel anticancer agent, which is acti-
vated by two-electron reductase NAD(P)H quinone oxidoreductase 1
(NQO1). In this study, we observed that RH1 causes clonogenic cell
death in RKO and MDA-MB-231 cells in a NQO1 dependent manner.
Methods: RKO.C human cololectal cancer cells, MDA-MB-231
human breast cancer cells overexpressing NQO1 and A549 human lung
adenocarcinoma epithelial cells were used. The cytotoxicity of RH1
was assessed with clonogenic survival method or PI (propidium iodide)
staining. The effect of RH1 on the response of the cancer cells to irra-
diation was also determined. The effects of RH1 on the apoptotic
machinery or the ER stress response were analyzed with Western blot-
ting or RT-PCR. gamma-H2AX foci formation after the combination
treatment with irradiation and RH1 was analyzed with immunocyto-
chemistry. Results and Conclusions: We also observed that RH1 caus-
es activation of caspase-3 and PARP cleavage leading to apoptotic cell
death. We investigated the possible involvement of ER (Endoplasmic
Reticulum) stress-related unfolded protein in the RH1-induced cell
death and found that RH1 increases the expression of CHOP (C/EBP
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homologous protein) and activates JNK, but causes no change in the
expression of GRP. These results demonstrated that RH1 causes ER
stress pathways leading to cell death Importantly, we observed that
RH1 is not only cytotoxic but it also causes substantial increase in
radiosensitivity of cancer cells. The radiation-induced gamma-H2AX
foci formation was significantly increased and prolonged by RH1, indi-
cating RH1 inhibits the repair of radiation-induced DNA damage. RH1
also increased the radiation-induced expression of p53 and p21. In con-
clusion, RH1 activates caspase and ER stress pathways, thereby induc-
ing apoptosis and clonogeneic cell death. Moreover, RHI enhances the
radiation-induced cell death by inhibiting the DNA damage repair. The
molecular signaling pathways that we elucidated in this study may pro-
vide important information for developing new enzyme-targeting drugs
which not only causes cell death but also sensitizes cancer cells to radi-
ation therapy.

DD033
TELOMERE DYSFUNCTION INDUCED FOCI CORRELATES
POSITIVELY WITH INCIDENCE OF SISTER CHROMATID
EXCHANGES IN CELLS OF FANCONI ANEMIA PATIENTS
I Joksić (1), D Vujić(2), M Guć-Šćekić(2), A Leskovac(3), Sandra
Petrović(3), Z Mikovic(1)
(1) Clinic of Gynecology and Obstetrics „Narodni front“, Belgrade,  Serbia;
(2) Institute for Mother and Child Health Care “Vukan Cupic“, Belgrade,
Serbia; (3)  Institute of Nuclear Sciencies „Vinca“, Belgrade, Serbia;
Email: ivanajoksic@yahoo.com

Telomeres consist of repeated DNA sequences and associated proteins
that lie at the termini of linear chromosomes and are critical to the pro-
tection and stability of internal chromosome sequences, a function
known as telomere “capping”. In capping chromosomes ends, telom-
eres restrict chromosome end resection by exonucleases and prevent
the improper activation of checkpoint response factors and DNA dam-
age response pathways such as homologous recombination (HR) and
non-homologous end joining (NHEJ). Telomeres shorten as cell divide,
but also due to action of restriction exonucleases, oxidative damage
and inappropriate recombination. When telomere shorten to a critical
length, they become uncapped, which can lead to permanent cell cycle
arrest. The development of the “TIF” (telomere dysfunction induced
foci) assay that is based on colocalization of the DNA repair factors
53BP1 and γH2AX with uncapped telomeres enables measurement of
telomere uncapping in different tissues. Our aim was to investigate cor-
relation between homologous DNA recombination processes and func-
tion of telomeres. In nine primary fibroblast cell lines, obtained from
patients presenting with bone marrow failure syndrome and Fanconi ane-
mia clinical and cellular (diepoxybutane- DEB positive) phenotype,
baseline incidence of SCE, T-SCE, γH2AX and TIF were examined. The
average incidence of SCE was 4.42+-0.96, ranging from 3.38 to 6.5 per
cell, whereas incidence of T-SCE was 1.91+-0.81 ranging from 1 to 3.33.
Baseline level of γH2AX foci was 2.27+-1.55 ranging from 0.8 to 4.2,
whereas average incidence of TIF was 2.97+-1.47, ranging from 1.44 to
5 per cell. Statistically significant positive correlation between incidence
of SCE and TIF was observed (0.77 p<0.05) indicating a connection
between uncapped telomeres in these cells and homologous recombina-
tion, a link which should be further investigated.

DD034
ROLE OF DNA POLYMERASE KAPPA IN THE CYTOTOXIC
PROCESSING OF O6-METHYLGUANINE IN HUMAN CELLS
I Ventura* (1), E Lupari* (2), F Marcon (3), G Aquilina (1), E Dogliotti
(2), M Bignami (1), P Fortini (2).
(1) Unit of experimental and computational carcinogenesis, ISS, Ro me,
Italy; (2) Unit of environmental epidemiology, ISS,  Rome, Italy; (3)
Unit of  genetic toxicology, ISS, Rome, Italy; 
*These authors equally contributed to this work
Email: paola.fortini@iss.it

N-methyl-N-nitrosourea (MNU), a SN1-type alkylating agent, is able
to react with both nitrogen and oxygen atoms of DNA bases generating
approximately 80 % of  N-methyl purines and 10% of O6-methylgua-
nine (O6-meGua).  O6-meGua is the primary cytotoxic and mutagenic

lesion after MNU exposure in human cells. The detrimental effects of
O6-meGua are due to the erroneous processing of O6-meGua/T mis-
pairs by mismatch repair (MMR). This pathway  was recently found to
be involved in the generation of single-stranded DNA (ssDNA) gaps
which are recognized by RAD51. The potential involvement of Y-fam-
ily DNA polymerases in the cytotoxic and mutagenic processing of O6-
meGua has been investigated in vitro, but little is known on their role
in vivo. Down-regulation of DNA polymerase κ (polκ) was achieved
by siRNA in the human cell lines HeLa and A2780. Knock-down of pol
κ sensitized both cell lines to killing by MNU, although no significant
difference in mutagenesis was observed. The association between in -
creased toxicity and the presence of O6-meGua in DNA, was strongly
suggested by  a) the requirement of O6-benzylguanine, an O6-methyl-
guanine-methyltransferase inhibitor, to detect sensitization after MNU
and b) the less pronounced modulation of killing by methyl-methane-
sulfonate, a poor inducer of O6-meGua. After MNU-exposure, a  high-
er fraction of RAD51 foci was observed in polκ-downregulated HeLa
cells compared to the native counterpart. These results were not asso-
ciated to an increase of γ-H2AX foci and SCE levels, markers of
homologous recombination pathway, suggesting  a non canonical func-
tion of RAD51. In addition, polκ-downregulation did not affect the cell
cycle profile, as verified by FACS, although a delay in the progression
through all cell cycle phases was observed after MNU treatment. It has
been recently  suggested that translesion synthesis polymerases are also
able to assist DNA lesions bypass outside of S-phase, catalysing post-
replicative filling-in reactions of ssDNA gaps,  left behind the replica-
tion fork. All together our data strongly suggest that polκ could have a
role in the extension reaction of ssDNA gaps opposite O6-meGua in a
post-replicative manner.

DD035
N-METHYLPURINE DNA GLYCOSYLASE AND ITS 
POTENTIAL ROLE IN THE MECHANISM BEHIND THE
GENOTOXIC THRESHOLD OF ETHYL 
METHANESULFONATE.
ZM Zaïr (1), GJ Jenkins (1), SH Doak (1), E Gocke (2), L Müller (2),
GE Johnson (1) 
(1) Institute of Life Science, School of Medicine, Swansea University,
Singleton Park, Wales, SA2 8PP, UK. (2) F. Hoffmann-La Roche Ltd,
Preclinical Research, PRNOBT, Bldg 073/215, CH4070 Basel, Switzerland.
Email: z.zair@swansea.ac.uk

Background: Alkylating agents are exploited for their DNA damaging
properties. At high doses they are used as anticancer agents, while at
low concentrations they can be found as residual impurities in drug
manufacture. Ethyl methanesulphonate (EMS) and ethylnitrosourea
(ENU) are model alkylators used for the study of genotoxicity. With
low nucleophilicity, ENU predominantly reacts with both oxygen and
nitrogen atoms. EMS, having high nucleophilicity, chiefly reacts with
nitrogen, ethylating the N7 position of guanine (N7G). N7G is associ-
ated with the induction of chromosomal damage and cytotoxicity. At
low concentrations a threshold in clastogenicity was observed with
EMS and not ENU in vitro and in vivo. Here we propose the involve-
ment of DNA repair as a mechanism of action behind the threshold
response. Aim: DNA repair of N7G is carried out by N-methylpurine
DNA glycosylase (MPG). To identify whether DNA repair is responsi-
ble for cellular resistance to low levels of EMS, MPG-knockdown cell
lines were constructed and tested. Method: shRNA: MPG shRNA
clones (Sigma-Aldrich) were transfected into AHH-1 cells and trans-
formants with puromycin resistance were selected. Gene expression
studies: AHH-1 cells were seeded for 24 h and dosed with increasing
EMS concentrations for one cell cycle. Total RNA and protein were
isolated and analysed. Micronucleus assay: AHH-1 cells were cul-
tured/dosed as before. 3µg/ml cytochalasin B was added to each flask
during dosing. Micronucleate/Binucleate cells were scored with the
Metafer automated system. Results: Gene expression studies using
human lymphoblastoid cells revealed EMS but not ENU to induce up-
regulation of MPG mRNA and protein. shRNA experiments yielded
MPG knockdown of 47% (MPG09I) and 73% (MPG09B), relative to
the AHH-1 parent cell line. Toxicology studies showed a loss of a
threshold response in both MPG09I and MPG09B cells treated with
EMS and no altered response to the clastogenic effects exerted by
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ENU. Conclusion: EMS induced DNA damage results in the up-regu-
lation of the MPG repair enzyme. Cells deficient in MPG contain a
greater number of clastogenic lesions when compared to MPG profi-
cient cells, suggesting N7G to be the clastogenic lesion responsible for
the threshold observed for AHH-1 cells exposed to EMS.

DD036
CYTOTOXIC EFFECTS OF DOXORUBICIN ON 
XPD-DEFICIENT HUMAN FIBROBLASTS
TN Guecheva (1), MH Agnoletto (1), LZ Batista (2), H Carvalho (2), G
Amarante-Mendes (3), JAP Henriques (1), CFM Menck (2), J Saffi (1,4)
(1) Biophysics Department, UFRGS, Porto Alegre - RS, Brazil; (2)
Department of Mirobiology and (3) Department of Imunology, USP,
São Paulo - SP, Brazil; (4) Laboratory of Genetic Toxicology -ULBRA,
Canoas-RS, Brazil.
Email: tgesheva@gmail.com

Doxorubicin is one of the commonly used chemotherapeutic drugs
with a wide spectrum of activities against solid tumors and lymphomas.
The cellular metabolism of doxorubicin generates reactive oxygen
species (ROS) with potential to damage DNA. DNA repair capacity of
the cells is important not only for preventing malignant transformation
but also for its influence on the response to chemotherapy. Among sev-
eral DNA repair pathways, the nucleotide excision repair is the most
versatile one in repairing of bulky adducts and other types of damage
like oxidative lesions. The aim of this study was to evaluate the role of
ROS on the sensitivity of XPD-deficient fibroblasts to doxorubicin. For
this purpose, cell lines carrying different mutations in the XPD gene as
well as the repair proficient MRC5 cell line were employed. Flow
cytometry analysis (FACS) after 48, 72, and 96 h of DOX treatment
revealed an intensive arrest at G2 in MRC5 cells and increased sub-G1
population in XPD-deficient cells. The increased apoptosis induction
was also confirmed by morphological analysis after acridine orange
staining. Pre-treatment with the radical scavenger N-acetylcysteine had
no effect on the cell cycle distribution after DOX treatment, indicating
that free radicals release does not seem to be involved in apoptosis
induction by DOX in our experimental conditions. The oxidative DNA
damage induced by DOX was studied in the modified comet assay
including incubation with the enzymes formamidopyrimidine DNA-
glycosylase (Fpg) and endonuclease III (Endo III). The increment in
the DNA damage score after enzymes incubation represents the exten-
sion of the oxidative DNA damage. The continuous DOX treatment
during 24, 48 and 72 h lead to DNA breaks accumulation. However, the
incubation with the enzymes Fpg and ENDO III did not increase sig-
nificantly the DNA migration, suggesting that the accumulated strand
breaks did not result from oxidative damage. Our results indicate that
the increased sensitivity of XPD-deficient cells to DOX in our study
cannot be related to ROS-induced damage or cell death. Work support-
ed by CNPq, CAPES and FAPESP.

DD037
DNA DAMAGE IN HUMAN HEPATOMA CELL LINE
(HEPG2) AND PERIPHERAL BLOOD LYMPHOCYTES
AFTER MICROCYSTIN-LR EXPOSURE
B Žegura (1), G Gajski (2), V Garaj-Vrhovac (2), M Filipič (1)
(1) National Institute of Biology, Department for Genetic Toxicology
and Cancer Biology, Večna pot 111, Ljubljana, Slovenia; (2) Institut for
Medical Research and Occupational Health, Ksaverska cesta 2,
Zagreb, Croatia
Email: bojana.zegura@nib.si

Microcystins (MCs), naturally occurring cyanobacterial hepatotoxic
cyclic heptapeptides, present acute and chronic hazards to animal and
human health. The primary mechanism of MCs toxicity is specific inhi-
bition of serine/threonine protein phosphatases (PP1 and PP2A). In
addition to protein phosphatase inhibition, MCs can cause oxidative
stress by increasing the formation of reactive oxygen species (ROS)
and by modifying intracellular antioxidant enzymes. MCs are consid-
ered to be liver specific toxins, because they enter cells through the
multispecific transport system for organic anions and bile acids. In the
present study the genotoxic activity of microcystin-LR (MCLR) on

human hepatoma cell line (HepG2) and human peripheral blood lym-
phocytes was investigated. The cells were exposed to non-toxic con-
centrations of the toxin for 4, 6 and 24 hours and the amount of DNA
strand breaks was evaluated using the comet assay. The induction of
DNA strand breaks in HepG2 cells was dose ( 0.01, 0.1 and 1 µg/ml)
and time dependent with the maximal DNA damage detected after 4
hours of exposure. The amount of strand breaks declined with further
incubation and after 24 hours we did not detect difference in DNA
damage between toxin-exposed and control cells. In human lympho-
cytes higher concentrations of MCLR (0.1, 1 and 10 µg/ml) and longer
exposure times were needed to induce DNA damage. The results
showed that DNA strand breaks induced by MCLR were transiently
present probably as intermediates formed during DNA repair. Human
hepatoma cells and human lymphocytes have different sensitivity
towards cyanobacterial peptide MCLR.

DD038
THE INFLUENCE OF MICROCYSTIN-LR ON HEPG2 CELL
PROLIFERATION AND MICRONUCLEUS FORMATION
B Žegura, N Sever, K Kološa, M Filipič
National Institute of Biology, Department for Genetic Toxicology and
Cancer Biology, Večna pot 111, 1000 Ljubljana, Slovenia
Email: bojana.zegura@nib.si

Microcystins (MCs) are hepatotoxic cyclic heptapeptides produced by
freshwater cyanobacteria. They are inhibitors of serine/threonine pro-
tein phosphatases 1 and 2A and are involved in liver tumour promotion.
Several recent studies, including ours, indicated that MCs are genotox-
ic and may also act as tumour initiators. In the present study the geno-
toxicity of microcystin-LR (MCLR) was evaluated using the cytokine-
sis-block micronucleus (CBMN) assay. MCLR (0, 0.01, 0.1, and 1
µg/ml) induced dose dependent increase of MNi formation in HepG2
cells after 16 h of exposure. To our knowledge this was the first study
where the effect of MCLR on nucleoplasmic bridges (NPBs) and
nuclear buds (NBUDs) formation was evaluated. A slight but insignif-
icant increase in the frequency of NPBs after MCLR exposure was
observed, while there were no differences in the number of NBUDs
compared to control. The result confirms that MCLR is clastogenic,
and the increase of NPBs indicates that MCLR can induce also DNA
mis-repair and/or chromosome rearrangement. Exposure of HepG2
cells to MCLR also reduced the mitotic index. With the MTT assay we
found that MCLR dose dependently reduced cell growth compared to
the control, which was statistically significant after 72 and 96 h of
exposure. With the immunostaining with the primary mouse antibody
against Ki67 protein, which is a proliferation marker, we confirmed the
decrease in cell division after exposure to MCLR. Using flow cytome-
try we showed that exposure to MCLR affected the cell-cycle distribu-
tion in HepG2 cells, resulting in cell arrest in the G0/G1 phase and
decreased number of cells in G2/M phase at 24 h exposure compared
to the control group. These data together with the data of our previous-
ly published studies provide additional evidence that MCLR should be
considered as genotoxic toxin. The MCLR induced G0/G1 cell arrest is
in line with its DNA damaging potential as it may indicate the arrest of
cell-cycle progression, as a response to DNA damage to allow time for
DNA repair.

DD039
INTERACTION OF DNA TOPOISOMERASE I WITH DNA
INTERMEDIATES AND PROTEINS OF BASE EXCISION
REPAIR
NA Lebedeva (1), NI Rechkunova (1), K Agama (2), Y Pommier (2),
OI Lavrik (1)
(1) Institute of Chemical Biology and Fundamental Medicine,
Novosibirsk; Russia; (2) National Cancer Institute, National Institutes
of Health, Bethesda.
Email: nataleb@niboch.nsc.ru

DNA topoisomerases are involved in multiple cellular processes
including replication, transcription and recombination. These enzymes
are required for a solution of the topological problems arising in the
processes of DNA metabolism and influence on their activity.
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Topoisomerase I (Top1) performs cleavage and religation of DNA
strand within specific cleavable site via the formation DNA-protein
covalent intermediate between the catalytic tyrosine residue of the
enzyme and 3’-phosphate of the cleaved strand. Yeast Top1 from
Saccharomyces cerevisiae was shown recently to interact with nicked
and gapped DNA lacking Top1 specific site. Such structures can origi-
nate in cell during the processes inducing DNA damages or during
DNA repair. In the present work the interactions of human and yeast
Top1 with DNA structures imitating base excision repair intermediates
were studied in details. DNA duplexes containing nick or short gap
were designed. To increase selectivity of the protein modification in
cellular and nuclear extracts, circular double stranded DNA containing
uracyl residues distributed statistically within one strand was synthe-
sized using M13 mp19 phage DNA. DNA structures with single strand
breaks were produced by the treatment of dUMP containing DNA with
purified uracyl DNA glycosylase and apurinic/apyrimidinic endonucle-
ase or endogenous enzymes of cellular extracts. Circular DNA was
shown to crosslink with cellular extract proteins more selectively than
short DNA duplexes. Major modified product in bovine testis nuclear
extract was identified as Top1 by immunoprecipitation with polyclon-
al antibodies against Top1. The level of Top1 modification decreased
when purified poly(ADP-ribose) polymerase (PARP1) was added in
the extract. The data obtained suggest that PARP1, one of the main nick
sensors in mammalian cells, can compete with Top1 for available sin-
gle strand breaks in DNA, so inhibits the formation of Top1-DNA sui-
cide adduct. This work was supported by a grant from the RFBR (07-
04-00389, 09-04-91320), BRHE fellowship (PHΠ.2.2.2.3.10031) and
HRJRG-102.

DD040
GENOTOXIC AND CELLULAR SIGNALLING RESPONSES
FOLLOWING EXPOSURE TO ULTRAFINE 
SUPERPARAMAGNETIC IRON OXIDE NANOPARTICLES
SH Doak (1), N Singh (1), R Asadi (1), PM Williams (2), SM Griffiths
(1), CJ Wright (2), GJS Jenkins (1)
(1) Institute of Life Science, School of Medicine, Swansea University,
Singleton Park, Swansea, SA2 8PP, Wales, UK; (2) Multidisciplinary
Nanotechnology Centre, School of Engineering, Swansea University,
Singleton Park, Swansea, SA2 8PP, Wales, UK.
Email: s.h.doak@swansea.ac.uk

Background: Ultrafine superparamagnetic iron oxide nanoparticles
(USPION) have a range of potential medical applications including a
contrast enhancing agent for magnetic resonance imaging, targeted
drug delivery vehicles and in magnetic tumour ablation (hyperthermia).
To enhance their biocompatibility and maximise cell internalisation,
these nanoparticles are often coated with dextran (dUSPION). Expo -
sure to dUSPION may therefore occur occupationally (health care
practitioners or during manufacture), and clinically (during diagnostic
imaging or treatment). The current study investigates the consequences
of intracellular dUSPION localisation on iron homeostasis signalling
pathways and DNA integrity. Methods: Physico-chemical characteris-
tics of the dUSPION were determined using dynamic light scattering
(size distribution, agglomeration); transmission electron microscopy
(morphology, size, structure); elemental dispersive X-ray analysis
(composition); zeta potential (surface charge). Human MCL-5 lym-
phoblastoid B cells were then exposed to a dUSPION dose range and
subsequent genotoxic effects assessed with the cytokinesis blocked
micronucleus assay. Real-time RT-PCR was utilized to examine the
gene expression profiles of transferrin receptor 1 (TfR1), ferroportin,
hepcidin and ferritin. Results: Following exposure, dUSPION demon-
strated intracellular accumulation in a dose- and time-manner that was
accompanied by a significant increase in micronuclei at sub-cytotoxic
concentrations, and was dependent upon the oxidation state of the iron
oxide. Additionally, changes in cellular signalling were observed, with
down-regulation of TfR1, up-regulation of ferroportin and a dramatic
suppression of hepcidin gene expression. Conclusions: Increased intra-
cellular uptake of dUSPION was associated with significant gross
chromosomal damage. Furthermore, given that TfR1 controls iron
uptake, ferroportin promotes its export and hepcidin blocks iron export,
all gene expression changes in response to dUSPION exposure indicate
a cellular response attempting to reduce cellular iron content.

Interestingly, the effects observed were a function of the iron oxide oxi-
dation state, indicating the importance of subtle differences in nanoma-
terial physico-chemical characteristics.

DD041
REPAIR PATHWAY OF O6-ALKYLGUANINE AND O4-
ALKYLTHYMINE
T Negishi (1), K Taira (1), K Nakano (1), RM Schaaper (2), K Negishi (3)
(1) Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama University, Okayama, Japan, (2) NIEHS, Research Triangle Park,
United States, (3) Nihon Pharmaceutical University, Saitama, Japan
Email: isaka@pheasant.pharm.okayama-u.ac.jp

O6-alkylguanines (O6-alkG) and O4-alkylthymines (O4-alkT) in DNA
caused by alkylating agents are major lesions that induce mutation.
Many types of DNA repair systems in E. coli work to repair alkylated
DNA, such as nucleotide excision repair (NER), base excision repair,
and O6-alkylguanine DNA alkyltransferase (AGT). The mismatch
repair system (MMR) plays an important role in maintaining the high
fidelity of genome DNA. However, the contribution of MMR to the
repair of alkylated bases is unclear. Among E. coli CC series strains,
CC102 is used for the detection of GC to AT transitions that may be
driven by O6-alkG lesions. Using CC102 derivatives defective in AGT,
NER or MMR, we analyzed the repair system responsible for the repair
of O6-alkG. Results showed that O6-methylG was repaired by systems
in the order AGT>>MMR>NER, while ethylated G was repaired by
NER>AGT>>MMR. Data indicated that O6-alkG lesions were
repaired by MMR with low efficiency. Alkylating agents also produce
O4-alkT in DNA. The E. coli CC106 strain can be used to detect the
reverse-mutation, AT to GC, which should be caused by O4-alkT.
Mutant frequencies of CC106 treated with methylating and ethylating
agents were more elevated in the AGT-deficient strain than other
strains, while those with ethylating agents were higher in the NER-
deficient strain. Unexpectedly, mutant frequencies with every alkylat-
ing agent tested were lower in MMR-deficient strains than in MMR-
proficient strains. This result suggests that the MutS protein could not
recognize O4-alkT:G, or rather could recognize the O4-alkT:A base
pair. To examine the involvement of MMR in the absence of AGT or
NER activity, we constructed E. coli strains deficient in both MMR and
AGT or NER. The results obtained using these strains suggest that O6-
alkG is recognized by the MutS protein and removed by another sys-
tem since mutant frequencies increased in MutS-deficient strains, but
not in MutL- or MutH-deficient strains. In contrast, the repair of O4-
alkT might be inhibited by the presence of MMR even if AGT or NER
is deficient. Taken together, a different pathway may contribute to the
repair of O6-alkG and O4-alkT.

DD042
THE DETECTION OF ANEUPLOIDY IN PERIPHERAL
BLOOD LYMPHOCYTES OF CHILDREN WITH CHRONIC
KIDNEY DISEASE
GD Cakmak (1), B Aykanat (1), K Fidancı (2), US Bayrakcı (3), N
Buyan (2), E Baskın (3), H Karakayalı (4), M Haberal (4), S Burgaz (1)
(1)Department of Toxicology, Faculty of Pharmacy, Gazi University,
Ankara,Turkey; (2) Department of Pediatric Nephrology, Faculty of
Medicine, Gazi University, Ankara, Turkey; (3) Department of
Pediatric Nephrology, Faculty of Medicine, Baskent University,
Ankara, Turkey; (4) Department of General Surgery, Faculty of
Medicine, Baskent University, Ankara, Turkey.
Email: goncacd@gmail.com

The incidence of cancer in chronic kidney disease (CKD) found to be
higher when compared to the general population. Also the treatment
with immune supressors after the transplantation treatment might be
another risk factor for cancer development. The mechanism underline
has not been totally known yet. Therefore, the investigation of the
patients with CKD and their treatment approaches is crucial. Among
the CKD patients, children deserve the highest attention as they have to
live with the disease longer and vulnerable to the treatment of CKD.
Thus, we conducted a study involving children; in pre-dialysis stage
(Pre-D) (n=16), on regular hemodialysis (HD) (n=14) and transplanted
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(Tx) (n=15). Cytokinesis blocked micronucleus assay combined with
fluorescence in situ hybridization technique in peripheral blood lym-
phocytes by using centromeric probe was used in this study. The results
revealed that, centromere positive (C+) and centromere negative (C-)
micronucleus frequencies were found to be highest in Pre-D patients.
The significant increase was in Pre-D patients (mean±SD; 5.06±1.44)
vs. Tx patients (2.93±2.58) for C+ micronucleus frequency (p=0.02).
The percentage of C+ micronuclei in total micronuclei was 55%, 65%
and 56% for Pre-D, HD and Tx patients, respectively. Considering the
preliminary results it can be concluded that the treatment in CKD either
by regular hemodialysis or transplantation decreases the genotoxicity.
Furthermore, determining the aneuploidy may be advantageous to clar-
ify the mechanisms of chronic kidney disease.

DD043
DNA DAMAGE IN LYMPHOCYTES OF CHILDREN WITH
CHRONIC KIDNEY DISEASE AND AFTER 
TRANSPLANTATION BY COMET ASSAY
B Aykanat(1), GD Cakmak(1), K Fidancı(2), K Gulleroglu(3), US
Bayrakcı(3), N Buyan(2), E Baskın(3), H Karakayalı(4), M Haberal(4),
S Burgaz(1)
(1)Department of Toxicology, Faculty of Pharmacy, Gazi University,
Ankara,Turkey; (2) Department of Pediatric Nephrology, Faculty of
Medicine, Gazi University, Ankara, Turkey; (3) Department of
Pediatric Nephrology, Faculty of Medicine, Baskent University,
Ankara, Turkey; (4) Department of General Surgery, Faculty of
Medicine, Baskent University, Ankara, Turkey.
Email: toksiko@gmail.com

One consequence of chronic kidney disease (CKD) is an elevated can-
cer risk. There is sufficient evidence to conclude that there is a height-
ened incidence of at least some cancers in dialysis patients. Cancer risk
may be related to an elevated level of genomic damage. The increased
risk of cancer in patients who have had renal transplants has mainly
been attributed to immune supressive therapy. There is no genomic data
which has been demonstrated by some cytogenetic markers in children
with CKD and after transplantation. In this study, the oxidative DNA
damage in peripheral lymphocytes from  17 children in  pre-dialysis
stage (Pre-D) , 14 children on regular hemodialysis (HD) and 17 trans-
planted (Tx) children has been compared by the strand breaks and
endonuclease III (Endo III), formamidopyrimidine glycosylase (FPG)
sensitive sites in Comet Assay. Gender and age were consistent among
the groups. Our results revealed that; strand breaks (tail moment) were
significantly increased in Tx children (mean±SD) (1.10±0.41) vs. chil-
dren on HD (0.79±0.26)(p=0.03). Although the children in Pre-D were
found to have higher sensitive sites against the children on HD and Tx
children, the only significant increase was in FPG sites for the children
in Pre-D vs. children on HD (2.36±3.19 and 0.47±0.54, respectively)
(p=0.04). There was no correlation between the duration of treatment
and the comet parameters evaluated (p>0.05). Regard to our prelimi-
nary results, in children with chronic kidney disease, long-term main-
tenance HD therapy and renal transplantation may reduce the degree of
genomic damage in the name of oxidative DNA damage.

DD044
GENOTOXIC ACTIVITY INDUCED BY VARIOUS H. PYLORI
STRAINS IS ASSOCIATED WITH A DOWNREGULATION OF
DNA MISMATCH REPAIR GENES EXPRESSION
E Touati (1), V Michel (1), A Machado (2), F Bussière (1), C
Figuereido (2) R Seruca (2)
(1) Unité Postulante de Pathogenèse de Helicobacter, Institut Pasteur, 28
rue du Dr Roux, 75724 Paris cedex 15, France, (2) Institute of Molecular
Pathology and Immunology of the University of Porto, Porto, Portugal
Email: etouati@pasteur.fr

Cancer arises from the stepwise accumulation of genetic changes re -
sulting in a loss of the control mechanisms as those governing cell pro-
liferation and genome stability. During its long term persistence in the
host, the Helicobacter pylori infection is though to promote such
events. Using a mouse mutagenesis assay, we previously demonstrated
the induction of a gastric mutagenic effect in H. pylori SS1 infected-

mice after 6 months, mainly attributable to oxydative DNA damage
related to the chronic gastritis observed. The goals of the present study
are i) to identify genetic instabilities events responsible for the geno-
toxic activity associated to the infection, ii) to investigate the effects of
Helicobacter pylori infection on known DNA repair pathways. Big blue
transgenic mice were infected for 3, 6 and 12 months with the H. pylori
strains SS1 or B38, a MALT lymphoma derivative and the mutation
spectra determined. Presence of genetic instabilities was investigated
on 3 (CA)n repeats loci of the mouse genome. Mismatch DNA repair
(MMR) gene expression was analyzed by reverse-transcription poly-
merase chain reaction on RNA isolated from mouse stomach and from
AGS cells infected either with the H. pylori strains SS1 or B38. Our
data demonstrated that as the H. pylori strain SS1, the strain B38 also
induced a gastric mutagenic effect in vivo. However the mutation spec-
tra induced by B38 is mainly composed of GC->AT transition events as
compared to the strain SS1 which induced mostly GC->TA and AT-
>CG transversions. After 6 months of infection, deletion/insertion
events in the CA repeat runs and decreased level of MMR components
are evidenced. Downregulation of MMR genes expression was also
confirmed in vitro, either with H. pylori SS1 or B38. It concerned
mainly Msh2, Msh3 and Msh6 involved in the first steps of the mis-
match repair pathway. In conclusion, H. pylori generates genetic insta-
bilities, and deregulation of DNA repair components as MMR. The
induction of genotoxic events appeared as a common properties of the
H. pylori strains, underlying the role of genetic instabilities in the pro-
motion of gastric neoplasia during the infection.

DD045
OXIDATIVE DNA DAMAGE INDUCED BY 2-NITROPROPANE
IN RAT LIVER: EFFECT OF RESVERATROL ON ANTIOXI-
DANT DEFENCES
M Lodovici, E Bigagli, M Zaid, P Dolara
Department of Pharmacology, University of Florence, Viale Pieraccini
6, 50139, Florence, Italy.
Email: maura.lodovici@unifi.it

Resveratrol is a polyphenolic  compound with potent free radical scav-
enging and antioxidant properties. Recently it  has also been shown to
activate various transcription factors (NF-kB, STAT3, β-catenin and
PPAR-α ), to inhibit protein kinases and induce antioxidant enzymes. We
utilized a single dose of 2-nitropropane (2-NP) (100 mg/kg ) to induced
oxidative DNA damage in rat liver and to investigate the effect of resver-
atrol on oxidative stress parameters and on antioxidant de fences.
Oxidative DNA damage, measured as 8-hydroxy-2’-deoxyguanosine (8-
oxodG) levels in the liver was significantly higher (about 40%) in rats
sacrificed 15 h after 2-NP treatment relative to controls which received
vehicle alone. On the contrary, rats  given  resveratrol (100 mg/kg/d) in
the diet  for  14 d and  treated with 2-NP had 8-oxodG levels similar to
controls. The treatment with 2-NP also induced an increase of antioxi-
dant enzymatic and non enzymatic defences in liver tissue of rats,  super-
oxidedismutase (SOD) activity was about 2.5 fold higher, while total glu-
tathione (GSH) levels were much higher  than those measured in con-
trols. The pre-treatment for 14 d  with resveratrol inhibited the antioxi-
dant defence response and SOD and GSH levels were similar to controls.
Moreover, studying the total plasma antioxidant  capacity by the FRAP
assay, we observed that 2-NP treatment promoted an important increase
of antioxidant capacity partially inhibited when rats were  pre-treated
with resveratrol. Our findings show that 2-NP induces, at least in the
early phase of administration, an antioxidant defence response by both
enzymatic and non enzymatic systems, e.g SOD, GSH. The increase in
oxidative DNA damage found after 2-NP administration could  be
explained by the inhibition of DNA  repair.

DD046
STUDY OF GENOTOXIC EFFECTS AND GENE EXPRESSION
PROFILES IN TK6 HUMAN CELLS EXPOSED TO DNA OXI-
DIZING AGENTS
A Platel (1,2), F Nesslany (1), V Gervais (2), D Marzin (1)
(1) Laboratory of Genetic Toxicology, Institut Pasteur de Lille, France
(2) Servier Group, Drug Safety Assessment, Gidy, France
Email: daniel.marzin@pasteur-lille.fr
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It has been widely accepted in the last few years the existence of
thresholds for indirect DNA-damaging agents. In return, DNA-reactive
agents have been assumed to act through a non-threshold mode of
action, as they directly induce DNA lesions that could be converted
into mutations. However, this does not take into account the existence
of defence and repair mechanisms that provide protection to a certain
extent leading to the possibility of threshold concentration-response
curves for genotoxicity induction. Some authors recently proposed the
possibility of a threshold for alkylating agents (Doak, 2007 - Müller,
2009). In this context our work was to test the hypothesis that DNA
oxidizing agents may also exhibit a thresholded dose-response relation-
ship. Oxidative stress is defined as an imbalance of the cellular redox
homeostasis due to an increased production of reactive oxygen species
and a decrease in antioxidant defences, and results particularly in DNA
damage (such as 8-OH-dG). In order to investigate the different cellu-
lar responses involved in the oxidative stress mechanism, our goal was
to relate genotoxic effects to changes in gene expression profiles after
exposure of human lymphoblastoid TK6 cells to well-known oxidizing
agents. For this, the induction of chromosome damage was investigat-
ed by using the in vitro micronucleus test. Concurrently, transcriptom-
ic analyses were performed by extracting mRNA from the exposed
cells. Results of our genotoxicity assays showed interesting non-linear
dose-effect relationship starting with a range of nonmutagenic doses
allowing the determination of a No Observed Effect Level (NOEL),
and going step-wise up to high doses suggesting the involvement of
several and complementary cellular events. Indeed, the gene expres-
sion profiles reflected the various cellular and molecular responses to
oxidative stress and DNA damage (induction of antioxidant defence
systems, DNA repair pathways, redox regulation, cell cycle control,
cell death...). Overall, our results suggested the existence of dose
thresholds for DNA oxidizing agents and the necessity to combine stan-
dard in vitro genotoxicity assays with gene expression profiling tech-
nology, particularly for human health risk assessment.

DD047
ROLES OF TRYPANOSOMA CRUZI RAD51 IN DNA REPAIR:
REPAIR OF DOUBLE STRAND BREAKS AND OXIDATIVE
LESIONS
D G Passos-Silva (1), SC Nardelli (2), GR Franco (1), AM Macedo (1),
SDJ Pena (1), S Schenkman (2), SM Teixeira (1), CR Machado (1).
(1) Departamento de Bioquímica e Imunologia – ICB – UFMG (2)
Departamento de Microbiologia, Imunologia e Parasitologia – UNIFESP
Email: daniellegps@gmail.com

Rad51 is the central enzyme of homologous recombination. In this
report, we present different roles of Rad51 in the DNA repair of Try -
panosoma cruzi, the etiologic agent of Chagas’ disease. To achieve this
goal, we generated TcRad51 heterozygous knockout cells. Western blot
assays showed a decrease in TcRad51 protein induction after gamma
radiation in the transfected cells, confirming their Rad51 knockout sta-
tus. We then submitted these cultures, along with TcRad51 overex-
pressing cells and wild type cells, to treatment with different genotox-
ic agents. The results demonstrated that TcRad51 protein levels inter-
fere with T. cruzi’s growth after gamma radiation exposure. The lack of
one allele of TcRad51 delays the growth of the parasites while TcRad51
overexpression allows a faster growth recovery. In order to better
understand this process we performed TcRad51 immunolocalization
experiments during the T. cruzi recovery process after gamma radiation
in the different cells. In the wild type cells, TcRad51 accumulates in the
nucleus immediately after the damage and protein signal increases until
it reaches the highest point at 24 hours. However, the TcRad51 het-
erozygous knockout cells presented a delay in the increase of TcRad51
protein intensity and values reached were not as high as the ones
obtained for TcRad51 in wild type cells. On the contrary, the majority
of the TcRad51 overexpressing cells presented higher TcRad51 inten-
sities before and after gamma radiation when compared to wild type
cells. These results indicate that TcRad51 has an important role in dou-
ble strand breaks (DSBs) recovery. We also exposed these cells to ultra-
violet light and cisplatin, both of which are cross-links agents, but these
cells showed a similar sensitivity to that observed for wild type cells.
On the other hand, the overexpression of TcRad51 confers a greater
resistance to hydrogen peroxide treatment while the disruption of one

allele of TcRad51 increases the sensitivity to this agent. Therefore,
TcRad51 plays a role in the repair of oxidative lesions in T. cruzi pos-
sibly through the restart of stalled replication forks during the S phase.

DD048
DNA STRAND CLEAVAGE AND OXIDATIVE DAMAGE
CAUSED BY N-NITROSOPROLINE AND OTHER 
N-NITROSODIALKYLAMINES WITH UVA IRRADIATION,
AND CHARACTERIZATION OF PRODUCTS FORMED IN
THE PHOTO-REACTION OF N-NITROSOPROLINE WITH
2’-DEOXYGUANOSINE
S Arimoto-Kobayashi, K Sano, M Machida
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama University, Japan
Email: arimoto@cc.okayama-u.ac.jp

N-Nitrosoproline (NPRO) is endogenously formed from proline and nitrite
and occurs in human urine at 0.01–0.1 microM. We have detected the
direct mutagenicity of NPRO plus natural sunlight towards S. typhimurium
and found single-strand DNA breaks in human fibroblast cells on treatment
with NPRO plus UVA, as detected by the comet assay. We also have found
that other N-nitrosodialkylamines, such as NDMA, NDEA and NMOR,
can be converted into a directly mutagenic compound on UVA irradiation.
In this study, we treated double-stranded DNA from phage ϕx174 with
nitrosamine plus UVA, and analyzed single strand breaks. We also meas-
ured the formation of 8-oxodeoxyguanosine (8-oxodG) in the treated DNA
of calf thymus, and studied the characterization of photo-products formed
from irradiated 2’-deoxyguanosine (dG) with NPRO.  NPRO was irradiat-
ed using UVA with dG in an acetate buffer (pH 3.7). HPLC-UV analysis
showed that five or more products were formed during the reaction, three
of which were purified and characterized by HPLC/ESI-MS/MS as 2’-
deoxyxanthosine, 2’-deoxyoxanosine and 8-oxodeoxyguanosine.  DNA
damages caused by NPRO and UVA merit attention as possible mecha-
nisms leading to increased carcinogenic risk from sunlight-UVA irradia-
tion. The mechanisms of formation of oxidative damage and strand breaks
caused by irradiated N-nitrosoproline and other N-nitrosamines were also
discussed.

DD049
REACTIVE OXYGEN SPECIES-MEDIATED 
MITOCHONDRIAL DYSFUNCTION AND CELL DEATH IN
RESPONSE TO NANO-SIZED TIO2
SJ Woo, MJ Kim, DY Eum, TH Yoon, SJ Lee
Laboratory of Molecular Biochemistry, Department of Chemistry,
Hanyang University
Email: sj0420@hanyang.ac.kr

Titanium dioxide (TiO2) has been widely used in many areas including
the biomedicine, cosmetics, and environmental engineering. Recently,
it has become evident that some of TiO2 particles have shown consid-
erable cytotoxic effect in human normal cells. However, the molecular
basis for the cytotoxicity of TiO2 has yet to be defined. We demonstrat-
ed in this study that TiO2 induces cell growth inhibition, DNA damage,
and mitochondrial dysfunction in human normal liver cells through
intracellular ROS generation, and that ROS-dependent caspase 8 and
Bax activation is involved in TiO2-induced mitochondrial dysfunction
and cell death. Treatment of TiO2 induced an increase in intracellular
ROS, caspase 8 activatrion, conformational change and mitochondrial
redistribution of Bax, mitochondrial membrane potential loss, and cell
death. Inhibition of caspase 8 or Bax with siRNA of Bax significantly
attenuated TiO2-induced mitochondrial membrane potential loss and
cell death, but did not affect ROS generation. Moreover, inhibition of
ROS with an antioxidant, N-acetyl-L-cysteine (NAC), clearly sup-
pressed caspase 8 activation and conformational change and mitochon-
drial translocation of Bax and subsequent mitochondrial cell death.
These results indicate that ROS-dependent activation of caspase 8 and
Bax is critically required for mitochondrial cell death in response to
TiO2 in human normal liver cells. Elucidating the molecular mecha-
nisms utilized by nono-sized particles to regulate mitochondrial dys-
function and cell death is critical for the development of prevention
strategies to protect cytotoxicity of nono-materials.
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DD050
DEEPENING IN THE COMPREHENSION OF THE ACTION
MECHANISMS OF A NEW METAL-BASED 
ANTIPROLIFERATIVE DRUG WITH DNA DAMAGING
ACTION
S Franzoni (1,2), M Belicchi Ferrari (1), F Bisceglie (1), G Pelosi (1),
S Pinelli (3), P Tarasconi (1), A Buschini (2)
(1) Dipartimento di Chimica Generale ed Inorganica, Chimica Ana -
litica, Chimica Fisica, Università di Parma, 43100 Parma, Italy; (2)
Dipartimento di Genetica, Biologia dei Microrganismi, Antro pologia,
Evoluzione, Università di Parma, 43100 Parma, Italy; (3) Dipar-
timento di Clinica Medica, Nefrologia e Scienze della Prevenzione,
Università di Parma, 43100 Parma, Italy.
Email: susanna.franzoni@gmail.com

The search for new metal-based drugs is a main topic in experimental
oncology. In recent years new metal-complexes have been identified as
a very promising class of antitumor active compounds but the targets
and the mechanism of action of these molecules have not yet been elu-
cidated. In this context, the metal complex [Ni(S-tcitr)2] (S-tcitr=S-cit-
ronellalthiosemicarbazonate) shows interesting antiproliferative char-
acteristics. [Ni(S-tcitr)2] enters the cell and induces G2M cell cycle
arrest, p53 independent-intrinsic-apoptosis by down-regulation of Bcl-
2, mitochondrial membrane potential loss and caspase-3 activation. A
DNA damaging action was observed by the alkaline Comet Assay and
the use of specific glycosilases (ENDO III) to detect oxidative damage
showed that DNA damage is not preferentially due to oxidative species.
We hypothesize that the genotoxic insult by itself or an excessive or
altered repair of the DNA damage could produce the observed cell
killing, due to the fact that [Ni(S-tcitr)2] treatment did not induce gene
mutation in Salmonella typhimurium reversion test (with or without
metabolic activation) or chromosomal damage (Micronucleus test on
human lymphocytes). To better understand the interaction between this
molecule and cellular pathways, we have started a genomic phenotyp-
ing approach using yeast (S.cerevisiae) as a model system which shows
a sensitivity against [Ni(S-tcitr)2] toxic effects comparable to human
leukemic cells. The whole BY4742 haploid strain deletion collection
from the S. cerevisiae Genome Deletion project, which includes 4826
single gene deletion mutants in non essential genes, will be screened.
This panel includes deletants in non essential genes involved in biolog-
ical processes that are the main targets of antitumor drugs in human
cells. The analysis of the drug effect on the complete collection will
permit to evaluate via bioinformatics studies the significance of the
results obtained. Furthermore, we are testing our compound against a
sub-panel of cell lines derived from the “US National Cancer Institute
60 human tumor cell line anticancer drug screen”. The preliminary data
show the strongest effect on proliferation in leukemic cell lines
(GI50<30µM).

DD051
EVALUATION OF MUTAGENICITY BY EXPOSURE TO 
INTERMEDIATE FREQUENCY (2, 10 and 20 kHz) MAGNETIC
FIELDS USING IN VITRO GENOTOXICITY TESTS
M Ikehata(1), Y Suzuki(2), K Wake(3), S Yoshie(1), 
S Nakasono(4), M Taki(2)
(1) Railway Technical Research Institute, Kokubunji, Tokyo, Japan (2) Tokyo
Metropolitan University, Hachioji, Tokyo, Japan (3) National Institute of
Information and Communications Technology, Koganei, Tokyo, Japan (4)
Central Research Institute of Electric Power Industry, Abiko, Chiba, Japan
Email: ikehata@rtri.or.jp

OBJECTIVES; Recent years, several devices that used intermediate
frequency (IF; from 300Hz to 10MHz) magnetic fields (MFs) such as
IH cooking hobs, RFID, EAS, etc, were introduced in our living envi-
ronment. However, there is not enough scientific research focused on
possible health effects of IF MFs, so far. Therefore, in the WHO EHC
monograph No. 232 that was published in 2007 stated that further
research on intermediate frequencies, as frequencies between 300Hz
and 100kHz is required. In this study, we have investigated the muta-
genic potential of the IF MFs using mouse lymphoma assay (MLA) and
in vitro micronucleus test. Although actual MFs observed in environ-
ment are complex (combined, modulated, etc.), sinusoidal MFs were

used as fundamental wave model. METHODS; L5178Y tk3.7.2C and
V79 were used. The conditions of exposure to sinusoidal IF MFs were
0.8mT at 2kHz, 1.5mT at 10kHz or 0.8mT at 20kHz, respectively. In
MLA assay, L5178Y cells were inoculated in T-25 flask filled with 5ml
of RPMI1640 medium with 10% horse serum and were exposed to IF
MFs for 48hr with single dilution after 24hr. MLA assay was per-
formed in microplate method. In in vitro micronucleus test, V79 cells
were exposed to IF MFs for 24hr in T-25 flask. After exposure period,
cells were collected and re-inoculated in chamber slides. Finally, cells
were fixed after 24hr from the treatment by cytochalasin B and ratios
of micronucleus formation rates were estimated. RESULTS; There is
no significant difference in the mutation frequency of tk allele (tk to tk-
/-) and plate efficiency between IF MF exposed and unexposed cells in
2kHz, 10kHz and 20kHz, respectively. These results suggest that 2kHz,
10kHz and 20kHz, 0.8mT sinusoidal IF MFs did not have mutagenic
potential for tk allele of mice lymphoma cell line L5128Y tk 3.7.2C. In
addition, there is no significant difference in micronucleus frequency in
V79 cells in in vitro micronucleus test. These results suggest that 2, 10,
20kHz sinusoidal IF MFs have no mutagenicity even in its field
strength exceeded over 100 times of reference level for public in the
guidelines for limiting exposure to time-varying electric, magnetic and
electromagnetic fields by the International Commission on Non-
Ionizing Radiation Protection (ICNIRP).

DD052
SILENCING OF OXIDATIVELY-DAMAGED GENE IN 
MAMMALIAN CELLS
A Khobta (1), SJ Anderhub (1), T Lingg (1), N Kitsera (1), B Epe (1)
(1) Institute of Pharmacy, Johannes Gutenberg University of Mainz,
Mainz, Germany
Email: khobta@uni-mainz.de
We and others have previously shown that oxidative DNA base lesions,
particularly 7,8-dihydro-8-oxoguanine (8-oxoG) induced by photosen-
sitisation reactions, can interfere with transcription resulting in
decreased gene expression. This effect is unexpectedly strong and long-
lasting, keeping in mind that (i) 8-oxoG has a very week potential to
interfere directly with transcription; and (ii) removal of 8-oxoG by
DNA repair is fast and highly efficient. Now we demonstrate that dam-
aged plasmid DNA undergoes a strong time-dependent transcriptional
inactivation in mouse and human host cells, leading to the complete
loss of gene expression in a considerable fraction of the transfected
cells. To explain the observed effects, we have quantitatively analysed
the survival of damaged and undamaged plasmids after incubation in
the host cells, and measured by chromatin immunoprecipitation (ChIP)
the histone modifications that are relevant to regulation of gene expres-
sion. We show that oxidative DNA damage locally induces a distinct
pattern of chromatin that can cause a long-lasting gene silencing. These
results identify DNA damage as a factor, capable to alter the gene
expression by a chromatin-mediated mechanism, and thus reveal a new
aspect of transcriptional toxicity of oxidative DNA lesions.

DD053
STRESS-ACTIVATED PROTEIN 
KINASE / C-JUN-N-TERMINAL  KINASE (SAPK/JNK) IS
PART OF THE CELLULAR DNA DAMAGE RESPONSE 
L Helbig (1), J Damrot (1), J Hülsenbeck (1), C Hartig (1), A Brozovic
(2), M Osmak (2), J Thomale (3), B Kaina (1), G Fritz (1) 
(1) Institute of Toxicology, University Medical Center of the Johannes
Gutenberg University Mainz, Obere Zahlbacher Str. 67, D-55131
Mainz, Germany; (2) Division of Molecular Biology, Rudjer Boskovic
Institute, Bijenicka cesta 54, HR-10000 Zagreb, Croatia; (3) Institute
of Cell Biology, University of Essen, D-45122 Essen, Germany.
Email: fritz@uni-mainz.de

c-Jun-N-terminal kinases/stress-activated protein kinases (SAPK/JNK) are
activated by genotoxins, finally regulating gene expression and survival.
However, SAPK/JNK are not yet established as part of the DNA damage
response. Here, we investigated the effect of the DNA crosslinking drug
cisplatin (cDDP) on early (2-6 h) and late (16-24 h) dual phosphorylation
(Thr183/Tyr185) of SAPK/JNK (p-SAPK/JNK) in rodent and human
fibroblasts deficient in nucleotide excision repair (NER) or non-homolo-
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gous end joining (NHEJ). The number of cisplatin-DNA adducts in wild-
type MEFs, as measured by inductively coupled plasma mass-spectrome-
try (ICP-MS), correlated with early and late activation of SAPK/JNK. As
compared to UV-C and transplatin, rather low number of cisplatin-DNA
adducts were sufficient to trigger this signalling. NER defective human
CSB cells exhibited an increased SAPK/JNK phosphorylation at late time
point after treatment as compared to the wildtpye. Similar results were
obtained by siRNA-mediated knock-down experiments. Increase in late p-
SAPK/JNK level after cisplatin treatment was also found in XPA but not
in XPC cells. Furthermore, cisplatin-induced late SAPK/JNK activation
was more pronounced in NHEJ defective SCID cells, which lack function-
al DNA-PKcs, as compared to the wildtype. Such effect was not observed
in ATM-/- MEFs. Analysing the number of residual cDDP-adducts by ICP-
MS and southwestern method, we found that the repair mutants did not dif-
fer from their corresponding wildtype. Thus, elevated SAPK/JNK phos-
phorylation in repair defective cells after cDDP-treatment was not related
to the level of primary cDDP adducts. Rather, the late cisplatin-induced
gain of p-SAPK/JNK in repair defective cells correlated with an increase
in both γH2AX foci formation and checkpoint activation (p-Chk-1 and p-
Chk-2). This indicates that secondary DNA lesions, such as DSBs, which
are generated as a consequence of error-prone processing of initial cDDP
adducts, might contribute to signalling to SAPK/JNK. With the data at
hand, we have identified SAPK/JNK as a novel player of the DNA dam-
age response after cisplatin treatment. The detailed molecular mechanisms
involved in DNA damage-triggered signalling to SAPK/JNK are currently
under investigation.

DD054
BENEFICIAL EFFECTS OF THE HMG-COA REDUCTASE
INHIBITOR LOVASTATIN AGAINST GENOTOXIC 
DRUG-INDUCED CYTOTOXICITY IN VIVO
C Henninger (1), J Hülsenbeck (1), A Schad (2), M Torzewski (3), G
Fritz (1)
(1) Institute of Toxicology, University Medical Center of the Johannes
Gutenberg University Mainz, Mainz, Germany; (2) Institute of Pathology,
University Medical Center of the Johannes Gutenberg University Mainz,
Mainz, Germany; (3) Institute of Clinical Chemistry, University Medical
Center of the Johannes Gutenberg University Mainz, Mainz, Germany.
Email: fritz@uni-mainz.de

Cisplatin (cDDP), Doxorubicin (Dox) and ionizing radiation (IR) are
prototypical genotoxins inducing well-characterized types of DNA dam-
age, foremost monoadducts, crosslinks, and double strand breaks (DSB).
The HMG-CoA reductase inhibitor lovastatin impacts cellular responses
to genotoxic stress. In vitro, lovastatin promotes the survival of human
endothelial cells after IR and Dox exposure. Here, we aim to scrutinize
these in vitro findings in vivo. To this end, BALB/c mice were exposed
to Dox, cDDP, or IR with or without lovastatin co-treatment. Subchronic
toxicity was analyzed 3 weeks later. Hematotoxicity and cardio-, nephro-
, or hepatotoxicity were analyzed in blood and serum samples, respec-
tively. Additionally, mRNA expression of inflammation and fibrosis
markers was analyzed in heart, liver, and kidney by real-time PCR.
Genotoxic effects of the treatments was examined by analysis of histone
H2AX phosphorylation. Dox-treated animals exhibited elevated plasma
levels of troponin I as well as GPT and GLDH, indicative of heart and
liver toxicity, respectively. Correspondingly, mRNA expression of the
fibrogenic cytokine CTGF was up-regulated in both organs. Lovastatin
reduced heart and liver damage and lowered CTGF mRNA expression.
cDDP-induced kidney toxicity was reflected by an increase in TNF-α,
IL-10, and KIM1 mRNA expression. Lovastatin had only minor effects
on cDDP-induced kidney injury. Animals treated with IR suffered from
hematotoxicity, as indicated by a decline in the number of thrombocytes
and leukocytes. Furthermore, they showed up-regulation of TGF-β, IL-
6, and Collagen type I and III mRNA expression in the lung. Lovastatin
attenuated thrombopenia as well as IR-induced pro-inflammatory and
pro-fibrotic responses. It did not impact the level of IR-induced DNA
damage as analyzed by determination of histone H2AX phosphorylation.
With the data at hand, we have shown that lovastatin can attenuate the
cytotoxicity of individual genotoxins in an agent- and organ-specific
manner. In particular, it has beneficical impact on pro-fibrotic signalling
pathways stimulated by Dox and IR treatment. Hence, lovastatin may be
useful to attenuate delayed cytotoxicity of DNA damaging agents.

DD055
SUBSTRATE SPECIFICITY OF NATURALLY OCCURRING
AND PHOSPHOMIMETIC MUTANTS OF HUMAN 
8-OXOGUANINE-DNA GLYCOSYLASE
VS Sidorenko (1), M Dizdaroglu (2), P Jaruga (2) D.O. Zharkov (1)
1Institute of Chemical Biology and Fundamental Medicine SB RAS,
Novosibirsk, Russia. 2National Institute of Standards, Gaitesburg, MD, USA.
E-mail: dzharkov@niboch.nsc.ru

8-oxoguanine-DNA glycosylase (OGG1) is a base excision repair
enzyme that removes oxidized forms of guanine bases, 8-oxoguanine
(8-oxoG) and formamidopyrimidine (Fapy-G) from their pairs with
cytosine. On the contrary, removal of 8-oxoG from easily formed pairs
with A may cause G→T mutations. Mutated forms of OGG1 gene have
been detected in some human cancers, but little information is available
on the activity and opposite-base specificity of the respective forms of
the enzyme. We have used 8-oxoG:C and 8-oxoG:A oligonucleotide
substrates to analyze kinetics of three human OGG1 polymorphic
forms, A288V, D322N, and S326C. We have also studied S231E,
S232E, S231/232E, S280E, and S326E site-directed mutants of OGG1,
which mimic possible phosphorylated forms of the enzyme. OGG1-
A288V and OGG1-S326C were similar to the wild type enzyme in
terms of the opposite-base specificty, and OGG1-D322N was the most
specific form. On the other hand, the absolute activity of OGG1-
D322N was the lowest of all forms studied. All phosphomymetic
mutants were slightly lower in activity than the wild-type OGG1 but
similar to it in the opposite-base specificity. We have compared the
ability of OGG1 mutants to remove oxidized guanine bases from γ-irra-
diated calf thymus DNA. Generally, the activity of the enzymes on this
substrate mirrored the situation with the oligonucleotide substrates, and
the activity against Fapy-G lesions paralleled the data for 8-oxoG
lesions. However, OGG1-S326C removed 8-oxoG from oligonu-
cleotides and Fapy-G from the irradiated DNA its activity against 8-
oxoG in the irradiated DNA was much lower than that of the wild-type
enzyme. In addition, we have investigated the ability of OGG1 mutant
forms to be stimulated by human AP endonuclease APEX1. Unlike
with the wild-type OGG1, very low stimulation was observed for all
phosphomimetic mutants.

DD056
NEIL GLYCOSYLASES: NOVEL ACTIVITIES AND 
REGULATION
I R Grin, D O Zharkov
SB RAS Institute of Chemical Biology and Fundamental Medicine,
Novosibirsk, Russia
E-mail: dzharkov@niboch.nsc.ru

Oxidatively damaged DNA is repaired via the base exision repair
(BER) pathway initiated by DNA glycosylases. NEIL1 and NEIL2 are
mammalian DNA glycosylases that repair some ring-fragmented
purines, and oxidized and ring-saturated pyrimidines. The full substrate
range of NEIL proteins is presently unknown, and the mechanisms of
regulation of their activity are poorly understood. 8-Oxoadenine (8-
oxoA) is a major product of DNA oxidation. Mutagenesis experiments
suggest that transient 8-oxoA:C pairs form in vivo. We have tested the
proficiency of NEILs in repairing 8-oxoA and found that NEIL1 excis-
es it from 8-oxoA:C but not other pairs. The kinetic constants were
obtained. We have reconstructed BER of 8-oxoA:C in vitro using
NEIL1, AP endonuclease, DNA polymerase β and DNA ligase. NEIL1
caused an abortive initiation of repair, stopping after 8-oxoA removal
and DNA strand cleavage, indicating possible involvement of polynu-
cleotide kinase in the repair. Amino groups in proteins are often sites of
post-translational modification. They can be easily condensed with
aldehyde moieties present in many low-molecular-weight cellular com-
pounds. Pyridoxal 5’-phosphate (PLP), one of such aldehydic effectors,
is known to covalently modify and efficiently inhibit many DNA-
dependent enzymes. We have examined the effect of PLP modification
on DNA glycosylases and have found that NEIL2 was inhibited by
PLP. Kinetics of inhibition was consistent with slowly developing
covalent modification. PLP-conjugated NEIL2 lost the ability to bind
damaged DNA. Mass spectroscopy showed that a single PLP group is
attached to NEIL2 at Lys-50, which presumably lies in one of the loops
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responsible for DNA binding. Repair of oxidative DNA lesions is
known to be impaired in vivo by ions of some heavy metals. We have
found that NEIL1 is inhibited by submillimolar Cd2+, Zn2+, and
Cu2+, with the inhibition at least partly due to formation of
metal–DNA complexes. Cd2+ and Cu2+ caused a loss of preferential
binding of NEIL1 to damaged DNA. Therefore, the inhibition of
NEIL1 by heavy metal ions may be one of the reasons for their comu-
tagenicity.

DD057
IMPROVING GENOTOXICITY TESTING: COMET ASSAY
WITH 3D SKIN MODELS
S Pfuhler (1), C Krul (2), G Ouédraogo (3), K Reisinger (4), A Reus
(2), A Zeller (1), R Corvi (5), P Carmichael (6), NJ Hewitt (7), M
Aardema (8), W Diembeck (9), R Fautz (10), J Harvey (11), A Latil
(12), M Marrec-Fairley (13)
(1) Procter & Gamble - Cosmital SA, Marly, Switzerland; (2) TNO - Quality
of Life, Zeist, The Netherlands; (3) L’Oréal, Aulnay-sous-Bois, France; (4)
Henkel AG & Co KGaA, Duesseldorf, Germany; (5) EC/JRC/ECVAM,
Ispra, Italy; (6) Unilever, Sharnbrook, UK; (7) Erzhausen, Germany; (8) The
Procter & Gamble Co., Cincinnati, OH, USA; (9) Beiersdorf AG, Hamburg,
Germany; (10) KPSS-Kao Professional Salon Services, Darmstadt,
Germany; (11) GSK, Ware, UK; (12) Institut de Recherche Pierre Fabre,
France; (13) COLIPA, Brussels, Belgium.
Email: pfuhler.s@pg.com

Since March 2009 animal testing is prohibited for the safety assessment
of cosmetic ingredients due to the 7th Amendment of the Cosmetic
Directive. The currently available in vitro tests are of low predictive
value due to a high rate of false positives results. One strategy to
address the demand of improved in vitro genotoxicity tests is to intro-
duce more relevant test systems into safety assessment. Since the skin
is the first site of contact with maximum exposure for many chemicals
skin models were introduced into genotoxicity testing within the
framework of a COLIPA sponsored joint research project involving
four laboratories and three different skin models: An epidermal model:
EpidermTM (MatTek) and two full-thickness-models: Phenion®-Full-
Thickness-Skin-Model (Henkel), and RealSkin (Skinethic™).
Following technical bases were implemented:
a. Specific protocols for the single cell isolation of keratinocytes 
b. A harmonized Comet assay procedure for each skin tissue
c. An SOP for Comet assay slide analysis
d. Statistical criteria to evaluate and define experiments 
Based on these standards the effects of genotoxins (MMS, 4NQO)
were investigated after topical application to the skin model. A clear
dose-dependent increase of the intensity of the comet tail was observed
with each skin model. The results obtained with EpidermTM could be
confirmed in a second laboratory proving the good transferability of the
test system. The harmonized protocol is suited for multiple donors and
the inter- and intra-experimental variabilities were within acceptable
ranges. This work is funded by the European Cosmetic Industry
Association COLIPA and ECVAM.

DD058
EVALUATION OF DNA DAMAGES ON CELLS IN 
DIFFERENT PARTS OF GLANDULAR STOMACH IN A
COMET ASSAY USING RATS
S Kitamoto, R Matsuyama, K Ogata, K Miyata, M Ota, S Uwagawa, K
Nishioka
Environmental Health Science Laboratory, Sumitomo Chemical Co.
Ltd., Osaka, Japan
Email: kitamotos3@sc.sumitomo-chem.co.jp

AIM: The comet assay is a promising technique for evaluating DNA
damage in vivo. However, there is no validated testing guideline and
experimental techniques have not been optimized. For example, there
is no agreement on which part of the cells of glandular stomach should
be measured to detect direct mutagenic effects of chemicals. To inves-
tigate which cells should be collected to detect genotoxicity of chemi-
cals in glandular stomach, we measured DNA damages on cells from
different parts of glandular stomach in a comet assay. METHOD: Male

SD rats were treated twice orally at 3 and 24 hours before sacrifice with
vehicle only, with ethyl methanesulfonate (EMS, 100 or 200 mg/kg) or
with 2,6-diaminotoluene (2,6-DAT, 125, 250 or 500 mg/kg). Then the
rats were sacrificed and the glandular stomach was removed. The
mucosal layer was divided into three zones in fundal glands and pyloric
gland, respectively. 1. Surface epithelial cell zone (SEpC, containing
columnar epithelial cells)  2. Proliferating cell zone in isthmus (PrCI)
3. Differentiated secretory cell zone (DSeC, containing differentiated
secretory cells). Three target cells of each zone were collected from
fundal glands and PrCI cells from pyloric glands and tested in an alka-
line comet assay. Whether the target cells were obtained was confirmed
by the histopathological analysis. RESULT: As for the sensitivity of the
layers in fundal glands, the comet tail intensity of the SEpC in the vehi-
cle control group was higher than those of PrCI and DSeC, as expect-
ed. Treatment with EMS showed a marked increase of the tail intensi-
ty in any part of mucosa though the differences of tail intensity to the
vehicle control in the PrCI and DSeC were slightly lower than that in
the SEpC. There is no difference in reactivity between cells from fun-
dal and pyloric glands. 2,6-DAT showed no significant increase of the
tail intensity in the PrCI, however, that of the SEpC was significantly
increased. CONCLUSION: Our research and proposed method of cell
collection will contribute to improve the sensitivity to detect the DNA
damage in stomach appropriately.

DD059
THE COMET ASSAY FOR THE EVALUATION OF CISPLATIN AND
CURCUMIN GENOTOXICITY IN PC12 CELLS COMPARING
FREE INTERNET SOFTWARE AND VISUAL SCORE DATA
LM Mendonça(1), GC Santos(1), MLP Bianchi(1), LMG Antunes(1)
Departamento de Análises Clínicas, Toxicológicas e Bromatológicas,
Faculdade de Ciências Farmacêuticas de Ribeirão Preto,
Universidade de São Paulo, Ribeirão Preto, SP, Brasil.
Email: mendonca@fcfrp.usp.br

Toxic side effects of the antitumoral agent cisplatin (cDDP) are close-
ly associated with increase of intracellular reactive species, which
could damage cells leading to oxidation of essential cellular compo-
nents, and to eventual genomic instability events, which can be seen as
DNA fragmentation. Curcumin is a polyphenolic compound with a
broad spectrum of biological activities like neuroprotective properties,
strongly related to its antioxidant potential. However, studies have
shown that curcumin could also be cytotoxic and genotoxic under spe-
cific conditions. Previously studies with the association between cDDP
and curcumin showed that curcumin in low concentrations were non-
toxic by itself, and decrease cDDP genotoxicity. The aim of our study
was to investigate curcumin and cDDP effects on PC12 cells by comet
assay, as well, to compare results obtained from visual score analysis
and a free internet software for comet analysis. PC12 cells were treat-
ed with curcumin (1.0 and 5.0 µg/mL) for 5h; cDDP (0.1µg/mL) for 3h
and the pre-treatment with curcumin 2h before 3h of cisplatin treat-
ment, in the associated protocols. To assess the DNA damage induced
by cisplatin and/or curcumin, the damage index was used in the visual
score and the % DNA, Olive moment and tail moment were used as
indexes in the software analysis. Our results indicate that cDDP
decrease the extent of DNA migration in comparison with control in
PC12 cells. This suggested that cDDP was connected mainly with the
presence of DNA and DNA-protein crosslinks. When PC12 cells were
pre-treated with 5 µg/mL with curcumin, a significant reduction in the
DNA migration was found in comparison with cDDP group, neverthe-
less, curcumin treatments alone also show reduction in the DNA migra-
tion. Thus, there was not possible determine that whether curcumin can
protect cells against cDDP-induced oxidative damage. Besides, we
could observe that reduction in the DNA migration was easier observed
on software analysis than on visual scoring. Other studies could be per-
formed to better understand the interactions between curcumin and
DNA. Financial Support: CNPq, CAPES and FAPESP.
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DD060
N-NITROSO COMPOUNDS AND COLON CARCINOGENESIS:
AN IN VITRO TOXICOGENOMICS APPROACH
DGAJ Hebels (1), DGJ Jennen (1), JCS Kleinjans (1), TMCM de Kok (1)
(1) Department of Health Risk Analysis and Toxicology, Maastricht
University, Maastricht, The Netherlands
Email: d.hebels@grat.unimaas.nl

Background: N-nitroso compounds (NOC) may play a role in human
cancer development since they have been shown to be genotoxic, and
are known to be carcinogenic in animals. Since the human gastro-intes-
tinal tract is an important route of exposure through endogenous nitro-
sation, we hypothesize that NOC exposure targets genetic processes
relevant in colon carcinogenesis. Methods: To investigate the genomic
responses following 24 hours of NOC exposure, we analysed the tran-
scriptomic effects of genotoxic concentrations of two nitrosamides, N-
methyl-N’-nitro-N-nitrosoguanidine (MNNG, 1µM) and N-methyl-N-
nitrosurea (MNU, 1mM), and four nitrosamines, N-nitrosodiethy-
lamine (NDEA, 50mM), N-nitrosodimethylamine (NDMA, 100mM),
N-nitrosopiperidine (NPIP, 40mM), and N-nitrosopyrrolidine (NPYR,
100mM), in the human colon carcinoma cell line Caco-2 using
microarrays. As a phenotypic marker of effect, cell cycle distribution
and apoptosis were analysed by flow cytometry. Results: Gene
Ontology gene group, consensus motif gene group and biological path-
way analysis revealed that the nitrosamides MNNG and MNU had lit-
tle effect on gene expression after 24 hours of exposure, whereas
nitrosamines had a strong impact on the transcriptomic profile.
Analyses showed modifications of cell cycle regulation and apoptosis
pathways for nitrosamines which was supported by flow cytometric
analysis indicating cell cycle blocks and increased levels of apoptosis.
We found additional modifications in gene groups and pathways relat-
ed to oxidative stress and inflammation, which suggest an increase in
oxidative stress and pro-inflammatory immune response upon
nitrosamine exposure, although less distinct for NDMA. Furthermore,
NDEA, NPIP and NPYR most strongly affected several developmental
motif gene groups and pathways, which may influence developmental
processes. Conclusions: Many of the regulated pathways and gene
groups are implicated in the carcinogenic process and their modulation
by nitrosamine exposure may therefore influence the colon cancer risk.
Nitrosamide exposure had minimal effect which may be due to the
unstable nature of this class of NOC resulting in responses earlier than
24 hours.

DD061
IN-VITRO ANTIOXIDANT BEHAVIOUR OF SOME INDOLE
HYDRAZIDE AND HYDRAZONE DERIVATIVES
G Gurkok (1), T Coban (2), S Suzen (1)
(1) Department of Pharmaceutical Chemistry, Faculty of Pharmacy,
Ankara University, 06100 Tandogan, Ankara, Turkey; (2) Department
of Pharmaceutical Toxicology, Faculty of Pharmacy, Ankara
University, 06100 Tandogan, Ankara, Turkey
Email: sibel@pharmacy.ankara.edu.tr

Reactive oxygen species (ROS) play an important role in physiological
processes in human body, but when in excess, ROS cause oxidative
damage to molecules. Under physiological conditions, the production
and detoxification of ROS are more-or-less balanced. The damage to
animal or plant cells and tissues caused by ROS is called oxidative
stress. Oxidative stress has been implicated in the development of neu-
rodegenerative diseases like Parkinson’s, Alzheimer’s and Hun -
tington’s diseases, epileptic seizures, stroke and is also responsible
from aging and some cancer types. Melatonin (MLT) and its metabo-
lites successively scavenge ROS/RNS is referred as the free radical
scavenging cascade. But despite its possible contribution in the regula-
tion of many physiological processes and antioxidant effects, some
problems such as lack of selectivity and very short half-life limit its
therapeutic use at present. As a part of our ongoing study, sixteen MLT
based analogue indole hydrazide/hydrazone derivatives were synthe-
sized and antioxidant activity was investigated in vitro by measuring
DPPH, superoxide radical scavenging and lipid peroxidation (LP)
inhibitory activities. The results were compared with MLT. All the ana-
logue compounds were characterized on the basis of 1H and 13C

NMR, Mass, FT-IR spectra and elemental analysis. In conclusion,
majority of synthesized indole derivatives related to MLT showed very
high antioxidant activity in three in vitro assays, revealing differences
in their relative potencies probably related to electronic distribution.
Lack of methoxy group or introduction of Br in the 5-position of the
indole ring did not effect the antioxidant capacity of the new indole
derivatives infect the in vitro assays showed that most of the com-
pounds were much more active than MLT itself. Lastly it can be cer-
tainly said that introduction of hydrazide or hydrazone side chain con-
taining aromatic halogenated ring increased the antioxidant activity of
indoles comparing to MLT.

DD062
IN VIVO COMET ASSAY: UPDATE ON ON-GOING 
INTERNATIONAL VALIDATION COORDINATED BY JaCVAM
Y Uno (1), H Kojima (2), M Honma (2), R Tice (3), R Corvi (4), L
Schechtman (5), M Hayashi (6)
(1) Mitsubishi Tanabe Parma Co., Chiba, Japan; (2) NIHS, Tokyo,
Japan; (3) NTP/NIEHS, North Carolina, USA; (4) ECVAM, Ispra,
Italy; (5) Innovative Toxicological Consulting, LLC, California, USA;
(6) Biosafety Research Center, Foods, Drugs and Pesticides (BSRC),
Shizuoka, Japan
Email: uno.yoshifumi@ma.mt-pharma.co.jp

The in vivo rodent alkaline Comet assay is frequently used worldwide
for detecting genotoxic chemicals, and is expected to be recommended
in the revised ICH-S2 guidance document as the second in vivo geno-
toxicity test to use when testing pharmaceuticals. The assay, however,
has not been formally evaluated for its reliability and relevance. Thus,
JaCVAM (the Japanese Center for the Validation of Alternative
Methods) has been coordinating an international validation study to
evaluate the in vivo rodent alkaline Comet assay as a potential predic-
tor of genotoxic carcinogens and as an alternative to the currently rec-
ommended in vivo rat unscheduled DNA synthesis (UDS) assay. The
1st, 2nd and 3rd phase validation studies successfully finished in four
or five leading-laboratories (BioReliance, BSRC, Food and Drug
Safety Center, Huntingdon Life Sciences, Merck), and the summary
will be presented at the meeting. Now the 4th phase (main) validation
study is on-going in 13 laboratories with coded compounds and a pos-
itive control, ethyl methanesulfonate, based on outcomes of the previ-
ous validation studies.

DD063
DNA DAMAGE PREVENTION FROM VINYL CHLORIDE
MONOMER (VCM) OCCUPATIONAL EXPOSURE
A Vaglenov (1), J Crea (1), B Shinn (1), R Dudley (1), V Petkova (2),
J Sabeva (2), M Edelbrock (3), A Simonian (4)
(1) College of Pharmacy, University of Findlay, Findlay, OH, USA; (2)
Clinic of Occupational Diseases, Medical University, Sofia, Bulgaria;
(3) College of Sciences, University of Findlay, Findlay, OH, USA; (4)
College of Engineering, Auburn University, Auburn, AL, USA.
Email: vaglenov@findlay.edu

The objective of this study was to determine the genotoxic, anti-geno-
toxic, therapeutic (protective) effects, radiosensitivity, and induced
radioresistance before and following therapy with two Centrum®
tablets daily. This study utilized a cytokinesis-block assay in peripher-
al blood lymphocytes. Thirty-seven study workers were divided into
four groups based on vinyl chloride monomer(VCM)concentrations in
the work place and were compared to 16 controls from the administra-
tive staff. The following parameters were determined twice, once
before and once after termination of treatment: VCM concentrations in
the air of the working area, the thiodiglycolic acid(TDGA) level in
urine, and the micronuclei (MN) frequency in peripheral lymphocytes.
For determination of susceptibility, two blood samples from the same
persons were irradiated in-vitro with 1 Gy gamma rays of 137Cs before
and after treatment. A clear relationship between VCM exposure, uri-
nary excretion of TDGA, and genotoxic effect was found. The initial
MN frequency for the control group was 20.6 ± 1.9. The MN frequen-
cies for each level of VCM exposure were as follows: 23.0 ± 4.7 (VCM
= 1.4 ± 0.4 mg/m3), 45.5 ± 5.5 (2.5 ± 0.6 mg/m3), 60.1 ± 1.2 (3.9 ± 0.3
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mg/m3), and 71.0 ± 6.8 (4.8 ± 0.5 mg/m3). Following four months of
treatment, with similar exposure to VCM, the MN frequency decreased
in all groups:  11.6 ± 3.9 (control group), 14.4 ± 4.3 (VCM = 1.4 ± 0.05
mg/m3), 26.5 ± 9.0 (2.7 ± 0.6 mg/m3), 36.5 ± 14.5 (3.7 ± 0.4 mg/m3),
and 45.4 ± 13.9 (4.8 ± 0.7 mg/m3). The TDGA levels in urine
(mmol/dL ± SD), before and after treatment, were as follows:  0.01 ±
0.008 and 0.01 ± 0.007 (control group); 0.06 ± 0.04 and 0.06 ± 0.02
(lowest exposure); 0.075 ± 0.035 and 0.073 ± 0.03 (second exposure
group); 0.132 ± 0.07 and 0.155 ± 0.08 (highest exposure). Prior to treat-
ment, in-vitro irradiation revealed adaptive response for the highly
exposed group only. There were clear increases in the frequency of MN
between control and exposed groups, which indicate linear dose depen-
dences of genotoxic effect (MN), VCM, and the biological marker
TDGA before and after treatment. Thus, Centrum® may be used for
anti-mutagenic and anti-carcinogenic prevention in persons occupa-
tionally exposed to VCM.

DD064
IS IN VITRO COMET ASSAY A SENSITIVE PROCEDURE TO
DETECT GENOTOXICITY? 
Y F Sasaki, A Yamamoto 
Hachinohe National College of Technology, Hachinohe, Japan
Email: yfsasaki-c@hachinohe-ct.ac.jp

Although the comet assay, a procedure for quantitating DNA lesions in
mammalian cells, is considered to be sensitive, its sensitivity has not
been ever ascertained to be higher than the sensitivity of other genotox-
icity procedures in mammalian cells. To know whether the comet assay
is sensitive procedure to detect DNA damage, we compared the results
of the comet, acellular comet, and micronucleus (MN) assays. p53
mutant TK6 and p53 wild WTK1 human lymphoblastoid cells were
exposed to MNU, ENU, MMS, EMS, BLM, and UVC. Immediately
after the exposure, slides for the comet assay were prepared.  For the
MN test, cells were cultured for 48 h with CytB.  In the comet assay,
cells were treated to each mutagen with araC and hydroxyurea
(comet/araC) and without araC and hydroxyurea (comet). In the comet
assay and MN test, the lowest genotoxic concentration (LGC) or the
studied mutagens was lower in WTK1 than in TK6 cells.  For BLM, the
order of lowest genotoxic concentration (LGC) was acellular comet <<
MN < comet = comet with araC/HU, while for UVC, the order was MN
= comet/araC < comet. For alkylating agents, the order was comet/araC
< acellular comet < MN < comet . Acellular comet shows the induction
of SSBs as initial lesions and comet/araC shows the induction of alky-
lation damages and base adducts. Followings are suggested based on
our present results: (1) The sensitivity of the comet assay to detect
SSBs is not always higher than that of the MN assay, and (2) comet-
undetectable level SSBs, alkylation damages, and base adducts as ini-
tial lesions can form MNs, and (3) threshold levels of mutagens are
lower in WTK1 cells than in TK6 cells

DD065
INVOLVEMENT OF AP ENDONUCLEASE 1 IN THE REPAIR
OF STANNOUS CLORIDE-INDUCED DNA DAMAGE
CM Viau (1), TN Guecheva (1), J Cardone (1), J Saffi (1,2), JAP
Henriques (1) 
(1) Biophysics Department, UFRGS, Porto Alegre - RS, Brazil; (2)
Laboratory of Genetic Toxicology -ULBRA, Canoas-RS, Brazil.
Email: tgesheva@gmail.com

Stannous-ion-induced DNA damage was suggested to occur via forma-
tion of reactive oxygen species (ROS), as found for other metal ions
that compromise genetic stability by inducing different types of oxida-
tive DNA damage. Carcinogenic metal compounds are often comuta-
genic, that is, they enhance the mutagenicity of other xenobiotics or
endogenous factors by inhibiting the repair of induced DNA damage.
The aim of our study was to evaluate the expression of some genes
involved in the response to oxidative stress in yeast Saccharomyces
cerevisiae and the genotoxic effect in Chinese hamster fibroblasts
(V79) cells induced by SnCl2 treatment. The expression of the genes
SOD1, SOD2, GSH1, YAP1, and APN1 was studied by qRT-PCR. We
observed significant up-regulation in the expression of YAP1, SOD1

and APN1 in stannous chloride treated yeast cells. The concentration-
related increase in DNA damage was observed in V79 cells, evaluated
by comet assay. Incubation with lesion-specific enzymes Fpg and Endo
III did not increase significantly the DNA migration, suggesting that
the induced DNA damage is preferentially strand breaks and/or
apurinic/apyrimidinic (AP) sites. Possible influence of Sn2+ on func-
tionality of DNA repair mechanisms was tested in comet assay, evalu-
ating the effect on the repair of damage caused by the alkilating agent
methyl methane sulfonate (MMS). The repair of alkilated bases in liv-
ing cells occurs mainly via base excision repair, contributing to comet
formation via DNA repair-induced intermediates (AP-sites). The
increased level of DNA strand breaks observed in MMS-treated cells
after post-treatment with SnCl2 could reflect accumulation of AP sites
(which are converted in strand breaks in comet assay). These results, in
addition to the observed significant up-regulation in the expression of
APN1 in stannous chloride treated yeast cells, suggest that AP endonu-
clease 1 could be involved in the repair of SnCl2-induced lesions. Work
supported by CNPq and CAPES.

DD066
COMBINED GENOTOXIC EFFECTS OF A METHYLATING
AGENT AND RADIATION ON HUMAN CELLS
A Yamamoto (1,2), Y Sakamoto (1), K-ichi Masumura (1), M Honma
(1), T Nohmi (1)
(1) Division of Genetics and Mutagenesis, National Institute of Health
Sciences, Tokyo, Japan; (2) Hachinohe National College of
Technology, Aomori, Japan.
Email: yamamoto-c@hachinohe-ct.ac.jp

It is important to evaluate the health effects of low-dose-rate or low-
dose radiation in combination with chemicals as humans are exposed
to a variety of chemical agents. Recently, we reported combined geno-
toxic effects of low-dose-rate radiation and 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNK), the most carcinogenic tobacco-specific
nitrosamine, in the lung of gpt delta transgenic mice (Mutat. Res., 626,
15-25, 2007). Under the conditions used, treatments with NNK signifi-
cantly suppressed the induction of deletion mutations caused by radia-
tion. To investigate the mechanisms involved, we pretreated human lym-
phoblastoid TK6 cells and the mismatch-deficient derivative, i.e., MT1
cells, with N-methyl-N’-nitro-N-nitrosoguanidine (MNNG) followed by
g -irradiation. MNNG was chosen because it is a methylating agent as
NNK but does not need metabolic activation for methylation on DNA.
MT1 and TK6 cells were treated with MNNG for 24 hours at concentra-
tions that gave similar surviving rates. After the treatments, the cells were
immediately exposed to g -ray irradiation at a dose of 1.0 Gy and the
combined genotoxicity was assayed. Interestingly, there were marked
differences between two cells in the dose-responses in micronucleus
(MN) assay, TK gene mutation assay, and Apotosis assay. In TK6 cells,
the dose response curves along with the pretreatment dose of MNNG
were U-shape, suggesting the apparent adaptive responses. In contrast,
the frequencies of MN and TK mutations increased along with the dose
of MNNG in MT1 cells. The genotoxic effects of MNNG and g -irradi-
ation seemed additive in MT1 cells. The induction of apotosis was inhib-
ited with pretreatment of MNNG in TK6 cells, but this inhibition effect
was not found in MT1 cells. From these results, we suggest that mis-
match repair proteins may be involved in the apparent adaptive respons-
es against genotoxic effects of g -irradiation in human cells.

DD067
MICRONUCLEUS AND POLYMERASE INHIBITION ASSAYS
TO EVALUATE GENOTOXICITY OF “DMPBD” - THE
POTENT ANTIINFLAMMATORY COMPOUND FROM 
ZINGIBER CASSUMUNAR ROXB.
P Klungsupya, S Thubthimthed, P Limsiriwong, N Theangtrong
Pharmaceutical and Natural Product Department, Thailand Institute
of Scientific and Technological Research (TISTR), 35 Moo 3, Techno
Polis, Klong Luang, Pathum Thani 12120, Thailand
Email: prapaipat@tistr.or.th

Background: (E)-1-(3’,4’-dimethoxyphenyl) butadiene or DMPBD
was firstly isolated and indentified from rhizome oil of Zingiber cas-
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sumunar Roxb (commonly called “Plai” in Thailand) by Thailand
Institute of Scientific and Technological Research (TISTR). It had been
proven for excellent anti-inflammatory effect by various pharmacolog-
ical tests. However, it lacks toxicity data. Aim : We therefore carried
out this study to investigate its genotoxic activity that could initiate the
mutation and cancer. Methods: In the present study, DMPBD was
freshly extracted by steam distillation. Its chemical structure was deter-
mined by NMR. Genotoxic property of DMPBD was evaluated in term
of mutation induction in p53 DNA in streptavidin-coated 48-well
microtitre plate by polymerase inhibition or PI assay whose mecha-
nisim based on the inhibition of DNA polymerases encountering dam-
aged p53 DNA while DNA fragmentation in V79 cells detected by
cytokinesis- block micronucleus test. Two known mutagens N-methyl-
N-nitrosourea (MNU) and mitomycin C (MMC) were employed as
positive controls for PI assay and micronucleus test, respectively.
Results: Results obtained from PI assay did not illustrate potential
DNA-damaging effect of DMPBD when tested at 10, 100, 250, 500,
1,000 and 10,000 µg/ml whereas the MNU clearly exhibited genotox-
ic activity in p53 DNA indicated by a reduction in % PCR inhibition
being 34.21,46.25, 65.14 and 83.11%  for doses of 10, 25, 50 and 100
µM, respectively. Treatment with MMC for 6 hr revealed a dose-
dependent induction of micronuclei in V79 cells which mostly was
mono-micronuclei. The frequency of micronuclei (MN) analysed in
1,000 binucleated cells (BNC) per treatment were found at 7.79, 6.73,
8.68 and 12.55% in V79-treated with MMC at 1, 10, 30 and 50 ppm.
These figures were not significantly different from that of the negative
control cells (10.31%) receiving 1% DMSO. Conclusion : The current
results obtained by these two assays suggest that DMPBD is possibly
non-genotoxin. However, if it is needed to clarify this observation, fur-
ther genotoxicity studies with the metabolic activating system are rec-
ommended.   

DD068
GENOTOXICITY AND SENSITIVITY TO THREE MUTAGENS
IN TK6 HUMAN LYMPHOBLASTOID CELLS BY 
CHROMOSOME ABERRATION AND MICRONUCLEUS TESTS
P Klungsupya (1), N Theangtrong (2), K Phanwichien (2)
prapaipat@tistr.or.th.
(1) Pharmaceutical and Natural Product department, Thailand In -
stitute of  Scientific and Technological Research (TISTR), 35 Moo 3,
Techno Polis, Pathum Thani 12120, Thailand; (2) Department of
Biology, Faculty of Science. Kasetsart University, Bangkok 10400
Thailand.
Email: prapaipat@tistr.or.th

Background: During the last decade an extensive amount of published
data is available to support the use of TK6 human lymphoblastoid cells
genotoxicity tests particularly comet assay. Aim: To investigate the sen-
sitivity of TK6 cells to three known mutagens; mitomycin C (MMC),
methyl methanesulfonate (MMS) and etoposide by the cytokinesis-
block micronucleus (CBMN) assay and chromosome aberration (CA)
assay. Methods: TK6 cells were grown in RPMI supplemented with 5%
horse serum (HS). For both CBMN and CA assays, cells
(1x105cells/ml) were exposed for 4 and 24 hr to various concentrations
of MMC (1.0, 3.0 and 5.0 µg/ml), MMS (3.0, 5.0 and 10.0 µg/ml) and
etoposide (0.10, 1.0 and 3.0 µg/ml). The micronucleus formation was
analysed in binucleated cells (BNC) prepared by cytochalasin B treat-
ment after genotoxic exposure. Chromosome aberrations were
analysed in metaphase cells for both numerical and structural chromo-
some abnormalities. Results: Does-dependent increases in micronucle-
us formation and chromosome abnormality were detected in TK6 cells
for the three genotoxic agents studied. However, increasing treatment
time form 4 to 24 hr did not produce significant different results. The
marked increased frequencies of micronuclei per 1,000 BNC induced
by MMC, MMS and etoposide were respectively 43.00 ± 2.00, 18.67 ±
3.51 and 25.00 ± 2.00 when treated at 3 µg/ml for 4-hr. The elevated
production of micronucleus after treatments corresponding to the
increased sensitivity to chromosomal lesions. This was evident by the
percentages of cell containing aberrants induced by MMC (6.00±
2.30), MMS (3.83 ± 1.53) and etoposide (2.29 ± 0.72) which were sig-
nificantly greater than that of the untreated TK6 cells (0.08 ± 0.01,
p<0.05). The main chromosome lesions induced by MMC and MMS

were chromatid gaps and breaks whereas ring formation and fragmen-
tation were also seen for etoposide. In addition, the rate of chromoso-
mal abnormalities in response to MMS was significantly (LSD,
p<0.05) greater than micronuclei formation. Conclusion: The sensitiv-
ity of TK6 cells to chromosomal abnormalities by MMC, MMS and
etoposide is easily and reproducibly detected by the micronucleus test.
The results obtained in these two mutagenic assays support the use of
TK6 cells for genotoxicity tests.

DD069
CELLS AFTER TREATMENT WITH NONGENOTOXIC,
CLASTOGENIC AND ANEUGENIC COMPOUNDS
K Matsuzaki, A Harada, A Takeiri, K Tanaka, M Mishima
Fuji Gotemba Research Labs., Chugai Pharm. Co., Ltd., Shizuoka,
Japan
Email: mishimamsy@chugai-pharm.co.jp

The phosphorylated form of histone H2AX (γH2AX) is recognized as a
sensitive marker for DNA double-strand breaks (DSBs). Although geno-
toxic agents do not necessarily initiate DSBs, wide-ranging genotoxic
agents are known to cause γH2AX induction. Compared to the extensive
literatures on the induction of γH2AX by genotoxic agents, little is
known about the γH2AX response to non-DNA-damaging agents. The
aim of this study was to construct a whole cell ELISA (Cell-ELISA) sys-
tem that can detect induction of γH2AX by genotoxic chemicals and to
test pure aneugens for γH2AX induction. CHL, CHO and V79 cells seed-
ed in 96-well culture plates were exposed to micronuclei-inducing chem-
icals with various modes of action including eight clastogens (methyl
methanesulfonate,  N-ethyl-N’-nitro-N-nitrosoguanidine, mitomycin C,
cis-diaminedichloro platinum, iri no techan, etoposide, methotorexate and
5-fluorouracil) and six aneugens (colcemid, vincristine, paclitaxel, grise-
ofulvin, CH3310395 and 17-allylaminogeldanamycin). After incubation
for 24 hours, the cells were washed, fixed and reacted with an anti-
γH2AX antibody followed by HRP-conjugated secondary antibody and
coloring reagents. Absor bance from each treatment was measured for
γH2AX induction. All of the clastogens induced γH2AX in a dose-
dependent manner with the exception of 5-FU in CHO cells. The Cell-
ELISA values increased above 1.5-fold of vehicle control. None of the
nongenotoxic compounds or aneugens increased Cell-ELISA values to
1.5-fold. The concentration-relation curves were different between the
nongenotoxic and aneugenic compounds. After treatment with the aneu-
gens, the concentration-response curves of γH2AX were mostly flat even
in moderately cytotoxic concentration ranges while the nongenotoxic
compounds exhibited a cytotoxicity-dependent decrease of γH2AX. The
concentration-response curves were classified into three types, concen-
tration-dependent increase, cytotoxicity-dependent decrease and flat.
The present study results demonstrate that Cell-ELISA measurement for
γH2AX could further elucidate the mode of action of the chemicals. The
Cell-ELISA system easy to test many compounds might be a helpful tool
for better understanding of the implication of γH2AX in the field of
genotoxicology.

DD070
DNA REPAIR DEFECTS AND CHROMOSOMAL FRAGILE
SITES EXPRESSION
P Vernole (1), A Muzi (2), A Volpi (1), G Graziani (2)
(1) Department of Public Health and Cell Biology and (2) Department
of Neuroscience, University of Rome Tor Vergata, via Montpellier 1,
00133, Rome, Italy
Email: Vernole@uniroma2.it 

Common fragile sites (fs) are specific chromosomal areas that present
structural alterations when cells are exposed to various stresses, which
affect DNA synthesis. Actually, common fs are mostly induced by incu-
bation with aphidicolin (apc), an inhibitor of DNA polymerases α, β and
ε. It has been previously demonstrated that homologous recombination
(HR) is involved in the repair of DNA damage induced by apc and that
Rad51 is one of the HR components responsible for the stability of frag-
ile sites. Since the mismatch repair system (MMR) has been shown to
control HR by aborting strand exchange between divergent sequences,
we investigated the influence of MMR and HR on fs expression study-
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ing the induction and distribution of fs in a cell line derived from a
human colon carcinoma (i.e., HCT15). These cells are defective in MMR
due to mutations in both alleles of MSH6 gene. We also used a MMR
proficient clone transfected with a vector carrying the wild-type hMSH6
cDNA. Moreover, to analyse the requirement of a functional HR in the
repair of fs, HCT-15 cells were transiently silenced for RAD51 using
specific siRNA oligonucleotides. Results and conclusions: 1) It has been
reported that MMR deficient cells are more sensitive to cytotoxicity
induced by inhibitors of DNA synthesis with respect to MMR proficient
cells; here we demonstrate that HCT-15 cells are also more sensitive to
clastogenicity and fs induction by apc as compared to hMSH6-express-
ing HCT-15 cells. 2) In HCT-15 cells we have found a fs distribution dif-
ferent from the one previously reported in human lymphocytes. Indeed,
it has been found that fs distribution depends on cell differentiation.
HCT15 cells show alterations mainly at the fs in 16q23 (FRA16D), an
area involved in rearrangements in the colon cancer HCT116 cell line. In
16q23 is also located the WWOX gene, that is mutated in HCT116 and
classified as tumour suppressor gene. 3) Transient silencing of RAD51
results in induction of breaks mainly at fs, but with a more widely spread
distribution (with a lower frequency in FRA16D) than that observed with
apc. Moreover, in this experimental condition many more rearrange-
ments are present (tri-and tetra radials, dicentrics and translocations) than
after incubation with apc.

DD071
DNA REPLICATION AT COMMON FRAGILE SITE FRA6E
UNDER NORMAL AND APHIDICOLIN-INDUCED STRESS
CONDITIONS
E Palumbo (1), L Matricardi (1), A Bensimon (2), A Russo (1)
(1) Department of Biology, University of Padova, Italy; (2) Genomic
Vision, Paris, France
Email: antonella.russo@unipd.it

Common fragile sites (CFSs) are expressed as breaks/gaps on
metaphase chromosomes after partial inhibition of the DNA replication
process, as induced by aphidicolin (APH). Up to date, several studies
suggest that the fragility at these loci may be related to the incomplete
replication of the region. FRA6E is one among the most frequently
expressed fragile sites of the human genome, and PARK2 is the most
relevant gene mapped inside. By molecular combing, we have evaluat-
ed the replication pattern of FRA6E under normal and APH-induced
stress conditions in primary human lymphocytes. First, the effect of a
relatively high dose of aphidicolin (0.4 mM) on the replication progres-
sion was evaluated at whole genome level. After 2 h of exposure, a 10
fold significant decrease of the replication rate was found with respect
to the control (APH: 0.24±0.02 kb/min; C: 2.09±0.08 kb/min; P <
0.001), an effect balanced by the significant decrease of the inter-origin
distance (APH: 54.3±8.1 kb; C: 321.3±15.9 kb; P < 0.001). At single-
locus level, the replication dynamics was analysed at PARK2 (FRA6E)
with respect to the early replicating control loci HPRT and LAMIN B2.
Fork speeds and the inter-origin distances were determined and origins
were mapped, with particular attention to all possible deregulation
events of the replication process. The effect of the replication stress
(0.4 mM APH, 2 h) was compared to the control condition. In the con-
trol sample, the average fork speed at the fragile site and at early repli-
cating sequences were comparable, ranging from 1.2 to 1.5 kb/min.
Unidirectional forks seemed to be overrepresented at the fragile site
(16/61, 31%), with respect to control sequences (30/160, 19% at
LAMIN B2; 5/27, 19% at HPRT). After APH treatment, fork rates sig-
nificantly decreased to about 0.30 kb/min both at PARK2 and at HPRT¸
a response already observed at whole genome level. At HPRT the low
replication rate was balanced by a significant decrease of the inter-ori-
gin distance occurred (APH: 44.8±11.5 kb; C: 124.4±36.6.9 kb; P <
0.01). On the contrary, no origins could be mapped at PARK2-FRA6E
due to the strong deregulation pattern. It can be concluded that a differ-
ent response to replication stress may occur at the fragile site with
respect to control sequences.

DD072
EVALUATION OF HIGH-THROUGHPUT UMU TEST 
SYSTEM USING TESTER STRAINS EXPRESSING HUMAN
CYTOCHROME P450 ENZYMES
Y Oda (1), H Hori (2), W Fujii (2) 
(1) Department of Applied Chemistry, Facultry of Science and
Engineering, Kinki University, Osaka, Japan; (2) Suntory Limited,
Osaka, Japan.
Email: oday@apch.kindai.ac.jp

The SOS/umu test is generally employed for screening of potential
chemical carcinogens. The aim of this study is to examine the sensitiv-
itiy of umu-microplate test system with tester strains OY1002/1A2,
OY1002/1A1, OY1002/1B1, and OY1002/3A4 expressing human
cyto  chrome P450 (CYP1A2, 1A1, 1B1, 3A4) enzymes. The strains
were established by introducing two different plasmids into
S.typhimurium TA1535. The one plasmid is carrying human
cytochrome CYPs and NADPH-cytochrome P450 reductase cDNAs,
and the other plasmid is carrying O-acetyltransferase and umuC”lacZ
fusion genes. We evaluated induction of umuC gene expression by 2-
aminoanthracene, IQ, MeIQ and Glu-P-1, which expressed genotoxic-
ity when bioactivated by CYPs, and the expression is based on meas-
uring β-galactosidase activity. We obtained the following result with a
96-well microplate method. Genotoxicity of these chemicals with
OY1002/1A2 strain was able to detect with high sensitivity under the
following pre-incubation condition, which is added with isopropyl β-
D-thiogalactopyranoside at three hours point, then continuing incuba-
tion one more hour before chemical treatment. We found that the
microplate method can show approximately equal sensitivity to the test
tube method with opitimized chemical treatment condition, and meas-
urement condition of β-galactosidase activity. However, in the
OY1002/1A1, OY1002/1B1, and OY1002/3A4, the sensitivity to the
microplate method was lower than that to the test tube method. These
results suggest that the OY1002/1A2 strain provides the possibility of
high-throughput umu test system.

DD073
PHOSPHORYLATION OF SAF-A EXCLUSIVELY BY DNA-PK
IN RESPONSE TO DNA DOUBLE-STRAND BREAKS MARKS
CELL REPAIR CAPACITY. 
P Calsou, S Britton, C Froment, P Frit, B Monsarrat, B Salles 
1 CNRS; IPBS (Institut de Pharmacologie et de Biologie Structurale);
205 route de Narbonne, F-31077 Toulouse, France 2 Université de
Toulouse; UPS; IPBS; F-31077 Toulouse, France
Email: calsou@ipbs.fr

Radiotherapy is an essential mean for the curative treatment of cancer.
The production of DNA double-strand breaks (DSB) by ionizing irra-
diation accounts mostly for its toxic effect on tumor cells and DNA
repair represent a major determinant of the cell response to DSB.
Therefore, radiotherapy efficacy should benefit from developing drugs
that would target specifically the predominant repair mechanism, the
Non Homologous End Joining (NHEJ) pathway in cancer cells. In
mammals, NHEJ relies on recognition, protection and bridging of the
DNA-ends by the DNA-dependent protein kinase complex (DNA-PK)
composed of the DNA binding KU70/KU80 heterodimer which
recruits the serine-threonine kinase catalytic subunit (DNA-PKcs).
DNA-PK also activates end-processing enzymes such as the Artemis
nuclease and is required for the stable recruitment of the XRCC4/DNA
Ligase IV (LIG4)/Cernunnos-XLF complex that catalyzes the final lig-
ation step. Aiming to identify novel phosphosites in response to DNA
double-strand breaks (DSB), we have isolated a 120 kDa protein in
cells treated by DNA DSB inducers. We identified this protein as SAF-
A, mapped the main phosphosite and showed that this site was exclu-
sively phosphorylated by DNA-PK in response to DNA DSB. In addi-
tion, we found that the extent and duration of this phosphorylation was
in inverse correlation with the capacity of the cells to repair DSB by
NHEJ. With the purpose to improve radiotherapy efficacy, we propose
to use SAF-A phosphorylation as a specific signal to screen DNA-PKcs
inhibitors and to assess the cellular capacity to repair DSB.
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DD074
HUMAN PRECISION CUT LIVER SLICES: A VIEW ON 
INDIVIDUAL SUSCEPTIBILITY TO CARCINOGEN 
EXPOSURE
MJA Jetten (1), CHC Dejong (2), JCS Kleinjans (1), JHM van Delft (1)
(1) Department of Health Risk Analyses and Toxicology, Maastricht
University, Maastricht, The Netherlands; (2) Department of Surgery,
Maastricht University, Maastricht, The Netherlands
Email: marlon.jetten@grat.unimaas.nl

Background / Aim: Efforts are being taken to develop alternatives to
animal testing. Many studies focus on the development of in vitro tests
as a possible alternative to in vivo chronic animal studies. The rele-
vance of these new systems for humans is a major issue, since large
individual variations between humans in response to xenobiotic expo-
sure are known to exist. Therefore this study aims at evaluating the
individual susceptibility to carcinogen exposure, by the use of preci-
sion cut human liver slices. Methods: Human precision cut liver slices
of 5 donors exposed to aflatoxin B1 (AFB1), acetaminophen (APAP),
benzo(a)pyrene (BaP) or 2-nitrofluorene (2-NF) are evaluated for cyto-
toxicity (LDH + ATP leakage) and genotoxic damage (COMET assay).
Individual susceptibility is evaluated by the calculation of No
Observed Effect Levels (NOELs). Results: Cytotoxicity: After 6 hours
no significant increase in LDH or ATP leakage was seen with any of the
substances. At 24 hours, an increase in both LDH and ATP leakage was
found in all substances. Only for APAP the leakage was not dose
dependant. Genotoxic damage: DNA damage showed a dose dependent
increase for all substances but APAP. With APAP genotoxic damage
was found, but not in a dose dependant manner. Individual variation:
NOELs for DNA-damage were lower in comparison to NOELs from
the cytotoxicity tests in every substance but AFB1. Both cytotoxicity
tests show large differences in the NOELs per individual, these differ-
ences seem to be less pronounced with the genotoxic damage assay.
Conclusions: Precision cut human liver slices can be used to measure
individual susceptibility to carcinogen exposure. The cytotoxicity tests
show larger variability between individuals compared to the DNA dam-
age assay. NOELs show clear individual variation for all substances.
Future plans: To gain more insight into what causes individual differ-
ences in reaction to carcinogen exposure, future studies will focus on:
gene / protein expression by micro-arrays, RT-PCR on some toxicity
related genes, CYP450 activity and miRNA expression. Furthermore,
for several toxicity related genes, genetics, by genotyping studies
(SNP) and epigenetics by studying DNA methylation patterns (CpG
islands).

DD075
THE HOMOLOGUES OF BACTERIAL ALKB PROTEIN IN
CYANOBACTERIA AND ARABIDOPSIS THALIANA
D Mielecki, M Mielecki, A Chojnacka, J Nieminuszczy,  E Grzesiuk
Institute of Biochemistry and Biophysics, Polish Academy of Sciences
Pawińskiego 5A, 02-106 Warszawa, Poland
Email: damian@ibb.waw.pl

Cyanobacteria and higher plants belong to evolutionary distant groups
of photosynthesizing organisms. Despite of this fact all of them share
homology of alkB gene primary discovered and studied in Escherichia
coli. AlkB protein is a non-heme iron (II) and a-ketoglutarate-depend-
ent dioxygenase that oxidatively demethylates 1meA and 3meC lesions
in DNA, with recovery of A and C building RNA or DNA. The aim of
this study was to describe the activity of AlkB homologues in both
groups of organisms: Cyanobacteria and higher plants – Arabidopsis.
We have chosen ten cyanobacterial strains (Acaryochloris marina
MBIC11017, Arthrospira maxima CS-328, Cyanothece sp. PCC7425,
Microcoleus chthonoplastes PCC7420, Prochlorococcus marinus
MIT9313, Synechococcus sp. BL107, Synechococcus sp. CC9311,
Synechococcus sp. RS9916, Synechocystis sp. PCC6803) which
genomes have been sequenced and revealed existence of at least one
alkB homologue. Most of the coded enzymes contain whole AlkB
domain. On the other hand the genome of Arabidopsis thaliana, a plant
model organism, shows at least ten alkB homologues that produce pro-
teins with whole or part of the AlkB domain, according to in silico
analysis. Cyanobacterial and Arabidopsis cDNA of alkB homologues

were inserted into high copy number plasmid pET28a in the frame with
His-tag in order to overexpress them in E. coli strain BL21. The pro-
teins were purified on metal affinity columns (Ni-Sepharose) and used
in enzyme activity assay (demethylation activity on oligonucleotide
containing 3-methylcytosine residue). Simultaneously, cDNA of alkB
homologues were inserted into low copy number vector (pVB1x); the
resulting plasmid constructs were used in complementation assays in E.
coli strain deprived of its own alkB gene.

DD076
CONTRIBUTION OF TRANSCRIPTION-COUPLED DNA
REPAIR TO MMS-INDUCED MUTAGENESIS IN E. COLI
STRAINS DEFICIENT IN FUNCTIONAL ALKB AND MFD
PROTEINS
J Nieminuszczy, M Wrzesi�ski, D Mielecki, A Sikora, A Chojnacka, E
Grzesiuk
Institute of Biochemistry and Biophysics, Polish Academy of Sciences
Pawi�skiego 5A, 02-106 Warszawa, Poland
Email: jniemi@ibb.waw.pl

In Escherichia coli the alkylating agent methylmethane sulfonate
(MMS) induces defense systems (adaptive and SOS responses), DNA
repair pathways, and mutagenesis. We have previously found that AlkB
protein induced as part of the adaptive (Ada) response protects cells
from the genotoxic and mutagenic activity of MMS. AlkB protein is a
non-heme iron (II) and a-ketoglutarate-dependent dioxygenase that
oxidatively demethylates 1meA and 3meC lesions in DNA, with recov-
ery of A and C. Here, we studied the impact of transcription-repair cou-
pling factor, Mfd protein, on MMS-induced mutagenesis in E.coli
strains deficient in functional AlkB protein. Measuring the Fpg sensi-
tive sites in plasmid DNA and the frequency and specificity of MMS-
induced argE3→Arg+ revertants under transient starvation conditions,
we found less effective transcription coupled repair (TCR) in E.coli
alkB– than in alkB+ strains. On the other hand, introduction of mfd-1
mutation into the alkB– strains resulted in complete loss of TCR and
extremely high induction of the SOS response, not observed in the
alkB+ mfd– strain. Determination of the specificity of mfd-1 mutations
in CC101-106 strains showed a great prevalence of MMS-induced
GC→AT transitions in the CC102 strain, whereas the introduction of
mfd-1 mutation into both sets of alkB– strains resulted mostly in
GC→TA transversions in the CC104 strain. The involvement of
1meA/3meC lesions and also of AP sites in the induction of SOS
response and MMS-induced mutagenesis has been postulated.

DD077
LETHAL AND MUTAGENIC EFFECT OF MMS ON E.COLI
CELLS DEFICIENT IN BER AND ALKB-DIRECTED REPAIR
A Sikora, D Mielecki, M Wrzesiński, J Nieminuszczy, E Grzesiuk
Institute of Biochemistry and Biophysics, Polish Academy of Sciences, 
Pawi�skiego 5a, 02-106 Warszawa, Poland
Email: elag@ibb.waw.pl

In Escherichia coli the alkylating agent methylmethane sulfonate
(MMS) induces defense systems (adaptive and SOS responses), DNA
repair pathways, and mutagenesis. We have previously found that AlkB
protein induced as part of the adaptive (Ada) response protects cells
from the genotoxic and mutagenic activity of MMS. AlkB protein is a
non-heme iron (II) and a-ketoglutarate-dependent dioxygenase that
oxidatively demethylates 1meA and 3meC lesions in DNA, with recov-
ery of A and C. Here, we studied the impact of transcription-repair cou-
pling factor, Mfd protein, on MMS-induced mutagenesis in E.coli
strains deficient in functional AlkB protein. Measuring the Fpg sensi-
tive sites in plasmid DNA and the frequency and specificity of MMS-
induced argE3�Arg+ revertants under transient starvation conditions,
we found less effective transcription coupled repair (TCR) in E.coli
alkB– than in alkB+ strains. On the other hand, introduction of mfd-1
mutation into the alkB– strains resulted in complete loss of TCR and
extremely high induction of the SOS response, not observed in the
alkB+ mfd– strain. Determination of the specificity of mfd-1 mutations
in CC101-106 strains showed a great prevalence of MMS-induced
GC�AT transitions in the CC102 strain, whereas the introduction of
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mfd-1 mutation into both sets of alkB– strains resulted mostly in
GC�TA transversions in the CC104 strain. The involvement of
1meA/3meC lesions and also of AP sites in the induction of SOS
response and MMS-induced mutagenesis has been postulated.

DD078
ASSESSING OF RADIOSENSITIVITY OF PERSONS
EXPOSED TO IONIZING RADIATION DURING FLIGHTS
N.Yu Vorobyova1), I.I. Pelevina 1), A.N Osipov1), M.M. Antoschina 2),
N.I. Ryabchenko2), V.A. Bondarenko3), Yu.I. Voronkov3), V.V.Tsetlin3),
A.M. Serebryanyi4)
1) N.N. Semenov Institute of Chemistry Physics RAS, Moscow, Russia
2) Medical Radiological Research Center RAMN, Obninsk, Russia 3)
State Research Center RF- Institute of medical biological problems
RAS, Moscow, Russia 4) N.M. Emanuel Institute of biochemical physics
RAS, Moscow, Russia
Email: nuv.rad@mail.ru

One of the important problems of modern medicine is revealing groups
of risk among people professionally exposed to gamma irradiation.
Pilots and astronauts are in the special risk group, during the flight they
are affected by ionizing radiation, vibration, noise and low gravity. In
this paper the problem of low level radiation, possible influence on
health and implication for the risk assessment will be discussed. We
have used some biological markers that can serve as an early signifi-
cance of future disease. DNA damages, aberrations of chromosome
(unstable), radiosensivity and adaptive response were investigated on
human blood lymphocytes. It was shown that in pilot’s lymphocytes
initial DNA damages are increased in comparison with control donors;
the radiosensitivity is higher too (in the mean). But the very important
fact – the high level of individual variability in the initial DNA damage
and in radiosensitivity is observed. The frequency of lymphocytes with
some aberrations and the whole amount of chromosome aberrations is
higher in pilots after additional irradiation in control population. The
adaptive response is decreased and determined in 14% of pilots in com-
parison with 69% in control donors. Among the astronauts the adaptive
response or the tendency to adaptive response was observed.We can
conclude that in 1-10 years after flying it is possible to determine DNA
damages, alterations in radiosensivity and capability to adaptation.
Perhaps some nontarget effects, for instance genomic instability after
low dose irradiation induce these late effects and then pilots and astro-
nauts with enhanced radiosensitivity are a group of risk.

DD079
APOPTOSIS IS THE ONLY CAUSE OF THE 
PHOSPHORYLATION OF H2AX IN TK6 CELLS TREATED
WITH COLCEMID, TAXOL AND VINBLASTIN
A Harada, A Takeiri , K Tanaka, K Matsuzaki , S Motoyama, M
Mishima 
Fuji Gotemba Research Labs., Chugai Pharm. Co., Ltd., Shizuoka,
Japan
Email: haradaask@chugai-pharm.co.jp

It is important to understand that a micronucleus (MN)-inducing com-
pound has a direct or indirect effect on DNA. Increases in MN deter-
mined by staining with centromere or kinetochore probes are general-
ly accepted as evidence of the existence of an indirect mode of action
but does not necessarily suggest a lack of direct activity on DNA. The
phosphorylated form of histon H2AX (γH2AX) is a sensitive and quan-
titative biomarker for DNA double-strand break (DSB) formation.
Recent studies have revealed that H2AX is phosphorylated via DNA
repairing pathways after treatment with wide-ranging genotoxic agents
including the compounds that do not initiate DSBs. The aim of this
study was to examine the potential use of γH2AX measurement to eval-
uate the lack of DNA direct activity. Human lymphoblastoma TK6 cells
were exposed to a clastogen (methyl methansulfonate, MMS), three
aneugens (colcemid, taxsol and vinblastin), and etoposide which has
both aneugenic and clastogenic activities. After 24 hours of treatment,
the cells were fixed, double-stained with anti-γH2AX and anti-caspase-
3 antibodies as an apoptotic cell marker, and analyzed by flow cytom-
etry. Concentration-dependent increase of γH2AX was seen in both

caspase-3 positive and negative cells after treatment with MMS, etopo-
side, taxol and vinblastine whereas colcemid induced γH2AX only in
the caspase-3 positive cells. Then, we re-defined the apoptotic cells
using MitoTracker-detecting alteration of the mitochondrial mem-
brane, an early event of apoptosis. MMS and etoposide increased
γH2AX in a concentration-dependent manner in both apoptotic and
non-apoptotic cells. Contrarily, all three aneugens induced γH2AX in
the apoptotic cells only. The results demonstrated that apoptosis entire-
ly contributed to the induction of γH2AX after treatment with the three
aneugens. It must be noted that γH2AX is not an endpoint directly cor-
responding to harmful events such as mutations, structural aberrations
of chromosomes or genome instability. It remains questionable whether
the consideration of genotoxicity merits measurement of γH2AX.
However, the present study result suggests that a combination of
γH2AX with an early apoptotic marker may be a helpful tool for better
understanding genotoxic modes of action.

DD080
OCCUPATIONAL EXPOSURE TO POLYCYCLIC AROMATIC
HYDROCARBONS IN WOOD DUST
E Danisman (1), P Schupfer (1), P Tacchini (2), B Danuser (1), CK
Huynh (1)
(1) Institute for Work and Health (IST), CH-1011 Lausanne, Switzerland;
(2) Edel Therapeutics SA, CH-1011 Lausanne, Switzerland
Email: chuynh@hospvd.ch

Background: Malignant naso-sinusal cavity (NSC) tumors represent
approximately 3% of Otolaryngology cancers. NSC adenocarcinoma has
been accepted as an occupational disease for certain specialist wood work-
ers such as joiners and cabinetmakers. It is estimated that wood workers
are subjected to a 50-100 times higher risk for NSC adenocarcinoma than
the general population. Several chemical substances have been identified
as potentially involved in the guesses of this cancer, such as the tannin in
hardwood, formaldehyde in plywood and generally Polycyclic Aromatic
Hydrocarbons (PAHs) in wood. PAHs most likely play a central role in the
guesses of NSC adenocarcinoma development in wood workers. This
study aims to clarify the role of PAHs in the genotoxicity of wood dust.
Methods: In a 10 m3 experimental chamber the typical work processes like
sawing, planning or sanding were analyzed. The size distribution of the
wood dust particles was evaluated by microcopies analysis. The level of
PAHs was measured by Gas Chromatography Mass spectrometry. The fol-
lowing three wood types were tested: rough fir tree, impregnated
polyurethane (PU) oak and rough oak. High Performance Liquid
Chromatography was used to monitor urinary 1-hydroxypyrene, a metabo-
lite of PAHs. The level of genetic damage due to wood dust exposure was
determined by comet assay in peripheral blood lymphocytes by micronu-
cleus assay in nasal and buccal epithelial cells and by the antioxidant level
in peripheral blood. Results: The results showed the presence carcinogenic
PAHs in wood dust at level of mg/g or ppm. The dust generated by sand-
ing operation of PU impregnated wood contained 100 times higher PAHs
levels than the dust of rough wood. The wood working tools such as
sander, circular saw or plane could create dust with a particle size distribu-
tion centered around of 10 µm or more, therefore the resulting dust depo-
sition is expected in the naso-sinusal cavity. No difference in PAHs content
between softwood (fir tree) and hardwood (oak) was detected.
Conclusions: The high temperature induced by sanding or cutting tools
results in a considerable exposure to PAHs. Excessive heating of the sur-
face of the wood or the PU impregnated surface could be the cause of the
measured level of PAHs.

DD081
CORRELATION BETWEEN CHROMOSOME ABERRATION
ANALYSIS AND MICRONUCLEUS ASSAY IN SAMPLES OF
MEDICAL EMPLOYEES OCCUPATIONALLY EXPOSED TO
IONIZING RADIATION
A Rahmanovic (1), S Haveric (1), A Haveric (1), S Ibrulj (1,2)
(1) Laboratory for Cytogenetics and Genotoxicology, Institute for
Genetic Engineering and Biotechnology, Kemalbegova 10, 71 000
Sarajevo, Bosnia and Herzegovina; (2) School of Medicine, University
of Sarajevo, Čekaluša, 71 000 Sarajevo, Bosnia and Herzegovina
Email: anisa.svraka@ingeb.ba
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Ionizing radiation can cause harmful genetic mutations by damaging
DNA. Chromosome aberration analysis and micronucleus assay are the
most preferable methods to determine those damages. They can be
used as complement or substitute to each other. Aim of this study was
to evaluate correlation of these tests. The study is conducted over 41
samples of medical employees occupationally exposed to ionizing radi-
ation. Peripheral blood was cultivated 72 hours for micronucleus
cytokinesis-block assay and 48 hours for chromosome aberrations
analysis. For each sample 100 metaphase and 1000 binuclear cells were
analyzed. Within observed chromosome aberrations 33% are minute
fragments, 29% acentric fragments, 29% chromatide, and 7% chromo-
some breaks. We also found 2 dicentrics and 1 translocation figure. In
order to determine linear correlation among results of conducted cyto-
genetic tests, Pearson correlation coefficient was calculated.
Significant positive correlation was determined for frequencies of
structural chromosome aberrations and micronuclei (r = 0,341,
p=0,029). The same was determined for frequencies of all – structural
and numerical - chromosome aberrations and micronuclei (r = 0,321,
p=0,0407). Significant correlation was not determined for frequencies
of numerical chromosome aberration and micronuclei. The gender of
participants did not significantly affect frequencies of observed cytoge-
netic parameters. Results of this study affirm validity of usage of both
tests in genotoxicological screenings.

DD082
IMPACT OF POLY (ADP-RIBOSE) POLYMERASE 
1- DEFICIENCY IN DNA AND CHROMOSOME DAMAGE 
FOLLOWING MOUSE WHOLE-BODY GAMMA IRRADIATION
H Louro, A Dias, T Santos, MJ Silva
National Institute of Health Dr. Ricardo Jorge, I.P., Department of
Genetics, Lisbon, Portugal.
Email: henriqueta.louro@insa.min-saude.pt

Poly (ADP-ribose) polymerase1 (Parp1) is a chromatin-associated pro-
tein that recognizes and is activated by DNA strand breaks. Parp1
involvement in base excision repair and in double strand break repair
has been extensively studied in vitro, but few studies have tried to
ascertain its role in DNA damage repair at a whole-organism level. The
present work aimed at investigating the effect of Parp1-deficiency on
DNA and chromosome damage in several organs of gamma-irradiated
mice. Groups of Parp1-proficient (WT) and deficient mice were
exposed to 1 Gy whole-body gamma radiation and spleen, liver and
bone marrow were collected at 120 min post-irradiation to measure
DNA damage using the alkaline Comet assay. Blood samples were col-
lected at 10, 90 and 180 min post-irradiation for the comet assay and at
48 h for analysis of micronucleus in reticulocytes. A time-related vari-
ation in the level of DNA damage (percentage of DNA in the tail) was
observed in peripheral blood cells of irradiated mice, reaching its max-
imum at 90 min, independently of the Parp1 status.  In bone marrow, a
differential response was detected between WT and Parp1-deficient
mice, consisting of a significantly higher level of radiation-induced
DNA breaks in WT mice. This apparently weaker induction of DNA
damage in bone marrow of Parp-1 deficient mice might be due to a
stronger cytotoxicity, which was evidenced by a dramatic decrease in
peripheral blood reticulocyte number, 48 h after irradiation.  Despite
this effect, a significantly increased frequency of micronucleated retic-
ulocytes was found in both groups of irradiated mice in comparison to
controls, reflecting radiation-induced chromosome breaks in bone mar-
row cells, which were not affected by Parp1 status. No significant radi-
ation-induced DNA damage was detected in spleen and liver of both
mouse groups.In summary, in response to 1 Gy of ionizing radiation,
the most prominent effects of Parp1 abrogation in vivo were a
decreased level of DNA damage and an increased cytotoxicity in bone
marrow cells. The later is in agreement with the recognized higher sus-
ceptibility of Parp1-deficient cells to death following a genotoxic
stress, probably preventing further accumulation of DNA damage. 
Partially funded by CIGMH

DD083
EVALUATION OF DAMAGE INDUCED IN VITRO BY 
TAXOTERE AND FARMORUBICIN IN BREAST CANCER
PATIENTS DURING NEOADJUVANT CHEMOTHERAPY AND
HEALTHY FEMALES
A Poersch (1), AC Teixeira (1), HHA Carrara (2); JM Andrade (2); CS
Takahashi (1,3) 
(1)Department of Genetics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil; (2)Department of
Gynecology and Obstetrics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil; (3)Department of
Biology, Faculty of Philosophy, Sciences and Letters of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil.
Email: alinepoersch@hotmail.com

Drug resistance is considered to be the main impediment to successful
cancer chemotherapy. Clinical responses to chemotherapy and toxicity
vary among individuals. In this study, we evaluated the basal damage
and the cellular response to DNA damage induced in vitro by Taxotere
and Farmorubicin in lymphocytes of seventeen female patients
between 25 and 70 years with advanced breast cancer before and after
chemotherapy and forty age-matched healthy females. The Micro -
nucleus Test and Comet Assay were performed in peripheral blood
lymphocytes (PBL) according to a standard protocol. Five treatment
groups were analyzed: negative control (25µL of sterile water in the
culture medium, because this was the solvent used to prepare the
Farmorubicin), solvent control (5µL of ethanol and water solution
(13%) in the culture medium, because this was the proportion used to
dilute Taxotere), Taxotere (0.5µg docetaxel (Aventis Pharma, England)
in the culture medium), Farmorubicin (0.25µg epirubicin (Pfizer) in the
culture medium) and drug association (Taxotere + Farmorubicin). In
the Comet Assay, three cell samples were collected: T0 (immediately
before the cell culture treatment), T1 (immediately after completion of
the cell culture treatment) and T2 (four hours after completion of the
cell culture treatment). No differences in micronucleus basal frequency
were observed between breast cancer patients and healthy females. The
Comet Assay and Micronucleus Test determined that patients and
healthy females responded with the same intensity to damage induced
by Taxotere and Farmorubicin chemotherapeutics. Breast cancer
patients showed a reduced repair capability and/or partial elimination
of the damaged cells as compared to healthy females. We also observed
that DNA damage in breast cancer patients is accumulated during the
various cycles of chemotherapy and persists until the end of treatment.
Dividing the samples according to age (≤45 years and > 45 years), we
observe that increasing the age, the group of patients becomes more
susceptible to the damage.

DD084
PROTECTIVE EFFECT OF N-ACETYLCYSTEINE ON 
RADIATION-INDUCED ACUTE DNA  DAMAGE INDUCED BY
INTERVENTIONAL CARDIOVASCULAR PROCEDURES
I Foffa (1), N Botto (4), S Manfredi (2), A Coppa (3),  P Rubino (3), E
Picano (2), MG Andreassi (2)
(1) The Sant’Anna School of Advanced Studies, Pisa, Italy; (2) Cnr,
Institute Of Clinical Physiology, Pisa, Italy; (3) Cardiology Clinic
Montevergine, Mercogliano, Italy; (4) G. Monasterio Foundation, G.
Pasquinucci Hospital, Massa Italy
Email: andreas@ifc.cnr.it

Background: Invasive cardiovascular procedures involving radiation
exposure are associated with the induction of chromosomal DNA dam-
age (Andreassi et al. Eur Heart Journal 2007). N-acetylcysteine (NAC)
is frequently used for preventing contrast-induced nephropathy, but it
also has weel recognized radioprotective properties. The aim was to
assess the effect of NAC on levels of chromosomal DNA damage after
interventional catheterization procedures. Methods: Sixty-eight
patients (52 males, age 64.6+11.8 years) undergoing invasive cardio-
vascular procedures (peripheral transluminal angioplasty, n= 48; car-
diac resynchronization therapy, n =15 and ablation therapy n=5) were
enrolled: 38 patients received the standard hydration protocol consist-
ing of intravenous isotonic saline for 12 h after catheterization (Group
II), and 30 patients (26 males, age 65.6+12.9 years) received a double
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intravenous dose of NAC (6 mg/kg/h diluted in 250 mL of NaCl 0.9%)
for 1 hour before and a standard dose (6 mg/kg/h diluted in 500 mL of
NaCl 0.9%) for 12 hours following catheterization (Group II).
Micronucleus assay (MN) was used as biomarker of chromosomal
damage and intermediate endpoint in carcinogenesis. Dose–area prod-
uct (DAP; Gy cm2) was assessed as physical measure of radiation load.
Results: DAP was higher in NAC-treated patients (I=126.2±79.2 vs
II=54.7±23.6 Gy cm2, p<0.0001). MN frequency showed a significant
rise at 2 h and 24 h after procedures only in Group I, saline-treated
patients (see figure; *=p<.05 vs baseline). Conclusion: NAC treatment
may exert a radioprotective effect in patients submitted to radiation-
intensive interventional cardiological procedures, possibly through its
known direct and indirect (GSH precursor) antioxidant properties.

DD085
DNA REPAIR POLYMORPHISMS XRCC1 Arg399Gln IS
ASSOCIATED WITH ELEVATED LEVELS OF 
CHROMOSOMAL DNA DAMAGE AND TELOMERE 
DYSFUNCTION IN PATIENT WITH ATHEROSCLEROSIS
C Federici (1,2), S Manfredi (1), M Del Fiandra (1), K Salpea (3), C
Maubaret (3), S Humphries (3), MG Andreassi (1)
(1) G. Pasquinucci Hospital, Institute of Clinical Physiology, Massa,
Italy; (2) The Sant’Anna School of Advanced Studies, Pisa, Italy; (3)
Centre for Cardiovascular Genetic, British Heart Foundation
Laboratories, Royal Free and University College Medical School,
London, England.
Email: andreas@ifc.cnr.it

Background: Telomere shortening and chromosomal DNA damage in
circulating leucocytes have been shown to be associated with coronary
artery disease (CAD). DNA repair is a central factor for maintaining
genomic stability, including telomere maintenance. The aim was to test
whether genetic polymorphisms in DNA repair capacity (XRCC1
Arg399Gln, Arg194Trp, XRCC3 Thr241Met) are associated with
increased levels of chromosomal DNA damage and telomere dysfunc-
tion in patient with CAD. Methods: The study population comprised 85
patients (57 male; 66.2±10.0 years; mean ±S.D.) with angiographically-
proven CAD. Micronucleus assay (MN) was used as biomarker of chro-
mosomal damage. Telomere length was assessed with quantitative real-
time PCR. PCR-RFLP analysis was performed for each genetic variant.
Results: MN was higher in female (p=0.04) and telomere length was
inversely correlated with age (p=0.03). Carriers of at least one variant
allele of XRCC1 Arg399Gln had higher levels of MN (19.0±7.1
Arg/Arg vs 22.9±8.6 Arg/Gln Gln/ Gln p=0.03) and shorter telomere
length (0.911±0,20 Arg/Arg vs 0.822±0.19 Arg/Gln Gln/Gln p=0.03).
No difference was evidenced about other polymorphisms. Conclusions:
Our findings demonstrated that the XRCC1 Arg399Gln polymorphism
is associated with both chromosomal DNA damage and telomere dys-
function, suggesting that repair DNA single-strand breaks may have a
critical role in the genetic instability-induced atherosclerosis.

DD086
SYSTEMATIC ANALYSIS OF SIGNALING PATHWAYS THAT
CONTROL THE DNA-DAMAGE RESPONSE IN EMBRYONIC
STEM (ES) CELLS
J. Carreras Puigvert (1, 2), B. van de Water (1), E. HJ Danen (1)
(1) Division of Toxicology, LACDR, Leiden University, the Nether -
lands; (2) Netherlands Toxicogenomics Center.
Email: j.c.puigvert@chem.leidenuniv.nl

Exposure of cells to DNA-damaging agents activates signal transduc-
tion cascades that affect DNA repair, cell cycle progression, and cell
survival. Different cellular strategies exist to cope with DNA damage:
damage is tolerated (with the risk that cells acquire malignant proper-
ties), damage is repaired, or cells with damaged DNA are removed
from the tissue. The latter strategy involves a complex of signal trans-
duction pathways that can induce various types of cell death, including
apoptosis. In a highly simplified model DNA-damage causes activation
of the sensor kinases (ATM, ATR, DNA-PK) that activate p53 and the
checkpoint kinases (Chk1, Chk2), which in turn regulate effector path-
ways that lead to DNA-damage, cell survival, or death. In reality, the

process is much more complex with many additional regulators, exten-
sive cross-talk, and multiple positive and negative feedback loops. In
this project, we make use of gene family short interference (si)RNA
libraries to identify kinases and phosphatases that are involved in the
apoptotic response to various DNA-damaging drugs in ES cells.
Automated high content live cell imaging analysis is used to qualita-
tively and quantitatively follow the onset of apoptotic cell death. We
will unravel the signaling cascades in which identified kinases and
phosphatases operate and employ micro-array studies to link them to
transcriptional changes upon DNA-damage response.

DD087
ROLE OF POSTTRANSLATIONAL PROTEIN 
MODIFICATIONS IN THE DNA DAMAGE RESPONSE
L von Stechow1, J Puigvert-Carreras1, R Sidappa1, B van de Water1,
EHJ Danen1 
1 Division of Toxicology, LACDR, Leiden University, the Netherlands
Email: stechowlmm@chem.leidenuniv.nl

Maintenance of genomic stability is of outmost importance for cells to
avoid malignant transformation. The exposure of cells to genotoxic
agents (as well as different stresses like hypoxia, UV or radiation) leads
to activation of the DNA damage response which ensures that no cor-
rupted DNA is kept or passed to daughter cells. This cellular response
comprises a complex signaling network which integrates the damage
signal and finally leads to an appropriate cellular outcome. This out-
come can be tolerance toward the DNA damage which bears the risk of
malignant transformation, the repair of the DNA, or the removal of the
cell in which the damage occurred from the tissue which is generally
achieved by regulated death of the cell (apoptosis). In recent years
much data about the response to DNA damage has been gained using
microarray technology providing knowledge about the regulation of
genes on the transcriptional level. We will perform a functional
genomics screen, which will go beyond the level of gene regulation and
will help us to clarify the role of different factors for the DNA damage
response. Posttranslational modifications are of great importance to
transmit the damage signal, making the enzymes which confer these
modifications interesting candidates to screen for. We will make use of
siRNA based libraries to silence genes encoding all cellular kinases and
phosphatases, as well as ubiquitinases and deubiquitinases, sumoylases
and desumoylases. Following siRNA-mediated knockdown, embryon-
ic stem cells are treated with the chemotherapeutic cisplatin. As a
bioassay we use live imaging for the binding of fluorophore-labeled
annexin V as a marker of apoptosis. In contrast to an endpoint based
analysis this allows us to capture the kinetics of the apoptotic response.
Further, we use staining of fixed samples for markers of DNA repair,
like 53BP1 and g-H2AX which appear in discrete foci after the occur-
rence of DNA double strand breaks. These assays have been used in
preliminary small scale experiments are currently being optimized for
the intended large scale screens. Using these different readouts will
allow us to identify hits in DNA repair and/or apoptosis pathways.

DD088
POLYMORPHISMS IN DNA BASE EXCISION REPAIR (BER)
GENES AND NEURODEGENERATIVE DISEASES
F Coppedè (1), F Migheli (2), A Lo Gerfo (1), R Ceravolo (1), M
Mancuso (1), R del Bo (3),  R Lo Nigro (4), G P Comi (3), G Siciliano
(1), L Migliore (2)
1) Department of Neuroscience, University of Pisa, Italy 2) Department of Human
and Environmental Sciences, University of Pisa, Italy 3) Dino Ferrari Centre,
Department of Neurological Sciences, University of Milan, Italy 4) Department of
Biomedical and Technological Sciences, University of Udine, Italy
Email: f.coppede@geog.unipi.it

BACKGROUND: There is indication that terminally differentiated
neurons can re-enter the cell division cycle to allow the repair of DNA
damage. Indeed, if not properly repaired, damage to both nuclear and
mitochondrial DNA can result in neuronal death. In this context sever-
al studies indicate that oxidative DNA damage is critical for neuronal
survival, and that the DNA base excision repair (BER) pathway is
impaired in neurodegenerative diseases such as Alzheimer’s disease
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(AD), Parkinson’s disease (PD) and Amyotrophic Lateral Sclerosis
(ALS). Moreover BER seems also involved in the somatic instability
of CAG repeats in Huntington’s disease (HD). AIMS and METHODS:
we are currently searching for association between polymorphism in
BER genes and any of the above neurodegenerative diseases by means
of PCR/RFLP technique. RESULTS: We observed association between
the OGG1 Ser326Cys polymorphism and sporadic ALS risk in Italian
males (P = 0.01). On the contrary, the APE1 Asp148Glu polymorphism
was not associated with increased ALS risk. We are currently investi-
gating XRCC1 Arg194Trp, Arg280His and Arg399Gln polymorphisms
in over 200 sporadic Italian ALS patients and 200 matched controls,
and preliminary results indicate association between XRCC1
Arg399Gln and disease risk in males (P < 0.05). Our recent analysis of
more than 150 Italian AD patients and 150 matched controls failed to
find association between the OGG1 Ser326Cys polymorphism and risk
for sporadic AD. OGG1 has been recently implicated in somatic CAG
repeat expansion of the HD gene and we observed association between
the OGG1 Ser326Cys polymorphism and both the number of CAG
repeats in blood cells and disease age at onset in 91 HD individuals (P
= 0.01). We are currently genotyping a large Italian case-control group
of over 400 subjects to test for a possible association between the
OGG1 Ser326Cys polymorphism and sporadic PD. CONCLUSIONS:
Overall results from our group indicate a possible role for polymor-
phisms in BER genes in different neurodegenerative processes.

DD089
CELLULAR RESPONSES TO CISPLATIN ASSOCIATED
WITH LY294002 (INHIBITOR OF PHOSPHATIDYLINOSITOL
3-KINASE) IN GLIOMA CELL LINES
PO Carminati (1), JA Meador (2), AS Balajee (2), ET Sakamoto-Hojo (1,3)
(1) Department of Genetics, School of Medicine of Ribeirão Preto,
University of São Paulo, Brazil; (2) Center for Radiological Research,
Department of Radiation Oncology, College of Physicians and
Surgeons, Columbia University, 630 West, 168th Street, New York, NY,
USA; (3) Department of Biology, School of Philosophy, Sciences and
Literature of Ribeirão Preto, University of São Paulo, Brazil.
Email: pocarmi@rge.fmrp.usp.br

Gliomas are the most common tumor of the central nervous system. In
spite of the combined therapies (surgery, radio- and chemotherapy) the
prognosis for these patients is still discouraging. In this work, we test-
ed whether LY294002 (PI3K inhibitor) can enhance the cytotoxicity of
cisplatin in human glioma cell lines (U343 and U87). Aiming to ana-
lyze the cellular responses to cisplatin plus LY294002, as a first step,
we performed survival assays and apoptosis detection; in addition, the
expression of several proteins (PCNA, H2AX, p53 and ATR) was ana-
lyzed by Western blot. We also tested whether DNA-PK mutant
(MO59J) and proficient (MO59K) cell lines would provide results
according to the DNA-PK (member of PI3K family) status. Cisplatin
(5 to 75 µM) caused a pronounced reduction in cell survival after five
days of treatment in U343 and U87 cells. While U343 cells underwent
apoptosis (50.1%) after treatment (25µM cisplatin+LY294002; 72h),
U87 cells did not show a significant apoptosis induction. Therefore,
LY294002 significantly increased cisplatin effects in survival and
apoptosis assays for U343, but for U87 cells, LY294002 increased cell
death only in survival experiments. MO59K cells were resistant to cis-
platin (5, 10, 25, 50 and 75 µM; 72h) while MO59J cells were highly
sensitive to the drug, presenting a significant apoptosis induction
(43%). While PCNA expression was reduced in cisplatin-treated U343
cells, compared to controls, γ-H2AX was expressed in cell treated with
cisplatin and cisplatin+LY294002. Phospho-p53 was expressed only in
cisplatin and cisplatin+LY294002 treated cells (24h). The combined
treatment (24h) also increased ATR protein expression. Therefore, the
results demonstrated that LY294002 plus cisplatin showed significant
effects on cell proliferation and cell death, probably due to the inhibi-
tion of PI3K, and possibly DNA-PK, which is known to be involved in
DNA repair. Moreover, the effects of the combined treatment were
observed for proteins related to DNA damage responses. Thus, the inhi-
bition of DNA repair proteins proved to be a promising strategy in can-
cer therapy. Experiments to confirm the inhibition of DNA-PK are cur-
rently under way. (Financial support: FAPESP (Proc. 05/02900-2;
04/15611-6), CNPq and CAPES).

DD090
EVALUATION OF THE PROTECTIVE EFFECT OF BIXIN ON
CISPLATIN-INDUCED GENOTOXICITY IN PC12 CELLS
GC Santos(1), LM Mendonça (2), GA Antonucci (2), AC Santos (2),
LMG Antunes (2), MLP Bianchi (2)
(1) Departamento de Alimentos e Nutrição, Faculdade de Ciências
Farmacêuticas, Universidade Estadual Paulista Julio de Mesquita Filho,
Araraquara, São Paulo, Brazil. (2) Departamento de Análises Clínicas,
Toxicológicas e Bromatológicas, Faculdade de Ciências Farmacêuticas,
Universidade de São Paulo, Ribeirão Preto, São Paulo, Brazil.
Email: gracsantos@hotmail.com

The neuropathy induced by chemotherapeutic drugs is a complication
in the treatment of cancer and other diseases, because this kind of treat-
ment is often painful and requires discontinuation of the therapy.
Cisplatin has been commonly used against many forms of cancer, how-
ever, its application is associated with many toxic effects such as neu-
rotoxicity, nephrotoxicity, hearing loss and vomiting. These adverse
effects have led to the development of specific agents to lessen the drug
toxicity. Some studies have suggested that antioxidants administration
is able to reduce the damage and protect tissues. Thus, the carotenoids
are an important option to be evaluated, because they are considered to
be effective antioxidants. In the present study, the genotoxicity and
antigenotoxicity of bixin carotenoid on the cisplatin-induced toxicity in
PC12 cell cultures was assessed. Cytotoxicity was determined by the
MTT assay, chromosomal damage by the Micronucleus test and the
extent of primary damage to the DNA by the Comet assay. Bixin was
first assessed with respect to its genotoxicity. Bixin concentrations of
0.05, 0.08 and 0.10 µg/ml were neither cytotoxic nor genotoxic to
PC12 cells. Thus, these concentrations were used in experiments to
verify the protective effect of bixin against damage induced by cis-
platin. Although the protective effect of bixin was not evident in the
results obtained by the Comet assay, effective inhibition of cisplatin-
induced chromosomal damage (Micronucleus test) was shown. The
results indicated that bixin could be considered as an agent capable of
prevent in vitro cisplatin-induced mutagenic damage, and also help in
the modulation of oxidative stress developed during chemotherapy
with this drug. Further studies should be carried out to better under-
stand the mechanisms involved in the activity of this protective agent.

DD091
REPLICATION FORK STABILIZATION PROTEINS 
TIMELESS AND TIMELESS-INTERACTING PROTEIN
(TIPIN) MAINTAIN GENOMIC STABILITY 
SL Smith-Roe (1), PD Chastain II (1), JJ McNulty (1), YC Zhou (1), KA
Kaiser-Rogers (1), M Cordeiro-Stone (1) (2), WK Kaufmann (1) (2).  
(1) Dept. of Pathology and Laboratory Medicine, Lineberger Comprehensive
Cancer Center; and (2) Center for Environmental Health and Susceptibility;
University of North Carolina at Chapel Hill, Chapel Hill NC
Email: smithroe@email.unc.edu

Timeless (Tim) and Timeless-interacting protein (Tipin) form a het-
erodimeric complex that participates in DNA replication and the ATR-
dependent intra-S checkpoint response enforced by ATR phosphoryla-
tion of Chk1. In yeasts, orthologs of Tim/Tipin interact with replisome
factors and maintain fork stability in the presence of DNA damage.  To
further characterize the functions of mammalian Tim and Tipin, normal
human fibroblasts (NHF) were transiently depleted of these and other
proteins via siRNAs. Depletion of Tim, Tipin, and Chk1 reduced via-
bility in a colony formation assay, and Tim- and Chk1-depleted NHF
were hypersensitive to UVC exposure. Depletion also reversed UVC-
induced inhibition of origin firing, which was accompanied by attenu-
ated phosphorylation of Chk1 in Tim- and Tipin-depleted NHF. Also,
DNA fiber immunostaining showed that the rate of fork displacement
was reduced with loss of Tim or Chk1, and that fork displacement
failed to slow in Tipin-depleted cells exposed to UVC. These observa-
tions indicate that Tim and Tipin may mediate intra-S checkpoint
responses to UVC exposure. In the absence of exogenous DNA dam-
age, depletion of Tim, Tipin, and Chk1, but not ATR, compromised
BrdU incorporation in a manner suggestive of replication stalling and
collapse. ATR-dependent P-Chk1 was apparent at 24, but not 48 h, after
introduction of Tim and Tipin siRNAs. Co-depletion of ATR and Tim
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attenuated P-Chk1; however, BrdU incorporation was similar to Tim
depletion alone, indicating that P-Chk1 was not the cause of suppressed
replication in Tim-depleted NHF. Depletion of ATR, Tim, Tipin, and
Chk1 also was associated with increased frequencies of chromosomal
aberrations, and a striking defect of sister chromatid cohesion (SCC)
accompanied Tim depletion. Tim interacts with Claspin, also a media-
tor of the ATR-dependent intra-S checkpoint. Although depletion of
Claspin attenuated UVC-induced P-Chk1 in NHF, it did not result in
genomic instability or a defect in SCC. Taken together, these findings
indicate that Timeless and Tipin contribute to several aspects of genom-
ic stability, including mediation of the essential functions of ATR and
Chk1, stabilization of replication forks that encounter natural barriers,
and SCC. PHS grants ES014635 (WKK) and ES015856 (MCS).

DD092
POTENTIAL GENOTOXIC RISKS OF SINGLE WALLED
CARBON NANOTUBES
B Manshian (1), GJS Jenkins (1), A Barron (2), CJ Wright (3), SH Doak (1)
(1) Institute of Life Science, School of Medicine, Swansea University, Singleton
Park, Swansea, SA2 8PP, Wales, UK; (2) Department of Mechanical
Engineering and Materials Science, Rice University, Texas; (3) Multi-discipli-
nary Nanotechnology Centre, School of Engineering, Swansea University,
Singleton Park, Swansea, SA2 8PP, Wales, UK
Email: b.manshian@swansea.ac.uk

Introduction: Nanotechnology, a fast growing industry applied in 800 man-
ufacturer-identified consumer products is surrounded by uncertainty about
possible health hazards. Carbon nanotubes (CNTs) raise a great concern
about the risk of occupational exposure. CNTs resemble fibres, hence, the
fibre pathogenicity paradigm, based on high aspect ratio, which holds true
for asbestos, might apply to CNTs. Length, geometry and surface chem-
istry, therefore, play an important role in the toxic potential of CNTs. Thus,
the validity of the asbestos paradigm with respect to SWCNTs of 3 lengths
(0.4-0.8µm; 1-3mm; 5-30mm) were evaluated after thorough physico-
chemical characterisation including; surface area (BET), morphology
(SEM, AFM), cell uptake (TEM), zeta potential, size distribution (DLS),
& impurity (EDX) analyses. Methods: Human bronchial epithelial
(BEAS-2B) cells were treated with SWCNTs at 1, 5, 10, 15, 20, 25, 50 &
100 µg/ml for 24 & 48hr along with control and reference (asbestos) con-
trols. The genotoxic potential of these treatments was determined using the
cytokinesis blocked micronucleus assay (CBMN) to evaluate chromoso-
mal damage. The same samples were exposed to MCL5 human lym-
phoblastoid TK+/- cells to investigate SWCNT induced mutagenic
changes using the hprt forward mutation assay. Results: After purification
SWCNTs were ≈ 97% pure. Under test conditions, they mainly existed in
small agglomerates & as bundles of parallel aligned tubes.  When applied
to BEAS-2B cells, no significant cytotoxic effects were observed at any
time point. Significant increase in MN frequency was seen in a concentra-
tion and time-dependent manner. Culture medium supplemented with 2%
serum showed higher genotoxicity compared to 10% serum requiring care-
ful attention to potential confounding factors in classical test systems to
avoid false negative results. SWCNTs also gave rise to a clear and concen-
tration-dependent increase in hprt mutations at non-cytotoxic levels in the
MCL5 cells. A significant number of mutant cells were observed at 25, 50,
& 100 µg/ml doses with mutagenic potency comparable to that of the
established carcinogen crocidolite asbestos. Conclusions: This study
demonstrates that SWCNTs induce significant chromosomal damage at
sub-cytotoxic concentrations.  Furthermore, the hprt results support the
hypothesis that SWCNTs are mutagenic in mammalian cells which might
have a bearing on their possible carcinogenicity.

DD093
GENOTOXIC EFFECTS OF THE ANTINEOPLASTIC DRUGS
CISPLATIN AND GEMCITABINE ON URINARY BLADDER
CANCER CELLS
EA de Camargo (1), GN da Silva (1), JPC Marcondes (1), DMF Salvadori (1)
1Dept. Pathology, Botucatu Medical School, UNESP – São Paulo State
University – Brazil.
Email: ecamargo@ibb.unesp.br

The antineoplastic drugs cisplatin and gemcitabine are commonly used

to treat bladder cancer. While cisplatin has the ability to crosslink to
DNA, gemcitabine is incorporated into cellular DNA blocking further
elongation of the strand. The present study was designed to evaluate lev-
els of DNA damage in two urinary bladder carcinoma cell lines (5637
and T24) in vitro treated with cisplatin (0.5 µM, 1µM, or 2µM), gemc-
itabine (0.78 µM, 1.56 µM or 3.12 µM), or with combination of both
drugs. These cell lines were established from high-grade tumors and
have mutated TP53 gene; 5637 cells contain two mutations, one at codon
280 (Arg>Thr) and other at codon 72 (Arg>Pro), and T24 cells display a
TP53 allele encoding an in-frame deletion of tyrosine 126. Cells were
collected at 0, 6 and 24 hours after treatment with the chemotherapeutic
compounds to evaluate genotoxicity by the comet assay. Increased level
of DNA damage (tail intensity) induced by cisplatin was only observed
in 5637 cells 24 hours after exposure to the concentration of 0.5 µM. No
significant genotoxicity was detected in T24 cells treated with this drug.
For gemcitabine, at the three concentrations (0.78 µM, 1.56 µM, and
3.12 µM), increased DNA damage were detected in both cell lines, 6 and
24 hours after exposure. In 5637 cells, higher level of DNA damage was
observed at 24 hours when compared to 6 hours protocol. Simultaneous
treatment with cisplatin and gemcitabine showed statistically significant
increase of DNA damage in both cell lines at 6 and 24 hours, except for
the 0.5 µM cisplatin + 0.78 µM gemcitabine protocol at 6 hours (5637
cells). In conclusion, our data confirmed low sensitive of the comet assay
to detect DNA damage induced by the crosslinking agent cisplatin, and
showed the genotoxicity of gemcitabine on mutated TP53 bladder can-
cer cell lines, even when used simultaneously to cisplatin. Supported by
FAPESP and CNPq.

DD094
GENOTOXIC EXPOSURE ASSESSMENT IN TANNERY
WORKES WITH EVALUATION OF ANTIMUTAGENIC
PROPERTIES OF CENTRUM®
A Vaglenov (1), B Shinn (1), R Dudley (1), J Crea (1), J Vaglenova (1),
S Lalchev (2), V Petkova (3), K Doneva (3), A Simonian (4)
(1) College of Pharmacy, University of Findlay, Findlay, OH, USA; (2)
Department of Medical Genetics, Medical University, Sofia, Bulgaria; (3)
Clinic of Occupational Diseases, Medical University, Sofia, Bulgaria; (4)
College of Engineering, Auburn University, Auburn, AL, USA.
Email: vaglenov@findlay.edu

The objective of this study was to identify the genotoxic effect of occu-
pational exposure to genotoxicants typical for tannery workers and to
evaluate the anti-mutagenic and DNA protective properties of
Centrum®.  Twenty-one occupationally exposed tannery workers were
studied at four different times:  before and directly following comple-
tion of four months of therapy with two tablets of Centrum® daily, as
well as at the third and fourth months following discontinuation of ther-
apy. The cytokinesis-block micronucleus (MN) test in peripheral blood
lymphocytes and the buccal exfoliated cell (BEC) test were utilized to
determine genotoxic end points.  The treatment group was made up of
workers in the finishing department where the main genotoxicants are
Cr III, solvents, dyes, and pigments. The results of cytogenetic analy-
ses from exposed workers were compared to 21 controls from the
administrative department who were matched for age, years of employ-
ment, and smoking status.  The MN were recorded per 1000 CB cells,
and the BEC test results were recorded per 1500 cells, per person.  The
initial frequency of MN in the control group was 22.6 ± 2.6 for CB
cells and 0.22 ± 0.13 for the HBEC test. After four months of treatment,
an anti-genotoxic effect was observed with MN (CB cell) frequencies
decreased to 18.5 ± 1.8 and BEC cell frequencies to 0.12 ± 0.01,
respectively. The final three and four-month post-therapy examinations
showed that MN frequencies for both endpoints overlapped with the
initial determination.  An anti-genotoxic effect was clearly observed
after treatment of the exposed group.  The initial frequency of MN was
65.3 ± 6.8 (CB cells) and 1.9 ± 0.4 for the BEC test.  After four months
of treatment, the MN in CB cells decreased to 35.3 ± 2.6 and the BEC
test to 0.7 ± 0.2. The three and four-month post-therapy analyses
demonstrated statistically significant lower frequencies for both end-
points compared to initial levels.  In addition, clinical examination
demonstrated that leukoplakia resolved in four exposed persons after
therapy, but reappeared in two persons four months after treatment dis-
continuation.
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DD095
IMPACT OF ARSENIC EXPOSURE ON LEVELS OF SHORT
PATCH BASE EXCISION REPAIR TRANSCRIPTS IN 
LACTATING AND ADULT MICE
MJ Osmond (1,2), BA Kunz (1), ET Snow (1,3)
(1) School of Life and Environmental Sciences, Deakin University,
Geelong, Victoria 3217, Australia; Current Address:(2) CSIRO
Molecular Health Technologies, North Ryde, New South Wales, 1671,
Australia (3) School of Human Life Sciences, University of Tasmania,
Launceston, Tasmania, 7250 Australia
Email: elizabeth.snow@utas.edu.au

Arsenic (As), a common environmental contaminant present in the
drinking-water of a number of global regions, is associated with a
range of physiological disorders and induces DNA-damaging levels of
intracellular reactive oxygen species (ROS). We examined whether
adult or maternal exposure to low or moderate arsenate concentrations
in drinking water could influence the levels of short-patch base exci-
sion repair (BER) transcripts in adult or neonatal mice, respectively.
Lactating mothers and two- or six- month old mice were exposed (24 h
or two weeks) to 0, 2 or 50 ppm arsenate (NaAsO2) in drinking water.
Lung tissue was harvested from the adult mice and from neonatal mice
feeding from the lactating mothers. Levels of short-patch BER tran-
scripts in treated and untreated mice were quantified by real-time PCR
and compared between the groups. Levels of transcripts encoding
short-patch BER proteins decreased in untreated mice with age, and
this effect was not attenuated by As exposure. Increased transcript lev-
els for most genes were observed in neonatal mice treated via maternal
exposure to drinking water containing As. Only transcripts of certain
BER genes were increased in adults directly exposed to As in drinking
water, but not consistently for both As concentrations. In conclusion,
expression of short-patch BER genes decreases with age in mice but
can be increased in adult mice by exposure to low levels of arsenic in
drinking water, and in neonates by maternal exposure to As.

DD096
DNA DAMAGE RESPONSES IN IRRADIATED 
GLIOBLASTOMA CELL LINES
P Godoy (1), SS Mello (1), DAR Magalhães (1), FS Donaires, (1), IM
Merchi (1), P Nicolucci (2), EA Donadi (5), GAS Passos (1, 4), ET
Sakamoto-Hojo (1,3)
(1) Department of Genetics, Faculty of Medicine; (2) Department of
Physics and Mathematics and (3) Department of Biology, Faculty of
Philosophy, Sciences and Letters-USP, (4) Faculty of Odontology , (5)
Department of Medic Clinic, Faculty of Medicine, University of  São
Paulo, Ribeirão Preto, SP, Brazil.
Email: paulodauria@yahoo.com

Glioblastoma multiforme (GBM) is among the most lethal of all human
tumors. The genetic heterogeneity presented by different cell lines
derived from GBM seems to be an important cause of diverse signal-
ing pathways following irradiation. We studied four Glioblastoma cell
lines, mutated (T98G and U251MG) and wild-type (U343MG-a and
U87MG) for TP53 gene under conditions of irradiation with gamma-
rays. The objective of the present study was to carry out several kinds
of experiments aiming to characterize cellular and molecular signaling
pathways underlying responses to ionizing radiation. Parameters as
clonogenic survival, apoptosis, comet assay, cDNA microarrays, real
time qPCR and Western blot were used. Survival rates analyzed after
10-12 days demonstrated that cell death was significantly induced, and
U87MG cells were the most radioresistant cell line. TP53 mutated cell
lines showed high frequencies of apoptotic cells, mainly for 48 and 72h
after treatment. GBM cells irradiated with 8 Gy presented similar
repair kinetics, showing almost 100% of repaired DNA for recovery
time of 1-2 h. Correlation fits were found for the following compar-
isons: DNA damage and the initial time after irradiation (r2=0.92-0.99)
and SF8 versus apoptosis induction at 72h (r2=0.88). U343MG-a and
T98G cell lines showed similar basal levels of non-phosphorytated
TP53 expression (control and irradiated group), but irradiated T98G
cells did not show any increase in phospho-Ser15-TP53, in contrast
with U343MG-a cells, whose expression was increased following 6h
post-irradiation. Gene expression profiles were studied by the cDNA

microarray. Several functions were found affected, such as cell differ-
entiation, cell adhesion, cell cycle, apoptosis, DNA repair, signal trans-
duction, etc. Many of them were common or unique to TP53 mutant or
wt cells analyzed at 30 minutes and 6 h. Among all GBM cell lines,
U87MG presented modulation of several genes belonging to functions
related to stress responses, which could be related to radioresistance.
The information obtained in this work provides an important contribu-
tion towards the elucidation of GBM responses to ionizing radiation,
and point out some signaling pathways, which may be tested as targets
for molecular or pharmacological inhibition.

DD097
MITOTIC CATASTROPHE INDUCED BY OVEREXPRES-
SION OF RAD2P UNRELATED TO ITS ENDONUCLEASE
ACTIVITY IN SACCHAROMYCES CEREVISIAE
M-S Kang (1,2), S-L Yu (3), H-S Lim (1,2), B Choi (4), C-S Park (1,2),
J-H Kang (1,2), S-K Lee (1,2)
(1) Department of Pharmacology, Inha Research Institute for Medical
Sciences and (2) Center for Advanced Medical Education, Inha University
College of Medicine by BK-21 Project, Incheon 400-712, Republic of
Korea. (3) Research and Education for Functions of Biological Molecules
by BK-21 Project, Department of Biological Sciences, Inha University,
Incheon 402-751, Republic of Korea. (4) Department of Biology, College
of Natural Sciences, University of Incheon, 177 Dohwa-dong, Nam-gu,
Incheon, 402-749, Republic of Korea.
Email: sungkeun@inha.ac.kr

Nucleotide excision repair (NER) is a major DNA damage repair
process. Among eight known complementation groups, the xeroderma
pigmentosum (XP) group G gene (XPG) encodes an endonuclease that
has a additional function in transcription elongation. Mutations in the
XPG gene cause XP and Cockayne syndrome depending on the nature
of the mutation. Here, we show an unknown function of RAD2. The
Rad2p overexpression causes cell cycle arrest in the expression level
dependent manner. However, the apoptotic markers were not observed
in the Rad2p overexpressed cells. Further analysis revealed that the
Rad2p induced cell cycle arrest is not the results of cell death but the
consequences of mitotic catastrophe. Moreover, the C-term region of
the gene was responsible for the cell cycle arrest while the endonucle-
ase activity of Rad2p was dispensable. Our results imply that the dras-
tically increased skin cancer incidence in XP could arise from the syn-
ergistic effects between mitotic catastrophe and the accumulation of
damaged DNA.

DD098
RAD2 AND PUF4 REGULATE NUCLEOTIDE METABOLISM
RELATED GENES, HPT1 AND URA3
H-S Lim (1, 2), S-L Yu (3), M-S Kang (1, 2), B Choi (4), C-S Park
(1,2), J-H Kang (1,2), S-K Lee (1, 2)
(1) Department of Pharmacology, Inha Research Institute for Medical
Sciences and (2) Center for Advanced Medical Education, Inha University
College of Medicine by BK-21 Project, Incheon 400-712, Republic of
Korea. (3) Research and Education for Functions of Biological Molecules
by BK-21 Project, Department of Biological Sciences, Inha University,
Incheon 402-751, Republic of Korea. (3) Department of Biology, College
of Natural Sciences, University of Incheon, 177 Dohwa-dong, Nam-gu,
Incheon, 402-749, Republic of Korea.
Email: sungkeun@inha.ac.kr

Yeast RAD2, a yeast homolog of the human XPG gene, is an essential
element of nucleotide excision repair, and its deletion confers UV sen-
sitivity and nucleotide excision repair deficiency. 6-Azauracil sensitiv-
ity of certain rad2 mutants revealed that RAD2 has transcription elon-
gation function. However, the fundamental mechanism by which the
rad2 mutations confer 6-Azauracil sensitivity was not clearly elucidat-
ed yet. Using an insertional mutagenesis, PUF4 gene encoding a yeast
pumilio protein was identified as a deletion suppressor of rad2∆ 6AU
sensitivity. Microarray analysis followed by confirmatory RT-qPCR
disclosed that RAD2 and PUF4 regulated expression of HPT1 and
URA3. Overexpression of HPT1 and URA3 rescued the 6AU sensitivi-
ty of rad2∆ and puf4∆ mutants. These results indicate that the 6AU
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sensitivity of the rad2 mutants was partly ascribed to impaired expres-
sion regulation of genes in the nucleotide metabolism. 

DD099
GENOTOXIC AND ANTIGENOTOXIC EFFECT OF TWO
VARIETIES OF ACEROLA FRUIT (MALPIGHIA GLABRA L.)
AT TWO STAGES OF MATURITY
RS Nunes (1), VFS Kahl (1), MS Sarmento (1), ABF Ferraz (2), J Silva (1)
(1) Laboratório de Genética Toxicológica, PPGGTA, Universidade Luterana
do Brasil (ULBRA), Canoas-RS, Brazil; (2) Laboratório de Fitoquímica,
PPGGTA, Universidade Luterana do Brasil (ULBRA), Canoas, RS, Brazil.
Email: julianadasilva@uol.com.br

Acerola or Barbados cherry is a plant originated in Central America that
has been propagated to South America including Brazil due to its good
adaptation to soil and climate. Brazil is the major worldwide producer, con-
sumer and exporter of acerola. It is nutritionally important; mainly due to
its very high level of vitamin C. Green mature acerola fruit contains a high-
er amount of vitamin C than red mature fruit. Ripening of the fruit involves
a series of complex biochemical reactions such as production of
carotenoids, anthocyanins and phenolics and the formation of volatile
compounds. The distinction of genetic variability among varieties of acero-
la can be observed in commercial orchards. The aim of this study was ver-
ify the genotoxic and antigenotoxic effect in vitro of two varieties of acero-
la fruit at two stages of maturity. Fruit pulp lyophilized extract of acerola
was obtained from two stages of maturity, green and mature, and two vari-
eties, 13/2 and SP-19, from Ceará, Brazil. To assess acerola genotoxic and
antigenotoxic activity was performed in vitro Comet Assay (CA) in blood
samples from four mice. Results were expressed in damage index (DI),
according damage classes. Mice blood cells were exposed to different
acerola extracts concentrations: C1= 2mg/ml; C2= 1mg/ml; and C3=
0,5mg/ml; during two hours at 37°C; except to C2, that was exposed also
during 4h. For a negative control (C-) we used blood without the addition
of extracts but incubated under the same conditions. Four slides were pre-
pared per dose and per animal. To evaluate antigenotoxicity induced by
acerola extract, two slides from each dose and each blood sample were
immersed in H2O2, including C-. Data were submitted to variance analy-
sis (ANOVA) one way and to Dunnet test. The results showed that 13/2
and SP-19 extracts did not present genotoxicity in the Comet assay in
peripheral blood cells in relation to C-. Both varieties at green stage
showed antigenotoxic activity at C2 (P<0.01), in relation to same mature
variety, independent of exposure time. Thus, green mature acerola fruit
presented protective activity in mice blood cells in relation to H2O2 at both
varieties that can be due the presence of higher content of vitamin C in rela-
tion to red mature fruit, besides other compounds.

DD100
GENOTOXICITY AND ANTIOXIDATIVE EFFECTS OF
LEAVES AND FLOWER RECEPTACLE EXTRACTS FROM
ARTICHOKE (CYNARA SCOLYMUS L.) 
MA Zan, (1), ABF Ferraz (2), MF Richter (2), J Picada (1), HH Andrade
(3), M Leahman (3), E Nunes (1); J Semedo (1), J Da Silva (1)
(1) Laboratório de Genética Toxicológica, PPGGTA, Universidade
Luterana do Brasil (ULBRA), Canoas-RS, Brazil; (2) Laboratório de
Fitoquímica, PPGGTA, Universidade Luterana do Brasil (ULBRA),
Canoas, RS, Brazil; (3) Laboratório de Diagnóstico da Toxicidade
Genética (TOXIGEN), PPGGTA, Universidade Luterana do Brasil
(ULBRA), Canoas-RS, Brazil.
Email: julianadasilva@uol.com.br

Many natural products referred to as dietary chemo-preventive com-
pounds offer a great potential in the fight against cancer by inhibiting
multi-step processes of carcinogenesis, through a different range of
mechanisms including antioxidant and antimutagenic activities. The
artichoke (Cynara scolymus) is widely consumed as tea and food and
exerts important biological activities. Such extracts from artichokes
have been used for their hepatoprotective, ant carcinogenic, antioxida-
tive and hypercholesterolemic activities, among others. This study
investigates the genotoxicity and antioxidant action of artichoke leaf
(LE) and flower receptacle (FE) extracts using the Comet assay and the
micronucleus test in mice. The doses for LE were 3X500mg/kg,

3X1,000mg/kg, and 3X2,000mg/kg; and for FE 3X2,000mg/kg. The
results showed that leaf and flower receptacle extracts did not present
mutagenicity in the micronucleus test in peripheral blood and bone nar-
row cells, nor induced genotoxicity in the Comet assay, except the leaf
extract at the highest dose. Different tissues were employed and just
liver and brain presented increased DNA damage. The oxidative stress
was evaluated by TBARS and CAT tests, and neither test produced pos-
itive results. Both extracts of artichoke exhibited antioxidant activities
in the DPPH and hipoxantine/xantine oxidase tests (leaves>flower
receptacle). The protective ability against the oxidative stress induced
by the hydrogen peroxide Comet assay was demonstrated for leaf
extract in bone narrow cells. Phytochemical screening detected the
presence of flavonoids, phenolic compounds and saponins in leaves
and flower receptacle. Thus, artichoke extracts produced positive geno-
toxicity results and antioxidant capacity in leaf extracts in mice. It is
important to take into account that the mechanisms and the conditions
that mediate the biological effects of artichoke should be clarified
before considering the species as therapeutically useful plant.

DD101
ASSESSMENT OF CELLULAR AND MOLECULAR
RESPONSES MEDIATED BY TEMOZOLOMIDE COMBINED
WITH METHOXYAMINE, AN INHIBITOR OF DNA REPAIR,
IN GLIOBLASTOMA CELL LINES
AP Montaldi (1), ET Sakamoto-Hojo (1,2)
(1) Department of Genetics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Brazil; (2) Department of Biology, Faculty of
Philosophy, Sciences and Letters of Ribeirão Preto, University of São
Paulo, Ribeirão Preto, SP, Brazil.
Email: etshojo@usp.br

The resistance of glioblastoma multiforme (GBM) to the antitumoral drug
temozolomide (TMZ) has been reported to be partially due to an efficient
base excision repair (BER) pathway. Methoxyamine (MX) is an effective
BER inhibitor, which has been investigated as a conceivable treatment for
different kinds of tumor. In the present study, the cellular responses to TMZ
treatment associated or not with MX were evaluated in GBM cell lines.
Among five GBM cell lines (U87, U343, U251, U138 and T98G) treated
with TMZ (100-1000 µM) and analyzed after 120h, T98G was the most
resistant cell line. In addition, T98G showed significant (p≤0.05) differ-
ences for cells treated with TMZ combined to MX, relatively to single
treatments. Furthermore, TMZ (100-800µM) reduced the clonogenic effi-
ciency of T98G cells, while TMZ plus MX significantly increased the
cytotoxic effects, even for the lowest concentration. DNA damage ana-
lyzed by the comet assay showed significant differences between treat-
ments following 2h of recovery. After 12 and 24h, the amount of DNA
damage reached control levels, indicating the repair of DNA breaks.
Apoptosis induction in T98G cells showed the highest frequency (24.2%)
at 72h (600µM), while the highest apoptosis induction (47.7%) was
observed for the same concentration combined to MX. Western blot analy-
sis demonstrated that APE1 was less expressed for TMZ plus MX, proba-
bly due to AP-sites blockade caused by the inhibitor. FEN1 showed low
levels of expression at 48h and 72h, indicating the inhibition of BER path-
way downstream to the AP removal by APE1. PCNA expression was high-
er for TMZ plus MX (24h and mainly 48h), probably due to an increased
DNA damage. The present results demonstrated that the association of
TMZ plus MX interfered with the expression of proteins involved in BER,
thus reducing the clonogenic efficiency of T98G cells, probably as a con-
sequence of the high production of unrepaired DNA-MX adducts, leading
to cell death, including apoptosis. The modulation of BER is a promising
strategy for magnifying the therapeutic impact of TMZ; this strategy may
embrace the option to establish novel and efficient therapy protocols for the
treatment of patients with gliomas. [Financial support: FAPESP (Proc. nº
06/01947-8), CNPq, and CAPES].

DD102
LIFE CYCLE OF MICROCNUCLEUS ANALYZED BY 
CONFOCAL LIVE CELL IMAGING
M Yasui (1), N Koyama (2), T Koizumi (1), M Sakuraba (1), Y
Takashima (3), M Hayashi (4), K Sugimoto (5), M Honma (1)
(1) Division of Genetics and Mutagenesis, National Institute of Health
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Sciences, Tokyo, Japan; (2) Graduate School of Nutrition and Envi -
ronmental Sciences, University of Shizuoka, Shizuoka, Japan; (3) Research
Center for Radiation Emergency Medicine, National Institute of
Radiological Sciences, Chiba, Japan; (4) Biosafety Research Center,
Foods, Drugs and Pesticides, Shizuoka, Japan; (5) Division of Biosciences
and Informatics, Osaka Prefecture University, Osaka, Japan.
Email: m-yasui@nihs.go.jp

Micronucleus (MN) is widely utilized in biomonitoring for genetic
instability of humans exposed to clastogens and aneugens. However,
the impact of MN on the cell and the MN life cycle are still less clear.
To explore exactly when, where, and how MN originate from and final-
ly conclude in living cells, we first constructed dual-color fluorescent
TK6 cells in which histone H3 and alpha-tubulin were differentially
expressed as fusion to mCherry (red) and EGFP (green) fluorescent
proteins, respectively. We recorded the emergence and behavior of
micronuclei (MNi) during one cell cycle (especially M-phase) by using
confocal time-lapse imaging to further understand the formation prop-
erties and fate of MN derived by exposure of MN-inducing agents, mit-
omycin C (MMC; crosslink), γ-ray (strand break), or vincristine (VC,
spindle poison). The frequency of MN formation in the live cell analy-
sis was corresponding to that in conventional MN test. In live cell
analysis, all control cells were normally divided; no MN formation was
observed. Using MMC as a MN-inducing agent, 7.3 % of cell division
promoted MN induction from lagging chromosome fragments just after
chromosome segregation at early anaphase. When �-ray was used, MN
formation (8.1%) was frequently observed during multipolar division
at late anaphase and the MN originated from lagging pieces of chromo-
some broken by the abnormal division associated with supernumerary
centrosomes. The process of MN formation induced by γ-ray was dif-
ferent from that by MMC. While, MN formation process for VC was
similar as that for MMC and the MN frequency was 3.4%. In addition,
another source letting the MN frequency for VC increased was recog-
nized as misaligned chromosomes (whole chromosome) which did not
align in metaphase plate. Thus, the formation process of MNi induced
by MMC, γ-ray, and VC, were strikingly different one another, indicat-
ing that there are several mechanisms to produce MN. In addition, we
show the direct evidence that nuclear envelope reassembly plays a crit-
ical role in MN formation and MN re-entered daughter cell nucleus by
attaching to mitotic chromosome during next cell division.

DD103
INFLUENCE OF VITAMIN B12, FOLIC ACID AND 
POLYMORPHISMS IN FOLIC ACID METHABOLIC 
PATHWAY ON DNA STABILITY IN LYMPHOCYTES FROM
WORKERS OCCUPATIONALY EXPOSED TO LOW LEVELS
OF IONIZING RADIATION
M Milić (1, 2), S Angelini (2), R Rozgaj (1), N Kopjar (1), D Želježić
(1), M Mladinić (1), V Kašuba (1), B Łyżbicki (2), P Hrelia (2)
(1) IMI-Institute for Medical Research and Occupational Health, Mu -
ta genesis Unit, Zagreb, Croatia; (2) University of Bologna, De par -
tment of Pharmacology, Bologna, Italy
Email: mmilic@imi.hr

Interindividual variability in DNA damage response after exposure to
ionizing radiation could be explained by inherited differences in DNA
genes of folic acid methabolic pathway. For this reason, associations
between genetic polymorphisms in TS (thymidylate synthase),
MTHFR (methylenetetrahydrofolate reductase exon 4 and 7), RFC
(reduced-folate carrier), MTR (methionine synthase), SHMT1(serine
hydroxymethyltransferase)and MTRR (methionine synthase reductase)
genes and the number of spontaneously induced micronuclei in periph-
eral blood lymphocytes were investigated. Folic acid and vitamin B12
plasma concentrations were also measured. In addition, by the use of
alkaline comet assay, kinetics of DNA repair after exposure to 2 and 4
Gy of gamma radiation were also studied. The exposed group com-
prised of 70 individuals occupationally exposed to  low levels of ioniz-
ing radiation (41.99±11.05 years, 434.69±134.37ng/l of vitamin B12,
6.96 µg/l of folic acid) and 44 controls (39.68±10.91 years,
479.59±157.64 ng/l of vitamin B12, 7.65±3.27µg/l of folic acid). Folic
acid and vitamin B12 concentrations were higher in controls, and also
among women in both exposed and control group. Although DNA

repair kinetic followed the same pattern and the values of tail length,
tail intensity and tail moment were similar before exposure, statisticaly
significantly lower values were observed in the exposed group in all
time interval (15, 30, 60, 120 minutes and 24 hours). The  micronuclei
frequency observed in the exposed group was two –fold higher than in
the control (6.90±5.93, 0-24 vs. 12.60±8.68, 1-37). All the analysed
allelic frequencies were in agreement with the Hardy-Weinberg
Equilibrium, and there was no difference between the two groups,
except for the SHMT1 gene. Detailed statistical analysis will be done
for confirmation whether the two-fold higher micronucleus frequency
in exposed group and differences in DNA damage response after expo-
sure to ionizing radiation are due to the differences in genotyping.

DD104
DNA DAMAGE AND CHECKPOINT RESPONSES IN HUMAN
PROSTATE EPITHELIUM 
T M af Hällström (1), S Jäämaa (1), M Mönkkönen (1), K Peltonen (1),
A Sankila (2), L C Andersson (2), R Medema (3), D M Peehl (4), M
Laiho (1) 
(1) Molecular Cancer Biology Program, Biomedicum Helsinki and
Haartman Institute, University of Helsinki, P.O. Box 63, FIN-00014
Helsinki, Finland; (2) Department of Pathology, Haartman Institute and
Helsinki University Hospital Laboratory Diagnostics, P.O. Box 21, FIN-
00014 Helsinki, Finland and Karolinska Institutet, Stockholm, Sweden; (3)
Department of Medical Oncology, Utrecht University Medical Center,
3584 CG Utrecht, The Netherlands; (4) Department of Urology, Stanford
University School of Medicine, Stanford, CA 94305, USA
Email: taija.afhallstrom@helsinki.fi

Cellular DNA damage triggers the DNA damage response pathway,
and leads to enforcement of cell cycle checkpoints. These are essential
for the maintenance of genomic integrity, and are activated in early
stages of tumorigenesis. A special feature of prostate cancer is its high
incidence and multifocality. To address the functionality of DNA dam-
age checkpoints in the prostate, we analyzed the responses of human
primary prostate epithelial cells (HPEC) and freshly isolated human
prostate tissues to gamma-irradiation. We find that gamma-irradiation
activates the ATM-associated DNA damage response pathway in the
HPECs, but that the clearance of gamma-H2AX foci is delayed.
Surprisingly, gamma-irradiated HPECs were unable to enforce cell
cycle checkpoint arrest and had sustained Cdk2-associated kinase
activity due to lack of inhibitory Cdk-phosphorylation by Wee1A tyro-
sine kinase. We further show that HPECs express low levels of Wee1A,
and that ectopic Wee1A efficiently rescues the checkpoints. We recapit-
ulate the absence of checkpoint responses in epithelium of ex vivo irra-
diated human prostate tissue, despite robust induction of gamma-
H2AX. The findings show that prostate epithelium has a surprising
inability to control checkpoint arrest, the lack of which may predispose
to accrual of DNA lesions. Further studies indicate which types of con-
ventional drugs are able to induce DNA damage response in fresh
human prostate tissues. Special interest is focused on cell type specific
damage responses.

DD105
MARINE PRODUCTS AS ANTICANCER AGENTS: 
INTERACTION OF THE ECTEINASCIDINS WITH DNA AND
MACROMOLECULAR MACHINES.
MS Machado (1,2), DG Soares (1), AE Escargueil (1), A Sarasin (3),
JAP Henriques (2), AK Larsen (1)
(1) Laboratory of Cancer Biology and Therapeutics, Centre de
Recherche Saint-Antoine, INSERM U938 and Université Paris 6,
Paris, France; (2) Centro de Biotecnologia, Universidade Federal do
Rio Grande do Sul, Porto Alegre, Brazil; (3) CNRS FRE 2939, Institut
Gustave-Roussy, Villejuif, France.
Email: Akraghlarsen@aol.com

Yondelis, zalypsis and tryptamicidin are ecteinascidin derivatives (ETs)
originally isolated from the Caribbean sea squirt Ecteinascidia
turbinate, pointing to marine products as a potential new source of mol-
ecules with original chemical structures and activities. Yondelis and
zalypsis have antitumor activity toward otherwise chemoresistant
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tumors including soft tissue sarcoma, ovarian cancer and multiple
myeloma. ETs form monofunctional adducts with the exocyclic gua-
nine in the minor groove of DNA. The current study aims to elucidate
the interaction of the 3 ETs with DNA and DNA-associated functions.
The ETs show potent cytotoxic activity in the low nM range. Cellular
exposure to the 3 ETs is accompanied by rapid formation of DNA dou-
ble strand breaks (DBSs), a particularly deleterious genotoxic lesion, in
agreement with our previous observations for yondelis (Soares et al.,
Proc Natl Acad Sci USA 104:13062-13067,2007). Interestingly, even at
elevated doses, DSBs is not observed for all cells, pointing to a depend-
ence on the cell cycle. In agreement, biparametric flow cytometry
demonstrates that DSBs is particularly pronounced for S phase cells,
suggesting that collision between the ET adducts and the replication
fork lead to formation of DSBs. In marked contrast, neither double nor
single strand breaks are observed in resting lymphocytes, suggesting
that the transcriptional machinery does not contribute to the formation
of DSBs, at least not in quiescent cells. DSBs triggers the DNA dam-
age response and activates p53. However, p53 status has no detectable
effect on the cytotoxic activity of the drug. Cells deficient in homolo-
gous recombination repair show pronounced sensitivity to ETs, where-
as deficiency in non-homologous end-joining has no detectable influ-
ence on the cytotoxicity. In conclusion, these studies characterize the
interaction of 3 ETs, yondelis, zalypsis and tryptamicidin, with DNA
and DNA associated functions, and identify factors likely to play a role
in the clinical response to these agents, such as proliferation status and
the capacity for homologous recombination repair. This study was sup-
ported by the CONTICANET EU program no LSHC-CT-2005-018806,
by PharmaMar, the CAPES-COFECUB program and Association pour
la Recherche sur le Cancer, France.

DD106
IDENTIFICATION AND CHARACTERIZATION OF MutT
FAMILY ENZYMES IN CAENORHABDITIS ELEGANS
KD Arczewska (1,2), C Baumaier (1), T SenGupta (1), T Rognes (3),
JT Kuśmierek (2), H Nilsen (1)
(1) The Biotechnology Centre, University of Oslo, Oslo, Norway; (2)
Institute of Biochemistry and Biophysics, PAS, Warsaw, Poland; (3)
Centre for Molecular Biology and Neuroscience, Institute of Medical
Microbiology, Rikshospitalet University Hospital, Oslo, Norway; (4)
Department of Informatics, University of Oslo, Oslo, Norway.
Email: katarzyna.arczewska@biotek.uio.no

Nucleic acid bases are subject to modification when present in dNTPs
as well as in DNA. Modified dNTPs may be mutagenic since poly-
merases incorporate them into DNA. 8-oxodGTP, for example, which
is major source of oxidised guanine in DNA (1), may be incorporated
opposite adenine, leading to AT to CG transversions (2). In E. coli, 8-
oxodGTP incorporation is prevented by the MutT protein, which
dephosphorylates it to 8-oxodGMP (3). The importance of this type of
DNA damage avoidance is highlighted by the fact that MutT homo-
logue (MTH1)-knockout mice show higher incidence of lung, liver and
stomach cancers (4,5) and that human MTH1 was found to be over-
expressed in many human diseases, including cancer. In our research,
we use C. elegans as a model system to study DNA damage responses
(DDR) (6). Our goal is to develop an experimental system to study
whole organism response to endogenous oxidative DNA damage
through transiently manipulating the composition of the dNTP pool by
depleting MutT enzymes by RNAi. To do so, we first needed to identi-
fy and characterize C. elegans MutT homologues. We identified 11
ORFs in the C. elegans genome with sequence similarity to the E. coli
MutT. Based on initial bioinformatic analyses we chose 6 candidates,
that were cloned and subjected to functional and biochemical charac-
terisation. Here, we will present biochemical and functional character-
ization of the first functional MutT homologue in C. elegans.
1. E Speina, KD Arczewska, D Gackowski et al., Journal of the National
Cancer Institute 97 (5), 384 (2005).
2. YI Pavlov, DT Minnick, S Izuta et al., Biochemistry 33 (15), 4695 (1994).
3. H Maki and M Sekiguchi, Nature 355 (6357), 273 (1992).
4. T Tsuzuki, A Egashira, H Igarashi et al., Proceedings of the National
Academy of Sciences of the United States of America 98 (20), 11456 (2001).
5. T Tsuzuki, A Egashira and S Kura, Mutation research 477 (1-2), 71 (2001).
6. M Dengg, T Garcia-Muse, SG Gill et al., EMBO reports 7 (10), 1046 (2006).

DD107
ERROR-PRONE TRANSLESION SYNTHESIS IN MMS2RAD5
DOUBLE MUTANT IS ENTIRELY DEPENDENT ON PCNA
SUMOYLATION.
A Podlaska (1), A Halas (1), J Derkacz (1), J McIntyre (1) and E
Sledziewska-Gojska (1)
(1) Institute of Biochemistry and Biophysics, PAS, Warsaw, Poland
Email: gala@ibb.waw.pl

Rad5 and Mms2 function in concert with Ubc13 in polyubiquitination
of proliferating cell nuclear antigen (PCNA). PCNA polyubiquitination
is responsible for activation of the error-free subpathway of DNA dam-
age tolerance pathway. This error-free mechanism is based on avoid-
ance of DNA damage, causing DNA replication block, by temporary
use of homologous newly synthesized DNA strand of sister chromatid
as a template. Both Rad5 and Mms2 defects inactivate this mechanism
and cause mutator phenotypes explained by channeling of DNA lesions
from error-free processing, by DNA damage avoidance pathway, to
error-prone translesion synthesis (TLS). However, the nature of this
TLS has never been explored. Here we show that spontaneous mutator
phenotype caused by mms2 deletion is predominantly dependent on
activity of Siz1, the SUMO ligase, which in cooperation with Ubc9
specifically attaches SUMO to lys164 of PCNA. The rad5-mediated
mutator effect is only in part dependent on Siz1. UV induced mutage-
nesis is also partially dependent on Siz1 in both mms2 and rad5 single
mutants. However, in mms2rad5 double mutant both spontaneous and
UV induced mutations entirely depend on Siz1 mediated PCNA
SUMOylation. Altogether, the results indicate that in the absence of
DNA damage avoidance pathway big part of spontaneous and UV-
induced DNA lesions is processed by SUMOylation dependent TLS.
Additionally, the results show the new, independent of their function in
PCNA polyubiquitination, and redundant role of Rad5 and Mms2 in
promoting TLS when PCNA SUMOylation is compromised.

DD108
ANTI-CANCER EFFECTS OF POLY-METHOXYLATED
FLAVONES EXTRACTED FROM GARDENIA COLLINSAE
V Leardkamolkarn (1), K Thanyaphattraphong (2), P Tuchinda (3)
(1) Department of Anatomy, (2) Toxicology Graduate Program, (3) De -
partment of Chemistry, Faculty of Science, Mahidol University,
Thailand
Email: scvlk@mahidol.ac.th

Many flavonoid derivatives have a broad spectrum of biological activities
including anti-tumor. Recent research reveals that these effects are depend-
ent on the poly-phenolic structural groups of the compounds. The aims of
this study is to evaluate the anti-cancer effect of poly-methoxylated flavone
derivatives; 5-hydroxy-6,7,3’,4’,5’-petame thoxyflavone and 5,3’-dihy-
droxy-6,7,4’,5’-tetramethoxyflavone, on human colon cancer (Caco-2)
and liver cancer (HepG2) cell lines. The cells were cultured in appropriat-
ed medium with additive supplements in 5% CO2 incubator, at 37° c, to
confluence. Cells were treated with 5-hydroxy-6,7,3’,4’,5’-peta me -
thoxyflavone or 5,3’-dihydroxy-6,7,4’,5’-tetramethoxyflavone at various
concentrations and control cells were treated with DMSO (0.2%) for 48h.
Cytotoxic effect (CC50) of each compound was determined by MTT
assays. Cell death was evaluated from morphological damages of nuclei,
and biochemical alteration of enzyme involved in apoptosis. The results
revealed significant growth inhibition action and induction of DNA frag-
mentation effect of the compounds in both cancer cell lines. The mecha-
nism of cell death was exhibited via up-regulation of mitchondial caspas-
es enzyme activities. The presenting efficacy of 5-hydroxy-6,7,3’,4’,5’-
petamethoxyflavone on inhibition of these cancers was higher than 5,3’-
dihydroxy-6,7,4’,5’-tetramethoxyflavone.  These results suggested that the
number and position of methoxyl group are significant in compound action
and that 5-hydroxy-6,7,3’,4’,5’-petamethoxyflavone could be considered
to future benefit for chemotherapeutic agent.
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DD109
DETECTION OF LIPID PEROXIDATION-INDUCED DNA
ADDUCTS CAUSED BY 4-OXO-2-NONENAL AND 
4-OXO-2-HEXENAL IN HUMAN AUTOPSY TISSUES
P-H Chou (1, 2), S Kageyama (3), S Matsuda (2), K Kanemoto (2), Y
Sasada(2), M Oka (2), K Shinmura (3), H Mori (3), K Kawai (4), H
Kasai (4), H Sugimura (3), T Matsuda (2)
(1) Department of Environmental Engineering, National Cheng Kung
University, Tainan, Taiwan; (2) Research Center for Environmental
Quality Management, Kyoto University, Otsu, Japan; (3) Department
of Pathology, Hamamatsu University School of Medicine, Hamamatsu,
Japan; (4) Institute of Industrial Ecological Sciences, University of
Occupational Environmental Health, Kitakyushu, Japan.
Email: matsuda@z05.mbox.media.kyoto-u.ac.jp

DNA adducts are produced exo- and endogenously via exposure to var-
ious DNA-damaging agents. It is important to identify major DNA
adducts formed in human tissues to understand their possible impact on
human health. Recently, we have developed a new technique to detect
numerous known or unknown DNA adducts simultaneously using liq-
uid chromatography tandem mass spectrometer (LC-MS/MS). This
novel approach, named as “DNA adductome”, monitors the neutral loss
of 2‘-deoxyribose from positively ionized 2‘-deoxynucleoside adducts
over a certain range of transitions. An adductome map showing LC
retention times, mass-to-charge ratio, and relative peak intensity of
potential DNA adducts can then be created to present various DNA
adducts detected in DNA samples. In this study, we applied the “DNA
adductome” to human autopsy tissues, and discovered that several
major DNA adducts seen on the adductome map of one human lung
were identical to 4-oxo-2-nonenal (4-ONE)- or 4-oxo-2-hexenal (4-
OHE)-related DNA adducts. 4-ONE and 4-OHE are the end products
of lipid peroxidation of ω-6 and ω-3 unsaturated fatty acids, respective-
ly. They may induce the formation of substituted etheno-DNA adducts,
such as heptanone-etheno-2’-deoxynucleoside adducts (HεdC, HεdG,
HεdA), or butanone-etheno-2’-deoxynucleoside adducts (BεdC, Bε5-
MedC, BεdG, and BεdA). Since no DNA adduct levels of these DNA
adducts have been reported in human tissues, we analyzed 4-ONE- and
4-OHE-related DNA adducts in 68 organs of different individuals using
LC-MS/MS analysis, and adduct levels were quantified using isotope
dilution method. Analytical results revealed that the amount of target-
ed DNA adducts varied largely among individuals or organs. The
median levels (detection rates) of HεdC, HεdG, HεdA, BεdC, BεdA,
Bε5-MedC, and BεdG were 10.55 (97.1%), 16.07 (94.1%), 13.94
(73.5%), 2.05 (41.1%), 4.59 (8.8%), 3.40 (5.9%), and 0.47 (5.9%)
adducts/108 bases, respectively. In addition, while no correlation could
be seen between HεdC and 8-oxo-2’-deoxyguanosine (R2=0.0234),
one of the most famous oxidative DNA adducts, the adduct level of
HεdC was found to be strongly correlated to other lipid peroxidation-
derived DNA adducts, such as BεdC (R2=0.9367) and 1,N6-etheno-2’-
deoxyadenosine (R2=0.7042).

DD110
FORMALDEHYDE DOES NOT INDUCE SYSTEMIC 
GENOTOXICITY
J Zeller (1), Si Neuss (1), O Schmid (1), A Elhajouji (2), 
L Ma-Hock (3), G Speit (1)
(1) Universität Ulm, Institut für Humangenetik, Ulm, Germany; (2)
Novartis Pharma AG, Preclinical Safety, Basel, Switzerland; (3) BASF
SE, Experimental Toxicology and Ecology, Ludwigshafen, Germany
Email: jasmin.zeller@uni-ulm.de

Formaldehyde (FA) is genotoxic in vitro. It induces DNA-protein
cross-links (DPX) which may lead to the formation of mutations. Due
to its high reactivity, FA may lead to local genotoxic effects in vivo but
systemic effects are unlikely. To investigate potential systemic geno-
toxic effects as part of a comprehensive toxicological study, male
Fischer-344 rats were exposed to FA by inhalation for 4 weeks (6 h/d,
5 d/w). Groups of 6 rats each were exposed to 0, 0.5, 1, 2, 6, 10 and 15
ppm. At the end of the exposure period, peripheral blood samples were
obtained and coded to ensure blind evaluation. Blood samples were
used for the comet assay, the sister chromatid exchange test (SCE test)
and the micronucleus test (MNT). DNA migration in the comet assay

was measured both directly and after irradiation of the blood samples
with 2 Gy gamma irradiation. The latter modification of the comet
assay was included to increase its sensitivity for the detection of DPX.
For the comet assay, four slides were analysed from each blood sam-
ple, two without and two with irradiation. From each slide, 50 random-
ly selected cells were measured by image analysis and tail intensity (%
tail DNA) and tail moment were evaluated. For the SCE test, blood was
cultured for 56 h in the presence of BrdU (10 µg/ml for the last 35 h)
and SCE were counted in 30 second division metaphases per sample.
The MNT with peripheral blood was performed according to the
instructions for the micronucleus analysis kit MICROFLOW (Litron
Laboratories). Approximately 20000 cells per sample were analysed by
flow cytometry and the percentage of reticulocytes with micronuclei
(MN) was determined. Positive control substances induced a signifi-
cant effect in the genotoxicity tests and thus demonstrated the sensitiv-
ity of the test systems. FA did not induce any significant effect in any
of the genotoxicity tests performed. It can be concluded that inhalation
of FA in a 28 days study with FA concentrations up to 15 ppm does not
lead to systemic genotoxic effects in rats. This comprehensive study
supports previous investigations suggesting that genotoxic effects of
FA at distant sites are highly unlikely and confirms the view that posi-
tive results reported in some human biomonitoring studies are not relat-
ed to FA exposure.

DD111
INDUCTION AND REPAIR OF DNA-PROTEIN CROSSLINKS
AND CHANGES IN GENE EXPRESSION IN HUMAN NASAL
EPITHELIAL CELLS EXPOSED TO FORMALDEHYDE IN
VITRO
S Neuß, G Speit
Universität Ulm, Institut für Humangenetik, Ulm, Germany
Email: simone.neuss@uni-ulm.de

Formaldehyde (FA) is an important industrial compound and also a nat-
urally occurring biological compound present in all cells. FA is rapidly
detoxified via a multi-step pathway yielding formate and CO2.
Formaldehyde dehydrogenase (FDH or ADH3) and other enzymes
involved in this pathway seem to be ubiquitous enzymes. If FA is not
metabolically inactivated and reaches the nuclear DNA, it can form
DNA-protein crosslinks (DPX). DPX are efficiently repaired in all cell
types studies but incompletely repaired DPX can lead to the formation
of mutations. Using the alkaline comet assay modification for the
detection of DPX, we measured induction and repair of FA-induced
DPX in primary human nasal epithelial cells (HNEC) in vitro. Using a
full-genome human microarray (Affymetrix U133 PLUS 2.0), we also
determined changes in gene expression in FA-exposed cells. HNEC
exposed to FA (100 and 200 µM) for 1, 4 and 24 h showed complete
removal of DPX when treated with 100 µM FA, whereas in cells treat-
ed with 200 µM FA, a significant amount of DPX persisted. Gene
expression was only moderately affected in cells treated with 50 or 100
µM for two or four hours. In particular, expression of genes involved
in the metabolic inactivation of FA were unchanged. A pathway analy-
sis indicated that none of the 186 genes related to DNA repair showed
any significant change despite marked DNA repair activity. Exposure
to 100 or 200 µM FA for 4 or 24 hours caused significant changes in
the pattern of gene expression. The effect of FA on gene expression was
more pronounced after 4h exposure than after 24 h. Treatment with 200
µM FA for 4 h caused up-regulation of 307 genes and down-regulation
of 745 genes (2-fold change or more compared to the untreated con-
trol). After exposure for 24 h, 31 genes were up-regulated and 31 genes
were down-regulated. Interestingly, FDH and other genes mainly
involved in the detoxification of FA were not affected in any of the
experiments. In summary, our experiments show that the determination
of changes in gene expression is not a more sensitive indicator for the
detection of FA-induced genotoxicity than the measurement of DNA
damage by the comet assay. Genes involved in detoxification of FA and
DNA-repair genes are not induced by FA in HNEC.
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DD112
INTER-LABORATORY COMPARISON OF NER CELL 
PHENOTYPE ASSAYS
K Vande Loock (1), A Allione (2), I Decordier (1), G Matullo (2), R
Godschalk (3), F-J  van Schooten (3), M Kirsch-Volders (1)
(1). Laboratory of Cellular Genetics,Vrije Universteit Brussel, Brussel,
Belgium (2). ISI Foundation, Torino, Italy (3) Department of Health
Risk Analysis and Toxicology, Universiteit Maastricht, Maastricht, the
Netherlands
Email: kvdelooc@vub.ac.be

Inter-individual susceptibility to mutagens/carcinogens can be assessed
by genotyping or phenotyping at molecular or cellular level for genes
and/or pathways involved in key events regulating the exposure-effect
responses. Due to a great number of DNA repair genes identified and
the interactions among the pathways (BER, NER, DSB, MS) responsi-
ble for the repair of DNA adducts and breaks, phenotyping is becom-
ing an attractive approach to integrate the repair capacity resulting from
many genes involved. As far as BER is concerned, various approaches
have been applied. However, for the assessment of nucleotide excision
repair (NER) only few methods are available. Within the ECNIS net-
work of Excellence (www.ecnis.org) we aimed at developing and vali-
dating phenotypic assays for NER, since it is known that an inherited
defect in one of various proteins involved in NER causes the disease
xeroderma pigmentosum, and greatly increases the risk of skin cancer
following sun exposure. The major aim was to validate NER phenotyp-
ing assays applicable for large scale biomonitoring studies within the
framework of an inter-laboratory-ECNIS collaboration. The participat-
ing laboratories (VUB, ISI and UM) compared their available/new
methodologies for phenotypic in vitro assessment of DNA repair activ-
ity in order to measure the inter-individual differences in the repair
capacity of bulky DNA adducts (induced by 0.5 µM BPDE) in periph-
eral blood mononucleated cells (PBMC) obtained from the same
donors with known XPA and XPD genotypes. Therefore PBMCs were
isolated from 10 young, healthy female donors. In a first part, VUB
performed a recently developed aphidicolin block assay to asses NER
on the freshly isolated cells. In a second phase, ISI received frozen cells
from VUB to perform the same cellular challenge assay as VUB but on
cryopreserved cells. And in a third phase, UM applied their modified
comet assay (Langie et al., 2006) in order to measure the capacity of
human lymphocyte extracts. The results from the collaboration will be
presented. This work was financed by ECNIS (Environmental Cancer
Risk, Nutrition and Individual Susceptibility), a network of excellence
operating within the European Union 6th Framework Program, Priority
5: “Food Quality and Safety” (Contract No 513943)

DD113
CELLULAR ADAPTIVE RESPONSE TO OXIDATIVE STRESS
INDUCED BY EXHAUSTIVE EXERCISE: ROLE OF 
NRF2-DRIVEN HEME OXYGENASE-1 INDUCTION
S-Y Kim (1), Y-S Lee (2), H-K Na (1), K-K Park (3), Y-J Surh (1)
(1) College of Pharmacy, Seoul National University, South Korea; (2)
Department of Physical Education, Sejong University, South Korea, (3)
College of Dentistry, Yonsei University, South Korea
Email: surh@plaza.snu.ac.kr

It has been speculated that intense exercise may cause oxidative injury
through generation of reactive oxygen species. However, our body
tends to adapt to oxidative stress. This study was aimed to test a hypo-
thesis that exhaustive exercise induces the expression of heme oxyge-
nase-1 (HO-1), a key enzyme in cellular antioxidant defence. HO-1
upregulation was mediated by antioxidant response elements (ARE)
which are under control of the redox sensitive transcription factor NF-
E2-related factor-2 (Nrf2). Human peripheral blood mononuclear cells
(PBMCs) were obtained from the venous blood of fifteen healthy
volunteers before, immediately after, and 1 h after an exhaustive exer-
cise. Isolated human PBMCs were subjected to the electrophoretic
mobility gel shift assay and Western blot analysis. The Nrf2-ARE bin-
ding activity and HO-1 expression, measured immediately after exerci-
se, were more pronounced than those achieved before exercise. After 1
h recovery, Nrf2-ARE binding activity and HO-1 expression returned
fully to the basal levels. In follow-up studies with mice, HO-1 expres-

sion in muscle and colon, analyzed 1 h after exhaustive exercise, dra-
matically increased in comparison with that observed both before and
immediately after exercise. In contrast, there was no significant increa-
se of HO-1 expression in heart and lung. Taking all these findings into
account, we conclude that exhaustive exercise transiently induces Nrf2
activation and subsequent expression of HO-1 as part of the adaptive
cytoprotective response against oxidative stress.

DD114
NO COORDINATES TO SH- AND [4Fe-4S] 2+ CENTERS TO
FORM DINITROSYL-IRON COMPLEXES (DNIC) TO 
REGULATE THE E.COLI ADA GENE EXPRESSION.
S Vasilieva
N.M. Emanuel Institute of Biochemical Physics RAS, Moscow, Russia.
Email: svasilieva@polymer.chph.ras.ru

Background. Ada DNA repair response protects E.coli from alkylating
damages. A source of endogenous alkylation is amino acids and pep-
tides nitrosylation by endogenous NO, being produced in hypoxic cells
under Fnr [4Fe-4S] 2+ protein control. The aidB gene expression is
served mostly to protect E.coli from alkylation during anaerobic
growth. We suppose that namely Fnr [4Fe-4S] 2+ serves both as NO
target and NO-sensor and regulator of aidB gene expression in anaero-
bic conditions. Aims. Experimental verification of our original hypoth-
esis - a “quasi-adaptive response” (quasi-Ada) to alkylating agents;
study if S-nitrosylation  (instead of S-alkylation in the true Ada) of the
Ada sensor protein serves a signal for quasi-Ada activation and con-
tribute to cell resistance to MNU; establish the structure of NO signal-
ing molecule; obtain data consistent with our suggestions in the mech-
anism of the aidB regulation and new NO signaling function. Methods:
E. coli mutants bearing (alkA::lacZ; alkB::lacZ and aidB::lacZ) operon
fusion [Volkert, 1998] were used. Di – and tetranitrosyl iron complex-
es were tested as NO donating agents. EPR-resonance spectroscopy
was applied to detect intracellular anisotropic EPR signal with g-factor
2,03. Results: Quasi-Ada DNA repair response in the cell treated with
NO- donors was quantified by 3-5 fold increasing in the levels of alkA
and alkB gene expression and 1,5-2,5 fold decreasing in the rate of
mutations and lethal lesions, induced by MNU. Intracellular iron was
indispensable for NO-signaling: Fe- chelator OP prevented the phe-
nomenon. NO treatment led to the appearance of EPR signal with g
2,03, which disappeared after OP pretreatment. A positive up- regula-
tion of aidB in hypoxic cells and a negative aidB down-regulation in
the cells after NO pretreatment were found. The specific changes in the
level and form of the EPR-signals were found. We quantified sulfide
released from Fnr during [4Fe-4S]2+ to [2Fe-2S]2+ cluster conversion.
Conclusions: We demonstrate at the first time a new mechanism regu-
lating the Ada sensory protein. The quasi-Ada DNA -repair response
and the aidB expression regulation extends the functional range of NO
as a signal molecule in signal transduction and DNA repair. The work
was supported by RFBR (08-04-00228).

DD115
STUDY OF CELL cycle, Apoptosis and DNA damage, in human
K562 leukaemia cells: Effect of the Alkenylbenzene Myristicin
C Martins (1), C Doran (1), C Miranda (1), M Guadalupe Cabral (2), C
Martins (2), J Dinis (1), M Gromicho (1), A Laires (1), P Videira (2), J
Rueff (1), A Rodrigues (1)
(1) CIGMH, Department of Genetics, Faculty of Medical Sciences,
Universidade Nova de Lisboa, Rua da Junqueira, 96, 1349-008 Lisboa,
Portugal, (2) Department of Immunology, Faculty of Medical Sciences,
Universidade Nova de Lisboa, Campo Santana, Lisboa, Portugal.
Email: cmartins.gene@fcm.unl.pt

Myristicin (1-allyl-3,4-methylenedioxy-5-methoxybenzene) is a natu-
rally occurring alkenylbenzene, it is the principal aromatic constituent
of nutmeg volatile oil and mace, and is used as a flavouring in food and
non-alcoholic drinks. Previous studies performed by us in Chinese
Hamster Ovary Cells (CHO) indicated that myristicin was a strong
apoptosis inducer and a weak genotoxicant. The aim of this study was
to investigate the possible cytotoxicity and genotoxicity of myristicin
in a human cancer cell line of Chronic Myeloid Leukaemia (K562).
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First we evaluated the cytotoxicity of myristicin at different incubation
times using the MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy -
methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium) test. The results
ob tained suggest that cell viability decreases to 50% after a 48 hour
period and with concentrations higher than 500µM. Induction of apop-
tosis, with the TUNEL assay, was also confirmed after a 48 hour incu-
bation period. We then evaluated DNA lesion effects with γ-H2AX and
the Alcaline Comet Assay and myristicin showed no genotoxicity after
one hour incubation in γ-H2AX assay and weak genotoxicity in the
comet assay. To fully evaluate the genotoxic activity of this molecule,
cells were monitored with the trypan blue exclusion and with the
Comet assay for 24, 48 and a 72 hour periods and there was no increase
in cell number and no genotoxicity associated. To evaluate the effects
of myristicin on the cell cycle, we use flow cytometry, and observed
time dependent G2/M arrest. These findings suggest that the cytotoxic
activity of this molecule in K562 cell line might be due to the inhibi-
tion of the cell cycle following by apoptotic events.

DD116
ARTEMIS NUCLEASE FACILITATES APOPTOTIC 
CHROMATIN CLEAVAGE 
B Salles (1), S Britton (1), P Frit (1), D Biard (2),  Calsou (1)
(1) CNRS; IPBS (Institut de Pharmacologie et de Biologie
Structurale); 205 route de Narbonne, F-31077 Toulouse, France ;
Université de Toulouse; UPS; IPBS; F-31077 Toulouse, France (2)
CEA-DSV-iRCM/INSERM U935, Institut A. Lwoff-CNRS, 7 rue Guy
Moquet, BP 8, 94801 Villejuif, France.
Email: bernard.salles@ipbs.fr

One hallmark of apoptosis is DNA degradation, first as high molecular
weight (HMW) fragments followed by extensive internucleosomal
fragmentation. During apoptosis, the DNA-dependent protein kinase
(DNA-PK) is activated. DNA-PK is involved in the repair of DNA
double strand beaks (DSB) and its catalytic subunit is associated with
the nuclease ARTEMIS. It is reported here that upon apoptosis elicited
in human cells by agents causing DNA DSB but also staurosporine and
other inducers, ARTEMIS binds to apoptotic chromatin together with
DNA-PK and other DSB repair proteins. ARTEMIS recruitment to
chromatin showed a time- and dose-dependency, relied on DNA-PK
protein kinase activity and was blocked by antagonizing the onset of
apoptosis with a pancaspase inhibitor or upon overexpression of the
anti-apototic BCL2 protein. In the absence of ARTEMIS, no defect in
caspase-3, PARP-1 or XRCC4 cleavage or in H2AX phosphorylation
was noticed and DNA-PKcs was still phosphorylated on S2056 in
response to staurosporine. However DNA fragmentation including
HMW fragmentation was delayed in ARTEMIS-deficient cells as com-
pared with cells expressing ARTEMIS. In addition, ARTEMIS also
enhanced the kinetics of the MLL gene cleavage at the breakage clus-
ter breakpoint frequently translocated in acute or therapy-related
leukemias. These results highlight a facilitating role for ARTEMIS in
the early site-specific chromosome breakage during apoptosis possibly
by recognizing and cleaving secondary DNA structure like those pres-
ent in the Matrix Attachment Regions.

DD117
TRANSPLACENTALLY-INDUCED CENTROSOMAL 
AMPLIFICATION AND ANEUPLOIDY IN PRIMATES
EXPOSED IN UTERO TO ANTIRETROVIRAL DRUGS.
S Gorjifard, M Yu, MC Poirier, OA Olivero.
Carcinogen-DNA Interactions Section. Laboratory of Cancer Biology
and Genetics, National Cancer Institute, NIH, Bethesda, MD, USA.
Email: oliveroo@exchange.nih.gov

Antiretroviral therapy, used to treat Human Immunodeficiency virus
(HIV-1), reduces maternal-fetal HIV-1 transmission and saves the lives
of thousands of children yearly.  However, the nucleoside reverse tran-
scriptase inhibitor (NRTI) zidovudine (AZT) is a transplacental car-
cinogen in mice, and the NRTI combination of AZT plus lamivudine
(3TC) induces genotoxic effects in offspring of CD-1 mice and patas
monkeys exposed in utero. Here, genomic integrity in the offspring of
patas dams given human-equivalent NRTI protocols during gestation

was evaluated. Mesenchymal cells were cultured from bone marrow of
patas (newborn, 1 and 2 years of age) exposed in utero to no drug
(n=2), or human-equivalent doses of AZT/3TC (n=3), AZT/3TC
/Abacavir (ABC) (n=1), or AZT/3TC/ Nevirapine (NVP) (n=3). Cells
were examined by immunohistochemistry for: micronuclei (MN) with
or without kinetochore material; centrosomes; and localization of
nuclei.  Scoring of ~5,000 cells revealed MN that contained no kineto-
chore signal, and MN that contained staining for kinetochore (CREST
+) signal, indicating the ability of the NRTIs to act as both clastogens
and aneugens. In 0.9, 2.3, 3.1 and 6.5% of cells from patas exposed to
no drug, AZT/3TC, AZT/3TC/NVP and AZT/3TC/ABC, respectively,
there were MN with no kinetochore material.  In 0.2, 0.8, 1.1 and 3.2
% of cells from patas exposed to no drug, AZT/3TC, AZT/3TC/NVP
and AZT/3TC/ABC, respectively, there were MN containing kineto-
chore material. Thus, there was a drug-induced abnormal chromosomal
segregation as evidenced by the presence of MN containing kineto-
chores.  Subsequently, cells were examined for centrosomal amplifica-
tion. Supernumerary (>2) centrosomes were 1.26 % of cells in an unex-
posed monkey at birth, and 2.0 % of cells in an unexposed monkey at
3 years of age and 4.5, 5.3 and 4.6 % in cells from patas exposed to
AZT/3TC, AZT/3TC/NVP and AZT/3TC/ABC, respectively. These
studies show the existence of an NRTI-induced persistent malfunction
in chromosomal segregation occurring in fetal bone marrow of patas
monkeys exposed transplacentally to antiretrovirals. Therefore, NRTI-
induced genotoxicity induced occurs not only because of incorporation
into DNA, but also by interaction with the mitotic spindle resulting in
aneuploidy.

DD118
COMPARATIVE ANALYSIS OF THE DNA REPAIR GENES IN
THE ACETIC ACID BACTERIA GLUCONACETOBACTER
DIAZOTROPHICUS AND GLUCONOBACTER OXYDANS
C Corado (1), SR Batistuzzo de Medeiros (1)
(1) Laboratory of Molecular Biology and Genomics, Universidade
Federal do Rio Grande do Norte, Natal, Brazil
Email: sbatistu@cb.ufrn.br
Gluconacetobacter diazotrophicus is a Gram-negative alpha-proteobacteri-
um, tolerant to acid environments, nitrogen fixing and was the first endo-
phyte diazotrophic bacterium isolated from sugarcane. Gluconobacter oxy-
dans, also Gram-negative alpha-proteobacterium, has the ability to incom-
pletely oxidize a great variety of alcohols, carbohydrates and related com-
pounds. Belonging to the family Acetobacteriaceae, both are interesting for
industries and biotechnology, and had their genomes sequenced recently. The
aim of this work was to analyze and compare their DNA repair genes once
they are very important for maintain the genome integrity considering the
adversities of the environment. Regarding this, the DNA repair genes were
identified in both organisms, using as bait the ones from Escherichia coli and
Caulobacter crescentus. For this study, a database of the DNA repair
orthologs sequences was built and comparative analyses were made in silico
using the packages Blast, Clustal and Paup. The analysis has shown the pres-
ence of the main repair paths in both organisms – excision repair, direct
repair, recombinational repair and SOS response – most of the times with
good similarity to those from E. coli. Interestingly, some gene duplications
were found to be in the chromosome and in the plasmid, as for uvrD, dnaE
and ssb. This observation and the phylogenetic trees interpretations are
indicatives for events of lateral gene transfer. A great novelty was the identi-
fication of orthologs for recD in G. diazotrophicus and recB in both bacteria.
Until now, there were no reports for the presence of the recombinational
repair RecBCD initiation path in alpha-proteobacteria.

DD119
A NUCLEAR FORM OF GAMMA-TUBULIN IS PART OF A
DNA DAMAGE SIGNALLING PATHWAY
G Blanca (1,2), GA Locatelli (1,2), M Germanier (1,2), D Biard (3), M
Defais (1,2,*).
(1) CNRS, IPBS (Institut de Pharmacologie et de Biologie Structurale), 205
route de Narbonne, F-31077 Toulouse, France; (2) Université de Toulouse,
UPS, IPBS, F-31077 Toulouse, France; (3) CEA-DSV-iRCM/INSERM U935,
Institut A. Lwoff-CNRS, 7 rue Guy Moquet, BP 8, 94801 Villejuif, France
Email: blanca@ipbs.fr
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Double strand breaks are the most deleterious lesion in living organ-
isms. They occur not only spontaneously as consequences of meiosis or
replication block, but also from exogeneous events such as ionizing
radiation or chemical exposure. These lesions lead to a series of sig-
nalling pathways that allow the cells to repair or tolerate the damage.
Recombination repair catalysed by Rad51 protein plays an essential
role in repair of DNA double-strand break and DNA cross-linking
adducts. γ-tubulin, a centrosomal protein involved in the assembly of
microtubules, was recently shown to be part of the same nuclear com-
plex with Rad51, either in mammalian cells in S phase of the cell cycle
or following DNA damaging treatment. We show here that Rad51 was
not required for γ-tubulin nuclear foci formation. However both pro-
teins were part of a complex with γH2AX, each protein being able to
immunoprecipitate the other two. A monoubiquinated form of nuclear
γ-tubulin was found to be associated to this complex in extracts of S
phase or asynchronous cells. A decrease of γ-tubulin monoubiquitina-
tion was observed if BRCA1 was knocked down by siRNA. In addi-
tion, chromatin immunoprecipitation shows that γ-tubulin is present at
an induced unique DNA double-strand break. Our results suggest that
nuclear γ-tubulin might have a role in DNA damage signalling pathway
in which it could participate through its modified form, possibly con-
tributing in linking DNA repair and mitosis.

DD120
OLIGONUCLEOTIDE MICROARRAYS ELABORATION
USING A CLICK CHEMISTRY APPROACH: APPLICATIONS
TO MISMATCHES AND DNA REPAIR ACTIVITIES 
DETECTION 
M Flaender (1), G Costa (2), G Nonglaton (2), C Saint-Pierre (1), G
Delapierre (2), D Gasparutto (1)
(1) Laboratoire des Lésions des Acides Nucléiques, SCIB/UMR E3
CEA-UJF/FRE 3200 CEA-CNRS, INAC, CEA-Grenoble, France; (2)
Laboratoire de Fonctionnalisation et Chimie pour les Microsystèmes,
SBSC, DTBS-LETI, CEA-Grenoble, France.
Email: melanie.flaender@cea.fr

DNA microarrays have recently known a growing interest because of
their enormous potential applications like diseases’ diagnosis or other
genome analyses (1, 2). The most popular approach used for the DNA
microarrays elaboration consists in a post-synthesis immobilization of
functionalized DNA fragments (3, 4). To reach that goal, a large set of
bioconjugate chemistries were proposed and explored (3). Here we
present the site-specific immobilization of alkyne-modified oligonu-
cleotides on an azide-terminated glass slide via an efficient click chem-
istry approach (5, 6). The first application of the latter DNA microar-
rays concerns mismatch detection. Different oligonucleotides contain-
ing mismatches or not were grafted onto the slide and then hybridized
with a cy3-labelled complementary DNA target. Using a fluorescent
detection, we were able to discriminate the perfect match from one or
two mismatches. A second application of these biosensors that con-
cerns the detection of enzymatic DNA repair activities (7, 8) was also
developed. Indeed, several damaged oligonucleotides (each containing
a defined altered nucleobase such as 8-oxoguanine, uracil and abasic
site) were spotted on activated supports and hybridized with their com-
plementary DNA target. The resulting functionalized slides containing
a panel of double-stranded DNA substrates were incubated with differ-
ent enzymes involved in the DNA repair machinery (namely DNA-gly-
cosylases and AP-endonucleases). The enzymes activities induced a
fluorescence decrease by a selective cleavage at the damaged site. Such
original microar could be used in miniaturized quantitative assays for
diagnosing DNA repair deficiencies in cellular extracts together with
the screening of DNA repair modulators agents.
Green N.S. and Pass K.A., Nat. Rev. Gen., 2005, vol. 6, p. 147-151 
Hoheisel J.D., Nat. Rev. Gen., 2006, vol. 7, p.200-210
Pirrung M.C., Angew. Chem. Int. Ed., 2002, vol. 41, p.1277-1289
Sassolas A. et al, Chem. Rev., 2008, vol. 108, p.109-139
Rozkiewicz D.I. et al, Chembiochem, 2007, vol. 8, p.1997-2002
Seo T.S. et al, PNAS, 2005, vol.102, p. 5926-5931
Scharer O.D., Angew. Chem. Int. Ed., 2003, vol. 42, p.2946-2974
Friedberg E.C. et al, DNA repair and mutagenesis 2nd ed., 2006, ASM press

DD121
SYNTHESIS, CHARACTERIZATION AND MUTAGENIC
PROPERTIES OF N7-GUANINE ADDUCTS FORMED BY
EPOXIDES
M Villien (1), G Philippin (2), C Saint-Pierre (1), R-P Fuchs (2), J
Cadet (1), D Gasparutto (1)
(1) Lésions des Acides Nucléiques, SCIB / UMR E3 CEA-UJF / FRE
3200 CEA-CNRS, INAC, CEA/Grenoble, France; (2) Genome Insta -
bility and Carcinogenesis, CNRS, Marseille, France.
Email: mathilde.villien@cea.fr

Ethylene oxide (EO), propylene oxide (PO) are important volatile
industrial chemicals, but there still an ongoing debate on the risks asso-
ciated with their occupational exposure.1 Although the International
Agency for Research on Cancer (IARC) has classified EO as a known
carcinogen in humans (Class 1) and PO as a possible human carcino-
gen (Class 2B), their mechanism of carcinogenicity is not well charac-
terized, but is thought to involve the formation of DNA adducts. These
epoxides are directly acting agents, which react with DNA forming pri-
marily N7-alkylguanine derivatives (N7-(2-hydroxyethyl)guanine for
EO and N7-(2-hydroxypropyl)guanine for PO).2. The aim of the pres-
ent research project is to wholly identify the genotoxic and mutagen
potential of the N7-hydroxyalkylated guanine adducts.3 Emphasis was
particularly placed on the assessment of biological response of enzy-
matic repair and replication machineries towards the latter alkylgua-
nine derivatives. For the first time a set of oligonucleotides (from
tetranucleotides up to 13-mer DNA) containing a unique N7-alkylgua-
nine adduct with different steric hindrance of the alkyl moiety (respec-
tively a methyl-, a hydroethyl- and a hydroxypropyl group) have been
prepared. The suitable modified oligonucleotides have been synthe-
sized upon a direct treatment with different alkylating reagents
(dimethylsulfate, ethylene oxide or propylene oxide) using distinct
experimental procedures, specific of each reagent. The resulting modi-
fied DNA oligomers have been purified and then characterized by chro-
matography, electrophoresis and mass spectrometry analyses. Several
biochemical studies have been performed using the latter damaged
oligonucleotides substrates (adduct stability, enzymatic digestion, in
vitro repair studies…). Such DNA oligomers that insert a set of target-
ed N7-alkylated guanine lesions are promising candidates to investi-
gate in cellulo mutagenic properties after incorporation into plasmid
probes and then transfection into cells.4

[1] Kolman, A. et al.; Mutat. Res. 2002, 512, p173.; [2] IARC
Monographs, 1994, 60. Lyon, France.; [3] a) Their, R. et al.; Crit. Rev.
Toxicol. 2000, 30, p595. b) Rios-Blanco, M.-N. et al.; Mutat. Res.
1997, 380, p179.; [4] Mazon, G. et al.; DNA Repair 2009 (in press).

DD122
MODULATION OF DNA REPAIR BY MONOTERPENES
FROM SAGE IN Escherichia coli
J Knežević-Vukčević, B Nikolić, T Berić, B Vuković-Gačić
Chair of microbiology, Faculty of Biology, University of Belgrade,
Belgrade, Serbia
Email: jelenakv@bio.bg.ac.rs

A set of E. coli K12 strains, constructed for detection of antimutagens
and estimation of the mechanisms of antimutagenesis, was used to
investigate antimutagenic potential of monoterpenes from sage:
Camphor (C), α/β Thujone (T) and Eucalyptol (E). Genetic endpoints
such as spontaneous and induced mutations, recombination, and SOS
response were studied in repair proficient strain, and NER and MMR
mutants. To detect antimutagenic effect resulting from modulation of
DNA repair and replication, UV-irradiation and 4NQO (UV mimetic)
were used as mutagens. The spontaneous and induced mutagenesis was
monitored by reversion tests (argE3�Arg+). The SOS response kinet-
ics in repair proficient strain was studied by measuring activity of β-
galactosidase expressed from sfiA::lacZ fusion; the effect on protein
synthesis was determined by measuring activity of constitutive alkaline
phosphatase. The spontaneous and induced recombination was meas-
ured in recombination proficient lacMS286 Φ80dIIlacBK1 strain by
scoring Lac+ recombinats. Neither of the monoterpenes was mutagenic
in repair proficient and MMR deficient strains, but T caused a two-fold
increase in the number of Arg+ revertants in NER deficient strain. All
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tested monoterpenes significantly reduced UV- and 4NQO-induced
mutagenesis in repair proficient strain, while this effect was diminished
in NER deficient strain. Neither of the monoterpenes alone could
induce SOS response, but they differently affected SOS response fol-
lowing UV-irradiation. While in control cultures the level of β-gal
reached maximum 100 minutes following UV and rapidly subsided, in
cultures with C induced enzyme levels were maintained long after the
treatment. E slightly reduced the level of β-gal and the maximum
enzyme induction was 20 minutes delayed compared with the control.
Similar reduction was obtained with T, but with no effect on enzyme
kinetics. In addition, T slightly reduced the growth rate and the levels
of alkaline phosphatase. Spontaneous and UV-induced recombination
was increased by C and E, respectively, while T had no effect. Although
monoterpenes could affect SOS response and recombination, obtained
results indicated modulation of NER as common mechanism of their
antimutagenic action.

DD123
COMPARISON OF THE REPAIR KINETICS OF UVA VERSUS
UVB-INDUCED CYCLOBUTANE PYRIMIDINE DIMERS IN
HUMAN KERATINOCYTES
M Karbaschi, M D Evans, M S Cooke
Radiation and Oxidative Stress Section, Department of Cancer Studies
and Molecular Medicine, Robert Kilpatrick Clinical Sciences Building,
University of Leicester, Leicester LE2 7LX, UK
Email: mk232@le.ac.uk

Worldwide, one in three cancers is skin-related and the WHO expects
the skin-cancer epidemic to increase. Solar ultraviolet radiation (UVR)
by inducing DNA photo-lesions, has become the prime cause of most
skin cancers. These cancers could be prevented if we protect ourselves
from UVR. UVR comprises three main regions: UVC is absorbed by
the ozone layer and does not affect the skin. UVB is directly absorbed
by DNA and induces different forms of lesions like cyclobutane pyrim-
idine dimers (CPDs). In contrast with UVB, UVA is indirectly absorbed
by DNA. UVA is suspected to play a key role in induction of skin
tumors and may be even more important than UVB in mutagenesis.
CPDs have been found to be induced in human skin cells exposed to
UVA through a different mechanism but the mechanism of CPD induc-
tion by UVA is not clearly identified. Most sunscreens filter out UVB
absorption, but they cannot block most of UVA, so they do not help to
prevent skin cancer. A better assessment of the routes by which UVA
and UVB induce CPDs, may lead to prevention of skin cancer. In the
this study, by use of the highly sensitive single cell gel electrophoresis
(T4endoV modified comet assay), the yield of CPDs in HaCaT ker-
atinocyte cell line was assessed. Firstly, we optimised the enzyme con-
ditions for comet assay technique on Keratinocytes (HaCaT cell line).
Then, formation of UVA-induced CPDs versus UVB-induced CPDs
was compared. Finally, the repair rate of CPDs induced by UVA and
UVB was compared. Following irradiation, levels of CPD and ALS
were significantly higher in the cells irradiated with UVB, compared to
UVA. However, for the first time, we noted the rate of repair for UVA-
induced CPD to be much faster than the rate of UVB-induced CPD.

DD124
A SIMPLE, RELIABLE AND VERSATILE 
MEDIUM-THROUGHPUT COMET ASSAY
A Azqueta (1), S Meier (1), S Shaposnikov (1), G Brunborg (2), J
Sallete (3), AR Collins (1) 
(1) Department of Nutrition, University of Oslo, Oslo, Norway; (2)
National Institute of Public Health, Oslo, Norway; (3) IMSTAR S.A.,
Paris, France
Email: o.a.azqueta@medisin.uio.no

The comet assay is widely used to measure different lesions in DNA,
by incubating the gel embedded nucleoids with damage-specific
endonucleases. It can also be used to monitor DNA repair. Applications
include basic research, testing of chemicals for genotoxicity, and
human biomonitoring. In the conventional format, 1 or 2 gels (approx-
imately 20 mm square) are placed on a microscope slide. The number
of samples that can be processed at one time is relatively small; it is

determined by the number of slides that can easily be handled and the
capacity of the electrophoresis tank. To increase throughput of the
assay we have designed a system with 12 small gels on one slide. With
a silicone gasket clamped over the slide, this approach allows the incu-
bation of individual gels with different genotoxic chemicals, enzymes
or cell extracts. Thus several times more samples can be analysed per
electrophoresis run, and smaller volumes of test solutions are required.
Examples of the application of this modified method include the simul-
taneous analysis of different lesions using a range of enzymes; the
analysis of several samples for DNA repair activity; and fluorescent in
situ hybridisation (FISH) of the DNA with specific, labelled probes.
This procedure is cost effective, since it reduces the amount of reagents
needed, and can easily be applied in any laboratory. Scoring of comets
is greatly accelerated by using the PathfinderTM automated image
analysis system. We have tested the new method for possible problems
such as leakage between wells, and ‘edge effects’, i.e. distorted or
anomalous comets near the gel boundary. Incubations with different
doses of lesion-inducing chemicals, or enzymes in each well, give
results that correlate closely with those obtained using the convention-
al method. This new comet assay technique is robust, reliable, and very
convenient to use. Supported by EC contract LSHB-CT-2006-037575

DD125
DNA DAMAGE MEASURED IN LYMPHOCYTES FROM
MOTHERS AND NEWBORNS WITH THE COMET ASSAY
Y Lorenzo (1), KB Gutzkow (2), TM Langleite (1), A Azqueta (1), G
Brunborg (2), AR Collins (1)
(1) Department of Nutrition, University of Oslo, Oslo, Norway; (2)
National Institute of Public Health, Oslo, Norway
Email: yola_lor@yahoo.es

We are investigating the levels of DNA oxidation in lymphocytes from
maternal and cord blood as part of the NewGeneris project. The
hypothesis is that exposure during pregnancy to damaging or protective
agents, especially in the diet, can influence the risk of disease in chil-
dren as a consequence of oxidative damage. Lymphocytes have been
collected in cohorts from different countries, and analysed using the
comet assay in combination with lesion-specific endonucleases to
measure oxidised bases. The approach has been validated by studying
inter-laboratory variation in measurements of the same samples, as
well as reproducibility within one laboratory. Positive and negative ref-
erence standards are employed as a quality control. A high throughput
version of the comet assay facilitates the assay of large numbers of
samples but requires automated scoring. We will give a preliminary
report on the levels and range of damage in different cohorts and the
comparison between mothers and children. We will also describe prob-
lems that we have encountered, that should be taken into account when
carrying out large-scale international studies of this kind.
Supported by EC contract FOOD-CT-2005-016320.

DD126
SATURATED EXOCYCLIC HYDROXYALKANO DNA
ADDUCTS ARE NEW SUBSTRATES FOR ESCHERICHIA
COLI ALKB PROTEIN
AM Maciejewska, J Nieminuszczy, Z Kaczmarska, B Krowisz, E
Grzesiuk, JT Kuśmierek 
Institute of Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland
Email: agniesza@ibb.waw.pl

The AlkB-type proteins are repair enzymes which remove alkyl lesions
from bases via an oxidative mechanism restoring native DNA structure.
Recently, it was found that they also repair DNA etheno(ε)-adducts.
Exocyclic adducts (ε-adducts among them) can originate endogenous-
ly from reaction of lipid peroxidation products: α, β-unsaturated- and
epoxy- aldehydes with DNA bases. Their source are also industrial car-
cinogens: e.g., vinyl chloride metabolites, chloroethylene epoxide and
chloroacetaldehyde (CAA), or dietary and environmental toxin
acrolein (ACR). We reacted 5-mer oligodeoxynucleotides, TTXTT,
where X = C or A, with CAA, to modify cytosine and adenine to 3,N4-
ethenocytosine (εC) and 1,N6-ethenoadenine (εA), respectively, and
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with ACR to modify cytosine to 3,N4-α-hydroxypropanocytosine
(HPC). The reaction of cytosine with CAA proceeds via relatively sta-
ble intermediate, 3,N4-α-hydroxyethanocytosine (HEC), what allowed
to prepare 5-mer containing this adduct. Modified 5-mers containing
exocyclic adducts, εC, HEC, HPC and εA, were studied as substrates
for E. coli AlkB protein. Using HPLC technique, which allows to sep-
arate the modified from unmodified (repaired) oligomer, we have
found that all studied exocyclic adducts are repaired by AlkB protein,
although less efficiently than the reference 3-methylcytosine (3meC).
The repair process requires higher Fe(II) and lower α-ketoglutarate
concentrations in comparison of 3meC repair. The pH optimum for the
repair decreases with a decrease of pKa value of the adduct. These
results suggest that in active centre of AlkB enzyme the substrate is
bound in the protonated form. On the basis of the published structure
of AlkB protein it can be concluded that positively charged substrate
interact with negatively charged carboxylic group of Asp135. Our
results show that E. coli AlkB repairs exocyclic adducts of different
structures, unsaturated etheno, εA and εC, and also saturated hydrox-
yalkano, HEC and HPC. Therefore, we suppose that the substrate
specificity of AlkB-type proteins may be broad and that these proteins
can be engaged in reversal of various kinds of DNA lesions, also those
caused by lipid peroxidation products in mammalian cells.

DD127
EXPRESSION OF HEPATIC GENES INVOLVED IN DNA 
DAMAGE RESPONSE DURING THE LIFE CYCLE OF THE RAT
JC Fuscoe, VG Desai, CD Melvin, CL Moland, WS Branham, T Han,
and JC Kwekel
Center for Functional Genomics, National Center for Toxicological
Research, US FDA, Jefferson, AR, USA
Email: james.fuscoe@fda.hhs.gov

Susceptibility to adverse health events caused by environmental agents,
including pharmaceutical drugs, may be dependent on the suite of
genes expressed in the liver at any given time. The expression of dif-
ferent sets of genes is modulated during the life cycle, and this may
influence the biological responses to xenobiotics and chemicals. By
understanding the natural dynamics of the transcriptome at the various
life stages, the assessment of health risk versus benefit can be more
rationally determined. Our hypothesis is: During the life cycle of the
rat, there are changes in the expression of genes in the liver that are
potentially associated with susceptibility to disease and adverse effects
of drugs and chemicals. To address this question, microar were used to
quantify the relative expression levels of hepatic genes in both male
and female F344 rats at the following ages: 2 wks, 5 wks, 6 wks, 8 wks,
15 wks, 21 wks, 52 wks, 78 wks, and 104 wks. Gene expression pro-
files were determined in the median lobe of the livers of 5 male and 5
female rats at each of the nine ages using Agilent one-color 4 x 44K rat
whole genome ar. Principal components analysis demonstrated both
sex differences and age differences in overall gene expression patterns.
Examination of genes involved in DNA repair, the DNA damage
response, and xenobiotic metabolism showed significant sex and age
differences, including Msh3, Gadd45b, and Cyp2c. Overall, the expres-
sion of more than 300 genes was affected by sex and age.

DD128
INFLUENCE OF SIDE SUBSTITUENTS IN 
PHTHALOCYANINES ON THEIR PHOTO-CHEMICAL PROP-
ERTIES FOR APPLICATION IN PHOTODYNAMIC THERAPY
AA Chernonosov (1,2), B Röder (3), LI Solov’eva (4), EA Luk’yanets
(4), OS Fedorova (1)
(1) Institute of Chemical Biology and Fundamental Medicine, Lavrentyev
Prospect 8, Novosibirsk 630090, Russia; (2) Institute of Human Ecology,
Sovetskii Prospect 18, Kemerovo 650099, Russia; (3) Humboldt-
Universität zu Berlin, Institut für Physik, Newtonstraße 15, 12489, Berlin,
Germany; (4) Institute of Organic Intermediates and Dyes, B. Sadovaya
1/4, Moscow 103787, Russia;
Email: sandy@niboch.nsc.ru

Phthalocyanines containing metal ions Zn(II) and Al(III) have a great
potency as photosensitizers in photodynamic therapy of malignancies and

other diseases. In this way phthalocyanines are investigated for the deve-
lopment of second and third generation of photosensitizers. Main aim in
the design of such reagents is increasing of the selectivity of action and the
solubility without deterioration of photo-physical properties of phthalocya-
nines. These features could be achieved by introducing of the antisense oli-
gonucleotides, DNA binding ligands or small charged substituents in
peripheral positions of the phthalocyanine ring. In our work we have inves-
tigated the photo-physical properties and phototoxicity of Zn(II)-phthalo-
cyanine and its derivatives with moieties mentioned above. Times of fluo-
rescence decay were measured using the time-correlated single-photon-
counting method. Lifetimes of singlet and triplet oxygen, as well as quan-
tum yields of singlet oxygen generation and energy transfer were measu-
red using time-resolved singlet oxygen luminescence. It was shown that
side moieties influenced on photo-physical properties of phthalocyanines.
But it was found that this influence on the most important parameter, quan-
tum yield of singlet oxygen generation, was slight. The toxicity of com-
pounds under study was tested on Jurkat cells (human acute T-cell
leukemia). Cell samples containing photosensitizers were irradiated using
diode laser with emission at the wavelength 668 nm. After irradiation the
fresh medium was added and cells were incubated up to three days. It was
shown that irradiation time during 6 minute was enough for the appearance
of phototoxic effect. Maximal effect of cytotoxicity was detected at 3-4
hours after irradiation. Supported by a Grant from the Russian Foundation
for Basic Research (08-04-00334-a) and President Grant (652.2008.4).

DD129
RADIATION-INDUCED H2AX PHOSPHORYLATION IN BONE
MARROW AND GERM CELLS OF PARP-1 KNOCKOUT MICE 
F Pacchierotti, E Cordelli, P Eleuteri, MG Grollino, M Spanò, P Villani
Section of Toxicology and Biomedical Sciences, ENEA CR Casaccia,
Rome Italy
Email: pacchier@casaccia.enea.it

Recently, a role of poly(ADP-ribosyl)ation was shown in the ATM-ini-
tiated DNA repair pathway, with PARP inhibited and PARP-1 defective
cells showing, for instance, compromised H2AX phosphorylation in
response to ionizing radiation and MNNG. Here we report the results
of a study in which H2AX phosphorylation was measured in bone mar-
row and germ cells of PARP-1 knockout (KO) or wild type (WT) mice
between 1 and 48 h after exposure to 4 Gy X . In WT bone marrow the
induction of cells with microscopically detectable foci followed a
kinetic similar to that measured in mammalian cells irradiated in vitro,
with the peak at 1 h and a sharp decrease between 1 and 4 h post irra-
diation. While no difference was detected between unirradiated cells of
the two genotypes, after irradiation, the formation of γH2AX foci was
delayed in PARP-1 KO mice by about 1 h; the flow cytometric analy-
sis of γH2AX content/cell suggested that delayed phosphorylation
could partly explain the delay in the detection of foci. In spermatocytes
and spermatids of WT irradiated mice the percentage of cells with foci
increased rapidly after irradiation, as in somatic cells, but remained
almost the same up to 48 h later, in spite of the fact that levels of comet
assay measured DNA breaks were back to control by 2 h post-treat-
ment. The flow cytometric measurement of γH2AX content/cell
showed that in spermatocytes and spermatids basal levels of γH2AX
were much higher than in somatic cells. These observations suggested
that, in germ cells, H2AX phosphorylation may have functions addi-
tional to that in the DNA break signalling pathways, possibly related to
chromatin remodeling. Immunohistochemical analysis of anti-γH2AX
labelling in unirradiated and irradiated testicular sections can con-
tribute to characterize the distribution and function of H2AX phospho-
rylation in the various germ cell stages. The same rapid induction and
long time persistence of foci observed in the germ cells of WT mice
was observed in PARP-1 KO animals. When compared to the PARP-1
KO bone marrow phenotype, data on germ cells suggest a different
involvement of the PARP-1 protein in the activation of H2AX phos-
phorylation in somatic and germ cells. Further studies should clarify
the role of ATM in the determination of this difference.
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DD130
K63-LINKED UBIQUITIN CHAINS CONJUGATED TO PCNA
CONTROL RECOMBINATION REPAIR OF SS-GAPS
GI Karras, S Jentsch
(1) Department of Molecular Cell Biology, Max Planck Institute of
Biochemistry, Am Klopferspitz 18, 82152 Martinsried, Germany. 
Email:  jentsch@biochem.mpg.de

DNA Replication hindered by bulky lesions poses a serious challenge
to cellular proliferation. Yet, cells defective in excision repair of such
DNA adducts survive high doses of damage. An arsenal of universally
conserved mechanisms termed DNA damage tolerance (DDT) is
believed to deal with stalled forks, to circumvent this problem. In
eukaryotes, DDT is under the control of the RAD6 epistasis group.
Previously, our group has shown that about half of the genes of the
RAD6 pathway encode enzymes involved in ubiquitylation, and that
PCNA, the replication processivity factor, is the key target. We showed
that PCNA can be modified either by a single ubiquitin moiety, by a
noncanonical (K63-linked) polyubiquitin chain, or by SUMO. PCNA is
constitutively SUMOylated during S-phase in order to prevent unwant-
ed recombination between sister-chromatids by the recruitment of the
anti-recombinogenic helicase Srs2. On the contrary, PCNA ubiquityla-
tion is specifically triggered by the presence of DNA damage. DDT can
operate either in an error-prone manner that involves monoubiquitylat-
ed PCNA and the recruitment of specialized translesion polymerases
(TLS), or an error-free, triggered by polyubiquitylated PCNA by a
mechanism that is largely unknown. Here we describe S.cerevisiae
mutants that lead to spontaneous hyper-induction of PCNA ubiquityla-
tion in the absence of any exogenous DNA damage. The strongest
inducers localized on Polymerase δ. Using a chromatin fractionation
approach we propose that ubiquitylated PCNA mainly arises at imma-
ture Okazaki fragments during lagging-strand synthesis. Such ss-gaps
must be filled to allow proliferation, and PCNA polyubiquitylation
plays a critical role in coordinating their repair. Based on this finding
we designed a robot-based synthetic lethality rescue screen in yeast that
identified genes required downstream of polyubiquitylated PCNA. The
anti-recombinogenic helicase Sgs1, linked to the Bloom cancer predis-
position syndrome in humans, engages late in the reaction, promoting
the completion of recombination initiated by K63-linked ubiquitin
chains on PCNA. In conclusion, we present a novel tool for the study
of eukaryotic DDT, providing a new perspective of the activation and
molecular mechanism of DDT.

DD131
RESPONSE OF MUTYH- AND MSH2- DEFECTIVE CELLS
TO DNA DAMAGE INDUCED BY COMBINED 
6-THIOGUANINE AND UVA TREATMENT
V Ruggieri (1), MT Russo (1) , I Casorelli (1), P Degan (2) , G Aquilina
(1), P Karran (3), M Bignami (1)
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy; (2)
Department of Translational Oncology, Istituto Nazionale per la
Ricerca sul Cancro, L.go R. Benzi 10, Genova, Italy; (3) Cancer
Research UK, London Research Institute, Clare Hall Laboratories,
South Mimms, Herts,  United Kingdom.
Email: vitalba.ruggieri@iss.it

Background The thiopurine antimetabolite azathioprine (Aza) is used
in the treatment of cancer, inflammatory conditions and as an immuno-
suppressant. Systemic treatment with Aza results in high levels of DNA
6-thioguanine (6-TG). Exposure of cells containing DNA 6-TG to low
doses of UVA produces reactive oxygen species (ROS) and photo-
chemical oxidation of DNA 6-TG into cytotoxic and mutagenic lesions. 
AimsWe examined the role of the Base Excision Repair DNA glycosy-
lase Mutyh and the Mismatch repair (MMR) protein Msh2 in the cel-
lular response to 6-TG/UVA-induced DNA damage. The contribution
of an oxidized dNTP pool to 6-TG/UVA cytotoxicity was also investi-
gated. Methods Mutyh- or Msh2-defective mouse embryo fibroblasts
(MEFs) were exposed to a non-toxic concentration of 6-TG and irradi-
ated with a low dose of UVA. Survival was determined by clonal
assays. DNA 6-TG and 8-hydroxydeoxyguanosine (8-oxodG) were
measured by HPLC and HPLC/EC, respectively. Results 6-TG and

UVA were synergistically toxic to wild-type MEFs - neither 6-TG or
UVA alone detectably affected survival. Mutyh- or Msh2-defective
cells were more resistant than wild-type MEFs to killing by 6-
TG/UVA. The combined treatment significantly increased the levels of
DNA 8-oxodG. The dNTP pool contributed to both the increased lev-
els of DNA 8-oxodG and to the enhanced toxicity of combined 6-
TG/UVA. Wild-type cells grown for 24hrs in 6-TG and UVA irradiated
immediately contained more DNA 8-oxodG and were more sensitive
than the same cells irradiated after a further 24h growth in medium
without 6-TG to deplete the pool of 6-TG nucleotides. Conclusions The
combination of 6-TG and UVA introduces DNA 8-oxodG and causes
cell death. Surprisingly, the absence of either Mutyh or Msh2 confers
tolerance to 6-TG/UVA. The molecular mechanism underlying this
phenotype is currently under investigation.

DD132
THE INFLUENCE OF LIPOPOLYSACHARIDE-INDUCED
INFLAMMATION ON THE EXPRESSION OF DNA REPAIR
GENES IN YOUNG RATS
P Kowalczyk (1,2), J Jaworek (3), M Kot (3), B Sokoƶowska (4), B
Janowska (1), J-M Cieśla (1), B Tudek (1,5) 
(1) Institute of Biochemistry and Biophysics, Polish Academy of Sciences,
Warsaw, Poland; (2) Interdisciplinary Centre for Mathe matical and
Computational Modelling, Warsaw University; Poland; (3) Department of
Physiology, Jagiellonian University College of Medicine, Cracow, Poland;
(4) Department of Respiratory Research, Medical Research Center, Polish
Academy of Sciences, Warsaw, Poland; (5) Institute of Genetics and
Biotechnology, Warsaw University.
Email: pawelk@ibb.waw.pl

Oxidative DNA damage may be a risk factor for development of vari-
ous pathologies, including malignancy. We studied inflammation trig-
gered modulation of repair activity in the intestines of three-week-old
rats injected i.p. with E. coli or S.typhimurium lipopolysacharides
(LPS) at doses of 1 and 10 mg/kg. The control group consisted of the
animals not treated with LPS. Subsequent formation in these animals
of colonic preneoplastic lesions, aberrant crypt foci (ACF) was also
investigated. Five days after LPS administration no differences were
observed in repair rate of 1,N6-ethenoadenine (εA), 3,N4-ethenocyto-
sine (εC), 8-oxoguanine (8-oxoG) and AP-endonuclease (APEX) in
intestines of these rats, as measured by the nicking assay. However, a
significant increase in all repair activities was found within one and
two months after S.typhimurium LPS treatment. E. coli LPS signifi-
cantly increased only the 8-oxoG repair. S. typhimurium LPS stimulat-
ed mRNA transcription of pro-inflammatory proteins, lipooxygenase-
12 and cyclooxygenase-2, as well as some DNA repair enzymes like
AP-endonuclease (Ape1) and εC-glycosylase (Tdg). mRNA level of
DNA glycosylases excising εA (Mpg) and 8-oxoG (Ogg1) was also
increased by LPS treatment, but only at the highest dose. Transcription
of all enzymes increased for up to 30 days after LPS, and subsequent-
ly decreased, with the exception of Ape1, which remained elevated
even two months after LPS administration. Thus, the repair efficiency
of εA, εC and 8-oxoG depends on the availability of Ape1, which
increases Ogg1 and Tdg turnover on damaged DNA, as well as presum-
ably stimulates Mpg. One and two months after administration of E.
coli or S. typhimurium LPS, the number of aberrant crypt foci in rat
colons increased in a dose- and time-dependent manner. Thus, inflam-
mation stimulates the repair capacity for εA, εC and 8-oxoG, but simul-
taneously triggers the appearance of preneoplastic changes in the
colons. These results suggest that the oxidative stress related to bacte-
rial infections long-lastingly stimulates the transcription of enzymes
responsible for oxidative DNA damage repair, which can be one of the
defence mechanisms of the organisms against the effects of infections.

DD133
ABNORMALITIES IN THE ORDER OF GENE-SPECIFIC
REPAIR, CHROMATIN CONDENSATION AND 
TRANSCRIPTION ACTIVITY IN DIFFERENT GENOMIC LOCI
PREDICT CLINICAL OUTCOME IN MULTIPLE MYELOMA
HG Episkopou (1), PP Sfikakis (2), MA Dimopoulos (3), SA
Kyrtopoulos (1), VL Souliotis (1)
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(1) Institute of Biological Research and Biotechnology, National Hellenic Re search
Foundation, Athens, Greece; (2) First Department of Propedeutic Me dicine,
University of Athens, School of Medicine, Athens, Greece; (3) Department of
Clinical Therapeutics, University of Athens, School of Medicine, Athens, Greece.
Email: cepiskopou@gmail.com

Background/aims: In recent years, there has been an exponential increase
in research concerning changes in epigenetic mechanisms regulating gene
expression and chromatin condensation that occur during carcinogenesis.
In this report, the effect of differential epigenetic alterations on the clinical
outcome in multiple myeloma (MM) patients is presented. Methods:
Chromatin condensation (using micrococcal nu clease digestion), transcrip-
tion activity (steady-state levels using RNA slot-blots and rates of tran-
scription using run-off assay) as well as in vitro melphalan-induced dam-
age formation/repair (monoadducts and interstrand cross-links using
Southern blot) were measured in four genomic loci (b-actin, p53, N-ras, d-
globin), in peripheral blood mononuclear cells (PBMC) taken from thirty-
two MM patients (23 responders, 9 non-responders) before therapeutic
treatment, as well as from twelve healthy volunteers. Results: In all patients
examined, a close association was observed between the locus-specific
DNA repair efficiency, transcriptional activity and chromatin condensa-
tion. Strikingly, the order of variation of these three markers between dif-
ferent genes was b-actin>p53>N-ras>d-globin in all healthy volunteers and
in 95% of responders to chemotherapy, while a perturbation of this order
was found in 80% of non-responders. Conclusion: Knowledge about the
epigenetic networks that control transcriptional activity, chromatin struc-
ture and the region-specific repair of different genomic loci may help us to
derive novel approaches to cancer chemotherapy. Acknowled gements:
This work was partly supported by the EU ECNIS Network of Excellence
(Contract No 513943).

DD134
DEVELOPMENT OF A MULTIPLEX, LONG QUANTITATIVE
PCR-BASED METHOD TO MEASURE P53-SPECIFIC 
MELPHALAN INTERSTRAND CROSS-LINKS AND ITS 
POSSIBLE CLINICAL APPLICATION
C Liacos (1), HG Episkopou (2), SA Kyrtopoulos (2), PP Sfikakis (3),
MA Dimopoulos (1), M Bekyrou (2), VL Souliotis (2)
(1) Department of Clinical Therapeutics, University of Athens, School
of Medicine, Athens, 115 28, Greece; (2) Institute of Biological
Research and Biotechnology, National Hellenic Research Foundation,
Athens, 116 35, Greece; (3) First Department of Propedeutic Medicine,
University of Athens, School of Medicine, Athens, 115 28, Greece
Email: liakou@med.uoa.gr

Background: We have previously found that the extent of p53-specific
damage formation/repair in peripheral blood mononuclear cells
(PBMC) from multiple myeloma (MM) patients following in vitro
exposure to melphalan correlates with the respective results obtained in
vivo, and is of value in predicting clinical outcome. Here we present the
development and validation of a rapid, sensitive and non-radioactive
method for measuring DNA damage following exposure to melphalan,
with potential for application in the clinic. Methods: Cell cultures, as
well as human whole blood and PBMC, were treated with melphalan
(0-1000 µg/ml) for various time-periods. Genomic DNA was isolated
and the conditions for multiplex, long, quantitative PCR to simultane-
ously amplify a 7 kb fragment (part of the p53 gene) and a 500 bp frag-
ment (part of the IFN-β1 sequence; internal standard) were developed
and optimized. Results: The extent of PCR amplification of the p53
fragment was conversely proportional to the treatment concentrations
of melphalan, implying dose-related inhibition by the DNA adducts
formed. Comparison with adduct levels measured by Southern blot
analysis showed that the the adducts measured by Q-PCR correspond-
ed to interstrand cross-links, while monoadducts induced by melphalan
could not be measured by Q-PCR.  Application of the assay to in vitro-
treated human blood samples showed inter-individual variation which
reflects DNA repair differences. A strong correlation was found
between the in vitro melphalan-induced damage in PBMC from MM
patients and their clinical response. No such correlation was obtained
using whole blood. Conclusion A simple PCR-based methodology to
quantify melphalan-induced p53-specific ICL formation/repair can be
used to select those patients with MM who are more likely to benefit

from high-dose melphalan therapy. Acknowledgements: This work was
partly supported by the EU ECNIS Network of Excellence (Contract
No 513943).

DD135
DEVELOPMENT AND VALIDATION OF A QUANTITATIVE,
PCR-BASED ASSAY FOR THE MEASUREMENT OF 
PLATINUM DNA DAMAGE FORMATION/REPAIR IN 
OVARIAN CARCINOMA. CLINICAL APPLICATION
DT Stefanou (1), MA Dimopoulos (2), A Bamias (2), P Sfikakis (3), SA
Kyrtopoulos (1), VL Souliotis (1)
(1) Institute of Biological Research and Biotechnology, National
Hellenic Research Foundation, Athens, Greece; (2) Department of
Clinical Therapeutics, University of Athens, School of Medicine,
Athens, Greece; (3) First Department of Propedeutic Medicine,
University of Athens, School of Medicine, Athens, Greece
Email: dimitroulastef@hotmail.com

Background: DNA damage formation/repair plays an important role in
the mechanism of action of genotoxic drugs and may therefore deter-
mine individual patient clinical outcome. However, the assays used are
time-consuming, as they require extensive purification of the DNA,
quantification, enzymatic digestion and complex experimental proce-
dures. We present here the development and validation of a gene-spe-
cific, rapid, quantitative, non-radioactive, sensitive method for measur-
ing damage formation/repair following exposure to platinum-based
anticancer drugs used in the treatment of ovarian carcinoma. Methods:
Cell cultures and peripheral blood mononuclear cells from healthy vol-
unteers were treated with cisplatin or carboplatin for various time-peri-
ods. Following genomic DNA isolation, gene-specific damage forma-
tion/repair was examined using Southern blot as well as a multiplex
long quantitative PCR (Q-PCR) carried out in a 7kb fragment (part of
the p53 gene) and a 0.5kb fragment (part of the IFN-β1 sequence; inter-
nal standard). Results: Using both platinum drugs, the kinetics of intra-
and interstrand cross-links formation/repair was examined using
Southern blot. Cisplatin-induced intrastrand cross-links levels reached
a plateau within ~3h of treatment, while peak interstrand cross-links
were observed at ~24h of exposure. Carboplatin-induced maximal lev-
els of both intra- and interstrand cross-links were observed within 24h
of drug incubation. The extent of Q-PCR amplification of the p53 frag-
ment was conversely proportional to the treatment concentrations of
both platinum-based drugs examined, implying dose-related inhibition
by the DNA adducts formed. Parallel analysis of the same samples
using both Southern blot and Q-PCR, showed that the adducts meas-
ured by Q-PCR correspond to total platinum-induced lesions.
Conclusion: Using the current protocol of the Q-PCR method it is fea-
sible to measure gene-specific damage formation/repair in readily
accessible biological material from humans exposed to platinum-based
drugs and to examine, at the level of individual patients, the relation-
ship between the formation/repair of cytotoxic DNA damage and clin-
ical outcome. Acknowledgements: This work was partly supported by
the ECNIS Network of Excellence (Contract No 513943)

DD136
REPAIR OF MELPHALAN ADDUCTS SHOWS A GENERAL 5’
TO 3’-END GRADIENT EFFECT IN TRANSCRIBED GENES:
CLINICAL IMPLICATIONS
HG Episkopou (1), SA Kyrtopoulos (1), PP Sfikakis (2), M Fousteri
(3), MA Dimopoulos (4), LHF Mullenders (3), VL Souliotis (1)
(1) Institute of Biological Research and Biotechnology, National
Hellenic Research Foundation, Athens, Greece; (2) First Department
of Propedeutic Medicine, University of Athens School of Medicine,
Athens, Greece; (3) Department of Toxicogenetics, Leiden University
Medical Center, Leiden University, Leiden, The Netherlands; (4)
Department of Clinical Therapeutics, University of Athens School of
Medicine, Athens, Greece
Email: cepiskopou@gmail.com

Background: Melphalan is a nitrogen mustard employed in the treat-
ment of multiple myeloma (MM). In this report, the mechanistic basis
of melphalan adduct repair, as well as its implication for clinical out-
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come in MM, were investigated. Methods: Human primary fibroblasts
with different repair backgrounds, as well as peripheral blood lympho-
cytes (PBMC) from 5 human volunteers and MM patients (9 respon-
ders, 7 non-responders) prior to therapeutic treatment were exposed to
melphalan. The kinetics of DNA adduct formation/repair were evaluat-
ed in four gene loci with varying transcriptional activity and local chro-
matin condensation (b-actin, p53, N-ras, d-globin). Results: In repair-
deficient fibroblasts, adducts accumulated to similar levels in all four
genes studied, indicating that the state of transcription and local chro-
matin condensation did not affect adduct formation. In repair-active
fibroblasts, the operation of very rapid repair (t1/2~15-120min,
depending on the gene sequence) was observable leading to the
removal of ~60-75% of the adducts formed. To investigate if the rapid-
ly repaired adducts are located in specific domains in the gene, we
measured adduct kinetics along the length of N-ras and p53. A gradient
of repair efficiency of their transcribed strands was found, with faster
repair at the 5’-end. A similar 5’ to 3’-end gradient effect was seen in
PBMC from healthy volunteers and in all MM patients. In the N-ras
gene, non-responders to chemotherapy showed greater repair activity
than responders. Interestingly, this difference appears to be greatest at
the 5’-end of the gene and to decrease towards the 3’-end of the gene.
No difference between responders and non-responders was evident in
regions upstream to the N-ras as well as at the overall genome repair.
These observations imply the possibility that clinical response may be
related to DNA repair occurring in specific sub-regions. Conclusions:
Melphalan adducts showed a gradient of repair efficiency with faster
repair at the 5’-end of transcribed genes, while the clinical outcome in
MM patients may be related to differential removal of adducts located
in specific domains of the genome. Acknowledgements: This work was
partly supported by the EU ECNIS Network of Excellence (Contract
No 513943).

DD137
INTER-INDIVIDUAL VARIATION IN NUCLEOTIDE 
EXCISION REPAIR ACTIVITY IN HEALTHY YOUNG ADULTS:
ASSOCIATION WITH DNA REPAIR POLYMORPHISMS AND
GENE EXPRESSION
A Allione (1), S Guarrera (1), F Ricceri (1), V Romanazzi (1), A Russo
(1), F Rosa (1), C Sacerdote (2), S Polidoro (1), G Matullo (1,3)
(1) ISI Foundation, Torino, Italy; (2) Centre for Cancer Epidemiology and
Prevention (CPO), Torino, Italy; (3) University of Turin, Torino, Italy
Email: allione@isi.it

In the recent years several studies have investigated polymorphisms in
DNA repair genes and their possible links to the risk of various cancers.
Sequence variants in DNA repair genes are assumed to modulate DNA
repair capacity and, therefore, are associated with the altered cancer
risk. Inter-individual susceptibility to mutagens/carcinogens can be
assessed by genotyping or phenotyping at molecular or cellular level
for genes and/or pathways involved in key events regulating the expo-
sure-effect responses. Due to a great number of DNA repair genes iden-
tified and the interactions among the pathways (BER, NER, DSB)
responsible for the repair of DNA adducts and breaks, phenotyping is
becoming an attractive approach to integrate the repair capacity resul-
ting from many genes involved. In the present report we attempt to
investigate associations between DNA repair genetic polymorphisms
(ERCC1, XPD, OGG1, XRCC1, XRCC3 genes) and individual DNA
repair activity in a healthy population, assessing in vitro BPDE-indu-
ced DNA damage. PBMCs were isolated from 225 young healthy
donors: 149 were women and 76 were men; ages ranged from 18 to 48
years (mean 24.9 years and median 23.1 years). Smoking habits were
investigated by a questionnaire subministration: 72.89 % resulted
never, 9.78% former and 16.44% current smokers. DNA repair capaci-
ty was not affected by smoking habits, although the population is
made-up mainly by young people light smokers. We did not observed
any significant influence on BPDE-damage repair capacity in ERCC1
and XPD polymorphisms. Neverthless NER capacity was significantly
decreased in individuals with the homozygous variant (CC) in OGG1
rs293795 than those with the wild-type (TT) and heterozygous (TC)
genotypes. Moreover DRC was significantly higher in individuals with
the homozygous variant (AA) in XRCC3 rs861530 and was signifi-
cantly lower in individuals with the homozygous variant (GG) in

XRCC3 rs1799796. The association between genes of different repair
pathways suggests important crosstalk mechanisms.
This work was financed by AIRC (Associazione Italiana per la Ricerca
sul Cancro) and by ECNIS (Environmental Cancer Risk, Nutrition and
Individual Susceptibility).

DD138
BIOINFORMATIC ANALYSIS OF THE CELL DEATH
INDUCED BY N-METHYL-N-NITROSOUREA, A MODEL SN1
METHYLATING AGENT, IN TWO LUNG CANCER CELL
LINES OF HUMAN ORIGIN
P Moulos, A Koryllou, O Papadodima, A Chatziioannou,  M Patrinou-
Georgoula, V Pletsa, F Kolisis
Institute of Biological Research and Biotechnology, National Hellenic
Research Foundation, Athens, Greece
Email: pmoulos@eie.gr

Since lung cancer is the most frequent cause of cancer death, new ther-
apeutic approaches are eagerly needed. Methylating agents constitute a
widely used class of anticancer drugs, the effect of which on human
non small-cell lung cancer (NSCLC) has not been adequately studied.
N-methyl-N-nitrosourea (MNU), a model SN1 methylating agent,
induces cell death through a distinct mechanism in two human NSCLC
cell lines studied, A549(p53wt) and H157(p53null). In A549(p53wt), it
induces a non-apoptotic cell death whereas in H157(p53null), MNU
induced apoptotic cell death, confirmed by cytofluorometry of DNA
content and immunodetection of apoptotic markers. Thus, the mecha-
nism of the cell death induced by SN1 methylating agents is cell type-
dependent and must be assessed prior treatment. To further investigate
the differential effect of MNU in the above lung cancer cell lines we
performed a time course gene profiling study using DNA microar
(Illumina platform at 24, 48 and 72h of treatment. The number of sta-
tistically significant differentiated genes (ANOVA, p<0.01) presenting
a minimum of 1.5 fold alteration in their expression greatly varied
between the two cell lines. Namely, in H157 cells, 2219 genes were
found as significantly altered among the three treatment times, where-
as in the case of A549 cells the relevant number was only 530. In both
cell lines the most pronounced alterations in gene expression between
MNU treated and non-treated cells, were observed in 48h. By applying
GO-based meta-analysis we further associated gene expression
changes with modulation of several biological processes and functions.
It is important to note that the altered functions derived through this
analysis differ between the two cell lines. Regarding H157 cells func-
tions related to apoptosis, cell cycle and proliferation but also choles-
terol biosynthesis were among the significantly altered while in A549
cells the altered functions were mainly related to cytoskeleton organi-
zation, integrin signalling and response to stress. The results are cur-
rently under further investigation and validation.

DD139
EVALUATION OF HIGH-THROUGHPUT UMU TEST 
SYSTEM USING TESTER STRAINS EXPRESSING HUMAN
CYTOCHROME P450 ENZYMES
Y Oda (1), H Hori (2), W Fujii (2) 
(1) Department of Applied Chemistry, Facultry of Science and Engineering,
Kinki University, Osaka, Japan; (2) Suntory Limited, Osaka, Japan.
Email: oday@apch.kindai.ac.jp

The SOS/umu test is generally employed for screening of potential
chemical carcinogens. The aim of this study is to examine the sensitiv-
itiy of umu-microplate test system with tester strains OY1002/1A2,
OY1002/1A1, OY1002/1B1, and OY1002/3A4 expressing human
cytochrome P450 (CYP1A2, 1A1, 1B1, 3A4) enzymes. The strains
were established by introducing two different plasmids into
S.typhimurium TA1535. The one plasmid is carrying human cy -
tochrome CYPs and NADPH-cytochrome P450 reductase cDNAs, and
the other plasmid is carrying O-acetyltransferase and umuC”lacZ
fusion genes. We evaluated induction of umuC gene expression by 2-
aminoanthracene, IQ, MeIQ and Glu-P-1, which expressed genotoxic-
ity when bioactivated by CYPs, and the expression is based on meas-
uring β-galactosidase activity. We obtained the following result with a
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96-well microplate method. Genotoxicity of these chemicals with
OY1002/1A2 strain was able to detect with high sensitivity under the
following pre-incubation condition, which is added with isopropyl β-
D-thiogalactopyranoside at three hours point, then continuing incuba-
tion one more hour before chemical treatment. We found that the
microplate method can show approximately equal sensitivity to the test
tube method with opitimized chemical treatment condition, and meas-
urement condition of β-galactosidase activity. However, in the
OY1002/1A1, OY1002/1B1, and OY1002/3A4, the sensitivity to the
microplate method was lower than that to the test tube method. These
results suggest that the OY1002/1A2 strain provides the possibility of
high-throughput umu test system.

DD140
COVALENT BINDING OF AGT TO DNA THROUGH A 
BIS-FUNCTIONAL AGENT AND ITS POSSOBLE 
IMPLICATION TO HUMAN CARCINOGENESIS
P  Makedonopoulou , P Georgiadis , V  Pletsa, SA Kyrtopoulos
Institute of Biological Research & Biotechnology, National Hellenic
Research Foundation, Athens, Greece.
Email: evimak@eie.gr

1, 2 dibromoethane (DBE) belongs to a large class of potentially haz-
ardous compounds, the haloalkanes and is known to be both mutagenic
and carcinogenic in experimental animals and probably carcinogenic to
humans. The cytotoxicity of DBE was increased in bacteria overex-
pressing the human or bacterial AGT. AGT repairs the DNA damage
produced by n-nitroso compounds by removing the alkyl groups, main-
ly from the O6 position of guanine in a stoichiometric and autoinativat-
ing way and transfers it to a Cys-residue in its active site. In vitro stud-
ies showed that DBE is a substrate for AGT but it can also react with
the DNA via its second nucleophilic site. Thus, a DNA-DBE-AGT
complex is formed which might be toxic and mutagenic for the cells.
We have used a Hela tet-on system that leads to a 10-fold overexpres-
sion of AGT in the presence of doxycycline in order to verify that the
AGT context in isogenic cell lines is a major determinant of the cyto-
toxicity of DBE. Cell viability methods (MTT and Trypan Blue Assay)
were used to test the growth retardation that DBE provoked to cells and
showed that the LD20 of cells overexpressing the AGT was 60% lower
than those that didn’t express it at all. To study the formation of the
DNA-DBE- AGT complex three methodologies were used: a) Dot blot
analysis where DNA was extracted and hydrolyzed and the AGT pro-
tein was detected by an anti-AGT antibody (ab), b) Immuno pre ci   -
pitation of AGT followed by DNA detection using an anti-DNA ab and
c) DNA isolation followed by western blot analysis for AGT detection.
Coincubation of DNA, purified AGT and DBE gave a strong positive
signal for the formation of the complex utilizing all the above men-
tioned methods. Dibromopropane also mediated DNA-AGT complex
formation though to a lesser extent while dibromopentane did not show
any measurable interaction. Detection of the DNA-DBE-AGT complex
after treatment of HeLa cells has so far not been achieved but efforts to
do so are continuing. It is hoped that this will permit us to explore the
biological implications of the formation of AGT-DNA crosslinks.

DD141
PROTECTION OF STRIATAL CELLS EXPRESSING A MUTANT
HUNTINGTIN GENE BY THE HYDROLASE HMTH1 
M T Russo (1)*, I Ventura (1)*, G De Luca (1), P Degan (2), A Martire
(1), P Popoli (1), M Bignami (1)
(1) Istituto Superiore di Sanita’, Viale Regina Elena ,299,Roma. (2)
IST-CBA, Genova- *these authors equally contributed to this work
Email: ilenia.ventura@iss.it

Huntington disease (HD) is an autosomal dominant neurodegenerative
disease in which a high level of the 8-oxo-7,8-dihydroguanine (8-
oxodG) oxidized DNA base has been reported in affected neurons. This
can occur either through direct oxidation of DNA guanine or via incor-
poration of the oxidized nucleotide during replication. hMTH1 is the
major human hydrolase that degrades oxidized purine nucleoside
triphosphates to the corresponding monophosphates to minimize their
incorporation. We previously demonstrated that mice overexpressing

hMTH1 are protected from the mitochondrial toxin 3-nitropropionic
acid (3-NP) induced neurodegeneration in a mouse model for HD
(DeLuca G. et al, PLoS Genet. 2008). To further clarify the relationship
between oxidative stress and neurodegeneration we examined the
effects of hMTH1 in an in vitro model of HD. SV40 large T antigen-
immortalized progenitor striatal cells from mutant knock-in mice
expressing the expanded CAG repeats of the huntingtin (htt) gene
(HdhQ111) were transfected with the hMTH1 cDNA and compared to
HdhQ7 cells containing a CAG repeat of wild-type length. In clonal
assays hMTH1 provided a strong protection against the selective vul-
nerability of 3-NP towards HdhQ111cells. A similar protection was
observed against cytotoxicity induced by H2O2. To investigate the
selective mechanism(s) underlying these protective effects, we meas-
ured oxidative DNA damage at nuclear level and in mitochondria (mt).
In all cell lines, basal levels of 8-oxodG were found to be 1.5-2 fold
higher in mtDNA in comparison to nuclear DNA. Expression of the
mutant htt gene in HdhQ111 cells was associated with a 1.5 fold
increase in mtDNA oxidation and hMTH1 decreased this to wild-type
levels. Following exposure to 3-NP, increased oxidation of mtDNA
was observed in HdhQ111 cells in comparison to wt cells (1.5-fold),
while levels of 8-oxodG were sensibly lower in nuclear DNA. hMTH1
expression in HdhQ111 cells decreased mtDNA oxidative damage
induced by both these oxidants. In accordance with a limitation of
mtDNA oxidative damage provided by hMTH1 expression, an increase
in the efficiency of amplification of mtDNA was observed in Extra
Long-PCR experiments.

DD142
EFFECT OF ATM AND DNA-PK INHIBITION IN THE 
FORMATION OF CHROMOSOMAL ABERRATION IN 
PROFICIENT AND DEFICIENT DSB REPAIR CHO CELLS
W Martínez-López (1,2), T Kambil (2), AT Natarajan (2), F Palitti (2)
(1) Instituto Clemente Estable, Montevideo, Uruguay; (2) University of
Tuscia, Viterbo, Italy.
Email: wlopez@iibce.edu.uy

DNA double strand break (DSB) is the main DNA lesion responsible
for the formation of chromosomal aberrations (CA). Cell-cycle check-
points and DNA repair mechanisms take part in signaling and convert-
ing DSBs into CA. There are two major DNA repair mechanisms of
DNA double-strand break (DSB). Homologous recombination (HR) is
an error free system that takes advantage of the homologous sequence
to repair DSBs. Non Homologous End Joining (NHEJ) is an error
prone process that constitutes the main DSB repair pathway in eukary-
otic cells, whose principal component is the DNA-dependent protein
kinase (DNA-PK). ATM, a member of the phosphatidylinositol (PI) 3-
kinase-related family of protein kinases, plays a key role in regulating
the genotoxic stress response by sensing DNA damage, activating cell-
cycle checkpoints and participating in DNA repair processes. In order
to get an insight into the role played by ATM and DNA-PK in the for-
mation of CA, the general PI3-kinase inhibitor Wortmannin (WM) as
well as the specific ATM inhibitor KU-55933 (KU) were used in DSB
repair proficient and deficient CHO cells exposed to X-. WM or/and
KU inhibitors were added one hour prior to X-irradiation and kept for
three hours after. A BrdUrd pulse after X-irradiation was given in order
to analyze CA only in cells treated in G1 stage. Western blot analysis
employing an antibody that recognizes the phosphorylated serine at
1981 site of ATM (pATM) showed a lower inhibition of pATM in WM
treated cells than in KU treated ones. A significant increase in the fre-
quency of chromosomal type aberrations (fragments and exchanges)
was found after X-irradiation in the presence of WM or KU in compar-
ison with X-irradiation alone in normal CHO cells, while a slight
increase was observed in DNA-PK deficient cells. The increase of
exchange type of aberrations followed by ATM and NHEJ inhibition
indicate that mechanisms other than these two could also be involved
in the formation of chromosomal rearrangements during G1 phase.
Few G1 x-irradiated cells with both chromosome and chromatid type
of aberrations were observed in normal cells exposed to WM or KU,
while a higher frequency of cells with both types of CA were found in
DNA-PK deficient cell line either exposed or not to WM or KU.
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DD143
PROTEOMICS AND SPR IMAGING APPLIED TO PLATINATED
DNA INTERACTOME STUDIES.
C Bounaix Morand du Puch (1), J Fuchs (2), E Guais (1), A Kraut (3),
A Favier (1, 4), M Sève (4, 5), T Livache (2), P Becuwe (6), D
Gasparutto (1), S Sauvaigo (1), J Breton (1, 4)
(1) CEA Grenoble - INAC - SCIB UMR E3 CEA-UJF, CNRS FRE3200 -
Laboratoire Lésions des Acides Nucléiques, France; (2) CEA Grenoble –
INAC – UMR 5819 CEA-UJF-CNRS - Structures et Propriétés d’Ar -
chitectures Moléculaires, France; (3) CEA Grenoble - iRTSV – INSERM
U880 – Laboratoire d’Etude de la Dynamique des Protéomes, France; (4)
UFR de Pharmacie – Université Joseph Fourier / Grenoble I, France; (5)
CHU Grenoble – Centre d’Innovation en Biologie, France; (6) Université
Henri Poincaré – Nancy I, EA4001 Equipe Predicther, France
Email: jean.breton@cea.fr

Background / Aims: many anti-cancerous treatments directly alter
tumour cell DNA by forming covalent addition products with its bases,
as well as DNA-DNA and DNA-protein crosslinks. Questions still need
to be addressed regarding which proteins are involved in the recogni-
tion, repair or bypass of these chemical lesions. The goal of our study
is to establish a molecular cartography of proteins involved in these
processes for a specific damage. DNA lesions caused by cis-
diamminedichloroplatine (II) (cisplatin) are well-characterized, with a
majority composed of intrastrand GpG crosslinks. In addition, several
proteins such as nucleotide excision repair components or high-mobil-
ity-group proteins are already known for their capability to get direct-
ly or indirectly bound to cisplatin adducts. We therefore chose cisplatin
as our model of damaging agent. Methods: we have adapted a simple
and straightforward ligand-fishing method to capture DNA-binding
proteins. It consists of linearized plasmid DNA linked to magnetic
beads by a streptavidin-biotin interaction. Following exposure of this
system to a DNA-damaging agent, it will serve as a trap for proteins
contained in cellular lysates and which are associated with chemical
lesions. A subsequent proteomics analysis on the recovered proteins
will allow their identification. A complementary SPR imaging
approach has been optimised to study in real time and simultaneously
the interaction of purified proteins with various platinated DNA probes.
Results: our ligand-fishing and SPR imaging approaches allowed the
analysis of proteins such as HMGB1 and DDB2. In particular, we were
able to show dissimilar binding characteristics of HMGB1 with dou-
ble-stranded control DNA, single-stranded control DNA, cisplatin
damaged DNA and oxaliplatin damaged DNA. Conclusion: the origi-
nal tools developed in this preliminary study showed their usefulness
to improve our understanding of damaged DNA / protein interactions.
They will be applied to other DNA lesions biologically less character-
ized than those generated by cisplatin.

DD144
ROSUVASTATIN PROTECTS FROM ANGIOTENSIN II -
INDUCED OXIDATIVE STRESS AND GENOMIC DAMAGE
RG Oli (1), H Stopper (1), N Schupp(1)
(1) Institute of Pharmacology and Toxicology, University of Wuerz -
burg, Wuerzburg, Germany.
Email: gnana@toxi.uni-wuerzburg.de

Rosuvastatin (RSV) is a synthetic 3-hydroxy-3-methylglutaryl coen-
zyme A (HMG-CoA) reductase inhibitor, widely available for use in
the management of hyperlipidaemia. It has a more potent lipid-lower-
ing efficacy than the other available statins, and significantly more
patients receiving RSV achieve LDL-C goals. Many clinical trials have
shown that statins substantially decrease cardiovascular morbidity and
mortality in patients with and without coronary disease. Many of the
actions of statins are thought to be mediated by decreasing reactive
oxygen species (ROS) formation. Mainly ROS derived from NADPH
oxidase play a critical role in Angiotensin II- (Ang II) mediated hyper-
tension, cardiac hypertrophy, fibrosis and remodeling in the heart and
vasculature. Epidemiological studies exploring the connection between
hypertension and cancer incidence found higher cancer mortality in
hypertensive patients and an increased risk to develop kidney cancer.
Recently we have reported that Ang II induces genomic damage in
mammalian cells and isolated mouse kidney, most likely via oxidative

mechanism. We have also shown that DNA damage induced by
unphysiologic oxidants like phorbol myristate acetate (PMA) was
reduced to control values by RSV concentrations starting from 10 nM.
rosuvastatin restored glutathione levels in cells treated with PMA. Now
we report that rosuvastatin protects Ang II induced superoxide anion
radicals by dihydroethidium (DHE) staining and DNA damage by sin-
gle cell gel electrophoresis (SCGE, comet assay). Further in molecule
level, rosuvastatin protects the formation of Ang II induced 8-oxo-7,8-
dihydro-2’-deoxyguanosine (8-oxodG) adduct in LLC-PK1 cells by
LC-ESI-MS/MS method. Most interestingly RSV prevents chromoso-
mal damage (micronucleus; MN) in LLC-PK1 at 1 µM concentration.

DD145
FLOW CYTOMETRIC ANALYSIS OF MICRONUCLEI IN RAT
PERIPHERAL BLOOD: AN INTERLABORATORY
EVALUATION
S Masumori (1), S Kasamoto (1), K Suzuki (1), Y Furuya (1), M Ueda
(1), D Mukai (1), M Maki (1), M Nakajima (1), M Hayashi (1), D K
Torous (2), S D Dertinger(2)
(1) Biosafety Research Center, Foods, Drugs, and Pesticides (BSRC),
Shizuoka 437-1213, Japan; (2) Litron Laboratories, NY 14623, US
Email: masumori@anpyo.or.jp

Concern over selective removal of micronucleated red blood cells from
the peripheral circulation by the spleen has limited the use of peripher-
al blood measurements in micronucleus test using rats. Flow cytomet-
ric scoring methods have been reported indicating that measurements
in rat peripheral blood may in fact be reliable if scoring focuses on the
youngest reticulocytes and if a sufficient number of cells are scored. An
interlaboratory study was performed to determine if replicate samples
analyzed at BSRC and Litron were different or similar. Sprague-
Dawley rats were treated with cyclophosphamide (5, 10 or 15
mg/kg/day) by a single oral administration. A blood sample was col-
lected from each rat at 48hrs after dosing. The samples were prepared
in duplicate using the Rat MicroFlowPLUS Kit, and one replicate of
each was analyzed in both laboratories. The interlaboratory data of
flow cytometric analysis results showed good correlation (r = 0.97),
although the instrument used at each site was different. In addition, the
flow cytometric data were similar to data obtained from scoring periph-
eral blood samples stained supravitally with acridine orange, using
microscopy. Based on the above results, if the instrument settings are
adjusted using the malaria biostandard, samples can be analyzed by
flow cytometry at different laboratories without problems.

DD146
EFFECTS OF DIFFERENT GENOTOXIC SUBSTANCES ON
THE PHOSPHORYLATION OF P53 IN HEPG2 CELLS
E Krämer, S Weickhardt, G Kaufmann, S Langer, E Schütz, B Birova,
R Frötschl
BfArM, Federal Institute for Drugs and Medical Devices, Bonn,
Germany
Email: kraemer@bfarm.de

p53 and p21 are key proteins in the reaction of cells to genotoxic stress,
initiating, and or modulating key pathways such as apoptosis and cell
cycle. In various publications the dysregulation of expression, and or
phosphorylation of these proteins by chemicals which are also geno-
toxic are described. Therefore differences of chemicals in alteration of
expression of p21 and expression and phosphorylation of p53 at differ-
ent sites might be a tool to help predicting the genotoxic mode of action
of a chemical. In expression profiling studies in the p53 competent cell
line HepG2 we found no alteration of expression for p53 independent
of the genotoxic treatment whereas p21 was induced by Etoposide
(EP), Griseofulvin (GF), Bleomycin (BM) Benzo[a]pyrene (BP) and
MNU. Whether p53 phosphorylation sites were also phosphorylated
differently by genotoxins acting by different mechanisms, was there-
fore tested with the chemicals EP, GF, BM, BP and MNU representing
different genotoxic modes of action. The substances were tested in the
in vitro micronucleus assay and the alkaline COMET assay to deter-
mine concentrations genotoxic in HepG2 cells. Phosphorylation of p53
was measured at serines 15, 46, and 392 at concentration clearly posi-
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tive in genotoxicity assays. Commercially available antibody kits spe-
cific for the respective phosphorylated serine were used for testing.
Micronucleus and or COMET assays revealed the expected results for
all test substances. However significant differences between the sub-
stances were found in the phosphorylation tests. BM was the most
potent inducer of phosphorylation of p53 at serines 15, 46, and 392.
MNU significantly induced phosphorylation of p53 only at serine 392.
EP mainly induced phosphorylation at serine 15 on p53. GF induced
phosphorylation of serine 46 only whereas with BP no significant effect
was observed at any phosphorylation site of p53. This result suggests
that phosphorylation of different serines on p53 seems to be substance
and probably mechanism dependent in HepG2 cells. Whether these
effects might be useful in future to help characterize the genotoxic
mode of action of substances with unknown genotoxic mechanisms
will have to be further investigated.

DD147
THE ROLE OF NER DAMAGE RECOGNITION FACTORS IN
THE REPAIR OF OXIDATIVE DNA LESIONS
E Parlanti (1)*, M D’Errico (1)*, P Degan (2), T Lemma (1), I van der
Pluijm (3), GT van der Horst (3), DS Biard (4) and E Dogliotti (1) 
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Rome, Italy;(2) Istituto Nazionale per la Ricerca
sul Cancro, Department of Translational Oncology, Genova, Italy;(3)
Department of Genetics, Center for Biomedical Genetics, Erasmus
University Medical Center, Rotterdam, The Netherlands; (4) Institut A.
Lwoff-CNRS, BP 8, 94801 Villejuif cedex, France
*These authors contribute equally to this work
E mail: eugenia.dogliotti@iss.it

Several lines of evidence indicate that functional overlap between dif-
ferent repair pathways occurs frequently to guarantee genomic stabili-
ty. Base excision repair (BER) is the strategy of election for oxidative
damage repair. Nucleotide excision repair (NER) has been evolved to
excise mutagenic UV photoproducts but is able to detect a wide range
of DNA modification by detection of abnormal DNA fluctuations. The
recognition of damage is accomplished by XPC and XPA in Global
genomic repair (GGR) and by XPA, CSB and CSA in Transcription
coupled repair (TCR). Several lines of evidence indicate that endoge-
nous/oxidative lesions are NER substrates but this information is far
from being complete and/or lacks of mechanistic insights. To further
clarify the role of the different NER players in oxidative DNA damage
repair, we  took advantage of a set of mouse embryo fibroblasts (MEF)
defective in one or two NER factors. HPLC/ED analysis showed that
CSB as well as XPA MEF, treated with the oxidizing agent potassium
bromate, are defective in the repair of 8-oxoguanine (8-OH-Gua) and
that MEF lacking both proteins accumulate more damage than the sin-
gle mutants. These data indicate that XPA and CSB both participate to
the repair of 8-OH-Gua and suggest that they are involved in two dif-
ferent repair pathways. The accumulation of 8-OH-Gua was also con-
firmed in potassium bromate treated XP-A primary fibroblasts when
compared with normal fibroblasts (50% and 70% repair at 2 hr after
treatment, respectively). Moreover XP-A fibroblasts showed a marked
hypersensitivity to the toxic effect of oxidation. To investigate whether
XPA plays a role in DNA damage recognition by interacting with
OGG1, the main 8-OH-Gua DNA glycosylase, double XPA/OGG1
human fibroblasts were constructed by shRNA. Experiments are in
progress to characterize their repair ability and mode. A role of XPA in
the oxidative damage recognition/repair could account for neuronal
degeneration that characterizes XP-A patients as well as mice lacking
both XPA and CSB.

DD148
THE ROLE OF COCKAYNE SYNDROME PROTEINS IN THE
REPAIR OF ENDOGENOUS DNA DAMAGE
T Lemma (1), P Degan (2),  Parlanti (1), B Pascucci (3), A Calcagnile
(1), L Narciso (1), V Simonelli (1), M Stefanini (3), J de Wit (5), GTJ
van der Horst (5), E Dogliotti (1), M D’Errico (1)1.
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Rome, Italy; (2) Istituto Nazionale per la Ricerca
sul Cancro, Department of Translational Oncology, Genova, Italy; (3)

Institute of Crystallography, Consiglio Nazionale delle Ricerche,
Rome, Italy; (4) Istituto di Genetica Molecolare, Consiglio Nazionale
delle Ricerche, Pavia, Italy; (5) Department of Genetics, Center for
Biomedical Genetics, Erasmus University Medical Center, Rotterdam,
The Netherlands
E-mail: mariarosaria.derrico@iss.it

Cockayne syndrome (CS) patients present neurological abnormalities
with demyelination as predominant damage. CS proteins have a main
role in transcription-coupled repair (TCR) by assisting RNA poly-
merase II in dealing with DNA damage-induced transcription blocks.
Recent evidence suggest that CSA and CSB proteins might play addi-
tional function(s) in transcription and in the removal of oxidative dam-
age such as 8-oxoguanine (8-OH-Gua) and cyclopurines and that these
alterations might be of relevance in the type and severity of CS clinical
symptoms. In this study we identified another class of lesions that
involve CS proteins in their repair, namely DNA single-strand breaks
(SSB). CS-A and CS-B human fibroblasts treated with alkylating or
oxidizing agents presented a higher number of SSB that persisted for
longer times than in normal fibroblasts, as measured by the comet
assay. This defect was fully complemented by transfection with the
wild type genes. To gain mechanistic insights, oxidative DNA damage
repair was analysed in a battery of Csa- or Csb-null mouse embryo
fibroblasts (MEFs) with additional deficiencies in nucleotide excision
repair or base excision repair (BER) genes. Wild-type MEF fully
repaired 8-OH-Gua within 2 hr after treatment with potassium bromate.
The repair kinetics of mutant MEF was monitored within the same time
frame. Csa and Csb MEFs accumulated 8-OH-Gua in their genome at
a similar extent as Xpc-null MEFs. The lack of OGG1 caused a more
significant accumulation of 8-OH-Gua confirming that this is the major
repair mechanism for this oxidized guanine. Csb MEFs with an addi-
tional deficiency in XPC showed increased DNA oxidation levels as
compared with Csb single mutant MEFs, suggesting that the involve-
ment of CSB protein in 8-OH-Gua repair is XPC-independent. The
absence of OGG1 together with the additional defect in CSB did not
lead to a further increase in DNA oxidation levels when compared to
Ogg1 mutant MEFs. A plausible interpretation of these data is that the
cleavage by OGG1 is required to affect CSB-mediated DNA repair of
8-OH-Gua. All together, these findings identify the involvement of the
CSB protein in the processing of AP sites/SSB that are transcription-
blocking lesions, thus suggesting a possible mechanistic link between
TCR and BER.

DD149
SIGNALLING AND REPAIRING DNA DAMAGE IN 
DIFFERENT PHASE OF CELL CYCLE
S Fabris* (1), M Mognato (1), C Girardi (1), L Bee (1), R Cherubini (2)
L Celotti (1) (2)
(1) Dipartimento di Biologia, Università degli Studi di Padova; (2)
Laboratori Nazionali di Legnaro, I.N.F.N.
Email: sonia.fabris@unipd.it

Cosmic  represent a serious risk for humans during space travels out-
side the Earth’s magnetic field. About 90% of the cosmic  are hydrogen
protons, about 9% are alpha particles, and all of the rest of the elements
make up only 1%. Protons, as well as other particles and photons,
induce DNA strand breaks, and in addition abasic and oxidized bases.
The DNA double-strand breaks (DSBs) represent the most severe dam-
age for the genome integrity and are the main lesion induced by ioniz-
ing radiation. There are two major pathways of DSB repair: non-
homologous end joining (NHEJ) and homologous recombination (HR).
In Saccharomyces cerevisiae cells, DSBs induced by exposure to pro-
tons  were predominantly repaired via HR and po streplication repair
pathways. The aim of this work is to analyse the contribution of HR
and NHEJ in DNA DSB repair of mammalian cells, after irradiation
with different doses of  γ-rays and low-energy protons. We used a
human cell line of lung fibroblasts (CCD-34Lu) in which we studied
the kinetics of induction and repair of DSB by in situ immunofluores-
cence, following the formation and disappearance of ionizing radia-
tion-induced foci (IRIF) of γ-H2AX and 53BP1. We analysed by con-
focal microscopy the presence of IRIF in relation to an S/G2/M phase
marker, CENP-F, a protein of the nuclear matrix that is expressed in
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late S, G2 and M phase cells. After irradiation with 0.5 and 5 Gy of γ-
rays, CENP-F+ cells presented more foci than CENP-F- cells at all
times analysed, without differences between high and low dose.
Moreover, the percentages of cells with different number of IRIF (0, 1-
4, 5-9, 10-19, 20-30 foci/nucleus) show that in G2 cell population are
present cells (near 5%) with a high number of foci/nucleus (20-30) also
after 24h from irradiation as well as in non-irradiated cells. In CENP-
F- cell population the percentage of cells without foci or with very few
foci was about 85% after 24h from irradiation. The results obtained
after irradiation with γ-rays show that both HR and NHEJ contribute to
DSB rejoining and the cells with a high foci number are probably due
to the presence of DNA replicating cells. After proton irradiation with
0.5 Gy the results are similar to that of γ-irradiation; the experiments
with 5 Gy are in progress.

DD150
POLO-LIKE KINASE - REGULATION OF DNA REPLICATION
UNDER STRESSED CONDITIONS
K Trenz (1, 2), V Costanzo (2)
(1) Institute of Cancer Research, Section Molecular Carcinogenesis,
Sutton, UK; (2) Cancer Research UK, Genome Stability Laboratory,
South Mimms, UK
Email: kristina.trenz@gmx.de

Complex mechanisms coordinate DNA replication, DNA repair and
chromosome segregation to maintain genomic stability. If these mech-
anisms are failing cells can loose their identity and organisms are prone
to tumour development. A very powerful system to study the biochem-
istry of the major pathways involved in the maintenance of genomic
stability is Xenopus laevis egg extract. This model system was previ-
ously proved to discover insights in the function of ATM and ATR in
preventing the accumulation of DNA double strand breaks during DNA
replication. Another protein playing an important role during chromo-
somal DNA replication is Polo-like kinase (Plk) 1. Plk1 is a multifunc-
tional protein, essential for cell cycle progression. In many tumours
Plk1 is overexpressed. A role for Plk1 during mitosis has been estab-
lished by many studies showing absence of Plk1 impairs mitotic pro-
gression. However, although Plk1 is expressed throughout the cell
cycle, its function during S-phase is unknown. Using Xenopus laevis
egg extract as model system, our findings reveal an unanticipated role
for Plx1 in the regulation of S-phase progression under stressful condi-
tions. We demonstrated that Plx1, the Xenopus orthologue of Plk1, is
required for DNA replication in the presence of stalled replication
forks, which can arise spontaneously during unchallenged replication.
When a replication forks is stalled, Plx1 is located to the chromatin by
binding to the Mcm complex through its Polo-box domain. For this
recruitment of Plx1 to the chromatin ATR-dependent phosphorylation
of serine 92 of Mcm2 is required. Plx1 then suppresses the ATM/ATR-
dependent intra-S-phase checkpoint that inhibits origin firing. This
function of Plx1 ensures the completion of DNA replication and pre-
vents the loss of genetic information. Additionally, depletion of Plx1
leads to accumulation of chromosomal breakage as shown with the
comet assay. These data suggest that Plx1 promotes genome stability
by regulating DNA replication under stressful conditions.

DD151
CITOTOXICITY ANALYSIS AND APE1/REF-1 EXPRESSION
INDUCED BY OXIDATIVE STRESS IN NUCLEOTIDE 
EXCISION REPAIR PROFICIENT AND DEFICIENT CELLS
AE Silva, JTA Melo, JA Brandão, TBP Lajus, LF Agnez-Lima
Universidade Federal do Rio Grande do Norte, Natal, Brazil.
Email: lfagnez@ufrnet.br

Reactive oxygen species (ROS) such as hydroxyl radical, hydrogen
peroxide and singlet oxygen are the most abundant toxic endogenous
agents in aerobic organisms. Also, the exposure of some pigments,
such as methylene blue and riboflavin, to light is able to generate ROS
by the absorption of light energy. These ROS are involved in oxidative
stress and can oxidize biomolecules, including proteins and DNA. The
DNA damage repair by the base excision repair (BER) occurs by the
action of many enzymes that remove oxidative lesions. It was

described that ROS promote the induction of endonuclease APE1/Ref-
1, an important BER enzyme, which plays an essential role as a regu-
lator of cellular response to oxidative stress. However, the molecular
mechanisms involved in this induction and its regulation have not been
well elucidated yet. Furthermore, the involvement of nucleotide exci-
sion repair (NER) proteins in removing oxidative damage and stimulat-
ing APE1/Ref-1 repair activity has been previously reported. In order
to evaluate the citotoxicity and APE1/Ref-1 expression in NER-profi-
cient and deficient cells, different cell lines were treated with different
concentrations of H2O2, riboflavin plus 33.3 J/cm2 and methylene
blue plus 22.2 J/cm2. Cell viability was determined by trypan blue dye
exclusion assay and APE1/Ref-1 levels were determined by
immunoblotting. Our results showed that NER-deficient cell lines
appeared to be more sensitive to both agents when compared to profi-
cient cells. Also, differential expression of APE1/Ref-1 according to
agent, time after treatment and cell line could be observed. According
to the results, it may be concluded that oxidative stress induced by
H2O2 and photosensitization of riboflavin and methylene blue affect
the viability of both cell lines and cells deficient in NER are more sen-
sitive, indicating the involvement of NER enzymes in repair of oxida-
tive damage. Moreover, APE1/Ref-1 expression can be induced after
oxidative damage in a differential way, according to the oxidative agent
and cell line. Supported by: CNPq, PADCT, Redoxoma, CAPES,
UFRN.

DD152
CHARACTERIZATION OF MUTY-GLYCOSYLASE 
ACTIVITIES IN DNA REPAIR
AHS Oliveira; AE Silva; ARS Timoteo; AF Uchôa; LF Agnez-Lima 
Universidade Federal do Rio Grande do Norte – UFRN
Email: lfagnez@ufrnet.br

Reactive oxygen species (ROS) are byproducts of cellular metabolism
which are able to react with biomolecules, such as proteins, lipids and
nucleic acids, causing deleterious modifications to cell. Methylene blue
(MB) is a photosensitizer that can intercalate on DNA molecule and
block replication, transcription and DNA repair. Also, MB can lead to
DNA interstrand crosslink.The exposure of MB to light produces ROS,
such as singlet oxygen (1O2), one of the most reactive forms of molec-
ular oxygen. 1O2 carries out the oxidation of guanines, inducing DNA
lesions, such as 7,8-dihydro-8-oxoguanine (8-oxoG), the most common
oxidation product that during replication may misspair with adenine
leading to mutations. The aim of this study was to evaluate citotoxici-
ty, mutagenic potential and pattern of proteins expression during oxida-
tive stress induced by MB plus light. For that purpose, Escherichia coli
proficient and deficient in MutY-glycosylase (MutY) strains were used.
Both strains were treated with MB plus light and mitomycin C (MC), a
DNA interstrand crosslinking agent. The growth, survival, mutagenesis
rates and protein expression patterns were analyzed. The treatment
with MB plus light lead to cell death, mutagenesis and alteration in the
protein synthesis patterns in both E. coli strains. However, the MutY
deficient strain showed a higher sensibility than the proficient one.
Interestingly, the treatment with MB in the dark and MC affected the
bacterial growth in MutY-deficient strain. This result was not expected,
since MutY has not been related to crosslink repair. Taken together,
these results suggest the involvement of MutY in the correction of
uncharacterized lesions and its absence induces changes in the pattern
of protein expression. Supported by: CNPq and CAPES.

DD153
ASSESSMENT OF DNA DAMAGE BY THE COMET ASSAY:
COMPARATIVE EVALUATION OF METHODS FOR 
PREPARATION OF SINGLE-CELL SUSPENSIONS FROM
MULTIPLE TISSUES OF RATS.
M Manjanatha (1), W Ding (1),  Michelle Bishop (1), L L Cook (1),  D
Levy (2),  A Aidoo (1)
1) US Food and Drug Administration (USFDA), National Center for
Toxicological Research, Jefferson, AR, USA; 2) US Food and Drug
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Email: mugimane.manjanatha@fda.hhs.gov



The comet assay is a rapid, sensitive and inexpensive screening tool for
measuring early DNA damage in single cells. The assay is gaining accept-
ance as a standard technique for evaluating DNA damage in vivo; howev-
er, there is no internationally acceptable guideline for the methods used
including dissociation of tissue into single cells. This suggests the need for
fine-tuning the methods to make them acceptable for regulatory submis-
sions. Thus, we are currently conducting rodent studies not only to gain
experience and expertise within FDA in conducting the comet assay but
also to address some of the methodological issues. Groups of male F344
rats were treated with 0 or 100 mg/kg MMS by gavage and DNA damage
in liver, lung, kidney, bladder, bone marrow and stomach was measured at
3 and 24 hr sampling times using the Perceptive Assay IV Image Analysis
System. Single-cell suspensions were prepared from liver, lung and kidney
by, a) mincing only using a pair of sharp scissors, b) homogenization or
enzyme treatment and c) mincing followed by “Tissue press” dissociation.
Cell scrapping and Tissue press methods were used for stomach and blad-
der. Cell viability was assessed by Trypan blue. Approximately, 10,000
cells were embedded in low melting agarose on microscopic slides and
used for comet analysis. For each tissue, 100 cells per slide were analyzed
to determine the extent of DNA damage using % DNA in comet tail.  The
preliminary results indicated that the mincing method displayed positive
results in all the tissues and sampling times examined and that the MMS-
induced DNA damage was 4-20-fold higher than that found for the untreat-
ed controls (p ≤ 0.01). Untreated control samples showed remarkable back-
ground variability in DNA damage with the stomach and kidney display-
ing the highest damage. All tissues examined at 24 hr by mincing showed
around 20-50% reduction in the MMS-induced DNA damage compared to
DNA damage measured at 3 hr sampling. The reduction in the damage
measured at 24 hr is probably reflective of DNA repair. Statistical analysis
of DNA damage from single-cell preparations by homogenization and
“Tissue press” are ongoing and these results may help us identify the best
method for sample preparation for the comet assay.

DD154
SOMATIC STEM CELLS OF ATM-NULL MICE ARE 
HYPERSENSITIVE TO X-RAYS FOR MUTATION BUT 
RESISTANT FOR CELL KILLING
K Fujikawa(1), N Kagawa(1), S Kagawa(1), I Furuno-Fukushi (2), K
Tatsumi(2)
(1) Kinki Univ., Osaka 577-8502, Japan, (2) NIRS, Chiba 263-8555,
Japan
Email: fujikawa@life.kindai.ac.jp

Atm (ataxia telangiectasis mutated) is a gene that plays an important
role in DNA repair and apoptosis after double strand breaks in DNA.
However, little is still known about its role in stem cells. In the present
study, we investigated phenotype of Atm-null allele using a system that
enables us to in situ monitoring of not only mutations at specific locus
in somatic stem cells, but also cell death after ionizing radiation. The
Dlb-1 mutation assay systems homozygous (-/-) for disrupted Atm
allele, and homozygous for the wild-type allele (+/+) were constructed
by mating C57BL, Dlb-1b/Dlb-1b; Atm (+/-) males with SWR, Dlb-
1a/Dlb-1a; Atm (+/-) females. Resulting tester mice were irradiated
with an X-ray dose of 4 Gy at a dose-rate of 50 cGy/min immediately
after birth or at a postnatal age of 10 weeks. Irradiated neonates and
adults were subjected to the mutation assay ten and two weeks after
irradiation, respectively, where evidence of mutations at the Dlb-1
locus in small intestinal stem cells was detected as mutant clones on the
epithelial tissue of villi, and the frequency (F) and the mean size (S) of
mutant clones were determined. F value in the untreated, control Atm
(-/-) mice relative to that in the wild-type mice in the control was 3.6
±0.5. The relative F vales for induced clones in the Atm (-/-) mice
irradiated as neonates and adults were 2.3±0.7 and 7.9±0.9,
respectively. These data demonstrate hyper mutability of the Atm (-/-)
mice both before and after irradiation. S values for clones from the
control wild-type and Atm (-/-) were 0.08±0.11 and 0.16±0.11,
respectively. In comparison with these size data, S values from mice
irradiated as adults showed no evidence of stem cells death after irra-
diation, irrespective of the Atm genotype. In contrast, S values from
irradiated wild-type and Atm (-/-) neonates were 0.30±0.09 and
0.60±0.01, respectively, demonstrating hypersensitivity of Atm (-/-)
stem-cell precursors to killing effect of radiation. These results support

our conclusion that intestinal stem cells of Atm-null mice are hypersen-
sitive to X-rays for mutation but resistant for cell killing, and suggest
that transition of stem-cell precurcres to stem cell accompanys shut-
down of Atm-dependent apoptosis pathway in stem cells.

DD155
COMBINING SHAPLEY VALUE AND STATISTICS TO THE
ANALYSIS OF GENE EXPRESSION DATA IN CHILDREN
EXPOSED TO AIR POLLUTION
S Moretti (1), D van Leeuwen (2), H Gmuender(3), S Bonassi(1), J van
Delft (2), J Kleinjans (2), F Patrone (4), D-F Merlo (5)
(1) Unit of Molecular Epidemiology, National Cancer Research
Institute, Genova, Italy. (2) Department of Health Risk and Toxicology,
Maastricht University, Maastricht, Netherlands. (3) Genedata AG,
Basel, Switzerland (4) 5DIPTEM, University of Genova, Genova, Italy.
(5) Epidemiology and Biostatistics, National Cancer Research
Institute, Genova, Italy.
Email: stefano.moretti@istge.it

In gene expression analysis, statistical tests for differential gene expres-
sion provide lists of candidate genes having, individually, a sufficiently
low p-value. However, the interpretation of each single p-value within
complex systems involving several interacting genes is problematic. In
parallel, in the last sixty years, game theory has been applied to political
and social problems to assess the power of interacting agents in forcing
a decision and, more recently, to represent the relevance of genes in
response to certain conditions. In this paper we introduce a Bootstrap
procedure to test the null hypothesis that each gene has the same rele-
vance between two conditions, where the relevance is represented by the
Shapley value of a particular coalitional game defined on a microarray
data-set. This method, which is called Comparative Analysis of Shapley
value (shortly, CASh), is applied to data concerning the gene expression
in children differentially exposed to air pollution. The results provided by
CASh are compared with the results from a parametric statistical test for
testing differential gene expression. Both lists of genes provided by
CASh and t-test are informative enough to discriminate exposed subjects
on the basis of their gene expression profiles. While many genes are
selected in common by CASh and the parametric test, it turns out that the
biological interpretation of the differences between these two selections
is more interesting, suggesting a different interpretation of the main bio-
logical pathways in gene expression regulation for exposed individuals.
A simulation study suggests that CASh offers more power than t-test for
the detection of differential gene expression variability. CASh is success-
fully applied to gene expression analysis of a data-set where the joint
expression behavior of genes may be critical to characterize the expres-
sion response to air pollution. We demonstrate a synergistic effect
between coalitional games and statistics that resulted in a selection of
genes with a potential impact in the regulation of complex pathways.
References: Moretti S. et al.(2008) Combining Shapley value and statis-
tics to the analysis of gene expression data in children exposed to air pol-
lution. BMC Bioinformatics, 9:361.
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FUNCTIONAL SIGNIFICANCE OF WERNER SYNDROME
PROTEIN PHOSPHORYLATION BY ATR FOR FRAGILE
SITE STABILITY
F Ammazzalorso*, S Baldari*, L Porru, P Pichierri, A Franchitto
Dept. of Environment and Primary Prevention, Istituto Superiore di
Sanità, Rome, Italy. * These authors contributed equally to this work
Email: annapaola.franchitto@iss.it

Background: Common fragile sites (CFS) are DNA regions prone to
breakage and found rearranged in many tumours. Although the precise
mechanism of fragile site expression is still elusive, recently, it has been
proposed that these sites are DNA regions where DNA replication forks
spontaneously pause or arrest and that their stability largely depends on
intact ATR-dependent checkpoint. WRN is the protein mutated in the
human Werner syndrome (WS) and belongs to the RecQ family of DNA
helicases. We recently established that WRN is a key regulator of fragile
site stability and that WRN and ATR act in a common pathway avoiding
accumulation of DNA breaks at CFS. Aims: The aim of this study is to elu-
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cidate the functional significance of ATR-dependent phosphorylation of
WRN for the maintenance of fragile site stability and whether WRN
affects checkpoint response at naturally-occurring replication fork stalling
sites. Methods: We produced an ATR-unphosphorylable form of WRN
(WRN6A) by site-directed mutagenesis and generated WS fibroblasts sta-
bly expressing the unphosphorylable protein. FISH analyses were per-
formed to assess the induction of the most frequently expressed CFS in
wild-type, WS and WRN6A fibroblasts. Immunofluorescence and Western
immunoblotting were carried out to investigate the role of WRN in check-
point signalling upon perturbation of replication at CFS. Results: Alanine
substitutions at putative ATR consensus sites actually abrogated phospho-
rylation of WRN by ATR following replication arrest or aphidicolin-
induced replication slowing at CFS. Furthermore, expression of WRN6A
did not rescue the characteristic WS sensitivity to HU or CPT treatment.
WRN phosphorylation by ATR was required to prevent accumulation of
DNA gaps and breaks at CFS. Even though loss of WRN function did not
affect DSB formation at early time-points after aphidicolin-induced repli-
cation delay at CFS, checkpoint activation in WRN-deficient cells
appeared to occur more precociously than in the wild-type and the effect
of WRN6A expression is currently under investigation. Conclusions: This
study provides additional insights into the cooperation between WRN and
ATR to prevent chromosomal abnormalities in human cells.

DD157
THE WERNER SYNDROME PROTEIN PARTICIPATES IN
THE RESPONSE TO ONCOGENE-INDUCED REPLICATION
STRESS
I Murfuni*, S Nicolai*, S Baldari*, A Franchitto, P Pichierri
Dept. of Environment and Primary Prevention, Istituto Superiore di
Sanità, Rome, Italy. * These authors contributed equally to this work
Email: pietro.pichierri@iss.it

Background: Oncogene activation determines a chronic state of replica-
tion stress in human cells. Consistently, precancerous and cancer cells
have to face elevated levels of replication fork stalling and collapse. The
response to replication perturbation is controlled by the ATR kinase that
ensures correct recovery of stalled/collapsed replication forks, in order to
avoid accumulation of chromosomal alterations. To promote recovery of
stalled/collapsed forks, ATR controls many downstream proteins, includ-
ed the WRN RecQ helicase/exonuclease, a key genome caretaker. Aims:
The aim of this study is to investigate whether the WRN protein and its
ATR-regulated function are required to deal with replication perturbation
induced by oncogene expression in human cells. Methods: Using aden-
oviruses to over-express the CyclinE and E2F1 oncogenes, we analysed
activation of WRN and DNA damage accumulation. We also performed
cell viability assays to determine the role of WRN in cellular recovery
after oncogene expression. We investigated whether recovery from repli-
cation arrest is affected by loss of ATR-dependent phosphorylation of
WRN and the involvement of WRN-alternative pathways. Finally, we
performed FISH analysis to evaluate the importance of WRN function,
upon oncogene expression, to grant stability at common fragile sites,
which are genomic loci that are naturally-sensitive to replication pertur-
bation. Results: Oncogene expression in human cells triggered WRN
relocalisation in nuclear foci that colocalised with RPA, but not with the
DSB marker g-H2AX histone. Loss of WRN or expression of an ATR-
unphosphorylable mutant form of WRN determined an enhanced cell
death in response to oncogene-induced replication stress. Furthermore,
WRN is essential to ensure chromosomal integrity after oncogene
expression. Finally, loss of WRN function led to the requirement of alter-
native pathways to grant cellular recovery from oncogene-induced repli-
cation stress. Conclusions: These results show an essential function of
WRN in dealing with oncogene-induced replication stress in order to
ensure cell viability and genome integrity. Furthermore, this study pro-
vides additional insights into the mechanisms underlining replication for
recovery in oncogene-expressing precancerous lesions.

DD158
B[a]P INDUCED S-PHASE ARREST: A DOUBLE-EDGED
SWORD 
D Stellas (1), VL Souliotis (1), M Bekyrou (1), M Kirsch-Voldlers (2),
E Cundari (3), SA Kyrtopoulos (1)

(1) Institute of Biological Research and Biotechnology, National
Hellenic Research Foundation, Athens, Greece; (2) Free University of
Brussels, Brussels, Belgium; (3) University of Rome, Rome Italy
Email: dstellas@eie.gr

Background: Benzo(a)pyrene (B[a]P) is an environmental pollutant with
known carcinogenic properties. Previous studies have documented that
an S-phase arrest occurs in HepG2 cells following exposure to B[a]P.
However, neither the exact mechanism nor the consequences of this cel-
lular response are adequately understood. Methods: HepG2 cells were
treated with 3 µM B[a]P for 96 hours and subsequently followed for up
to 8 days. Cell cycle kinetics and DNA damage responses were analysed
using FACS, western blot analysis and immunofluorescence-based
confocal microscopy. Results: Fol lowing cell treatment with B(a)P, we
noted evasion of the G1/S phase checkpoint, followed by induction of S
phase arrest, S phase recovery, and induction of the G2/M checkpoint.
Western blot analysis showed induction first of the ATR-dependent and
subsequently the ATM-dependent pathways, roughly coinciding with the
appearance of the above mentioned cell-cycle checkpoints. Confocal
microscopy using anti-BPDE-DNA adduct antiserum showed that induc-
tion of DNA damage was followed by accumulation of γH2AX foci and
subsequent formation of ATM and ATR foci. These observations, which
were in accordance with our data derived from the western blot analysis,
also revealed accumulation of severe DNA damage on the chromosomes,
a fact that may be related to the observed genetic instability and appear-
ance of abnormal mitotic events at high frequency. Moreover the abroga-
tion of S-phase arrest by the chemical chk1 inhibitor UCN-01, instead of
increasing the frequency of abnormalities caused by B(a)P, as might have
been expected, triggered a strong apoptotic signal while the surviving
cells surprisingly showed greatly decreased genetic instability.
Conclusions: Although S-phase arrest is considered to be a mechanism
by which the cell can reduce its load of genetic damage, our results sug-
gest that it may have an unpredictable impact on the balance between cell
death and heritable genetic damage. Acknowledgement: This work was
partly supported by the EU ECNIS (Environmental cancer risk, nutrition
and individual susceptibility) Network of Excellence

DD159
TISSUE-SPECIFIC ACCELERATED AGING: THE IMPACT
OF DNA DAMAGE IN THE WHITE ADIPOSE TISSUE OF
PROGEROID ERCC1-/- MICE
E Kamileri (1), E Ieronymaki (1), T Kosteas (1), L J Niedernhofer (2),
G A Garinis (1) 
(1) Institute of Molecular Biology and Biotechnology, FORTH,
GR70013 Heraklion, Greece. (2) University of Pittsburgh Cancer
Institute, Department of Molecular Genetics and Biochemistry,
University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania,
United States of America
Email: garinis@imbb.forth.gr

Background. Genome instability may causally contribute to ageing, as
exemplified by the premature appearance of multiple age-related fea-
tures in a growing family of human syndromes and associated mouse
models. ERCC1 is an endonuclease required for nucleotide excision
repair (NER) and the repair of DNA interstrand crosslinks (ICLs).
Ercc1-/- mice develop normally but rapidly display numerous age-
related features, including ataxia, kyphosis, loss of subcutaneous fat,
weight loss, skin atrophy and sarcopenia. Methods. To delineate the
causal role of DNA damage in (accelerated) aging, we sought to restrict
ERCC1-driven progeria in a single tissue such as the white adipose tis-
sue (WAT), a major energy reservoir in mammals that plays a central
role in the regulation of mammalian longevity. Using the Cre-LoxP
system, we crossed the Ercc1-floxed mice with the Fabp4-Cre mice to
obtain the WAT-specific Ercc1-/- animals.  Results. At the organismal
level, the one-month old WAT-specific animals appear healthy with no
pathological symptoms. The great majority of animals were lean and
occasionally they also presented with reduced body weight. As expect-
ed, Ercc1 mRNA levels were substantially reduced in the adipose tis-
sue of WAT-specific Ercc1-/- animals as compared to controls.
However, the Ercc1 gene expression levels in the adipose tissue of
either WAT-specific or wt littermate controls were significantly higher
than those seen in the liver, kidney or spleen derived from the same ani-
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mals. In combination with the absence of adipose tissue in Ercc1-/- ani-
mals, this further supports the relevance of the Ercc1 gene to the WAT
physiological function. At the cellular level, exposure of wt
preadipocytes to mitomycin-induced ICLs suppressed substantially
their differentiation into mature adipocytes as evidenced by the sup-
pression of known WAT differentiation markers and the complete lack
of stored triglycerides. Conclusions. The generation of tissue-specific
progeroid animals appears to be an invaluable approach to systemati-
cally delineate the complex, age-related pathology that rapidly devel-
ops in NER progeria. Future experiments will focus on the proteome
and genome-wide expression analysis of Ercc1 adipose tissue coupled
to a number of physiological and in vitro assays.

DD160
UNDERSTANDING THE CELL DECISION PROCESS IN
RESPONSE TO THE DNA LESION O6METHYLGUANINE
E Noonan (1,2), D Lauffenburger(1-3), L Samson(1-3)
(1)Department of Biological Engineering, MIT; (2)Center for
Environmental Health Sciences, MIT; (3)Department of Biology, MIT.
Email: emn@mit.edu

The cellular response to DNA damage is determined by the coordinat-
ed activity of signaling molecules from a number of pathways includ-
ing stress response, survival, checkpoint signaling, DNA damage
repair, and apoptotic pathways.  How a cell deciphers this complex
intracellular signaling network to yield a par-ticular phenotypic
response is unclear.  The goal of this project is to understand the
response to O6methylguanine, a DNA base lesion commonly induced
by chemotherapeutic agents, at the molecular and cellular level by inte-
grating experimental and computational approaches. The signal trans-
duction network downstream of this damage is largely regulated by
dynamic protein phosphorylation events.  Experiments have been done
to monitor the time-dependent activation of a number of proteins in the
DNA damage network following treatment with the alkylating agent
MNNG.  IP kinase activity assays revealed that the DNA damage
kinase Chk2 and stress activated protein kinase JNK are activated in
response to MNNG. In addition, the proteins ATM(S1981), Chk2(T68),
Chk1(S317), p53(S15 and S20), and H2AX(S139) were found to be
phosphorylated at sites which are linked to their activation.  In the same
manner cell cycle progression and cell death have been dynamically
monitored using a variety of experimental techniques.  MNNG induces
an arrest in the second S phase after treatment with the drug followed
by apoptotic cell death. Both the cell cycle response and cell death
response are dependent on O6MeG and mismatch repair. Interpretation
of this data through experimentally-based computational models will
allow us to identify combinations of signals which are most predictive
of the cellular response to the O6MeG base lesion. To test model pre-
dictions we will perturb the network by knocking down key signaling
network proteins. Comparison between in silico and experimental per-
turbations of the network will permit us to optimize the predictive
power of our computational model.

DD161
SEARCH FOR DNA REPAIR INHIBITORS: RATIONAL
DESIGN AND PROPERTIES STUDY OF INHIBITORS FOR
HUMAN OGG1 AND APE1 ENZYMES
VV Koval (1, 2), LYu Kanazhevskaya (1), NA Kuznetsov (1), OS
Fedorova (1, 2)
(1) Institute of Chemical Biology and Fundamental Medicine,
Novosibirsk, Russia; (2) Novosibirsk State University, Novosibirsk,
Russia
Email: koval@niboch.nsc.ru

In mammalian cells, reactive oxygen species, alkylation and other
processes and/or exogenous drug toxicity can cause endogenous muta-
genic and cytotoxic DNA base lesions that are predominantly repaired
by the base excision repair (BER) pathway. BER is initiated by lesion-
specific glycosylases (particularly hOgg1) that excise the damaged
base from the sugar-phosphate backbone, resulting in a potentially
cytotoxic apurinic/apyrimidinic (AP) site intermediate that becomes
the substrate for the major human AP endonuclease (Ape1). Evidence

for Ape1 and Ogg1 as attractive therapeutic targets in anticancer drug
development recently has been demonstrated by studies that link
expression of these enzymes in many cancers to resistance of tumor
cells to radio- and chemotherapy. Moreover, Ape1 also shows a protec-
tive effect in several cancer cell models to a variety of DNA damaging
agents. In this work we present the rational design of selective small-
molecule hOgg1 and Ape1 inhibitors. We have suggested to use 6-
amino-4-chloropirazolo-[3,4-d]-pyrimidine as inhibitor for human
Ogg1. By using in gel separation of enzyme’s reaction products was
shown, that the compound effectively interacts with hOgg1 and already
in low concentration can inhibit enzyme activity. About twenty poten-
tial compounds, capable to modulate catalytic activity of Ape1 were
designed and synthesized. Primary screening of compounds was car-
ried out and some of them were selected for the further studying. In
summary, we have identified small molecule inhibitors for the Ape1
and Ogg1 DNA repair enzymes. The data obtained allow us to conclude
that the new generation of compounds for probing the BER process in
general in vitro and in vivo were designed. This work was supported by
grants from the Russian Foundation of Basic Research (07-04-00191,
08-04-00334, 08-04-12211), Russian Ministry of Education and
Science (NSch-652.2008.4.), and the Siberian Branch of the Russian
Academy of Sciences (28, 48, 90, 21.22).

DD162
DNA REPAIR MECHANISMS IN PAEDIATRIC 
INFLAMMATORY BOWEL DISEASES: POTENTIAL CLINIC
IMPLICATIONS
I Casorelli(1), P De Angelis(3), C Bascietto(3), F Chiera (1), E
Lupari(2), P Degan(4),M Bignami(1), E Dogliotti (2), L Dall’Oglio(3),
P Fortini(2)
(1) Istituto Superiore di Sanità, Section of Chemical Carcinogenesis,
Rome, Italy (2) Istituto Superiore di Sanità, Section of Molecular
Epidemiology, Rome, Italy (3) Paediatric Hospital “Bambino Gesù”,
Digestive Surgical and Endoscopic Unit, Rome, Italy (4) Istituto
Nazionale per la Ricerca sul Cancro, Department of Translational
Oncology, Genova, Italy
Email: paola.fortini@iss.it

Inflammatory Bowel Diseases (IBD) are relapsing forms of  chronic
inflammatory disorders associated with predisposition to colorectal
carcinoma (CRC). Both microsatellite (MSI) and chromosomal insta-
bility (CIN) have been observed in IBD cases and can be both detect-
ed early in dysplastic, premalignant tissues. Although MSI is a well
known molecular feature of mismatch repair (MMR)-defective
tumours  a new mechanistic link between MSI and another DNA repair
mechanism, the base excision repair (BER), has been recently suggest-
ed. In IBD colon cells, the overexpression of specific players of BER,
the major pathway responsible for the removal of oxidative DNA
lesions, might be a defence response to the “oxyradical overloaded
microenvironment” generated by inflammatory response. Fresh biop-
sies from  macroscopically normal  and inflamed areas of colon tissues
have been collected from 66  paediatric IBD patients during routine
colonoscopies including 52 patients with ulcerative colitis (UC) and 14
patients with Crohn’s disease (CD). MSI was observed in 40 % of pae-
diatric IBD cases. As expected, preliminary data of gene expression
analysis indicate that inflammation related gene expression levels, such
as  INF�, PTGS2, NOS2A were able to provide a statistically signifi-
cant discrimination between inflamed and normal mucosa. In contrast
to what observed in familiar and sporadic CRC,  MSI phenotype
observed in IBD patients is completely independent of deregulation of
MMR genes. The potential contribution of  BER-dysfunction to the
IBD associated-MSI phenotype is currently under investigation. In
order to evaluate the levels of oxidative DNA damage in IBD patients,
the 8-hydroxydeoxyguanosine (8-OHdG) residues in DNA extracted
from inflamed colon tissues compared to the normal counterpart of the
same patient have been measured by HPLC-EC. A trend towards
increased 8-OHdG levels in inflamed versus normal tissue has been
observed suggesting a possible role of 8-OHdG as inflammation mark-
er. In order to identify valuable prognostic markers predictive of
response to therapy and risk of cancer development, association stud-
ies between molecular and clinical characteristics of IBD patients are
currently in progress.
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DD163
THI1 ARABIDOPSIS MUTANT REVEALS IMPAIRED 
TOLERANCE TO H2O2 TREATMENT.
MM Momoli (1), ATS Ferreira (2), J Perales (2),  B Van Houten (3),

CFM Menck  (4), MA Van Sluys (1)
(1) Depto. de Botânica, Instituto de Biociências, Universidade de São
Paulo, Rua do Matão, 277, 05508-900, São Paulo, SP, Brazil. (2)
Laboratory of Toxinology, Department of Physiology and
Pharmacodynamics, Oswaldo Cruz Institute, Oswaldo Cruz
Foundation, Av. Brasil, 4365, Rio de Janeiro RJ 21040-900, Brazil. (3)
Department of Pharmacology and Chemical Biology, Hillman Cancer
Center, 5117 Centre Avenue, Research Pavilion, Suite 2.6, Pittsburgh,
PA 15213-1863, United States. (4) Depto. de Microbiologia, Instituto
de Ciências Biomédicas, Universidade de São Paulo, Av. Prof. Lineu
Prestes, 1374, 05508-900, São Paulo, SP, Brazil
Email: mavsluys@usp.br

The A. thaliana thi1 gene is involved in thiamine biosynthesis and was
firstly described as having a potential role in genome stability. A.
thaliana thi1 dual role was investigated in this work with a collection
of physiological, biochemical and molecular approches, using a wild-
type and a previously characterized mutant line. Expression analysis
demonstrates that the gene is responsive to light and possibly under the
control of the circadian clock. Seed stocks of mutant line presented
lower germination rate and higher sensitivity to flooding stress com-
paratively with the wild-type (w.t.). Proteomic analysis showed an
overproduction of phosphoglycerate dehydrogenase (PGDH) and eno-
lase in the mutant line compared to the w.t.. PGDH is involved in
antioxidants synthesis while enolase blocks cellular growth and redi-
rect cell metabolism to programmed cell death. Chloroplast genome
DNA damage was investigated and reveals that the mutant line is less
tolerant than the wild type genotype to the presence of hydrogen per-
oxide. All these data together strengthen the hypothesis that THI1 is
involved in DNA repair/tolerance since plants with defective THI1 are
more susceptible to cpDNA damage.

DD164
A NEWLY IDENTIFIED XP-E PATIENT HAS MUTATION IN
DDB1-DOCKING MOTIF AND IMPAIRED UV-DDB-BASED
UBIQUITIN LIGASE ACTIVITY
V Rapi�-Otrin (1), J Guerrero-Santoro (1), T Nardo (2), J Yeh (1), AS
Levine (1), M Stefanini (2)
(1) School of Medicine and Cancer Institute, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA; (2) Istituto di Genetica Molecolare,
Consiglio Nazionale delle Ricerche, 27100 Pavia, Italy
Email: vesnaro@pitt.edu

Ubiquitination has emerged as an important regulatory mechanism in
the initiation of NER in non-transcribed DNA. Attachment of either a
single ubiquitin (Ub) or a poly-ubiquitin chain to a target protein is a
multi-step process involving Ub-activating enzyme (E1), Ub-conjugat-
ing enzyme (E2), and Ub-ligase (E3).  The UV-DDB-based ubiquitin
ligase (DDB1-CUL4ADDB2) has a central role in cellular response to
UV-irradiation. DDB1-CUL4ADDB2 co-localized with UV-damaged
DNA and targets for ubiquitination the proteins that are involved in
recognition of UV-distorted DNA and the surrounding histones. The
mono-ubiquitination of the histone is postulated to relax the chromatin
structure around the lesion and facilitates formation of the preincision
complex. UV-DDB is comprised of DDB1 and DDB2 proteins and
mutations in DDB2 cause the XP-E phenotype, which has a partial
deficiency in global genome repair. We report the identification of a
XP-E patient (PX31PV), with a novel mutation in the DDB2 gene.  The
patient carries a genomic DNA deletion, which results in several cDNA
alterations: One of the products is DDB2 protein with a loss of Lys268
(delK268). Ectopically expressed delK268 protein fails to make het-
erodimer with DDB1 protein and, consequently, abrogates the forma-
tion and UV-induced binding of the DDB1-CUL4ADDB2 ubiquitin
ligase to the chromatin. The XP31PV cells have impaired mono-ubiq-
uitination of histone H2A and poly-ubiquitination of XPC after UV-
treatment. The final consequence of dysfunctional ubiquitin ligase is
deficient NER in the XP31PV cells. This finding, in addition to the pre-
viously characterized R273H DDB2 mutant (in XP2RO patient) offers

very important experimental support for the recent prediction that a
conserved “WDXR” motif within the WD40 domain in DDB2 is
required in the formation of the interface between DDB1 and DDB2
proteins. Importantly, our crystal structures of the human UV-DDB
complex, confirms the roles of Lys268 and Arg273 in the formation of
the DDB1-docking surfaces on DDB2. Our finding demonstrates that
DDB2, like the other DDB1 and CUL4 binding proteins, contains the
“WDXR” motif which facilitates interaction with DDB1.

DD165
ROLE OF NER GENES IN THE DNA DAMAGE RESPONSE
OF TERMINALLY DIFFERENTIATED CELLS EXPOSED TO
DNA SINGLE STRAND BREAKS INDUCING AGENTS 
L Narciso (1), J de Wit (2), P Fortini (1), GTJ van der Horst (2), M
Crescenzi (3), E Dogliotti (1)
(1) Department of Environment and Primary Prevention, Istituto Superiore
di Sanità, Rome, Italy; (2) Department of Cell Biology and Genetics,
Erasmus University, Rotterdam, The Netherlands; (3) Department of Cell
Biology and Neurosciences, Istituto Superiore di Sanità, Rome, Italy
Email: laura.narciso@iss.it

NER (nucleotide excision repair) as well as BER (base excision repair)
are generally down-regulated in terminally differentiated cells.
However, cells maintain active NER in the genomic domains where
transcription is active and this repair relies upon the GGR (global
genome repair) genes. No information is available on the mechanism
of BER in transcription domains.Murine muscle satellite cells were iso-
lated from CSB -/-, XPA-/- and XPC-/- mutant mice. These cells were
able to differentiate in vitro thus providing a tool for studying the
effects of specific NER defects in the DNA damage response in termi-
nally differentiated cells. The downregulation of XRCC1, a marker of
decreased BER activity, was confirmed in these NER defective
myotubes. For this study two model agents were selected, namely
H2O2 and camptothecin. They both induce DNA ssb but in the case of
camptothecin, which is an inhibitor of DNA topoisomerase I, they are
specifically targeted to the template strand of transcribed genes. H2AX
phosphorylation is an early event in DNA damage signalling and plays
a major role in DNA repair and apoptosis. Gamma H2AX foci were
monitored after treatment to SSB inducing agents of wild-type and
NER defective myotubes. Exposure to H2O2 induced H2AX phospho-
rylation in all myotubes independently of the DNA repair defect,
although to a different extent. Conversely, a defect in either TCR (tran-
scription coupled repair, for CSB, XPA) or GGR (XPA, XPC) led to a
lack of H2AX posphorylation following exposure to camptothecin in
myotubes. Under the same treatment conditions wild-type myotubes
displayed the expected activation of H2AX. All together these findings
suggest that NER damage recognition factors are involved in the sig-
nalling of SSB induced by camptothecin. Work is in progress to clari-
fy the underlying molecular mechanisms.

DD166
FUNCTIONAL CHARACTERIZATION OF MUTANT MUTYH
PROTEINS ASSOCIATED WITH FAMILIAL ADENOMATOUS
POLYPOSIS.
F Mazzei (1), V D’Agostino (2), P Torreri (3), A Minoprio (1), C Bossa
(1), T Petrucci (3), AM Alberini (2), GN Ranzani (2), M Bignami (1)
(1) Istituto Superiore di Sanità, Department of Environment and Primary
Prevention, Rome, Italy, (2) University of Pavia, Department of Genetics
and Microbiology, Pavia, Italy, (3) Istituto Superiore di Sanità,
Department of Molecular Biology and Neurosciences, Rome, Italy
Email: mazzei@iss.it

A defective human adenine DNA glycosylase (MUTYH) activity
results in accumulation of G to T transversions and is associated with a
recessive form of colorectal adenomatous polyposis (MUTYH-associ-
ate polyposis, MAP). With the aim  to set up a suitable assay for pre-
dicting the contribution of rare MUTYH variants to the disease, a real
time assay has been set up. Surface plasmon resonance (SPR) spec-
troscopy has been applied for real-time detection of the binding prop-
erties of  wild type and some MUTYH variants  to an 8-oxoG:A DNA
substrate. In this respect the properties of three MUTYH mutants car-
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rying a missense (R171W), a deletion (E466del) and an insertion
(ins137IW) mutation were compared to the wild type MUTYH
enzyme. The study was also applied to the widely studied Y165C and
G382D variants. The SPR results are here discussed together with
those obtained with the more conventional gel electrophoresis mobili-
ty shift (EMSA) and glycosylase activity assays. Studies are also in
progress to set up the SPR method to study the functional properties of
DNA-glycosylases in cell-free extracts.

DD167
DNA DAMAGE INDUCED BY OXIDATIVE STRESS IN
HEPATIC IRON OVERLOAD DISEASE, OESOPHAGEAL
AND PROSTATE CANCERS
KS Mossanda (1), OF Maseko (1), GA Asare (2), GR Gaudji (3), HF
Joubert (1), MC Kew (2), AM Segone (3)
(1) Chemical Pathology Department, University of Limpopo-Medunsa
Campus, Pretoria, South Africa; (2) MRC-Molecular Hepatology
Research Unit, Department of Medicine, University of the
Witwatersrand, Johannesburg, South Africa; (3) Urology Department,
University of Limpopo-Medunsa Campus, Pretoria, South Africa.
Email: kmossan@ul.ac.za

Consumption of food contaminated by mycotoxins in conjunction with
hepatitis B and C and excessive intake of dietary iron as a result of drin-
king home-brewed in iron pots constitutes are important factors leading
into hepatocellular carcinoma (HCC) which constitutes indeed a major
public health problem in developing countries where the incidence is esti-
mated at 23-26%. Due to the Helicobacter pylori infection and other non
elucidated factors, squamous cell carcinoma of the oesophagus (SCCO)
has become the most common cancer in black Southern African men (inci-
dence: 14.5%). Prostate Cancer (PC) is the second leading cause of cancer
related death in men in Western countries with the highest incidence
among Black Americans. This study aims to demonstrate the implication
of oxidative stress in the extent of DNA damage during the progression of
these types of cancer. Oxidative stress was estimated by measuring specif-
ic biomarkers: Lipid peroxides (LPO), Thiobarbituric acid reactive sub-
stances (TBARs), Isoprostane (ISO) were evaluated using classical
methods whereas Superoxide dismutase (SOD), and Glutathion peroxida-
se (GPx) activities were assessed using kits commercially available. DNA
damage was evaluated by measuring the level of 8-hydroxy-2’-deoxy-gua-
nosine (8-OH-dG) using a commercial kit based on a competitive in vitro
enzyme-linked immunosorbent assay (ELISA) for quantitative measure-
ment of the oxidative DNA adduct 8-OH-dG in tissue, serum and plasma.
4-Hdroxy-2’-nonenol (4-HNE) was also evaluated by ELISA method.
Consistent correlation has been observed between DNA damage by the
presence in situ (biopsies) of 8-OH-dG, the level of this metabolite in
serum/plasma and the extent of oxidative stress biomarkers in SCCE, HCC
and PC. Despite our progress in earlier detection of these types of cancer,
their aetiology still remains not very well understood resulting in a partial
efficiency of their prevention. The capacity of Free radicals to damage
DNA molecule and to overexpress some oncogenes suggests their implica-
tion in the aetiology of these types of cancer and justifies the use of anti-
oxidant compounds modulating the expression of these genes for their pre-
vention.

DD168
IN VITRO STUDY OF THE EFFECTS OF DIFFERENT DOSES
OF VISFATIN ON ANTIOXIDANT ENZYMES ACTIVITIES
WITH OXIDATIVE DNA DAMAGE RELATION IN HUMAN
MELANOMA ME45 MEDIA CELLS.
RJ Buldak (1), R Polaniak (2), M Skonieczna (3),  K Żwirska-Korczala
(1), E Birkner (2), T Sawczyn (1), M Kukla (1)
(1) Department of Physiology in Zabrze, Medical University of Silesia
in Katowice, Poland; (2) Department of Biochemistry in Zabrze,
Medical University of Silesia in Katowice, Poland; (3) Department of
Automatic Control, Silesian University of Technology, Gliwice, Poland
Email: rbuldak@sum.edu.pl

Background: Visfatin is a novel adipokine, secreted by visceral and
subcutaneous fat, could be involved in the development of obesity-
associated insulin resistance and carcinogenesis. The goal of the study

was to examine the effects of visfatin on antioxidant enzyme activities,
such as: catalase (CAT), gluthation peroxidase (GSH-Px), gluthation
reductase (GR) and manganese and copper zinc- containing superoxide
dismutase – MnSOD and Cu/ZnSOD. A oxidative DNA damage level
in Me45 cell culture, were also studied. Induced by ROS (Reactive
Oxygen Species) oxidative damage of DNA, were measured by Komet
Assay. We tried to verified the hypothesis that elevated visfatin plasma
level from morbidly obese patients may influence on antioxidant
enzymes activities and oxidative DNA damage level in tumor cell in
vitro. Material and Methods: Human melanoma cells Me45 were cul-
tured in DMEM medium with 15% fetal bovine serum, 100 U/ml peni-
cillin and 0.1 mg/ml streptomycin under standard culture condition.
MnSOD and Cu/Zn SOD isoenzyme activities were estimated accord-
ing to Oyanagui method. GSH-Px activity was measured following the
method of Paglia and Valentine. CAT activity was measured according
to the kinetic method of Aebi. GR assay was based on the oxidation of
NADPH to NADP+. Komet Assay were performed on the Me45 cells,
after 24 hours incubation with 0.04 µg/ml visfatin and 5 minutes incu-
bation with genotoxic factor (100 µM H2O2), by Olive protocol.
Human visfatin was added to cell culture in concentration 0.04 µg/ml. 
Results: After 24 h in the visfatin treated group, MnSOD, Cu/Zn SOD,
CAT and GSH-Px media activities significantly increased when com-
pared to the control. GR media activity was significant decreased in
visfatin treated group when compared to the control. Incubation with
visfatin resulted with similar to the control DNA protection in human
melanoma cancer cells. Conclusion: Although of strong influence of
visfatin on the antioxidative systems its action on the repair systems of
damaged DNA is still unclear. Decreases of free radicals level, in treat-
ed with visfatin cells, didn’t protect from the single and double breaks
in nucleic acids. Repair of damaged DNA in Me45 is stronger depend-
ent on the another than hormonal control.

DD169
CERECQ HELICASES ARE INVOLVED IN DNA DAMAGE
RESPONSES
J Lee, M Hyun, B Ahn
Department of Life Sciences, University of Ulsan, Ulsan, Korea
Email: bbccahn@mail.ulsan.ac.kr

RecQ helicases are highly conserved from E. coli to humans, and seve-
ral homologues of the helicases have been identified in various multi-
cellular organisms. For example, five homologues have been found in
humans to date: RECQ1, BLM (RECQ2), WRN (RECQ3), RTS
(RECQ4), and RECQ5. Mutations in human RecQ helicases result in
rare diseases of aging and cancer characterized by genome instability.
RecQ helicases play essential roles in maintenance of genomic stability
and interact with proteins involved in DNA metabolic pathways such
DNA repair, recombination, and replication. In the nematode
Caenorhabditis elegans, four RecQ homologues are predicted from the
genomic DNA sequence. We purified recombinant C. elegans WRN-1
and BLM proteins and investigated their substrate specificities in vitro
in order to better understand their function in vivo. We found that
CeRecQ proteins are a 3’-5’ helicase. Further, we characterized their
responses to DNA damage using immunostaining and COMET assay.
Results indicate that CeRecQ proteins are required for responding to
DNA damage. Thus, the abilities of CeRecQ proteins to unwind a
variety of DNA structures and respond to DNA damage may play an
important role in preventing the accumulation of abnormal structures,
and eventually contributing to genome stability.

DD170
COMPLEX REGULATION OF THREE PRIME EXONUCLEASE
1 (TREX1) BY GENOTOXIC STRESS: FOS-DEPENDENT GENE
INDUCTION, NUCLEAR TRANSLOCATION, AND INTERAC-
TION WITH DNA POLYMERASE ETA
M Christmann (1), M-T Tomicic (1), D Aasland (1), J Schulz (1), P
Reischmann (1), N Berdelle (1), R Birkner (1), B Rasenberger (1), B
Kaina (1)
(1) Department of Toxicology, University Medical Center Mainz,
Mainz, Germany
Email: mchristm@uni-mainz.de
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Cells respond to genotoxic stress with the induction of DNA defense
genes. Aimed at identifying novel players involved in this response, we
analyzed the genotoxic stress-induced expression of DNA repair genes
in mouse fibroblasts. Microarray analysis revealed a strong UV medi-
ated induction of the three prime exonuclease I (trex1), which was ver-
ified by semi-quantitative PCR and real-time PCR. Induction of
TREX1 was also observed on protein level. Experiments using the
transcriptional inhibitor actinomycin D showed that induction of trex1
is caused by de novo RNA synthesis, which was further substantiated
by promoter analysis studies showing inducibility of the trex1 promot-
er by UV light. Promoter dissection experiments showed that a 730 Bp
fragment containing a potential AP-1 site is sufficient for UV inducibil-
ity. This AP-1 binding site is recognized by c-Fos (AP-1) in vitro and
in vivo, as revealed by chromatin immunoprecipitation and electromo-
bility shift assays. In accordance, induction of TREX1 was not
observed in c-Fos deficient cells, supporting a role for c-Fos in the
induction of TREX1. Besides UV light, TREX1 was induced by other
DNA damaging genotoxins such as benzo(a)pyrene and hydrogen per-
oxide. Upon genotoxic stress, TREX1 was translocated into the nucle-
us where it physically interacts with the translesion polymerase eta.
This interaction was greatly stimulated by UV light and
benzo(a)pyrene, suggesting that TREX1 participates in the processing
of mutagenic DNA damage. Induction of TREX1 was also observed in
human fibroblasts upon exposure to UV light and benzo(a)pyrene.
Further, we show that the human trex1 promoter is targeted by AP-1.
Overall, we identified trex1 as a novel DNA damage inducible gene
and demonstrate a complex TREX1 response involving gene induction,
nuclear translocation and stimulation of interaction with the translesion
polymerase eta.

DD171
FUNCTIONAL GENOMICS SCREEN TO IDENTIFY 
TRANSCRIPTION FACTORS INVOLVED IN DNA DAMAGE,
REPAIR AND APOPTOSIS
R Siddappa, B van de Water, E Danen
Division of Toxicology, LACDR, Leiden University, Gorlaeus Laboratories,
Einsteinweg 55, PO box 9502, Leiden 2300 RA,  The Netherlands
Email:r.siddappa@lacdr.leidenuniv.nl

Cancer is one of the leading causes of death which is primarily due to
inability of cells to maintain their genomic stability. Cells in our body
are continuously exposed to various sources of DNA damaging condi-
tions such as UV light, metabolites, or genotoxicants which cause var-
ious kinds DNA damage. If the damage is repairable, cells have the
innate machinery to repair and progress through normal cell cycle. In
contrast, if the damage is beyond correction, the cell is directed towards
apoptosis, which is an important mechanism to clear the organism from
cells that carry the risk of becoming malignant. A large number of sig-
naling transduction pathways including transcription factors and pro-
teins involved in a variety of post translational protein modifications
are involved in this process. Our research is focused on delineating sig-
naling pathways involved in DNA damage recognition, repair and
apoptosis upon exposure to genotoxic compounds by functional high-
throughput siRNA screening. For this purpose, mouse embryonic stem
cells will be transfected with various siRNA gene-family libraries and
the focus in this project will be on transcription factors. Subsequently,
cells will be exposed to cisplatin and DNA damage recognition, repair
and apoptosis will be accessed using live cell imaging on a high-
throughput microscope system. By combining validated hits with
already obtained transcriptomics data, we expect to be able to derive a
detailed map of the transcriptional machinery involved in the DNA
damage response in stem cells.

DD172
THE RESPONSE TO DNA DAMAGE OF TERMINALLY 
DIFFERENTIATED CELLS
P Fortini (1), L Narciso (1), R Castino (2), D Pajalunga (3), E Puggioni
(3), B Pascucci (4), M Crescenzi (3), C Isidoro (2),  E Dogliotti(1)
(1) Unit of Environmental Epidemiology, Istituto Superiore di Sanità, Rome,
Italy; (2) Laboratory of Molecular Pathology, Dept. Medical Sciences,
Università del Piemonte Orientale A. Avogadro, Novara, Italy; (3)

Department of Cell Biology and Neurosciences, Istituto Superiore di Sanità,
00161 Roma, Italy; (4) Institute of Crystallography, CNR, Roma, Italy.
Email: paola.fortini@iss.it 

Post-mitotic cells are expected to be provided of a tight mechanism of
genome integrity control to guarantee  the maintenance of  their correct
functioning  along the life span. We recently used mouse satellite cells
as an in vitro differentiation model to study   base excision repair
(BER) regulation in  terminally differentiated muscle cells (myotubes).
A  clear impairment of BER efficiency in myotubes versus their prolif-
erating counterpart (myoblasts) was observed. At molecular level  BER
attenuation  was ascribed to lower levels of XRCC1 and DNA ligases
and was mirrored by an accumulation of ssb and  phosphorylated
H2AX nuclear foci upon exposure to hydrogen peroxide and methyl-
methane sulfonate (MMS). We further extended the analysis of BER
capacity to a wide range of DNA glycosylases. No major difference in
the expression level of these enzymes was detected in myotubes versus
myoblasts  with the exception of  UNG2 and MYH which were strong-
ly downregulated in post-mitotic cells. Both DNA glycosylases deal
with DNA lesions formed at replication. Despite the accumulation of
damage, myotubes are extremely resistant to the cytotoxic effects of
DNA damaging agents such as ionizing radiation, MMS and
campthotecin. In contrast, myotubes are extremely sensitive to doxoru-
bicin, a topoisomerase II inhibitor, indicating that some of cell death
pathways are  still functional in terminally differentiated cells.
Interestingly, we observed that autophagy, a cell mechanism which can
paradoxically act by promoting both cell survival and cell death, is acti-
vated during in vitro muscle cell differentiation. Nevertheless, it does
not seem to be essential for the differentiation program itself. In the
case of myoblasts the MMS-induced cell death was due to a p53-
dependent induction of an autophagic pathway.  Further studies are cur-
rently in progress  to investigate the potential  involvement of
autophagy in cytotoxic response to DNA damage  in terminally differ-
entiated myotubes.

DD173
LYMPHOBLASTOID CELL LINES AND CRYOPRESERVED
ISOLATED LYMPHOCYTES DO NOT CORRELATE FOR γγ-
RAYS-INDUCED CHROMOSOME DAMAGE AND DOUBLE
STRAND BREAKS.
A Zijno (1), A Allione (2), R Crebelli (1), B Garofalo (1), C Giachino
(3), S Guarrera (2), F Marcon (1), G Matullo (2), P Porcedda (3), F
Saini (1)
(1) Istituto Superiore di Sanità, Rome, Italy; (2) I.S.I. Foundation,
Turin, Italy; (3) Department of Clinical and Biological Sciences,
University of Turin, Italy.
Email: andrea.zijno@iss.it

Mutagen sensitivity assays with peripheral blood mononuclear cells
(PBMC) have been widely applied to assess individual susceptibility to
genotoxic agents and its association to cancer risk or to DNA repair
polymorphisms. For this aim, immortalized lymphoblastoid cell lines
(LCL) might be considered as a convenient alternative to PBMC: LCL
may offer practical advantages with respect to PBMC, due to their unli-
mited availability. However, a systematic evaluation of the suitability
of EBV transformed LCL to act as surrogate of PBMC has not yet been
performed. In this work we investigated the response elicited by γ-
radiation in PBMC and in the respective immortalized LCL of 20 healt-
hy subjects. Radiation sensitivity was evaluated by the cytokinesis
block micronucleus (CBMN) and G2 chromosome aberration assays,
and by histone H2AX phosphorylation/dephosphorylation kinetics
detected by cytofluorimetric analysis. In the CBMN assay, PBMC were
treated either in a quiescient (G0) or in a proliferating status. The
results obtained show similar levels of γ-H2AX and dephosphorylation
kinetics in LCLs and PBMC after irradiation, indicating the mainte-
nance of DNA repair capacity after immortalization. Data however
highlight different patterns of response in the two cell types as well as
in resting and proliferating PBMC: i) basal frequencies of micronuclei
(MN) and nucleoplasmic bridges (NPB) were much higher in LCL than
in PBMC; ii) induced MN were higher in PBMC treated in G0 than in
LCLs or in proliferating PBMC; iii) induced NPB were much higher in
LCLs than in PBMC; iv) chromosome damage in G2 was higher in



PBMC than in LCLs, where more telomere associations were obser-
ved. At the individual level, no correlation was observed between
results in PBMC and LCL with any of the biomarkers. Interestingly, in
PBMC a significant inverse correlation was observed between MN for-
mation and intensity of γ-H2AX fluorescence, suggesting that an effi-
cient DSB signalling may prevent MN formation. In conclusion the
results of this work do not support the use of LCL as an alternative to
PBMC for studies on individual susceptibility. The different sensitivity
to radiation in PBMC and LCL observed may be related to epigenetic
changes associated to immortalization. Supported by the Italian Space
Agency (ASI-MoMa) and the Italian Association for Cancer Research
(AIRC).

DD174
ROLE OF BIM IN SPINDLE POISON-INDUCED APOPTOSIS
C Cenciarelli, C Policarpi, C Tanzarella, A Antoccia
Dep. Biology, University “Roma Tre”, Rome, Italy
Email: antoccia@uniroma3.it

Apoptosis is a well known cellular response to damage caused by a
variety of environmental and therapeutic agents to DNA or other cellu-
lar structures, as the mitotic spindle. In this respect, spindle poisons
which cause mitotic arrest act as powerful apoptotic agents, though the
mechanism leading from microtubules depolymerization to cell death
remains not elucidated. Data in the literature show that Bim, a BH3-
only protein pro-apoptotic member of the Bcl-2 family, is sequestred
on the microtubule-array by interaction with the light chain of dynein.
In a similar way, p53 another well known pro-apoptotic molecule, is
associated with cellular microtubules and is transported to the nucleus
by dynein. Based on these data, we have investigated whether in
response to tubulin depolymerization, Bim and p53 could be involved,
and eventually in which manner, in the first steps of apoptosis. For this
purpose H460 lung tumor cells were treated with 7,5 nM of the spindle
poison combretastatin-A4 (CA-4) for 8-48h and the following parame-
teres were investigated: 1) variations of Bim-dynein interaction 2) reg-
ulation of Bim expression 3) relocalization of Bim at mitochondria 4)
effect of silencing of Bim with specific siRNA 5) transcription-indipen-
dent pro-apoptotic activity of p53. In agreement with data in literature,
we found that Bim is linked to dynein motor complex and in response
to CA-4 treatment and hence in increasing conditions of microtubules
depolimerization, Bim was released from dynein. In addition, a QT-
PCR analysis assay showed that drug treatment could also increase the
transcriptional level of Bim. Together, the release of Bim and its
increase at transcriptional level determined the engagment of the mito-
chondrial apoptotic pathway, due to mitochondrial relocalization of
Bim. In addition, Bim silencing strongly reduced apoptotic commit-
ment. Concerning the role of p53 in CA-4-induced apoptosis, we found
that treatment determined its release from cytoskeleton and re-localiza-
tion to mitochondria. As a next step, we are investigating the cross-talk
between Bim and p53 in apoptosis caused by spindle poisons.
Furthermore, it remains to be investigated the involvement of Bim in
aneuploidy at drug concentration lower than those able to achieve com-
plete mitotic spindle disassembly.

DD175
THE HISTONE ACETYLTRANSFERASE P300 IS INVOLVED
IN THE DNA SYNTHESIS STEP OF NUCLEOTIDE EXCISION
REPAIR
O. Cazzalini (1), L.A. Stivala (1), T. Nardo (2), D. Necchi (3), A.I.
Scovassi (2), E. Prosperi (2,3)
(1) Dipartimento di Medicina Sperimentale; (2) Istituto di Genetica
Molecolare, CNR (IGM-CNR); (3) Dipartimento di Biologia Animale,
Università di Pavia, Pavia, Italy.
Email: prosperi@igm.cnr.it

Exposure to genotoxic agents may induce the formation of a variety of
DNA lesions that cells must remove in order to avoid genomic instabil-
ity, and to prevent cancer formation. Recent findings have shown that
cell cycle checkpoints and DNA repair systems cross-talk each other.
However, the role and the molecular mechanisms underlying these con-
nections are not yet well understood. The cell cycle inhibitor

p21CDKN1A is directly involved in nucleotide excision repair (NER),
thanks to its interaction with PCNA, and with the histone acetyltrans-
ferase (HAT) p300. Previous studies suggested that p300 HAT activity
might be required in NER, by providing chromatin accessibility to
DNA repair factors. In addtion, it was shown that p300 interacts with
PCNA, and that p21 regulates p300 HAT activity by dissociating inter-
action with PCNA. Since p300 may also associate with other NER fac-
tors, such as XPA, or DDB2, it has been suggested that p300 may play
an additional role by regulating directly some step of the repair process.
To further understand the involvement of p300 in DNA repair, we have
investigated the influence of p300 knock-down by RNA interference
(RNAi) on NER efficiency. We have assessed NER activity after treat-
ment of primary human fibroblasts with siRNA to silence p300, and/or
its homolog CBP, in order to analyze the specificity of the process.
NER has been evaluated by analyzing unscheduled DNA synthesis
(UDS) activity through autoradiography of 3H-thimidine incorpora-
tion, after UV irradiation. Concomitantly, cell viability has been deter-
mined with the MTT test. The results have indicated that p300, but not
CBP silencing, reduces significantly the number of autoradiographic
grains. In addition, cells treated with siRNA to p300 have shown a
reduced viability after UV irradiation, as compared with cells treated
with control siRNA molecules. To clarify whether p300 is required in
a particular step of NER, we have analyzed the recruitment of PCNA
at sites of local UV-irradiation, after p300 silencing. No significant dif-
ference in the recruitment of PCNA, has been found in p300-siRNA
treated cells, suggesting that p300 activity is required at a downstream
step, thereby impairing UDS activity. (Work supported by AIRC).

DD176
CHARACTERISATION OF THE MRE11-DNA COMPLEX IN
DOUBLE-STRAND-BREAK REPAIR COMBINING X-RAY
CRYSTALLOGRAPHY, SFM AND COMPUTATIONAL 
MODELING.
D Moiani (1,2,3), D Das (4,5), R S Williams (1,2), J A Tainer (1,2,6),
C Wyman (3)
(1) Department of Molecular Biology and (2) The Skaggs Institute for
Chemical Biology,The Scripps Research Institute, La Jolla, CA, USA; (3)
Department Radiation Oncology and Cell Biology & Genetics, Erasmus
MC, Rotterdam, The Netherlands; (4) Joint Center for Structural Genomics
and (5) Stanford Synchrotron Radiation Laboratory, SLAC National
Accelerator Laboratory, Menlo Park, California; (6)Life Sciences Division,
Department of Molecular Biology, Lawrence Berkeley National Laboratory,
Berkeley, CA, USA
Email:  jat@scripps.edu

Mre11 forms the core of the multifunctional Mre11-Rad50-Nbs1
(MRN) complex that detects DNA double-strand breaks (DSBs), acti-
vates the ATM checkpoint kinase, and initiates homologous recombi-
nation (HR) repair of DSBs. Two crystal structures of Pyrococcus
furiosus Mre11 bound to different DNA-hairpins substrate, published
on Cell by R.S. Williams et al., elucidate how pfMre11 coordinates ds-
DNA and process it in the nuclease active sites. These structures can-
not explain the mechanism of the endonucleolytic activity of Mre11,
for that reason one of our aims is to crystallize the complex between
Mre11 and ss-DNA. Another aim is to investigate the characteristic of
this complex using other techniques such as SFM and computational
modeling to test the crystallographic deductions and to reveal the struc-
tural organization of Mre11 responsible for endonucleolytic activity. In
an evolutionary analysis we will compare three different Mre11 homo-
logues, respectively archaeal Mre11, a prokaryotic Mre11-like protein
from Thermotoga Maritima and human MRE11. We present prelimi-
nary results of an SFM analysis of the reaction between Mre11 and
three different DNA substrates respectively a 1.8 Kb blunt-ended ds-
DNA, a 3 Kb ds-DNA with 4 nt overhang ends and an 800 nt long 500
bp ds-DNA followed by 300 nt ss-DNA  3’ overhang. Our results show
that Mre11 alone bound with strong affinity to longer ss-DNA, possi-
bly as multimers, and with less affinity the short 4 nt overhangs of the
ds-DNA substrate, confirming the X-ray data.  Surprisingly Mre11
bound well to double stranded parts of all substrates. To explain this
behavior we present a computational investigation using combined
docking and molecular dynamic simulations based on approach the
crystal structures.  This suggested that Mre11 could bind DNA ends
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and internal sites through domain rearrangements. These combined
methods are aimed at identifying key residues involve in the interac-
tions with DNA and the possible implications for evolution of domain
organization.  These predictions will be combined with ‘a posteriori’
mutagenesis work to modify activity and to disrupt the complex.

DD177
THE ROLE OF BER AND NER PATHWAYS IN DNA RECOVERY
OF HEAD AND NECK SQUAMOUS CELL CARCINOMA 
Pawel Rusin (1), Lukasz Markiewicz (1), Tomasz Sliwinski (1), Jurek
Olszewski (2), Alina Morawiec-Sztandera (3), Janusz Szemraj (4),
Ireneusz Majsterek (1,5)
Department of Molecular Genetics, University of Lodz, Lodz; (2)
Poland2Department of Otolaryngology and Oncology, Medical
University of Lodz, Lodz, Poland; (3) Department of Head and Neck
Cancer, Medical University of Lodz, Lodz, Poland; (4) Department of
Medical Biochemistry, Medical University of Lodz, Lodz, Poland; (5)
Department of Chronopharmacology, Medical University of Lodz,
Lodz, Poland
Email: pawelrusin@gmail.com

Head and neck squamous cell carcinoma (HNSCC) comprise about 6%
of all malignant neoplasms. One of the major risk factor of HNSCC is
tobacco smoking. There are approximately 4 thousand chemical com-
pounds identified in tobacco smoke. Many of them like polycyclic aro-
matic hydrocarbons (PAHs) and aromatic amins (AA) are well known
carcinogens which cause variety of DNA damage including base mod-
ification and DNA cross-links. Cells remove those lesions mainly by
base excision (BER) and nucleotide excision (NER) repair pathways.
The aim of our research was to evaluate the efficiency of DNA repair
by NER and BER in head and neck squamous cell carcinoma. We
examined peripheral blood lymphocytes obtained from HNSCC
patients, healthy subjects as well as HTB-43 larynx and CRL-1628
tongue cancer cell lines. DNA repair efficiency was estimated by in
vitro assay with cells extracts and plasmid substrates of heteroduplex
with AP site in BER or UV-irradiated plasmid in NER. The level of
[γ32P]-dAMP incorporation during strand resynthesis as equivalent of
DNA repair was detected by autoradiography and quantified using den-
sitometry. Our results indicate that there is significant decrease in the
efficacy of DNA excision repair pathways in lymphocytes from
patients and  HNSCC cancer cells as compared to healthy controls. In
conclusion, we suggest that BER and NER pathways may be critical
for DNA recovery of HNSCC cells what in turn may be responsible for
their higher susceptibility to mutagenesis and cancer transformation.
This work was supported by grant N301 099 32/3581 from Polish
Ministry of Science and Higher Education.

DD178
EFFECTS OF THE HIV TREATMENT DRUGS NEVIRAPINE
AND EFAVIRENZ ON BRAIN CREATINE KINASE ACTIVITY,
DNA DAMAGE ANDANXIETY AND MOOD-RELATED
BEHAVIOUR IN MICE.
Oliveira, H.M. (1); Damiani, A.P. (1); Hainzenreder, G. (1);Moretti, M.
(2); Chaves, G. (2); Rezin, G.T. (3);  Scaini, G. (3); Moreira, J. (1);
Fochesato, C.M. (1); Streck, E.L. (3); Romão P.R.T. (1); Gavioli, E.C.
(2); Andrade, V.M (1)
(1) Laboratório de Imunologia e Mutagênese, (2) Laboratório de
Neurociências, (3) Laboratório de Fisiopatologia Experimental,
Programa de Pós-Graduação em Ciências da Saúde, Universidade do
Extremo Sul Catarinense (UNESC), Criciúma,  SC, Brazil.
E-mail: vmoraesdeandrade@yahoo.com.br

Introduction: Nevirapine (NVP) and Efavirenz (EFV) are antiretroviral
drugs belonging to potent class of non-nucleoside reverse transcriptase
inhibitors (NNRTIs) widely used for the treatment human immunode-
ficiency virus (HIV) infection as part of highly active antiretroviral
therapy (HAART). Although the HAART is able to bring down viral
load to undetectable levels and restore immune function, their pro-
longed use causes several adverse effects. It has been demonstrated that
both NVP and EFV are able to cross the blood-brain barrier, and then
causing important central nervous system (CNS) related side effects.

Considering that the exact mechanisms responsible for CNS toxicity
associated with NVP or EFV remain unknown and that creatine kinase
(CK) plays an important role in cell energy homeostasis, and also the
DNA damage may be involved in the adverse effects observed in brain
tissue, in the present work we evaluated CK activity and DNA damage
by Comet assay in brain of mice after chronic administration of EFV or
NVP. In addition, this study investigated the effects of drugs chronical-
ly administrated in mice on elevated plus-maze, forced swimming and
open-field tests. Material an Methods: Male CF-1 mice were treated
orally, once a day for 36 days, with EFV 10 mg/kg or NVP 3.3 mg/kg
or vehicle. Behavioral tests were conducted one hour after drug injec-
tion. On day 28, 32 and 36 of drug treatment, mice were evaluated on
elevated plus-maze test, open-field test, and forced swimming test,
respectively. The animals were killed by decapitation 3 h after the last
administration of the drugs. The brain was immediately removed and
hippocampus, striatum, cerebellum, cortex and prefrontal cortex were
isolated for CK and Comet assay analyzes. Results and Conclusions:
Our results demonstrated that NVP or EFV significantly inhibited CK
activity in cerebellum, hippocampus, striatum and cortex of mice. In
addition, the behavioral results demonstrated that EFV, but not NVP,
reduced the exploration to open arms in the elevated plus-maze test.
Neither NVP nor EFV altered mouse behavior in the forced swimming
and open-field tests. At the same way, the comet assay results showed
that only EFV increased the DNA damage in brain. Thus, our findings
point to a genuine anxiogenic-like effect of EFV since it reduced explo-
ration to open spaces of elevated plus-maze test. Although it is difficult
to extrapolate our findings to the human condition, the inhibition of
brain CK activity by NVP and EFV and the increased DNA damage
caused by EFV may be associated with the neurological adverse symp-
toms of these drugs. Additionally, these observations are important to
understand the mechanisms by which NNRTIs could induce side
effects and could contribute to the development of novel strategies to
attenuate these adverse effects in patients under chronic regimens with
HAART.

DD179
LYMPHOCYTES FROM INDIVIDUALS CARRYING THE
OGG1-S326C POLYMORPHIC VARIANT PRESENT A LOWER
CLEAVAGE ACTIVITY OF 8-OXOGUANINE: EFFECTS OF
GENE EXPRESSION AND OXIDATION STATUS.
V Simonelli (1) *, F Mazzei (1) *, M D’Errico (1) *, S Guarrera (2) *,
F Barone (1), S Camerini (1), L Narciso (1), A Minoprio (1), A Allione
(2), M Crescenzi (1), M Bjoras (3), G Matullo (2), E Dogliotti (1).
*They equally contributed to this work
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Rome, Italy; (2) I.S.I. Foundation, Turin, Italy; (3)
Oslo University Hospital, University of Oslo, N-0027 Oslo, Norway
E-mail: valeria.simonelli@iss.it

OGG1 is the major DNA glycosylase for the removal of the mutagenic
lesion 8-oxoguanine (8-oxoG). A frequently found polymorphism, a
serine to cysteine substitution at position 326 of the OGG1 protein
(S326C), has been associated with cancer risk in several population-
based studies.  A genotype-phenotype correlation study was carried out
in 225 healthy volunteers. Protein extracts were prepared from periph-
eral lymphocytes and OGG1 activity was measured by means of  an in
vitro repair assay. Cell extracts were incubated in the presence of an
oligonucleotide containing a single 8-oxoguanine and labelled at the
3’end with a fluorescent dye, and OGG1 activity was monitored by
quantification of the cleaved products as detected by PAGE. The aver-
age cleavage activity was 2.25+/-0.52 fmoles/ug of protein. A signifi-
cantly lower activity (p<0.001) was detected in extracts from subjects
homozygous for the Cys allele when compared with those homozygous
for the Ser allele. OGG1-Cys homozygotes displayed an approximate-
ly 26% lower basal 8-oxoG glycosylase activity than the OGG1-Ser
variant homozygotes. OGG1 gene expression was measured by RT-
PCR in the same samples. A significant correlation between cleavage
activity and gene expression was recorded (R=-0.30, P<0.001) but no
association was found between OGG1 gene expression and the S326C
SNP. Recent data revealed that the oxidation status of human OGG1
S326C polymorphic variant is the main determinant of the cellular
repair activity (Bravard et al., 2009). To gain mechanistic insights into
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this phenomenon,  the wild type and S326C polymorphic variant were
purified and their sensitivity to reducing/oxidizing agents was charac-
terized in vitro. The analysis by SDS PAGE of the wild type and poly-
morphic proteins revealed significant differences in the sensitivity to
conformational changes with the polymorphic variant being most sen-
sitive to the absence of reducing agents. However, the cleavage activi-
ty of the two proteins was comparable when normalized for the relative
yield of the 39 kDa band suggesting that the protein is active only in
this monomeric conformational status.  The characterization of the
effects of oxidation on the cleavage activity of the wild type and poly-
morphic variant by functional assays as well as by mass spectrometry
is currently under progress.

DD180
MITOCHONDIRAL DNA REPAIR IN DIFFERENTIATED 
NEURONS
P Liu, B Demple
Department of Genetics & Complex Diseases, Harvard School of
Public Health, Boston, MA, USA
Email: pingfang@hsph.harvard.edu

Recent studies expanded known DNA repair pathways in mammalian
mitochondria to include mismatch repair and the long-patch base exci-
sion repair (LP-BER). Mitochondrial LP-BER likely plays an impor-
tant role in protecting mitochondrial DNA (mtDNA) by removing toxic
oxidative lesions. LP-BER in mitochondria depends on FEN1 flap
endonuclease, a protein that is also essential for nuclear DNA repair
and replication, and for cellular proliferation. However, in terminally
differentiated cells such as neurons and muscle cells, FEN1 is down-
regulated as the cells stop proliferating. The decreased levels of FEN1
and perhaps other proliferation-associated proteins may limit mtDNA
maintenance in terminally differentiated cells. The problem may be
especially acute for neurons, which are highly dependent on mitochon-
dria but must often maintain function for decades. Accumulated
mtDNA oxidative damage may underlie age-related neurodegeneration
and neurodegenerative disorders. Using mouse CAD neuroblastoma
line as a model system, we found that FEN1 level is significantly
decreased when the cells were induced in vitro to differentiate into neu-
rons. DNA2, another flap endonuclease involved in mtDNA repair, was
also down-regulated in differentiated CAD cells. Using RNA interfer-
ence technology, we found that artificial down-regulation of FEN1 in
HeLa cells led to decreased DNA2 levels. In contrast, down-regulation
of DNA2 did not diminish FEN1 expression. This result and the obser-
vations with neurons suggest that DNA2 and FEN1 may functionally
interact. Because these two critical LP-BER proteins are down-regulat-
ed following differentiation, we are examining the sensitivity of
mtDNA to oxidative damage in differentiated neurons compared to
proliferating cells.

Abstracts of Posters - DNA damage responses DD001-180

178 ICEM 2009, August 20-25, Firenze - Italy



EM001
MUTATION STUDY IN VITRO ON RECLAIMED WATER IN CITY 
KM Liu, SQ Jiang, GX Li, CH Wang, JS Zhang, N He
Tianjin Center for Disease Control and Prevention, Tianjin 300011,
China
Email: liukemingtj@126.com

BACKGROUND & AIM: To explore the mutation effect of reclaimed
water in Tianjin. MATERIAL AND METHODS:  reclaimed water in
low water and high water periods were fetched. Reverse phase C-18
solid-phase extraction (RP-C18SPE) was used for the extraction of
organic compounds from water samples. Ames test, Cytokinesis-block
Micronucleus test and plasmid DNA breaking test was used to detect
the damage of water samples on genetic material. Moreover, PCR-
DNA gene sequencing method was used to examine the mutation
effects of water samples on some exons of P53 gene. RESULTS: Ames
test showed that both untreated reclaimed water and treated reclaimed
water, except untreated reclaimed water of high water period after
metabolism by S9, could induce mutation of TA98 and TA100 strains
with dose-response relationship, which demonstrated the frameshift
and base replacement mutation effects of municipal reclaimed water.
There were three doses: 16.7, 33.3 and 66.7ml/ml (the denominator
was original water) in micronucleus test, and the micronucleus number
was only slightly increased in the dose of  66.7ml/ml, but there was no
significant difference compared with control group. DNA breaking test
demonstrated that with the increasing doses of municipal reclaimed
water, the plasmid damage was also obviously enhanced. In addition,
linear DNA appeared when plasmid was treated by low water period
samples, and this phenomenon might attribute to the different com-
pounds of water sample extraction. Gene sequencing method testified
that organic extraction of municipal reclaimed water can induce the
mutation of p53 gene in human embryo liver cell(L-02 cell). CON-
CLUSION: municipal reclaimed water, which showed mutation effects
in some extent, might has potential hazards to environment and health.

EM002
INTEGRATION OF METABOLIC ACTIVATION OF 
XENOBIOTICS INTO A BIOSENSOR FOR THE DETECTION
OF GENOTOXIC EFFECTS
S Buchinger (1), P Grill (1), M Riepp (1), S Belkin (2), R Pedahzur (2),
A Biran (2), S Yagur-Kroll (2), Y Shacham-Diamand (3), H Ben-Yoav
(3), G Reifferscheid (1)
(1) Federal Institute of Hydrology, Am Mainzer Tor 1, 56068 Koblenz,
Germany; (2) Institute of Life Sciences, Hebrew University of
Jerusalem, Israel; (3) Faculty of Engineering, Tel Aviv University,
Israel
Email: buchinger@bafg.de

Assays based on the bacterial SOS-response are frequently used as
rapid low-cost methods for the detection of genotoxicity. These test
systems are mostly combined with a bioactivation of the sample in
order to mimic the metabolization of xenobiotics that facilitates renal
excretion. The SOS-umu-test is well established and standardized but
its use is restricted to the laboratory due to a lack of a portable device
allowing field toxicity analysis. As an answer to this need, a whole cell
biosensor based on the bacterial SOS-response combined with an elec-
trochemical signal detection is under development; the device will
include a metabolic activation module, based on the use of stabilized
hepatic microsomal preparations (S9-fraction). The construction of
such a whole cell biosensor would open a new spectrum of possibilities
for rapid and portable water genotoxicity testing. The characterization
of activity and stability of the S9-fraction and the development of a
long term stabilization protocol for the complete xenobiotics metabol-
ic activation system (S9-mix = S9-fraction + activating cofactors) will
be presented. Furthermore, the performance of the electrochemical sig-

nal detection that will be implemented in the biosensor is compared to
the well established and ISO-standardized SOS-umu-protocol. Special
attention is paid to a possible interference between electro-active
species in the metabolic activation-system and the chrono-amperomet-
ric signal detection. In summary, (1) for the first time a long term sta-
bilization of S9-mix at room temperature is demonstrated and (2) the
compatibility of the system for the metabolic activation of xenobiotics
and electrochemical signal detection is shown. The findings indicate
the feasibility of the construction of a biosensor for the detection of
genotoxic effects with an integrated metabolic activation of xenobi-
otics. ACKNOWLEDGMENT We gratefully acknowledge the funding
by the BMBF-MOST Cooperation in Water Technology Research grant
number WT 601 (Project 02WU0844) supported by the German
Federal Ministry of Education and Research (BMBF) and the State of
Israel Ministry of Science, Culture and Sport (MOST).

EM003
CLUSTERING OF UPPER GASTROINTESTINAL 
CARCINOMAS AND GEOGRAPHIC VARIATION IN 
TOPOGRAPHY ARE INDICATIVE OF COMMON 
ENVIRONMENTAL CARCINOGENS IN HIGH-RISK AREAS
IN NORTHERN CHINA
DG Wen (1), LZ Wie (1), WD Zhou (1), SJ Wang (1)
(1) Epidemiology, Fourth Hospital of Hebei Medical University and
Hebei Cancer Institute, Shijiazhuang 050011, China
Email: wshjw136@yahoo.com.cn

Aim In the past, striking geographic variation was noted only for
esophageal cancer (EC) in the high-risk region in Northern China. This
paper aims to note the clustering of upper gastrointestinal cancers and
geographic variations of gastric cardia cancer (GCC) and gastric non-
cardia cancer (GNCC) as well. Methods Cixian, Yangcheng, Linxian
and Shexian are four counties in the high-risk region. They were previ-
ously shown to have the highest mortality rates of EC (≧80 /100,000)
from 1974 to 1976. Their combined population was 2.4 million in
2002. Geographically, Shexian is entirely mountainous, Linzhou and
Yangcheng are mostly moutainous, and Cixian is with one-third moun-
tain, one-third hill, and the other third plains. To show the geographic
variation, we compared the incidence rates of EC, GCC, and GNCC
from 1998 to 2002 between the four counties. Result. The total inci-
dence rates of EC, GCC, and GNCC ranges from 173.5 to 287.1 for the
males, and 111.5 to 145.7 for the females, accounting for 70 to 80 per-
cents of the all-body malignancies in the four counties. Geographically,
the percentages of GCC and GNCC increase from Cixian to Yangcheng
and Linzhou, and further to Shexian, while that of EC decreases in the
same pattern. Conclusion Clustering of EC, GCC, and GNCC in the
region, together with development of EC on local chickens, suggest the
existence of common environmental carcinogens. The geographic vari-
ation in topography of upper gastrointestinal cancers may be related to
regional variation in environmental carcinogens, as suggested by past
animal experimental carcinogenesis tests. As for carcinogenesis, local
carcinogens may have sustained a high susceptibility by initiating,
selecting, and promoting genetic alterations for many years, or even
building-up epigenetic mutation over generations. This hypothesis can
satisfactorily explain the findings of immigration studies. Because
nitrosamines are widely exclaimed as a main risk factor, and water is
the main source for nitrosamines to enter into human body, to improve
water supply condition may be a good primary prevention, although
according to immigrants study, a generation’s time is needed before
meaningful decrease in incidence become clear.

EM004
FORMATION, DNA REPAIR, AND TLS OF 
3-NITROBENZANTHRONE-DERIVED DNA ADDUCTS
M Kawanishi (1), H Nishida (1), H Ishii (1), T Kanno (1), T Takamura
(2), T Matsuda (3), T Yagi (1)
(1) Frontier Science Innovation Center, Osaka Prefecture University,
Osaka, Japan; (2) Department of Applied Chemistry, Kanagawa
Institute of Technology, Kanagawa, Japan; (3) Research Center for
Environmental Quality Management, Kyoto University, Kyoto, Japan
Email: kawanisi@riast.osakafu-u.ac.jp
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AIM: The urban air contaminant 3-nitrobenzanthrone (NBA) is a
suspected human carcinogen. NBA forms several DNA adducts
through metabolic activation in vivo.  Some DNA polymerases are
known to commit translesion DNA synthesis (TLS) across DNA
adduct.  Error-prone replication during TLS results in mutation, and
mutations are thought to cause cancer.  In the present study, we analy-
zed formation of DNA adducts of NBA, DNA repair of the adducts, and
TLS across the adducts. METHODS: DNA adducts formation in
HepG2 human hepatoma cells exposed to NBA was measured with
LC/MS/MS using stable isotope-labeled internal standards.  DNA
repair efficiency was estimated by measuring remaining adducts in the
cells after appropriate repair time.  TLS mechanism was investigated
using E. coli cells and plasmids that have site-specifically a single
NBA-derived adduct. RESULTS AND CONCLUSIONS: LC/MS/MS
detected dG-N2-C2-aminobenzanthrone (ABA), dG-C8-N-ABA and
dA-N6-C2-ABA adducts, and dG-N2-C2-ABA adduct was predomi-
nant in HepG2 cells.  Removal of dG-N2-C2-ABA by DNA repair was
slower than those of dG-C8-N-ABA and dA-N6-C2-ABA in HepG2
cells.  DNA replication of site-specific modified plasmid with a dG-
N2-C2-ABA was blocked severely in E. coli.  On the other hand, dA-
N6-C2-ABA hardly inhibited the replication.  An extent of inhibition
by dG-C8-N-ABA was in-between.  Base sequence analysis of proge-
ny plasmids revealed that dG-N2-C2-ABA was the most mutagenic
adduct among the others.  The results of replication in E. coli that lacks
one of the TLS polymerases indicated that both Pol IV and Pol V were
involved in error-prone TLS across dG-N2-C2-ABA adduct.  On the
other hand, TLS across the other adducts was carried out by multiple
DNA polymerases, and the TLS was error-free. In conclusion, NBA
formed dG-N2-C2-ABA predominantly, this adduct repaired slowly
and severely inhibited DNA replication.  However, once TLS occurred
across this adduct, it frequently induced mutation. ACKNOWLEDGE-
MENT: We sincerely thank Dr. R. P. P. Fuchs (CNRS, France) for his
kind advices.

EM005
INDUCTION OF DNA-ADDUCTS, OXIDATIVE STRESS AND
APOPTOSIS AFTER EXPOSURE TO SELECTED 
POLYCYCLIC AROMATIC HYDROCARBONS IN RAT LIVER
‘STEM-LIKE’ CELLS
L Trilecova (1), S Marvanova (1), J Topinka (2), J Vondracek (1,3), M
Machala (1)
(1) Veterinary Research Institute, v.v.i., Brno, Czech Republic; (2)
Institute of Experimental Medicine ASCR, Prague, Czech Republic; (3)
Institute of Biophysics ASCR, Brno, Czech Republic
Email: trilecova@vri.cz

Polycyclic aromatic hydrocarbons, such as dibenzo[a,l]pyrene
(DBalP),  benzo[a]pyrene (BaP) and its methylated derivatives, and
methylated derivatives of benzo[a]anthracene (BaA) belong to group
of various environmental contaminant with strong genotoxic effects. In
this study, we evaluated their genotoxic effects in rat liver epithelial
cell line WB-F344, in vitro model of liver oval cells. The analyzed end-
points included formation of DNA-adducts, induction of oxidative
stress, phosphorylation of Chk1, p53, modulation of S-phase of cell
cycle and apoptosis. Formation of DNA-adducts was measured by the
32P-postlabeling method. We found that DBalP and 7,12-dimethyl-
benz[a]anthracene (DMBA) were the most potent inducers of DNA
adducts formation. Other methylated BaAs induced only low levels of
DNA adducts in comparison with DMBA. In the group of BaP and its
methylated derivatives, all tested compounds induced formation of
DNA-adducts, with 1-MeBaP being the most potent inducer. Formation
of reactive oxygen species (ROS) was detected by flow cytometry. The
strongest tested inducers of oxidative stress were DMBA, BaP and 6-
MeBaP. Phosphorylation of p53 protein was detected by Western blot-
ting, and it was significant only in case of DBalP, DMBA, 10-MeBaA,
BaP and 1-MeBaP. Activation of Chk1 protein was measured after
exposure to BaP and its methylated derivates. These results corre-
sponded with activation of p53 protein. The delay of cells in S-phase of
the cell cycle was caused by 10-MeBaA, DMBA, BaP, DBalP and 10-
MeBaP. Apoptosis was detected by flow cytometry and fluorescent
microscopy. The results suggested that apoptosis was induced mainly
by compounds inducing high levels of DNA adducts, with exception of

10-MeBaA, which induced significantly higher apoptosis than expect-
ed from the 32P-postlabeling data. In this case, formation of ROS lead-
ing to oxidative stress might be involved in its toxicity, alternative to
formation of stable DNA adducts. The present results suggest that liver
epithelial cells might be a useful model for studies of genotoxicity of
PAHs and related organic pollutants. [This work was supported by the
Czech Science Foundation, grant No. 525/08/1590].

EM006
EFFECTS OF POLYCYCLIC AROMATIC HYDROCARBONS
IN HUMAN PROSTATE CARCINOMA LNCaP CELLS
E Hruba (1), L Trilecova (1), S Marvanova (1), H Libalova (2), J
Topinka (2), K Soucek (3), J Vondracek (1, 3), M Machala (1)
(1) Veterinary Research Institute, Brno, Czech Republic; (2) Institute of
Experimental Medicine AS CR, Praha, Czech Republic; (3) Institute of
Biophysics AS CR, Brno, Czech Republic.
Email: hruba@vri.cz

The prostate carcinoma is presently one of the most prevalent cancer
diseases. Epidemiologic studies suggest a possible link between geno-
toxin exposure and prostate carcinogenesis. In this study, we investigat-
ed effects of potent genotoxic polycyclic aromatic hydrocarbons
(PAHs) - dibenzo[a,l]pyrene (DBalP) and benzo[a]pyrene (BaP) in
human prostate androgen-responsive adenocarcinoma cell line LNCaP.
Our results based on Western blot and RT-PCR analyses showed that
PAHs are metabolically activated and form significant levels of PAH-
DNA adducts in LNCaP cells as detected by 32P-postlabeling tech-
nique. However, the DNA damage failed to activate cellular defense
mechanisms including cell cycle arrest and apoptosis (nuclear DNA
fragmentation identified morphologically by fluorescent staining).
Therefore, in the second part of the study, we further investigated pos-
sible mechanism(s) contributing to the survival of LNCaP cells
exposed to genotoxic PAHs. We also examined effects of the test com-
punds on overall profile of gene expression in the prostatic cells by
microarray technology. The preliminary analyses of microarray data
revealed that responses to BaP were similar to the effects of a potent
aryl hydrocarbon receptor (AhR) agonist 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD). A series of genes associated with DNA damage
response (RAD21, RAD51, ERCC6, BRCA1), cell cycle control
(CCNA2, CDK2, E2F2, E2F1) and or mitosis progression (CENPA,
AURKA), seem to be downregulated, while some anti-apoptotic genes,
such as BCL6 were upregulated in LNCaP cells. Future studies should
establish the role of BCL6 and/or possible other anti-apoptotic signals
in the survival of prostatic cancer cells exposed to genotoxic PAHs.
[Supported by the Czech Science Foundation, project No.
310/07/0961].

EM007
THE COMPARISON STUDY ON CHROMOSOMAL ABERRA-
TIONS IN HUMAN PERIPHERAL BLOOD LYMPHOCYTES
INDUCED BY 18.8MeV PROTON AND 60Co-γγ RADIATION 
J Du(1), Y Chen(1), XK Yan(1), XQ Zhang(1), ZW Wang(2)
(1)Beijing Institute of Radiation Medicine, Beijing, China; (2) China
Institute of Atomic Energy, Beijing, China.
Email: yingchen29@yahoo.com.cn

Background and aims: Proton is the main component of space radiation
and may bring risk to astronaut’s health. In order to understand the
radiation biological effect of proton, the dose-effect curves of
chromosomal aberrations in human blood lymphocytes induced by
proton and 60Co-γ ray were established and relative biological effects
between both were compared. Methods: Human blood in vitro was
exposed to 0.5, 1, 2, 3, 4 and 5Gy 18.8MeV proton produced by acce-
lerator of China Institute of Atomic Energy and 60Co-γ ray of same
doses respectively, dose rate was 0.5Gy/min. Conventional chro -
mosome preparation was accomplished. The chromosomal aberrations
were counted and dicentrics and rings were used as establishing dose-
effect curves. RBE of 18.8MeV proton radiation was obtained by
comparison of chromosomal aberration frequency with 60Co-� ray.
Results: The frequencies of chromoasomal dicentrics and rings induced
by 0.5-5Gy proton and 60Co� ray showed better dose dependence.
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Both dose-effect curves fitted to linear-square model. RBE of proton
showed negative correlation with dose and were from 1.87~1.01, 1.41
average in range of 0.5-5.0 Gy. Conclusions; 18.8MeV proton
produced higher relative biological effect in low dose range compared
with 60Co-γ ray.

EM008
RELATIONSHIP BETWEEN TP53 TUMOR SUPPRESSOR
GENE MUTATIONS AND SMOKING-RELATED BULKY DNA
ADDUCTS IN A LUNG CANCER STUDY POPULATION FROM
HUNGARY
L Anna(1), R Holmila(2), K Kovács(1), E Györffy(1), Z Györi(3), J
Segesdi(3), J Minárovits(3), I Soltész(4), Sz Kostič(4), A Csekeö(4); K
Husgafvel-Pursiainen(2), B Schoket(1)
(1)National Institute of Environmental Health, Budapest, Hungary;
(2)Finnish Institute of Occupational Health, Helsinki, Finland;
(3)National Center of Epidemiology, Budapest, Hungary; (4)Korányi
National Institute of Pulmonology, Budapest, Hungary
Email: anna.livia@oki.antsz.hu

Background/Aim. Lung cancer rate in Hungary is one of the highest in
the world among men and also very high among women, for reasons
not clearly understood yet. The aim of the study was to explore charac-
teristics of DNA damage and TP53 gene mutations in lung cancer from
Hungary. Materials and methods. Tissue samples from 104 lung resec-
tions for lung cancer patients, both men and women, operated on for
non-small cell lung cancer, specifically, primary squamous cell carci-
noma or adenocarcinoma were studied. Of the cases, 37% smoked up
to the surgery, 24% stopped smoking within one year before the sur-
gery, 26% stopped smoking more than a year before the surgery, and
13% never smoked. TP53 mutations were detected by automated cap-
illary electrophoresis single strand conformation polymorphism and
sequencing. Bulky DNA adduct levels were determined by 32P-postla-
belling in non-tumorous lung tissue. Results. In total, 45% (47/104) of
the cases carried TP53 mutation. The prevalence of TP53 mutations
was statistically significantly associated with duration of smoking,
tumour histology and gender. Smokers had approximately twice as
high bulky adduct level as the combined group of former and never
smokers (10.9 ± 6.5 vs 5.5 ± 3.4 adducts/108 nucleotides). The com-
mon base change G→T transversion (8/43; 19%) was detected exclu-
sively in smokers. Conclusions. For the first time, we demonstrate that
most carriers of G→T transversions had also a high level of bulky
DNA adducts in their non-tumourous lung tissue. Our study provides
evidence for a high burden of molecular alterations occurring concur-
rently in the lung of lung cancer patients.
Acknowledgement. The excellent technical assistance by Katalin
Lévay, Gizella Papp, Ágnes Karácsonyi and Gabriella Fleischer in
Budapest and Tuula Suitiala in Helsinki is gratefully acknowledged.
The research was supported in parts by OTKA T034616, Hungarian-
Finnish Science and Technology Foundation SF-02/01 & SF-14/03
grants and by EU FP6 ECNIS 513943 NoE.

EM009
EFFECTS OF MULTIPLE STRESSORS EXPOSURES ON
PLANT POPULATIONS
SA Geras’kin
Laboratory of Plant Ecotoxicology, Russian Institute of Agricultural
Radiology and Agroecology, 249030, Obninsk, Russia
Email: stgeraskin@gmail.com

An assessment of the state of plant and animal populations inhabiting
polluted territories and the analysis of mechanisms of their adaptation
to adverse environmental conditions undoubtedly has general biologi-
cal importance. Consequently, studies that examine biological effects
on non-human biota in natural settings provide a unique opportunity for
obtaining information about the potential biological hazard associated
with pollution of the environment. Nevertheless, up to now there is a
distinct lack of quantitative data on the real long-term biological con-
sequences of chronic multipollutant exposure lasting a long period of
time. Actually, few studies exist that are directly relevant to under-
standing the responses of plant and animal populations to multipollu-

tant exposure in their natural environments. The results of long-term
field experiments in the 30-km Chernobyl NPP zone, Ukraine, in the
vicinity of the radioactive wastes storage facility (Leningrad Region),
at radium production industry storage cell territory (the Komi
Republic), in the Bryansk Region of Russia affected by the Chernobyl
accident, and in Semipalatinsk Test Site, Kazakhstan that have been
carried out on different species of wild and agricultural plants are dis-
cussed. Although overwhelming majority of pollutants cause primary
damage at the molecular level, there are emergent effects at the level of
populations, non-predictable solely from the knowledge of elementary
mechanisms of the pollutants’ influence. The chronic low dose expo-
sure appears to be an ecological factor creating preconditions for pos-
sible changes in the genetic structure of a population. Plant populations
growing in areas with relatively low levels of pollution are character-
ized by the increased level of both cytogenetic disturbances and genet-
ic diversity. Under conditions of chronic exposure in pine tree popula-
tions were developed seed descendants with significantly lower repro-
ductive ability than in the reference population. Contamination of the
plants environment activates genetic mechanisms, changing a popula-
tion’s resistance to exposure. However, in different ecological situa-
tions, genetic adaptation to extreme edaphic conditions in plant popu-
lations could be achieved with different rates.

EM010
A MULTI-BIOMARKER APPROACH FOR ASSESSING 
PRODUCED WATERS TOXICITY AND GENOTOXICITY IN
GAMBUSIA AFFINIS AS A MODEL FISH SPECIES
I Caliani (1), M Ferraro (2), S Casini (1), S Porcelloni (1), S Maltese
(1), G Mori (1), L Marsili (1), MC Fossi (1)
(1) Department of Environmental Sciences, University of Siena, Siena,
Italy; (2) Eni S.p.A. Exploration & Production Division, AMTE, Milan,
Italy
Email: caliani4@unisi.it

The aim of this study was to develop and validate a multi-biomarker
approach in Gambusia affinis, proposed as a model fish to assess the
toxicological and genotoxic impact of produced water (PW). PW is
seawater mixed with hydrocarbons and derives from the extraction of
oil and gas from under the seabed; it contains residual hydrocarbons,
trace elements, naturally occurring radioactive material and potentially
toxic treatment chemicals such as biocides, dispersants, detergents and
scale inhibitors used in oil production. Female mosquito fish
(Gambusia affinis) were exposed for 8 and 30 days in the laboratory to
different PWs from Mediterranean on-shore oil and off-shore gas
installations. Specimens were also exposed to water and sediment from
an Italian ship canal (Navicelli Channel). DNA damage was evaluated
in erythrocytes by single cell gel electrophoresis (Comet assay) and
erythrocytic nuclear abnormalities (ENA) assay. Biotransformation and
oxidative stress biomarkers responses were also investigated to obtain
a correct interpretation of complex results and a clear indication of the
degree of stress syndrome induced by PWs: induction of phase I
(EROD, BPMO activity) and phase II (GST activity) biotransformation
systems, FACs, LPO, enzymatic antioxidants (GPX, GR, CAT), a non-
enzymatic antioxidant (glutathione-GSH). AChE activity and por-
phyrins were assessed too. G. affinis was found to be a suitable test
organism for laboratory studies to investigate the potential toxicity of
PWs. Genotoxicity biomarkers were found to be sensitive responses in
exposed organisms, in particular, increase of Comet assay and ENA
assay values after 8 days of exposure demonstrated genotoxic effects of
PWs. On the other hand, increase in tail DNA (%) and absence of alter-
ation in ENA frequencies allowed to hypothesize that organisms are
able to repair the DNA damage after 30 days. These data, compared to
other test results, allowed to validate the multi-biomarker approach for
the integrated assessment of exposure and toxicological and genotoxic
hazard due to petroleum derivatives. The multiparametric approach and
Gambusia affinis as model fish species offer a powerful combination of
low cost, rapid response time and high response sensitivity.
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EM011
GENOTOXICITY EVALUATION OF ONE HIGHLAND ASTER-
ACEAE 
W Soria (1), G Rodrigo (1)  
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: wendy.soria@gmail.com

Ambrosia arborescens shrub originally from South America has long
been used in traditional medicine, distributed in high areas (2500 to
3800 m above sea level). In phytochemical investigations, studies of
Ambrosia arborescens revealed the presence of alkaloids, flavonoids,
guanilosides and sesquiterpen lactones, besides several active princi-
ples from its essential oil. Considering the interest in natural compo-
nents, this study wants to assess the genotoxic and antigenotoxic poten-
tial of three extracts obtained from it. Three Ambrosia arborescens
extracts: brome ethanol, dichloromethane and petroleum ether, were
assessed using whole blood cells incubated 2 hours at 37ºC with these
extracts in different concentrations, all the extracts were diluted in 1%
DMSO. Determination of DNA damage by comet assay was conduct-
ed according to Tice et al. 1999 with some modifications; slides were
stained with a silver nitrate solution. Fifty cells were evaluated per
slide considering cell damage frequency (ID) and two slides were eval-
uated for treatment. Brome ethanol extract was used in 5 concentra-
tions between 2000mg/ml and 250mg/ml, Petroleum ether extract was
also used in 5 concentrations from 66.55mg/ml to 8.31 mg/ml. In both
cases the three highest concentrations, showed a statistical difference
with the negative control whereas the 2 lowest, did not. Finally
dichloromethane extract was used in 10 concentration because of the
active principles found in it, from 14.1 mg/ml to 0.0025 mg/ml. As a
result the three highest concentrations showed an increase in the ID,
despite the others seven that did not have a genotoxic activity. For the
antigenotoxicity assessment the three not genotoxic concentrations
from each extract were evaluated against 1.5% H2O2. Brome ethanol
extract as well as petroleum ether extract had an important reduction in
the ID, compared with the inductor. In contrast dichloromethane
extract only shows a statistical difference in the highest concentration.
The Ambrosia arborescens extracts possess genotoxic activity in high
concentration nevertheless low concentrations do not have genotoxic
activity. However in antigenotoxic assessment the highest chosen con-
centrations present more activity decreasing the ID respect to the
H2O2.

EM012
GENOTOXIC ASSESSMENT OF TWO SESQUITERPEN 
LACTONES
W Soria (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: wendy.soria@gmail.com

Sesquiterpene lactones are natural products distributed widely in the
Asteraceae family, especially in genders such as Artemisia and
Ambrosia, these substances are usually bitter, and their distribution can
be different depending on the plant since 0.01% to 8% in dry material,
but the highest concentration is frequently found in leaves.
Sesquiterpene lactones biological activity has been reported, including
cytotoxic, antibacterial, antifungal, antitumoral, analgesic and antipro-
tozoal effects. Numerous essential oils have been obtained from
Bolivian plants. However, studies related to the biological activity of
those metabolites are scanty. Asteraceae family, essential oils are rich
in monoterpenes, oxygenated sesquiterpenes, some sesquiterpene
hydrocarbons, and a high quantity of sesquiterpene lactones especially
in the aerial part, product of them, two molecules Damsina and
Coronofilina were obtained. Damsina and Coronofilina were assessed
using whole blood cells incubated 2 hours at 37ºC in five concentra-
tions from 200µg/ml to 25µg/ml, both molecules were diluted in 1%
DMSO. Determination of DNA damage by comet assay was conduct-
ed according to Tice et al. 1999 with some modifications; slides were
stained with silver nitrate solution. Fifty cells were evaluated per slide
considering cell damage frequency (ID) and two slides were analyzed.
In the genotoxic assessment concentrations of 25µg/ml, 50µg/ml and
100µg/ml did not show a statistical difference with untreated cells for

both molecules; also Coronofilina at 150µg/ml did not present geno-
toxic potential, but it did in the highest concentration. On the other
hand Damsina showed a statistical significance since 150µg/ml. For the
antigenotoxic assessment the three non genotoxic concentrations were
considered, in this assessment, both molecules showed a decrease in
the ID in 100µg/ml and 50µg/ml, but in the lowest concentration
25µg/ml the statistical difference was not significant. Therefore, low
concentrations are not genotoxic, however they posses less restorative
capacity than the others concentrations.

EM013
GENOTOXICITY OF AGRICULTURAL SOILS DEDICATED
TO CABBAGE (BRASSICA OLERACEA VAR. CAPITATA L)
CROP GROWING IN HUARICANA, LA PAZ, BOLIVIA.
D Limache (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: dannys007us@gmail.com

Vicia faba micronucleus test was used to assess the genotoxicity of
soils dedicated to cabbage crop growing in Huaricana, an agricultural
village located about 26 km south of La Paz city. Soils samples were
collected during dry season (April - September) in two different times:
before “sowing period” and after “harvest period” from three agricul-
tural plots and a “negative control plot” dedicated to grow organic veg-
etables for about ten years. Interviews were realized to the farmers and
owners of the plots sampled in order to determinate chemical products
and agricultural practices used during the current campaign and previ-
ous campaigns. The genotoxicity in terms of micronuclei (MCN) fre-
quencies in the root tip cells of Vicia showed that soils sampled from
two fields (H1 y H2) were genotoxic before beginning the cabbage
crop growing. This indicates that the pesticides or others contaminant
residues applied during previous campaigns maintained their genotox-
ic effect on soils. The third soil sample (H3) did not present genotoxic
potencial, due to be used as fallow land during the last two agricultur-
al campaigns. After the “harvest period” both H1 and H2 maintained
their genotoxic condition due to the application of α- cyano-
pyretroides, pesticides that have previously shown clastogenics effects
in commercial formulations. Likewise, H3 also showed a significant
increasing in the MCN frequency respecting to the negative control,
although any kind of chemical control were used during the campaign.
This behavior can be explained through the effect of some agricultural
practices used during dry season, like farmland irrigation with waste-
water arising from Choqueyapu River, which goes through the city
accumulating industrial effluents and municipal sewage from its many
tributaries.

EM014
GENOTOXICITY BY MERCURY IN FRESHWATER FISHES
FROM MADRE DE DIOS RIVER
J Chávez (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: tarope713@hotmail.com

Mercury is an environmental polluting agent of high toxicity, widely
used in operations of gold extraction. This heavy metal is disposed
directly into aquatic ecosystems, causing serious pollution problems in
the aquatic fauna as well as in human being through consumption of
contaminated fish and river sediments, and water. Mercury in sedi-
ments undergoes a methylation process, becoming one of the most
toxic forms of this element, methylmercury, which has strong terato-
genic, nephrotoxic and neurotoxic potential. Considering the danger
which populations may be exposed, and mercury compounds are able
to induce genetic damage, it was done a preliminary assessment with
native fish (n = 9) of the river Madre de Dios through the erythrocyte
micronucleus test, due to the assay is sensitive to both clastogens and
aneugens. As a result micronuclei can contain either chromosome frag-
ments or whole chromosomes. A total of 4000 cells were assess per
individual. Similar behavior was observed for the frequency of
micronuclei (MNC ‰) and damage index (ID) pacupeba> catfish>
blanquillo (MNC ‰ 28167> 26750> 15667 and ID 0.39> 0033> 0018)
respectively. Although these values are low, it must be consider that
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both the pacupeba and catfish could be good bioindicator of mercury
contamination. However, further research is required in this regard,
increasing the number of individuals; also assess if the parasites (myx-
osporidios) that were found in catfish, generate additional damage by
mercury contamination.

EM015
COMET ASSAY AND MICRONUCLEI TEST ON WILD BIRDS
TO ASSESSMENT THE MUTAGENIC EFFECT OF HEAVY
METALS POLLUTION IN TOWNS WITH MINER ACTIVITY
MC Cassis (1), G. Rodrigo (1), A Garitano-Zavala (2)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia; (2) Ecology Institute, University Major
of San Andres, La Paz, Bolivia.
Email: coralnena@gmail.com

Mines activity pollutes heavy metals from the ground and water of the
surrounding areas. This may cause the gathering of some bio-toxines.
The chronic gathering of this would provoke poisoning and even death.
The environmental surveillance use bio-indexes to evaluate the damage
on the environment as well as some genotoxines. Most of heavy met-
als have been shown as genotoxic for in-vitro cells. However, there are
not any studies on the relation between the exposition to heavy metals
and genotoxic effects on wild animals. Micronuclei test in blood and
comet assay in liver, on adult specimens of Nothorprocta ornate and
Nothura darwinii. The species used for this research were captured
within the range of studies based on tisular bio-gathering of As, Cd, Pb,
and Sb. These birds came from two miner towns where it was proved
the edafic and aquatic pollution of heavy metals, and two towns with-
out miner activity. In addition, four Nothorprocta ornate specimens
were taken out of an experimental farm. The comet assay was standard-
ized on the composition of the liver of these species. The visualization
of nuclei was done by silver nitrate staining. None of these approaches
revealed a significant difference between birds from towns with miner
activity and towns without this activity. Thus, we conclude that no
damage is done in these species by the miner activity. Although the
species that were part of our experiment showed a great biogathering,
they did not show a close relation between concentration of heavy met-
als and genotoxic damage

EM016
MUTAGENIC EVALUATION OF ETHANOLIC EXTRACT TO
Baccharis genistelloides BY AMES TEST
J Guzmán (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: jessica_otazo@hotmail.com

Baccharis genistelloides is a slightly shrubby plant commonly used in
the folk medicine in Bolivia and in other countries in South America.
This plant has many therapeutical properties as medicinal herb such as
liver-protective properties, and stomach disorders; also to treat dia-
betes, ulcers, angine, anaemia, diarrhoea and inflamatory processes. B.
genistelloides has many phytochemical compounds, such as essential
oils, diterpenes (clerodane), saponins and their glycosides, and several
flavones. Different biological properties for the extracts of B. genistel-
loides has been reported such as antioxidant,  anti-inflamatory and
antimutagenic activities against of 3-amino-1-methyl-5H-pyrido[4,3-
b]-indole. The Salmonella typhimurium mutagenicity assay or Ames
test (Maron and Ames 1983) is the most widely used test for assessing
the genetic toxicity of chemicals. The bacterial strains used in this test
have mutations in genes coding for enzymes required for the biosyn-
thesis of the aminoacid histidine. Several of these strains contain
frameshift mutations and thus respond to chemicals that induce
frameshift mutations; others have base pair substitutions and are used
to detect chemicals that induce this type of mutation. We tested the
mutagenic potential of ethanolic extract from the air parts of B. genis-
telloides by the Ames test with the plate incorporation methodology
and with the strains TA98, TA100 and TA102; with and without S9.
The concentrations evaluated were 5, 2.5, 1.25, 0.625 and 0.3125
µg/plate; we used dimethilsulfoxide (DMSO) as diluent and negative

control. The results showed that all the concentrations evaluated of B.
genistelloides ethanolic extract are not mutagenic to any of the tested
strains (- S9 and + S9) and in the conditions of our assay.

EM017
TOXIC AND GENOTOXIC ACTIVITY TO CLORPIRIFOS BY
SMART TEST
J Laura (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: mutagentox@yahoo.com

Chlorpyrifos as an active ingredient found in various pesticides, is a
broad spectrum organophosphate and is used in agriculture and house-
hold pest control, is water soluble making contact with the organic
phase environment. These components inhibit acetylcholinesterase
(AChE), an enzyme of the nervous system of a number of species,
including humans, that is activated in the human liver by cytochrome
P-450, through oxidative desulphurization to toxic forms similar to
oxygen, as well as non-toxic metabolites, which did not inhibit AChE. 
In this study toxic and genotoxic capacity to pesticide chlorpyrifos
were evaluated using Drosophila melanogaster. Larvae of third instar
from the standard (ST) and high bioactivation (HB) crosses were fed
with concentrations between 7 to 0.0015 parts per trillion (ppt) of the
pesticide. Lethal 50 dose was determined by counting survivors and
genotoxic evaluation test was conducted by the somatic mutation and
recombination test in Drosophila wings with genetic markers mwh and
flr3. The organophosphate pesticide chlorpyrifos with trade name
Lorsban 48E presents toxic activity at concentrations between 0.2 and
7ppt and subtoxic activity between 0.0015 and 0.1 ppt, this may be
because of  chlorpyrifos neurotoxicity  by the inhibitory action of the
enzyme acetylcholinesterase and the decrease of haemocytes . In rela-
tion to genotoxicity, we followed the protocol established by Graf et al.
(1984), in the standard cross, Lorsban 48E showed inconclusive
answer, however in the high bioactivation cross, genotoxic activity was
found at concentrations of 0.1, 0.05, and 0.015 ppt. This reaction could
be produced by the trichloropiridinol a secondary metabolite, and com-
ponents of formulation of the pesticide: chlorpyrifos, xylene and emul-
sifiers.

EM018
GENOTOXIC EVALUATION OF MILKS BY SMART TEST
C Buitron (1), G Rodrigo (1)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia
Email: carolabuitron@hotmail.com

Aflatoxins (AF) are secondary metabolites of fungi mainly of the
Aspergillus genus with all the aflatoxins AFB1 is considered the most
carcinogenic compound, followed by AFM1 which is a product of the
biotransformation of AFB1, the AFM1 is excreted in milk by cows that
have eaten food contaminated with AFB1 due to food mishandling that
is given to cattle, generating a proliferation of fungi due to favorable
conditions of humidity and temperature. Milk is a fundamental food for
children, and the possibility that this contaminated with AFM1 should
be a concern. In this research we have evaluated 15 samples of raw
milk, 12 milk ultrapasteurized and 6 powdered milk to the level of con-
tamination AFM1 by the ELISA method (Test Ridascreen Fast
Aflatoxin M1), then the genotoxic assessment by  Somatic mutation
and recombination test (SMART) in wings to Drosophila melanogaster
of the sample with the highest concentration of the AFM1. We used
standard and high bioactivation crosses. Larvaes to third instar from
both crosses were fed with different sample concentrations; the surviv-
ing individuals were counted and then the hairs of the wings were ana-
lyzed according to the protocol of Graf et al. (1984) to observe the fre-
quency of mutations using genetic markers mwh (multiple hairs) and
flr3 (wide base hairs). All milks were positive for the presence of
AFM1 with values ranging from 40, 94 up to 804.02 ppt of AFM1.  The
results for the most contaminated milk showed genotoxic activity for
standard cross in 50, 200 and 800 ppt, whereas the high bioactivation
cross did not. In brief milk assessment revealed a genotoxic potential.
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EM019
NITRO-COMPOUNDS INVOLVEMENT TO THE MUTA-
GENICITY OF URBAN PM2.5 AND PM10 IN TURIN.
D Traversi (1), T Schilirò (1), R Degan (1), C Pignata(1), G Gilli (1), 
(1) Department of Public Health and Microbiology, University of the
Study of Turin, Italy
Email: deborah.traversi@unito.it

Fine particles may be active carriers of toxic compounds into the lung
alveoli. The direct acting mutagenicity per unit mass of fine PM is sig-
nificantly higher than those of the coarse particles especially in urban
area, where the nitro-compounds seem to play a predominant role on
the total mutagenicity. In this study the mutagenic properties of urban
PM2.5 and PM10 were evaluated and the nitro-compounds role was
estimated. PM2.5 and PM10 samplings were daily performed during
the 2007 in Turin and a consolidated in vitro test - the Salmonella assay
- is conducted with PM2.5 and PM10 organic extracts. The mutagenic
properties were assessed for each month of sampling. S. typhimurium
TA98 and TA98 derived strains were used. Nitroreductase-less mutant
TA98NR and YG1021 carrying a nitroreductase-producing plasmid
assays were performed to define the nitro-compounds burden on the
mutagenic properties. The annual measured mean levels of PM2.5 and
PM10 were 34±20 and 48±18 µg/m3. The PM2.5/PM10 ratio ranged
from 0.36 to 0.89. The Salmonella assay showed higher mutagenicity
in autumn/winter (20±15 TA98NR, 54±39 TA98, 173±161 YG1021 net
revertens/m3) respect to spring/summer (2±2 TA98NR, 7±8 TA98,
24±27 YG1021 net revertens/m3)(p<0.01). There is also statistical sig-
nificant seasonal difference in the gravimetric analysis data. The ratio
between the TA98 net revertants per PM2.5 µg is 6.5 folder than per
PM10 µg. Moreover bioassays results showed an amplified response in
the YG1021 strain and a reduced response in the TA98NR strain. The
net revertant ratio TA98NR/YG1021 is equal to 11±4 for PM2.5 and
13±6 for PM10 organic extracts (p<0.01). There is a significant corre-
lation with NO concentration especially for YG1021 net revertants
obtained after PM10 organic extract exposures. These results highlight
the critical role of the urban fine and ultrafine PM pollution and show
up the predominant role of the bacterial nitroreductase on the induced
mutagenicity. The reduction of the NO2 functional groups and the gen-
eration of more reactive intermediates is fundamental to produce DNA
mutations. These findings can describe a relevant role of the nitro com-
pounds and they underline a primary prevention improvement in order
to reduce nitrated molecules air pollution.

EM020
DETECTION OF INDUCED GENOMIC POLYMORPHISMS IN
LUNG CELLS AFTER IN VITRO EXPOSURE TO PM2.5
ORGANIC EXTRACTS.
D Traversi (1), P Cervella (2), G Gilli (1)
(1) Department of Public Health and Microbiology, University of
Turin, Italy; (2) Department of Animal and Human Biology, University
of Turin, Italy
Email: deborah.traversi@unito.it

Background: The mutagenic and genotoxic properties of the particulate
matter is widely demonstrated especially for fine particles. Various
DNA damages have been well proved both in prokaryotic and eukary-
otic systems after in vitro exposition. Among these injures there are
base insertion, deletion and substitutions, cross links and pyrimidine
dimer formation, single and double stand breaks. These kinds of dam-
age could be promoted by compounds carried by the PM, which are
able to interact directly with the DNA or after modifications mediated
by cell enzymes (e.g. oxidation, alchilation and DNA bulky adduct for-
mation). A simple way to detect DNA modification could take advan-
tage from the comparison of amplification profiles obtained with ran-
dom or semi-random PCR techniques. The goal of this work is to pro-
pose a new-method to describe the genotoxic properties of fine PM.
Such method, based on a bio-molecular approach, involves the study of
genetic fingerprint of exposed and control cells. Materials and
Methods: PM2.5 was sampled during the winter season. Embryonic
human lung fibroblast (HELF) cultured cells were exposed to increas-
ing amounts of PM2.5 organic extracts. Cell proliferation and viability
were evaluated, and the XTT assay was performed to estimate the mito-

chondrial activity of live cells. Parallel series of HELF cells were used
for total DNA extraction and AFLP (Amplified Fragment Length
Polymorphism) characterisation and their electrophoretic profiles were
then compared with those of non-exposed cells. Results and
Conclusions: At the maximum dose of exposure (250 µg of PM2.5 / ml
of culture medium) we observed 56% cell viability reduction, 83% of
mitochondrial activity conservation and the 9% of polymorphic ampli-
fication products, respectively, in treated cells compared to the con-
trols. These preliminary data show the practicability of this method in
detecting appreciable PM-induced polymorphisms levels and its suit-
ability in evaluating genotoxic effects of air pollutants.

EM021
CLONING AND EXPRESSION OF THE TUMSTATIN ACTIVE
PEPTIDES-T7 AND ITS DERIVANT-T7-NGR
NL Song,  X He,  QR Zhao,  TD Yan,  L Wen
The Institute of Radiation Medicine of Chinese Academy of Medical
Science and Peking Union Medical College, 238# Baidi Road, Nankai
District, Tianjin, China
Email: nalingsong@sina.com

Aim To enhance the role targeting, design to link NGR sequence with
tumstatin active peptides-T7’s C-terminal,the derivant called T7-NGR. 
Methods The cloning vector pMD-T7 and pMD-T7 N were construct-
ed by PCR and gene synthesis methods, respectively, identified by
digestion and DNA sequencing. After the digested plasmids were solat-
ed by the low melting point agarose electrophoresis,the target-fragment
was cut off and mixed with the recovery of the digested vector pET28a.
Expression vector pET-T7 and pET-T7 N were constructed in low melt-
ing point agarose, identified by digestion and DNA sequencing, trans-
formed into competent Escherichia coli BL21 (DE3), induced by
IPTG. Results Identification result shows that pET-T7 and pET-T7 N
were correct. Tricine-SDSPAGE results showed that IPTG concentra-
tion of 1 mM,after the induction of 25_C, 8 h, T7 peptides and T7-NGR
peptides have achieved the optimum conditions of expression.
Conclusions In conclusion, the expression vectors of the two peptides
has been successfully constructed, and got product, no coverage at
home and abroad, laid the foundation for further activity experiments.

EM022
EVALUATION OF MICRONUCLEUS INDUCTION BY 
AIRBORNE PM2.5 AND COMPARISON WITH 
SALMONELLA ASSAY RESULTS
A Martino (1), C Bocchi (1), F Cassoni (1), F Fontana (1), G Pinto (1)
(1) Arpa Emilia Romagna, Sezione Provinciale di Parma, Laboratorio
Tematico di Mutagenesi Ambientale, Parma, Italy.
Email: amartino@arpa.emr.it

Background: fine PM is an important health risk for citizens. Arpa
Emilia Romagna created in 1997 a regional network for continuous
monitoring of mutagenicity of PM2.5 in different urban sites of the
region using Salmonella typhimurium reversion bioassay.
Aim: mutagenicity assessment of urban PM by in vitro micronucleus
assay compared with Salmonella typhimurium assay (Ames).
Methods: PM2.5 particulate samples are collected in February, July and
December from 2004 to 2006 in Parma, Bologna, Ferrara and Rimini
and from Feb 2005 in Ravenna. The sampling is continuous during 24h
(sampling flow 1m3/h) and PM mass is determined by gravimetric
analysis; monthly filters are extracted with acetone by Soxhlet appara-
tus. Genotoxicity is evaluated using cytokinesis-block micronucleus
assay (CBMN) in human lymphocytes from whole blood of healthy
donors and using two Salmonella strains (TA98 and TA100) with and
without metabolic activation (S9). In the same extracts we determined
Polycyclic Aromatic Hydrocarbons (PAHs) concentrations, too.
Results: CBMN assay results show the presence of clasto-
genic/aneugenic substances, adsorbed on PM, only in 2 winter samples
of Bologna, Feb 2004 and 2005. However some samples show toxici-
ty at higher doses (1.6 and 3.2 m3/ml). Data from Salmonella assay
show presence of mutagenic substances with a prevalence of direct-act-
ing mutagens, in a typical seasonal trend, with higher levels in autumn-
winter and lower in warmer period of the year. In this study, induction
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of micronuclei is not correlated with PAHs and PM2.5 concentrations
(R2 < 0.4). Comparing the bioassays we found the best correlations
(revertants/m3 vs MN/m3) in Ferrara and Ravenna samples, that show
Pearson’s r varying from 0.5 to 0.6. Conclusions: in this study micronu-
clei induction seems not to be related to PAHs and PM2.5 levels, high-
lighting that mutagenicity can be associated to other classes of sub-
stances and that is determined by PM quality rather than its quantity.
The use of several mutagenicity assays, with different endpoints, gives
a better knowledge of PM genotoxicity. In fact the poor correlation
between CBMN and Salmonella assay results shows that one bioassay
cannot be used as a powerful marker of genotoxicity.

EM023
COMPARISION OF MUTAGENICITIES AND GENE 
EXPRESSION PROFILES OF COMFREY AND RIDDELLIINE
IN RAT LIVER 
M G Manjanatha, N Mei, T Chen
Division of Genetic and Reproductive Toxicology, National Center for
Toxicological Research, Jefferson, AR 72079, USA
Email: nan.mei@fda.hhs.gov

Pyrrolizidine alkaloids (PAs) are constitutes of over 6000 plants, and
about half of the identified PAs are genotoxic and many are tumori-
genic in humans and experimental animals. Riddelliine is one of the
tumorigenic PAs and has been studied as a prototype of PA. Comfrey
(Symphytum officinale) is a perennial plant containing 9 PAs and has
been consumed by humans as a vegetable, a tea and an herbal medi-
cine. In this study, we evaluated the mutagenicities and gene expression
profiles of comfrey and riddelliine using a rat model to examine
whether the PAs in comfrey were responsible for the plant’s carcino-
genicity. The treatment schedules were based on previous protocols
that resulted in liver tumors in rat. Groups of 6 Big Blue Fisher 344 rats
were treated with riddelliine at 0.1-1 mg/kg body weight by gavage
five times a week for 12 weeks or fed a diet containing 2-8% comfrey
root for 12 weeks. Animals were sacrificed one day after the last treat-
ment and the livers were isolated for the cII mutation assay and gene
expression analysis. The riddelliine treatments produced a significant-
ly dose-dependent increase in mutant frequency (MF) in the cII gene in
rat liver. Comfrey treatment also significantly induced MFs with a sim-
ilar level at the different doses. The mutational spectra induced by com-
frey and riddelliine treatments were very similar, in which the major
type of mutations were G:C → T:A transversions with a high frequen-
cy of tandem base substitutions. Comparison of the differentially
expressed genes and biological processes altered by the high-dose
treatments of comfrey and riddelliine showed that there were a number
of common genes and functional processes that were related to PA car-
cinogenesis. There was a strong correlation between the two treatments
for expression alterations of the genes related to the drug metabolisms
and carcinogenesis of PAs. The mutation result suggests that the muta-
genicity of comfrey is associated with the PAs contained in the plant
and the similarity of carcinogenesis-related gene expression patterns
from the treatments of comfrey and riddelliine indicates that PAs con-
tained in comfrey are the main active components responsible for the
carcinogenicity of the plant.

EM024
IS 4-VINYLPHENOL A GENOTOXIC AGENT?
F Mussi(1), G De Palma (2), P Manini(3), P Apostoli(2), A. Buschini(1)
(1)Department of Genetics, Biology of Microorganisms, Anthropology,
Evolution, University of Parma, Italy; (2)Department of Experimental
and Applied Medicine, Occupational Medicine and Industrial Hygiene,
University of Brescia, Italy; (3) ISPESL Research Center at the
University of Parma, Parma, Italy.
Email: francesca754@interfree.it

4-Vinylphenol (4-VP) is an environmental pollutant, a constituent of
tobacco smoke and a food flavour. Furthermore, 4-VP is a minor
metabolite of styrene (IARC 2B) arising from 3,4 epoxidation of the
aromatic ring. Experimental studies in rodents have shown that 4-VP is
even more toxic for the liver and lung than styrene and its principal
genotoxic metabolite styrene 7,8-oxide (7,8-SO). The results of an

European study on styrene-exposed workers highlighted a significant
correlation between micronuclei (MN) and the urinary levels of 4-VP. 
Aim of this work is to establish if 4-VP could exert genotoxic effects
on human cells in vitro. Both Comet Assay on fresh leukocytes and
Micronucleous test (CBMN assay) on EBV-transformed human lym-
phocytes were performed to identify if 4-VP could affect DNA integri-
ty and/or chromosomal structure or number. Leukocytes of four sub-
jects were treated with increasing doses (0-2000 µM) of 4-VP and ana-
lyzed by alkaline Comet assay; none of them showed an increased
DNA migration. The EBV-transformed cell line was characterized for
its spontaneous frequency of MN and showed a stable MN frequency
among independent experiments. It was possible to detect an induced
damage of clastogenic and aneugenic known chemicals, such as
bleomycin, colcemid, diethylsilbestrol and 7,8-SO. The induction of
micronuclei of increasing concentration of 4-VP (0-400 µM) on EBV-
transformed cells was analyzed. We observed a significant increase of
MN in cells treated with 4-VP; the lowest effective dose (p<0.05) was
100 µM. In cells treated with 400 µM the MN increase (29 MN/1000;
p<0,001) was comparable with the Colcemid induced one but lower
than that induced by 7,8-SO (48 MN/1000); at this concentration, 4-VP
caused a cell division inhibition comparable to that induced by treat-
ment with 7,8-SO (200 µM). The use of a lymphoblastoid line allows
us to highlight an in vitro genotoxic activity of 4-VP, only hypothesized
until now. The significant MN increase and the complete absence of
DNA damage induction could support an aneugenic mechanism of
action. Further studies are in progress to identify the nature of the geno-
toxic activity (aneugenic or clastogenic ?) of 4-VP.

EM025
POTENTIAL GENOTOXICITY OF NANO-SIZED TiO2 
PARTICLES IN ISOLATED BOTTLE-NOSE DOLPHIN
(Tursiops truncatus) LEUKOCYTES
M Bernardeschi, P Guidi, V Scarcelli, M Vighi, M Nigro, G Frenzilli 
Dipartimento di Morfologia Umana e Biologia Applicata. Facoltà di
Medicina e Chirurgia. Università di Pisa. Via Volta 4, 56126 Pisa (ITALY).
Email: m.bernardeschi@med.unipi.it

Nanotechnology is a developing field, however our knowledge on the
environmental fate and impact of nanoparticles (NPs) is still limited.
Many studies on NPs toxicity have been focused on their potential
effects on human health, but scarce information are available on the
susceptibility of endangered species, such as marine mammals. A pos-
sible accidental way of exposure to NPs during their industrial produc-
tion is the skin; TiO2 NPs, present in solar creams are able to migrate
to the corneal tissue and known to interfere with the immune system.
This study is aimed to assess the profitability of isolated leukocytes for
evaluating the potential genotoxic effects of NPs on toothed cetaceans.
The bottle-nose dolphin Tursiops truncatus was selected as study
species being commonly reared in captivity. Blood samples from four
males and a female specimens were achieved by the Adriatic SeaWorld
“Oltremare” (Riccione, Italy). Leukocytes were isolated by the lyses
procedure and exposed in vitro to TiO2 (rutile and anatase) NPs. Three
experimental times of exposure (4, 24, 48h) and three doses (20, 50,
100 µg/ml) were tested. Hydrogen peroxide was used as positive con-
trol. Genotoxicity was assessed by the Comet Assay (detecting DNA
strand breaks) and the Micronucleus Test (detecting chromosomal
alterations). Cell viability was also assed by the Trypan Blue test.
Comet Assay preliminary results regarding 4h exposure indicate no
genotoxic effect of TiO2 nanoparticles. However, for two of the five
animals examinated, at high doses (100 µg/ml) rutile titanium dioxide
seems to induce an increase in DNA fragmentation, respect to controls.
Datas on the other times of exposure, and the ones coming from the
other tests are still to be analysed.

EM026
GENOTOXICITY AND CELLULAR BIOMARKERS IN THE
FRESHWATER BIVALVE UNIO PICTORUM MANCUS 
(MOLLUSCA, UNIONIDAE). A CASE-STUDY FROM CECINA
RIVER (TUSCANY, ITALY).
P Guidi, , M Bernardeschi, V Scarcelli, M Farella ,A Falleni, G
Frenzilli, M Nigro, 
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Dipartimento di Morfologia Umana e Biologia Applicata. Facoltà di
Medicina e Chirurgia. Università di Pisa. Via Volta 4, 56126 Pisa (ITALY).
Email: p.guidi@med.unipi.it

Rivers are receptacles for industry, agriculture, urban wastes contain-
ing mixture of pollutants, whose biological effects are hardly pre-
dictable. The EU highlighted the importance of water pollution within
the 2000/60 WFD, which demands a good ecological status for rivers
by the 2015. In this respect, a main challenge is to implement monitor-
ing strategies to assess the biological impact of pollution in river
basins. The use of resident or caged sentinel species is a valuable
choice, especially when chemical data and biomarkers are integrated.
The aim of this research was to use a panel of biomarkers based on
genotoxic, lysosomal and antioxidant responses in the freshwater
bivalve Unio pictorum mancus to assess the environmental quality of
Cecina river (Tuscany Italy) mainly impacted by metals. Metal bioac-
cumulation was also investigated. Bivalves were collected from an
unpolluted site and translocated (4 weeks) to seven sites characterized
by different levels of chemical disturbance. Specimens translocated
downstream the main source of metal pollution exhibited higher Hg
and As bioaccumulation accompanied by the modulation of biomarker
responses including either modified levels or activities of antioxidants
studied and TOSC-HO.. In addition, increased micronuclei frequency
(indicating chromosomal damage) and decreased Neutral Red
Retention Time (indicating lysosomal alterations) were also detected in
the most impacted sites. Otherwise, the result of the Comet assay did
not evidence a clear trend of DNA damage among sites. In conclusion,
U. pictorum mancus was proven to be a profitable sentinel species for
biomarker approach and caging procedure to assess environmental
quality in freshwater ecosystems. Moreover, data obtained by main-
taing samples under experimental controlled conditions in tanks with
sediments taken from the same stations of the river basin used for
translocation studies contributed to better characterize the environmen-
tal impact.

EM027
MODULATION OF CYTOCHROME P450 ACTIVITY BY
BIOTIN.
MD Ronquillo  Sánchez R Camacho Carranza, SL Hernández Ojeda, JJ
Espinosa  Aguirre.
Department of Genomic Medicine and Environmental Toxicology,
Instituto de Investigaciones Biomédicas, Universidad Nacional
Autónoma de México. MEXICO CP 04510
Email: maronsmy@hotmail.com

Cytochrome P450 (CYP) is a superfamily of enzymes that metabolize
the majority of xenobiotics in several organisms including mammals.
Metabolism of xenobiotics plays an important role in chemical carn-
cinogenesis1; CYP activity may result in the generation of electrophilic
metabolites which can react with proteins and DNA, forming adducts
and increasing the risk of developing cancer. On the other hand, Biotin
is a water-soluble vitamin that acts as cofactor of carboxylases which
catalyzes key reactions in gluconeogenesis, fatty acid metabolism and
amino acid catabolism. Biotin has been proposed as a possible safe
alternative in the treatment of hyperglicemia2; thereafter, it’s mandato-
ry to realize toxicity tests, including the possibility of drug-drug inter-
actions due to modulation in the basal activity of CYP. Pioneering stud-
ies by Dakshinamurti3 provided evidence that biotin affects gene
expression. Since then, researchers have identified more than 2000
human genes susceptible of being modulated by biotin4, 5.
Nevertheless, with the exception of CYP1B1 in Jurkat cells6, there are
no data concerning enzymes involved in Phase I metabolism. This
study was focused on the capacity of Biotin to modulate the expression
of CYP1A1 and CYP1A2 in the liver of rats. These enzymes are
involved in the metabolism of several procarcinogens and commonly-
used drugs. Male Wistar rats were divided into 8 groups, 4 control and
4 experimental (4 animals per group). The experimental groups were
treated daily with Biotin (2mg/kg, i.p.) and sacrificed after 1, 3, 5 and
7 days of treatment; control groups were treated exactly as experimen-
tal ones, but they were injected with distilled water. Livers were
removed and microsomes were prepared according to the procedure
described by Maron and Ames7. CYP1A1/A2 activities were measured

spectrofluorometrically by monitoring the formation of resorufin
according to Burke et al 8. Gel electrophoresis and immunoblot analy-
sis were carried out to assess protein concentration. Our results show
that CYP1A2 enzyme activity but not protein concentration was signif-
icantly increased 24 h after administration of 1 dose of Biotin. Possible
drug-drug interactions could be anticipated in the use of Biotin as a
therapeutic drug in humans.

EM028
DO PROTEIN CONJUGATES OF POLYCYCLIC AROMATIC
HYDROCARBONS INDUCE GENOTOXIC EFFECTS IN
VITRO OR IN VIVO?
J Lábaj (1), H Černohorská (1,2), P Jinoch (1), L Lepša (1), Š
Klimešová (3),  A Milicová (4), J Topinka (4)
(1) Research Department, Vidia, s.r.o., Jesenice, Czech Republic; (2) Faculty
of Chemical Technology, University of Pardubice, Pardubice, Czech
Republic; (3) Department of Pneumology and Thoracal surgery, University
Hospital Bulovka, Prague, Czech Republic; (4) Laboratory of Genetic
Ecotoxicology, Institute of Experimental Medicine, AS CR, Prague, Czech
Republic.
Email: 

Polycyclic aromatic hydrocarbons (PAH) belong to the most extensively
studied groups of ubiquitous environmental pollutants, because they cause a
broad spectrum of toxic and genotoxic effects in cells and organisms, includ-
ing DNA mutations, carcinogenesis, teratogenesis, and immune dysfunc-
tions. The primary routes of human exposure to PAH are inhalation of pol-
luted air and tobacco smoke, as well as ingestion of contaminated food and
water. One of the protective reactions of the organisms against negative
effect of various agents is a production of antibodies, especially neutralizing
antibodies, which can catch and neutralize the agents. In our project, we fol-
low the induction of antibodies against PAH after short immunization. PAH
are small molecules. Generally, small molecules become an immunogens
after conjugation with height-molecular proteins, e.g. KLH (keyhole limpet
hemocyanine) and can cause the production of antibodies after short-time
immunization. Some PAH, especially benzo(a)pyrene (B(a)P), are genotox-
ins and are able to induce DNA adducts after their metabolic activation. For
that reason, our research interest was focused on genotoxic/non-genotoxic
effect of PAH-protein conjugates, which will be used for immunizations of
experimental animals. In in vitro experiments, HepG2 cells were incubated
with PAH-KLH conjugates (B(a)P-, pyrene-, anthracene-,and chrysene-
KLH), and in in vivo experiments, laboratory mice were immunized by nine
PAH-KLH conjugates. During immunization, the production of specific anti-
bodies against PAH in blood serum of mice was detected. PAH-DNA
adducts in HepG2 cells (in vitro experiments) or in hepatic cells from immu-
nized mice (in vivo experiments) were detected by 32P-postlabeling. As
a positive control was used B(a)P.We found, that none from tested PAH-
KLH conjugates induced DNA adducts in HepG2 cells as well as in hepatic
cells from immunized mice. Moreover, DNA adducts was not detected in
HepG2 cells, which were incubated with anti-PAH antibodies-enriched
serum from immunized mice.  Presented PAH-KLH conjugates could be
used for immunizations without negative genotoxic effect in organisms.
Acknowledgement: This work was supported by grants by the Ministry of
Education, Youth and Sports of the Czech Republic, no. 2B06150

EM029
THE USE OF GENOTOXIC BIOASSAYS TO EVALUATE THE
ENVIRONMENTAL QUALITY IN A REGION UNDER THE
INFLUENCE OF URBAN WASTE IN GUAÍBA LAKE BASIN
(BRAZIL).
IV Villela (1), J Silva (1,2), IM Oliveira (1), MS Machado (1), JF Dias
(3), JAP Henriques (1,2).
(1) GENOTOX-ROYAL/ Centro de Biotecnologia da Universidade Federal
do Rio Grande do Sul, UFRGS, Porto Alegre, RS, Brazil; (2) Laboratório de
Genética Toxicológica - Curso de Biologia/ Curso de Farmácia,
Universidade Luterana do Brasil, ULBRA, Canoas, RS, Brazil; (3)
Laboratório de Implantação Iônica, Instituto de Física, Universidade
Federal do Rio Grande do Sul, UFRGS, Porto Alegre, RS, Brazil.
Email: izabel.villela@gmail.com

The mussel species Limnoperna fortunei was chosen as biomonitoring

Abstracts of Posters - Environmental mutagenesis EM001-179

186 ICEM 2009, August 20-25, Firenze - Italy



organism in Guaíba Lake Basin, based on population data, distribution,
and sensitivity. Previous in vitro and in vivo studies with Single Cell
Gel Assay (SCCGA) and Micronuclei test (Mn) on this freshwater
mussel showed that it is successful in biomonitoring studies, especial-
ly in urban pollution monitoring. This was observed using this model
to assess genotoxicity in samples collected from the rivers that flow
into Guaíba Lake and from the Lake.  Urban influence was identified
as the main contamination source of genotoxins in this river basin
region. In this context, this study evaluated two sampling sites in the
Guaíba Lake (Guaíbe PC e Guaíba BR), near urban waste discharges,
and a control site (Itapuã) insight a preserved area, using L. fortunei
individuals. Mussels were sampled in situ and exposed to laboratory
conditions, and tested by SCGA and MN using haemolymph cells. In
order to understand environment mutagenic contamination, surface
water and sediment interstitial water were tested by the Sal -
monella/microsome assay. Comparing to the control site, the Guaíba
BR sample induced DNA damage in haemocytes of mussels sampled
both in situ (P< 0.05) and exposed to laboratory (P< 0.05) conditions,
whereas MN only in in situ (P< 0.05) collected mussels. This sample
also presented the only surface water mutagenic sample with TA98
(MI= 2.90) mutagenicity in the presence of metabolic activation.
Guaíba PC samples increased MN frequency in situ (P< 0.01) and in
laboratory (P< 0.05) conditions comparing to the Itapuã results. Metal
influence seems to be less important than organic influence in genotox-
ic induction. These results confirm the strong urban influence in this
region, showing that biomonitoring is a powerful tool to detect this
kind of contamination in water bodies.

EM030
A POLYMERASE-TAUTOMER MODEL FOR UV TARGETED
SUBSTITUTION MUTATIONS
HA Grebneva
Donetsk Physical and Technical Institute NAS of Ukraine
Email: grebneva@gmail.com

The polymerase-tautomer model for ultraviolet mutagenesis is based
on formation of rare tautomeric bases in cis-syn cyclobutane pyrimi-
dine dimers and that fact that during error-prone or SOS synthesis the
induced DNA polymerase inserts canonical bases opposite the dimers
in a complementary way in contrast to uncomplementary one in the
conventional models. Error-prone and SOS replication of double-
stranded DNA having cis-syn cyclobutane cytosine and thymine
dimers, with one or both bases in a rare tautomeric conformation,
results in targeted transitions, transversions and one-nucleotide gaps.
There are same types of potential mutagens damages in cis-syn
cyclobutane cytosine and thymine dimers. They correspond to 5 basic
types of rare tautomeric conformations of thymine [Grebneva, 2006]
and 7 of cytosine. The structural analysis indicates that three types of
cis-syn cyclobutane cytosine dimer containing a single tautomeric base
can cause G:C→A:T transition or G:C→C:G homologous transver-
sion. Another two dimers can result only in G:C→T:A transversion.
The one type of dimer can cause G:C→A:T transition, G:C→C:G
homologous transversion or G:C→T:A transversion. The two types of
the dimers may result in one-nucleotide gaps. It will be found that A-
rule and the given model of UV mutagenesis mutually supplement each
other. Grebneva HA. 2006. A model for targeted substitution mutagen-
esis during SOS replication of double-stranded DNA containing cis-
syn cyclobutane thymine dimers. Environ Mol Mutagen 47:733-745.

EM031
OXIDATIVE DAMAGE IN HUMAN EPITHELIAL ALVEOLAR
CELLS EXPOSED IN VITRO TO OIL FLY ASH TRANSITION
METALS
A Di Pietro (1), G Visalli (1), F Munaò (1), B Baluce (1), S La Maestra
(1, 2), P Primerano (3), F Corigliano (3), S De Flora (2)
(1) Department of Hygiene, Public Health and Preventive Medicine,
University of Messina, Italy (2) Department of Health Sciences,
University of Genoa, Italy (3) Department of Industrial Chemistry and
Materials Engineering, University of Messina, Italy
Email: lamaestra78@yahoo.it

Among particulate matter emissions from combustion processes, oil fly
ash (OFA) displays a marked oxidative and inflammogenic reactivity,
due to the high content of bioavailable transition metals. In the present
study, we evaluated the biological effects of an OFA water solution,
composed of the transition metals Fe (57.5%), V (32.4%), and Ni
(10.1%), in human epithelial alveolar cells (A549 line). The fluorimet-
ric analysis by 2’,7’-dichlorofluorescein showed a significant, dose-
and time-dependent induction of intracellular reactive oxygen species
(ROS) triggered by OFA metal components at subtoxic doses. The
metal chelator deferoxamine and the radical scavenger dimethylsulfox-
ide attenuated the metal-induced generation of ROS. Confocal mi -
croscopy observations strengthened these findings and showed an
intense cytoplasmic fluorescence with perinuclear thickenings in A549
cells, in the absence of morphological damage. Metal-induced genera-
tion of ROS was significantly correlated with a dose- and time-depend-
ent DNA damage, as assessed by single cell gel electrophoresis (comet
assay). Catalase was able to decrease dramatically DNA damage.
Fluorimetric analyses by diphenyl-1-pyrenylphosphine showed a paral-
lelism between generation of ROS and formation of lipid peroxides.
The results obtained in the experiments evaluating the effects of indi-
vidual metal solutions did not show any significant difference in DNA
damage between Fe(III) and V(IV), but highlighted the higher capabil-
ity of V(IV) to increase ROS in the cytoplasmic compartment. The dif-
ferent behavior of these two elements, confirmed by the weak Fe-
induced lipid peroxidation, may be ascribed to the presence of Fe-bind-
ing proteins, such as ferritin, in the cytoplasm. Finally, Ni(II) had neg-
ligible effects on ROS production. On the whole, the results obtained
in this study show the strong capability of transition metals adsorbed to
OFA to cause widespread damage to biological macromolecules, and
suggest potential health effects resulting from exposure to power plant
emissions in industrialized sites.

EM032
BIOMONITORING OF DNA DAMAGE IN PERIPHERAL
BLOOD LYMPHOCYTES OF SUBJECTS WITH DENTAL
RESTORATIVE FILLINGS
A Di Pietro (1), G Visalli (1), S La Maestra (1, 2) , R Micale (1, 2), B
Baluce (1), G Matarese (3), I Righi* (2), M E Scoglio (1)
1 Department of Hygiene, Public Health and Preventive Medicine,
University of Messina, Italy 2 Department of Health Sciences,
University of Genoa, Italy 3 Department of Odontostomatology,
University of Messina, Italy
Email: righiilaria@gmail.com

Dental fillings provide a major iatrogenic exposure to xenobiotic com-
pounds due to the high prevalence of surface restorations in developed
countries. Experimental data suggest that both amalgams, which con-
tain mercury, and resin-based dental materials cause an impairment of
the cellular pro- and anti-oxidant redox balance. The aim of this study
was to assess the potential genotoxicity of dental restorative com-
pounds in peripheral blood lymphocytes of young exposed subjects
compared with controls. The study examined, by use of the comet
assay, 68 carefully selected subjects taking into account the major
known confounding factors. In the 44 exposed subjects, the mean num-
bers of restored surfaces was 3.0 and 3.8 in males and females, respec-
tively. Tail length, percentage of DNA in the tail, tail moment or Olive
tail moment were twofold higher in the exposed group than in unex-
posed controls, with significant differences. No significant difference
was observed between amalgam and composite fillings. Furthermore,
as shown by multivariate analysis, the association between dental fill-
ings and DNA damage was enhanced by the number of fillings and by
the exposure time. Among the lifestyle variables, a moderate physical
activity showed a protective effect, being inversely correlated to the
DNA damage parameters evaluated. On the whole, the use of DNA-
migration allowed us to detect for the first time the potential adverse
impact on human health of both kinds of dental filling constituents, the
amalgams and the methacrylates. The main mechanism underlying the
genotoxicity of dental restorative materials of various nature may be
ascribed to the ability of both amalgams and methacrylates to trigger
the generation of cellular reactive oxygen species, able to cause oxida-
tive DNA lesions.
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EM033
FORMATION OF DNA ADDUCTS BY THE ENDOCRINE 
DISRUPTOR BISPHENOL A IN VITRO AND IN MOUSE
LIVER AND EPITHELIAL MAMMARY CELLS
A Izzotti (1), S Kanitz (1), F D’Agostini (1), A Camoirano (1), S De
Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy
Email: 53028@unige.it

Endocrine disruptors (ED) represent a major toxicological and public
health issue, and the xenoestrogen bisphenol A (BPA) has received a
tremendous amount of attention due to the high production volume and
widespread human exposure. Also due to its similarity to diethylstilbe-
strol, a known human carcinogen, BPA has been investigated for its
genotoxic and carcinogenic properties, but the results have been either
inconclusive or controversial. Metabolically activated BPA has previ-
ously been shown to form DNA adducts both in vitro and in rat liver.
The present study was designed (a) to assess the sensitivity threshold
of DNA adduct detection by 32P postlabeling in an acellular system
and (b) to evaluate formation of DNA adducts in both liver and mam-
mary epithelial cells of female CD-1 mice receiving BPA with the
drinking water (200 mg/kg body weight) for 8 consecutive days. The
reaction of BPA with calf thymus DNA, in the presence of S9 mix,
resulted in a dose-dependent formation of multiple DNA adducts, with
a detection limit of �10 ng of this ED. Administration of BPA to mice
resulted in the evident formation of DNA adducts not only in the liver
(3.4-fold over controls) but also in target mammary cells (4.7-fold).
Although DNA adducts do not necessarily evolve into tumors or other
chronic degenerative diseases, the presence of these molecular lesions
in target mammary cells may bear relevance for the potential involve-
ment of BPA in breast carcinogenesis.

EM034
EXPOSURE TO ELECTROMAGNETIC FIELDS AND
EFFECTS ON GENOMA.
V. Romano Spica
Department of Health Sciences, University of Rome “Foro Italico”
Email: vincenzo.romanospica@iusm.it

The interaction between electromagnetic fields (EMF) and living being
represents a current and complex issue. Main studies deal with mutational
effects, environmental exposure, biological damage, epidemiological evi-
dences. The non ionising nature of EMF does not support a classical action
on macromolecules, however, studies reported changes in MN test or
comet assay. New perspectives raised from molecular biology and analy-
sis of gene transcription. EMF are an almost ubiquitous environmental fac-
tor, whose exposure affects large populations worldwide. In the last
decades, several EMF frequencies have been considered in complex stud-
ies, including ELF, radiofrequencies and microwaves. Most recently, atten-
tion is focusing on WiFi applications.
To the aim of describing the state of the art on environmental exposure and
mutagenesis risk, epidemiological evidences and experimental achieve-
ments are briefly reviewed. In addition, to consider possible mechanisms
of interaction between EMF and living being, a new exposure system
developed to study WiFi exposure is introduced. Experimental models and
data on gene transcription in vivo and in vitro are shown. Methods include
an exposure setup made of a GTEM 250 cell, powered by a signal gener-
ator with proper amplifiers. Background magnetic flux density was meas-
ured and exposure conditions were optimized. Dosimetry and specific
SAR was calculated by numerical dosimetry. Micronucley test were per-
formed by standard protocols and RNA analysis by microarray. Data were
analysed by a bioinformatics approach. To confirm expression profiles,
oligonucleotides were designed and candidate genes were verified by real
time pcr. Results do not support evidences for a mutational effect of EMF.
Presence of major rearrangements in gene transcription was not confirmed.
However, several studies report transcriptional changes at selected genes,
suggesting a possible action of EMF on cell pathways and genome func-
tions. Interpretation of results requires extreme prudence due to the novel-
ty of the issue and the presence of contradictory results in the literature.
The large environmental exposure of population and the differences in the
risk perception require rigorous evaluation of data and consciousness in
result communication.

EM035
UPREGULATION OF STEM CELL ANTIGEN-1 IN THE LUNG
OF NEONATAL MICE EXPOSED TO 
ENVIRONMENTAL CIGARETTE SMOKE
A Izzotti (1), F D’Agostini (1), P Larghero (1), C Cartiglia (1), G
Travaini (1), R Balansky (2), VE Steele (3), S De Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy (2)
National Center of Oncology, Sofia, Bulgaria (3) National Cancer
Institute, Rockville, MD, USA
Email: pla973@gmail.com

There is adequate reason to suspect that perinatal exposures to carcino-
gens contribute to both childhood cancers and cancers appearing later
in life, and certain adult diseases may have their origins early in life.  In
particular, early age smoking has been viewed as an independent risk
factor for lung cancer, and adolescence may constitute a critical period
during which tobacco carcinogens can induce fields of genetic alter-
ations.  Mice are particularly susceptible to carcinogens when exposure
starts early in life.  We evaluated the expression of stem cell antigen-1
(Sca-1) gene in the lung of variously aged CD-1 mice, either untreated
or exposed to environmental cigarette smoke (ECS) and/or to a light
source. Sca-1 expression progressively decreased with age. The expres-
sion of Sca-1 gene and the amount of Sca-1 protein, which was exclu-
sively localized in endothelial cells of the pulmonary vasculature, were
significantly upregulated in mice exposed either to ECS or ECS plus
light throughout the weaning period, starting at birth.  Therefore, the
observed variations of Sca-1 in mouse lung, as related to exposure of
neonatal mice to ECS, are very likely to reflect the amounts of bone
marrow-derived cells in the pulmonary vascular endothelium. This
conclusion is consistent with our previous findings that exposure to
ECS upregulates vascular endothelial growth factors (VEGFs),
endothelin, and other angiogenesis-related genes or proteins in rodent
tissues. These findings may contribute to explain the high vulnerabili-
ty of mouse lung early in life.

EM036
HIGH SUSCEPTIBILITY OF NEONATAL MICE TO 
MOLECULAR, BIOCHEMICAL AND CYTOGENETIC ALTER-
ATIONS INDUCED BY ENVIRONMENTAL 
CIGARETTE SMOKE AND LIGHT
S De Flora (1), F D’Agostini (1), R Balansky (1, 2), A Camoirano (1),
C Cartiglia (1), M Longobardi (1), G Travaini (1), VE Steele (3), Carlo
Pesce (4), A Izzotti (1)
(1) Department of Health Sciences, University of Genoa, Italy (2)
National Center of Oncology, Sofia, Bulgaria (3) National Cancer
Institute, Rockville, MD, USA (4) Department of Biophysical, Medical
and Odontostomatological Sciences and Technologies, University of
Genoa, Italy
Email: tragio@tiscali.net

Our recent studies have shown that both cigarette smoke and UV-con-
taining light, which are the most widespread and ubiquitous mutagens
and carcinogens in the world, cause systemicgenotoxic damage in hair-
less mice. Further studies were designed with the aim of evaluating the
induction of genotoxic and carcinogenic effects in Swiss albino mice
exposed to smoke and/or light since birth. We observed that a 4-month
whole–body exposure of mice to mainstream cigarette smoke, starting
at birth, caused an early and potent carcinogenic response in the lung
and other organs. Our further experiments showed that exposure of
mice to environmental cigarette smoke, during the first 5 weeks of life,
resulted in a variety of significant alterations of intermediate biomark-
ers, including cytogenetic damage in bone marrow and peripheral
blood, formation of lipid peroxidation products, increase of bulky
DNA adduct levels, induction of oxidative DNA damage, and overex-
pression of OGG1 gene in lung, stimulation of apoptosis, hyperprolif-
eration and loss of Fhit protein in pulmonary alveolar macrophages
and/or bronchial epithelial cells, and early histopathological alterations
in the respiratory tract. Moreover, exposure of mice to UV-containing
light, mimicking solar irradiation, significantly enhanced oxidative
DNA damage and bulky DNA adduct levels in lung, and synergized
with smoke in inducing molecular alterations in the respiratory tract.
The baseline OGG1 expression in lung was particularly high at birth
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and decreased in post-weanling mice.  Oxidative DNA damage and
other investigated end-points exhibited differential patterns in post-
weanling mice and adult mice. The findings of these studies provide a
mechanistic clue to the general concept that the neonatal period and
early stages of life are critical in affecting susceptibility to carcinogens.

EM037
REGULARITIES OF A JOINT EFFECT OF STABLE 
STRONTIUM, CALCIUM AND FLUORINE ON PLANTS AT A
CYTOGENETIC LEVEL
IV Polyakova (1),  BI .Synzynys (1)
(1) State Technical University for Nuclear Power Engineering,
Obninsk, Kaluga region, Russia
Email: ecology@iate.obninsk.ru

In 1909 E.A. Mitcherlich, a German agrochemist, had formulated the
law of a joint effect of factors. This law is usually associated with a
crop yield and we have tried to test its validity at a cellular level and to
interpret in terms of the current state of cell biology and molecular
genetics. Our experiments seek to study a separate and a combined
effect of stable strontium, calcium and fluorine ions using Allium test
technique. The effect is assessed from mitotic indices in  root meristem
cells as well as aberration cell (ACF) frequency and spectrum. The fol-
lowing solution concentrations are used:
• SrCl2 7 mg/l (average level in ground water in the Central Russia), 70
mg/l (in strontium);
• CaCl2 24 mg/l (content in natural water); 32 mg/l (in calcium);
• NaF 1.2 mg/l (in fluoride).
It is shown that only at strontium concentration equal to 70 mg/l (and
at 32 mg/l in calcium) the mitotic index is really below the reference
value. At strontium concentrations of 7 mg/l the fraction of aberrant
cells, however, is higher as compared to the experiment (4.26 versus
1.80). In case of a joint effect of Sr+Ca the fraction of aberrant cells
increases as compared to reference values. The coefficient of a joint
effect of two factors is found from K=ACFΣ / ( ACF1+ ACF2) where
ACFΣ is at a joint effect of factors 1 and 2 minus ACF in a reference
experiment, ACF1 is at a separate effect of factor 1 minus  in a refer-
ence experiment,  ACF2 is in case of a separate effect of factor 2 minus
ACF in the reference experiment. If K>1, one may speak about mutu-
al intensification (synergism), if K<1, there is a mutual attenuation of
effects (antagonism), if K=1, it is a simple addition of two effects
(additivity). In our case, for a joint effect of strontium, calcium and flu-
oride ions the following K coefficient values are obtained:
• for Sr + F: K = 0,09;
• for Ca + F: K = 0,24;
• for Sr + Ca: K =0,68.
Hence, in all three cases there is antagonism, i.e. calcium and fluoride
remove the adverse effect of strontium on plant genes and cells.
Strontium ions probably stimulate apoptosis in onion cells and fluoride
and calcium ions prevent this process.

EM038
CYTOTOXICITY AND GENOTOXICITY OF PALYTOXIN-LIKE
COMPOUNDS FROM OSTREOPSIS SPECIES.
S Volpi (1), A Sciutto (1),  P Roggieri (1), L Masiello (2), B Vivaldi (2),
C Bolognesi (1). 
1)Environmental Carcinogenesis Unit, National Institute for Research
on Cancer  and 2)Istituto Zooprofilattico Sperimentale del Piemonte
Liguria e Valle d’Aosta, Genoa, Italy
Email: samantha.volpi@gmail.com

During the last decade, the occurrence of harmful algal blooms has
increased both in frequency and in geographic distribution in many
regions of the world. Benthic dinoflagellates of the genus Ostreopsis
have expanded their distribution from tropical-subtropical to temperate
waters, such as the Mediterranean Sea. Among the thousands of species
of microscopic algae at the base of the marine food chain, there are a
few dozen which produce potent toxins that impact human health
through the consumption of contaminated fish  or shellfish, or through
water or aerosol exposure. Palytoxin (PLT) is one of the most potent
marine biotoxins known to date, exhibiting extreme toxicity in mam-

mals. Analyses of plankton samples collected along the Ligurian coasts
(Italy) during a massive bloom of the tropical microalga Ostreopsis
ovata indicated the presence of putative palytoxin (p-PLT) together
with a palytoxin-like molecule which was named ovatoxin-a. The aim
of our study was to characterize the toxic and  potential genotoxic
properties of  algan toxins accumulated in shellfish tissues. A number
of  extracts from mussel samples, collected in the framework of a spe-
cific monitoring program for marine biotoxins in Liguria, were tested
in vitro in human hepatoma HepG2 cells. Genotoxicity was evaluated
using the comet assay and micronucleus test. A dose-response curve for
cell-death was observed for 1 and 3 hours of exposure with  100% of
mortality at the concentration 20 ng/ml p-PLT. Preliminary data
revealed an increase of DNA fragmentation index and of micronuclei
frequency.

EM039
LONG-TERM EXPOSITION BY DOMESTIC RADON 
RADIATION AND GENOTOXICAL EFFECTS IN CHILDREN
FROM WESTERN SIBERIA
VG Druzhinin (1,2), TA Golovina (1), AN Glushkov (2), AV Larionov
(1), VI Minina (1,2), AV Shaposhnikova (1), AN Volkov (1)
(1) Kemerovo State University, Kemerovo, Russia. (2) Institute of
Human Ecology of SB RAS, Kemerovo, Russia.
Email: druzhinin_vladim@mail.ru;  druzhinin.v.g@gmail.com

Results of chromosomal aberration level and spectrum study in 48-
hours peripheral blood lymphocytes cultures of 8-18 years old chil-
dren-teenagers (n=211, mean 13,3 ± 0, 17 years old) living in the south
part of Kemerovskaya area - Gornaya Shoria (boarding school,
Tashtagol town) are presented. Mean metaphases with aberrations were
5,3 ± 0,16 % in studied group that is significantly higher (p < 0,01)
than background level of this index in this region (Kemerovskaya area)
- 2,62 ± 0,29%. Aberrations frequencies of separate classes were 3,91
± 0,15 for single fragments; 1,29 ± 0,07 for pair fragments; 0,03 ± 0,01
for chromatide exchanges and 0,24 ± 0,03  for chromosome type
exchanges. Furthermore in 4 individuals (1,9 %) were found Rogue
cells that were contained polycentric, ring chromosomes and multiple
double minutes. Radon concentration in living space and classrooms’
air (total 36 measurements conducted in different seasons) was 68-
1285 (mean 395 Bk/m3). Reasons of chromosomal aberrations fre-
quency increasing in this mountain area inhabitants are discussed
(ultrahigh radon radiation doses influence are included). This study
was supported by the RFBR grant, 07-04-96031-r_ural_a; by the
Russian Federal Agency for Science and Innovations (contract
02.512.11.2233).

EM040
CYTOGENETIC AND MOLECULAR CYTOGENETIC 
MONITORING OF NUCLEAR POWER PLANT WORKERS
APPLYING CHROMOSOMAL ABERRATION ASSAY,
MICRONUCLEUS TEST AND FLUORESCENT IN SITU
HYBRIDIZATION (FISH)
V Hadjidekova, R Hristova, P Atanasova, L Popova, S Deleva, A
Staynova
Natl.Centre of Radiobiology and Radiation Protection, Sofia-1756,
Bulgaria
Email: v.hadjidekova@ncrrp.org

The results of long term biomonitoring of nuclear power plant workers
with proper physical dosimetry control are presented. Aim: To evaluate
the relationship between the accumulated dose and the frequency of
chromosomal aberrations, micronuclei and stable translocations
(FISH). Material and methods: The study comprises 294 subjects,
employees in NPP “Kozloduy”, 238 of them are exposed workers and
56 control subjects from the administrative staff. The exposed workers
are divided into 7 groups according to the radiation doses received. The
accumulated doses for 107 of the workers are above 200 mSv, as meas-
ured by film dosimeters. Chromosomal aberration assay was performed
in peripheral lymphocytes of 205 exposed workers and 51 controls.
Micronucleus test was applied in samples from 211 workers and 38
control subjects. FISH analysis for stable translocations comprises 77
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samples, 30 of them controls. FISH analysis with pancentromeric DNA
probe was apply to 32 MNT samples. Data regarding the age, time of
NPP employment, life stile exposures were obtained. Results: The fre-
quency of stable, as well as unstable chromosomal aberrations and
micronuclei is significantly increased in the peripheral blood lympho-
cytes of exposed workers compared to the controls. This increase is
observed when accumulated doses are above 100 mSv for unstable and
stable chromososmal aberrations and higher than 200 mSv for mi -
cronuclei. Linear dose-effect relationship is estimated for the biomark-
ers used by applying multiple regression analysis. The frequency of
stable translocations detected by FISH showed more expressed rela-
tionship with the accumulated doses long term radiation exposure as
compared to the dicentrics frequency (R2 = 0,31 and 0,10) respective-
ly. No difference between centromere-positive and centromere-nega-
tive micronuclei was found. Conclussion: Molecular cytogenetic tech-
nique (FISH) for scoring of stable translocations is the most useful
approach for estimation of genetic damage after prolonged radiation
exposure.

EM041
THE SELF-FERTILIZING MANGROVE KILLIFISH
KRYPTOLEBIAS MARMORATUS : A POTENTIAL MODEL
SPECIES FOR MOLECULAR CARCINOGENESIS AND 
ECOTOXICOGENOMICS
JS Lee
Dept of Chemistry, Hanyang University, Seoul, South Korea
E-mail: JSLee2@hanyang.ac.kr

Kryptolebias marmoratus is the only known self-fertilizing hermaphro-
dite vertebrate. Because of this uniqueness, there has been great inter-
est in its biology, physiology, developmental biology, and genomics
along with other basic and applied areas of environmental genomics
and molecular carcinogenesis. In laboratory studies, K. marmoratus
has shown susceptibility to a number of xenobiotics including carcino-
gens. Toxicologists are interested in the mechanisms of action of envi-
ronmental chemicals of contemporary interest such as endocrine-dis-
ruptors and may consider this as a suitable fish model for study of
chemically-induced carcinogenesis. Single short-term exposure to
model chemical carcinogens is sufficient to induce tumorigenesis in K.
marmoratus in a relatively short span of time. In recent years, a bulk of
data has been generated about gene sequences of K. marmoratus.
Laboratory maintenance of K. marmoratus is relatively easy. Gene
bank data are readily available, though not as extensive as for zebrafish
(Danio rerio) or Japanese madaka (Oryzias latipes). The expressed
sequence tag (EST) data, differential display real time polymerase
chain reaction (DD-RT-PCR), and Gene Sequencer 20TM (GS-20)
sequencing data have recently been helpful in understanding the
genomics and proteomics of this species. Recently, sequences of the
oncogenes, ras and tumor suppressor gene, p53 have been reported in
K. marmoratus. The expression of these important genes which play
significant roles not only in carcinogenesis but also in other signal
transduction pathways was observed to be modulated by environmen-
tal endocrine disrupting chemicals (EDCs). Having a large sequence
database (cDNA sequences and ESTs) it is expected that the use of a
microarray in the near future will open new vistas for this fish with
applications in cancer research, aquatic toxicology, endocrinology and
genomics. This review discusses potential uses of K. marmoratus in
new biotechnological approaches of aquatic toxicology.

EM042
GENE EXPRESSION PROFILING OF COPPER-INDUCED
RESPONSES IN THE INTERTIDAL COPEPOD TIGRIOPUS
JAPONICUS USING 6K OLIGOCHIP MICROARRAY
DS Hwang (1), KW Lee (2), JS Rhee (1), JS Lee (2)
Dept of Molecular and Environmental Bioscience, Graduate School,
Hanyang University, Seoul, South Korea; Dept of Chemistry, College
of Natural Sciences, Hanyang University, Seoul, South Korea
E-mail: JSLee2@hanyang.ac.kr

The intertidal copepod Tigriopus japonicus has shown promising
results in classical acute and chronic toxicity tests. Besides, it is one of

the most extensively used copepod species for gene expression studies
involving environmental chemical exposure. The T. japonicus
genomics appear to be promising area for study of mechanistic aspects
of marine environmental pollutants. In this study, a 6K oligochip for T.
japonicus was constructed and 5,463 spots (2,313 upregulated and
3,150 downregulated) were identified on microarray by hieratical clus-
tering of genes after exposure to copper (10 g/L for 6,12 and 24 h).
Finally, by gene annotation, 138 and 375 genes were observed to be
upregulated and downregulated, respectively at all the time of expo-
sure. Most of the changes of expression were observed at the short
exposure of 6 h and the response persisted up to 24 h. The repertoire of
cupper-induced gene expression is complicated, and several modes of
function such as growth, physiological functions, metabolic functions,
reproductive and hormonal regulation functions, detoxification func-
tions, and antioxidant functions were involved in modulation. Cu
specifically upregulated some isoforms of cytochrome P450 (CYP). On
the other hand, a majority of downregulated genes encoded for proteins
important for growth and development. The expression profile of
selected genes was also confirmed by quantitative real time RT-PCR.
These results demonstrate suitability of oligochip microarray for risk
assessment of trace metals in T. japonicus. The expression profiles also
provide insight into the mechanism of action of trace metals. Till today,
major breakthroughs in invertebrate toxicogenomics have mainly been
in Daphnia and Drosophila. However, Daphnia’s use is limited to
freshwater ecotoxicogenomics. Here we propose an oligochip microar-
ray-based approach for risk assessment of trace metals in a potential
model marine test species.

EM043
EXPRESSION OF DNA DAMAGERESPONSE GENES IN THE
MARINE COPEPOD TIGRIOPUS JAPONICUS EXPOSED TO UVB
DS Hwang (1), KW Lee (2), J Han (1), MJ Kim (2), SJ Lee (2), JS Lee (2)
(1) Dept of Molecular and Environmental Bioscience, Graduate
School, Hanyang University, Seoul, South Korea (2) Dept of Chemistry,
College of Natural Sciences, Hanyang University, Seoul, South Korea
E-mail: JSLee2@hanyang.ac.kr

Marine harpacticoid copepod Tigriopus japonicus which mainly inhab-
it a rock pool of intertidal zone is frequently exposed to extreme UVB.
UVB may induce detrimental effects such as lower survival, reproduc-
tion and development rate of copepod. To evaluate the effect of UVB
on T. japonicus, we conducted the acute toxicity test with extensive
UVB dose range (0-20 or 0-36 kJ/m2) in the condition of two UVB
intensities (50 and 100 µW/cm2) and also examined the expression pat-
tern of DNA repair related genes. To investigate the gene expression
pattern induced by UVB, we conducted real time RT-PCR with the
copepod which was irradiated to UVB (19 kJ/m2 at 50 �W/cm2 inten-
sity). When the copepod was exposed to UVB with the intensity of 50
and 100 µW/cm2, levels of LD50 were 19 and 21 kJ/m2, respectively.
Expression patterns of DNA repair related genes were shown signifi-
cant modulation according to time course. Also we checked activated
form of p38 kinase and Jun N-terminal kinase (JUNK) to see what kind
of signal transduction pathway would be involved in DNA damage by
UVB. Upon DNA damage by UVB, those kinases were up-regulated
with up-regulated expression pattern of relevant genes. Therefore, T.
japonicus can be considered as a promising marine species for ecotox-
icity testing and risk assessment of UVB in coastal marine environ-
ments. 

EM044
MODULATION OF OXIDATIVE STRESS GENES OF THE
INTERTIDAL COPEPOD TIGRIOPUS JAPONICUS AFTER
EXPOSURE OF SEVERAL KINDS OF CHEMICALS
JS Lee
National Research Lab of Marine Molecular and Environmental
Bioscience, Dept of Chemistry, College of Natural Sciences, Hanyang
University, Seoul 133-791, South Korea
E-mail: JSLee2@hanyang.ac.kr

To use the intertidal copepod Tigriopus japonicus as a testing model
system for evaluating estuarine environmental contamination, we ana-
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lyzed 87,638 expressed sequence tags (ESTs) and 1.4 Gb of genomic
DNA, and subsequently made 12K Tigriopus oligoChip for multipur-
pose use. Firstly, to check oxidative stress genes after exposure of sev-
eral kinds of chemicals (heavy metals, biocide, endocrine-disrupting
chemicals), we tested key genes of oxidative stress genes along with
use of Tigriopus 12K oligoChip. Also we checked cellular defense
mechanism using TUNEL and BrdU assay systems. Here we found that
copper would induce oxidative stresses even though low concentra-
tions. Also both apoptosis and cell proliferation occurred in T. japoni-
cus after exposure of copper for 96 hrs. In this presentation, we show
that Tigriopus would be a good model to test effects of several chemi-
cals on the cellular defense and environmental adaptation at the molec-
ular and cellular levels. This is new attempt to use the marine copepod
for evaluating the chemicals along with elucidating molecular mecha-
nisms and environmental adaptation, and also possibly useful to com-
pare with other aquatic organisms on those aspects.

EM045
THE COPEPOD TIGRIOPUS: A PROMISING MARINE 
MODEL ORGANISM FOR ECOTOXICOLOGY AND 
ENVIRONMENTAL GENOMICS
JS Lee
National Research Lab of Marine Molecular and Environmental
Bioscience, Dept of Chemistry, College of Natural Sciences, Hanyang
University, Seoul 133-791, South Korea
E-mail: JSLee2@hanyang.ac.kr

There is an increasing body of evidence to support the significant role
of invertebrates in assessing impacts of environmental contaminants on
marine ecosystems. Therefore, in recent years massive efforts have
been directed to identifying viable and ecologically-relevant inverte-
brate toxicity testing models. Tigriopus, a harpacticoid copepod has a
number of promising characteristics which make it a candidate for wor-
thy consideration in such efforts. Tigriopus and other copepods are
widely distributed and ecologically important organisms. Their posi-
tion in marine food chains is very prominent, especially with regard to
the transfer of energy. Copepods also play an important role in the
transportation of aquatic pollutants across the food chains. In recent
years there has been a phenomenal increase in the knowledge base of
Tigriopus spp., particularly in the areas of their ecology, geophylogeny,
genomics and their behavioural, biochemical and molecular responses
following exposure to environmental stressors and chemicals.
Sequences of a number of important marker genes have been studied in
various Tigriopus spp., notably T. californicus and T. japonicus. These
genes belong to normal biophysiological functions (e.g. electron trans-
port system enzymes) as well as stress and toxic chemical exposure
responses (heat shock protein 20, glutathione reductase, glutathione S-
transferase). Recently 400,740 expressed sequenced tags (ESTs) from
T. japonicus, have been sequenced and of them, 9,004 ESTs showed
significant hit (E-value, >8.0 x E-04) to the mouse genome database.
Metals and organic pollutants such as antifouling agents, pesticides,
polycyclic aromatic hydrocarbons (PAH) and polychrlorinated
biphenyls (PCB) have shown reproducible biological responses when
tested in Tigriopus spp. Promising results have been obtained when
Tigrioups was used for assessment of risk associated with exposure to
endocrine-disrupting chemicals (EDCs). Application of environmental
gene expression techniques has allowed evaluation of transcriptional
changes in T. japonicus with the ultimate aim of understanding the
mechanisms of action of environmental stressors.. Through a better
understanding of toxicological mechanisms, ecotoxicologists may use
this ecologically-relevant species in risk assessment studies in marine
systems. The combination of uses as a whole-animal bioassay and gene
expression studies indicate that Trigriopus may serve as an excellent
tool to evaluate the impacts of marine pollution throughout the coastal
region. The purpose of this review is to illustrate the potential of using
Tigriopus to fulfil the niche as an important invertebrate marine model
organism for ecotoxicology and environmental genomics. In addition,
the knowledge gaps and areas for further studies have also been dis-
cussed.

EM046
CONSTRUCTION OF A WHOLE CELL ELECTRICAL
BIOSENSOR FOR THE DETECTION OF GENOTOXIC
EFFECTS
A Biran (1), H Ben-Yoav (2), V Morosow (3), R Pedahzur (1), S Yagur-
Kroll (1), S Buchinger (3), G Reifferscheid (3), Y Shacham-Diamand
(2), S Belkin (1)
(1) Institute of Life Sciences, Hebrew University of Jerusalem, Israel;
(2) Faculty of Engineering, Tel Aviv University, Israel; (3) Federal
Institute of Hydrology, Am Mainzer Tor 1, 56068 Koblenz, Germany
Email: buchinger@bafg.de

In the field of environmental chemistry and ecotoxicology there is a
growing demand for lab-independent devices based on whole cell
biosensors for the detection of genotoxic compounds. Such biosensors
can open a new spectrum of possibilities for rapid and portable water
toxicity testing, potentially useful for a variety of monitoring applica-
tions. Here we describe the design and construction of such a sensor,
consisting of genetically tailored bacterial tester strains that are co-
immobilized together with an enzymatic system for the metabolization
of xenobiotics on a bio-microelectromechanical system (bio-MEMS).
Bioactivated xenobiotics with a (pre)genotoxic potential induce the
bacterial SOS-response, which – in turn - drives the expression of a
reporter gene, either phoA or lacZ. Thus, either alkaline phosphatase or
β-galactosidase are expressed in response to the genotoxic effect of the
sample in a dose dependent manner. The activity of the reporter is mon-
itored electrochemically by the oxidation of the product p-aminophe-
nol. The general architecture of the biosensor together with important
aspects of the development process of the sensor (implementation of
bio-activation, strain construction, design of mirco-electrodes) will be
presented. ACKNOWLEDGMENT We gratefully acknowledge the
funding by the BMBF-MOST Cooperation in Water Technology Re -
search grant number WT 601 (Project 02WU0844) supported by the
German Federal Ministry of Education and Research (BMBF) and the
State of Israel Ministry of Science, Culture and Sport (MOST).

EM047
COLIPA VALIDATION OF THE RECONSTRUCTED HUMAN
SKIN MICRONUCLEUS ASSAY (RSMN): A NOVEL
MICRONUCLEUS ASSAY IN A 3D HUMAN SKIN MODEL 
M Aardema (1) Z Khambatta  (1), B Barnett  (1), S Pfuhler (1), K
Reisinger, (2) G Quedraogo G (3), B Faquet (3),  G Mun (4), E Dahl
(4), R Curren (4), P Carmichael (5), W Diembeck (6), R Fautz (7), J
Harvey (8), N Hewitt (9), A Latil (10), M  Marrec-Fairley M(11)
(1) The Procter & Gamble Co., Cincinnati, OH, USA; (2) Henkel AG &
Co KGaA, Duesseldorf, Germany; (3) L’Oreal Life Sciences Research,
Aulnay sous Bois, France; (4) Institute for In Vitro Sciences, Inc.,
Gaithersburg, MD, USA; (5)Unilever, Sharnbrook, UK; (6) Beiersdorf AG,
Hamburg, Germany;  (7) KPSS-Kao Professional Salon Services,
Darmstadt, Germany; (8) GSK, Ware, UK; (9) Erzhausen, Germany; (10)
Pierre Fabre, Toulouse, France, (11) Colipa, Brussels, Belgium.
Email: aardema.mj@pg.com

Current mammalian cell in vitro genotoxicity assays induce a high
level of false positive results leading to a large number of costly and
time consuming follow-up in vivo genotoxicity studies. As of March
2009, the 7th Amendment to the EU Cosmetics Directive prohibits the
use of in vivo genotoxicity tests in safety assessments for cosmetics,
greatly impacting the assessment of genotoxicity of new ingredients.
To address this, the European Cosmetic Toiletry and Perfumery
Association (COLIPA) initiated an international project to establish
and evaluate more predictive in vitro genotoxicity assays using 3D
human tissues. One focus has been on the 3D human skin micronucle-
us assay (RSMN) in EpiDermTM.. Since skin is the first site of contact
with maximum exposure to many different products including cosmet-
ics, the RSMN assay offers the potential for a more realistic applica-
tion/metabolism of test compounds for evaluating genotoxicity (1,2,3).
The COLIPA RSMN project is a multi-lab initiative involving Procter
& Gamble (US), L’Oreal (France), Henkel (Germany), and the Institute
for Invitro Sciences (IIVS, US). Intra-laboratory and inter laboratory
reproducibility have been investigated with model genotoxins mito-
mycin C and vinblastine sulfate as well as a variety of chemicals that
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require metabolic activation. In addition studies with coded chemicals
are in progress. This model is a promising new in vitro method for
detecting micronuclei induction in human skin. This work is funded by
the European Cosmetic Industry Association COLIPA.
1. Curren et al. Mutat Res. 2006, 607(2):192-204
2. Mun et al. Mutat Res. 2009, 673(2):92-9.
3. Hu et al. Mutat Res. 2009, 673(2):92-9

EM048
ARSENIC EFFECTS ON IMPORTANT NUCLEOTIDE 
EXCISION REPAIR (NER) KEY PLAYERS: FUNCTION, 
PROTEIN LEVEL AND GENE EXPRESSION
MC Nollen (1), F Ebert (1), LHF Mullenders (2), A Hartwig (3), T
Schwerdtle (1)
(1) Institute of Food Chemistry, Münster, Germany; (2) Department of
Toxicogenetics, Leiden, The Netherlands; (3) Department of Food
Chemistry and Toxicology, Berlin, Germany
Email: tanja.schwerdtle@uni-muenster.de

The human carcinogen arsenic is an ubiquitous distributed metalloid.
Our dietary intake, especially drinking water, provides the majority of
this element in the global population. Ingested inorganic arsenic is
metabolized to methylated derivatives which are today partly consid-
ered to be more toxic than inorganic species. Thus it is reasonable to
conclude that some adverse health effects seen in humans chronically
exposed to inorganic arsenic are caused by these metabolites. One
important mechanism of arsenic-induced carcinogenicity seems to be
DNA repair inhibition. Especially trivalent arsenicals strongly inhibit
the repair of bulky DNA lesions. This fact has already been demonstrat-
ed before by different research groups. Therefore this present study
focused on different molecular aspects of the inhibition of NER, which
is involved in the removal of such adducts induced by environmental
mutagens. During our current research we first investigated the impact
of arsenic on protein function via local UVC irradiation combined with
fluorescent antibody labelling following protein level and gene expres-
sion studies of the NER key players XPC and XPA. Here we report that
arsenite (≥ 1 µM) and MMAIII (monomethylarsonous acid) (≥ 0.1 µM)
strongly reduced gene expression of the important NER genes XPC and
XPA after 24 h preincubation with the respective arsenical compound.
This modified gene expression lead to diminished XPC protein level,
whereas down regulated XPA expression did not show a lowering effect
on the protein level of XPA. In case of XPC, the principle initiator of
global genome NER, the protein reduction was sufficient to repress
DNA damage association of XPC. Additionally we observed a dis-
turbed association of XPA, which is likely to be essential to build a
platform for the assembly of the pre-incision complex to UVC dam-
aged DNA. Since total XPA protein amount was not altered significant-
ly we suggest a functional coherency between XPC association to dam-
aged DNA and diminished XPA damage association. Summarized our
data indicate that arsenite and more distinct MMAIII interact with
expression of NER genes resulting in disturbed assembly of the NER
machinery.

EM049
ASSOCIATION BETWEEN GENETIC POLYMORPHISMS IN
DNA REPAIR GENES AND MINISATELLITE INSTABILITY IN
A POULATION FROM THE SEMIPALATINSK NUCLEAR
POLYGON REGION, KAZAKHSTAN
RI  Bersimbaev (1), NK  Bolegenova (2), BO  Bekmanov (2), LB
Djansugurova (2),WW  Au (3)
(1)  Eurasian  National  University,  Astana,  Kazakhstan;  (2)  Institute  o
General  Genetics  and  Cytology,  Almaty,  Kazakhstan;  (3)  University  of
Texas  Medical  Branch,  Galveston,  Texas,  USA.
Email: ribers@mail.ru

We have investigated 2 DNA-repair gene polymorphisms: XRCC1
(194 Arg/Trp, 399 Arg/Gln), XRCC3 (241Trp/Met) to reveal genetic
susceptibility to mutagens and to correlate the frequencies of minisatel-
lite gene mutations with the frequency of polymorphic variance in
DNA repair genes. Isolated DNA of 174 samples from people living
around the Semipalatinsk nuclear polygon area and 107 DNA samples

from frequency-matched control group was used. The determination of
polymorphisms in �RCC1, XRCC3 genes was carried out by restric-
tion analysis of amplified fragments. We tested the association between
variant polymorphic genes with expression of minisatellite instability
using χ2 statistics for each generation in total and stratified by expo-
sure vs. control groups. In the stratified analysis, χ2 statistics was used
to test the association in each stratum and Cochran Mantel Haenszel
test was used to test the association between polymorphic genes and
minisatellite instability, adjusting for exposure status. Beslow-Day Test
was used to test the homogeneity of the association between variant
polymorphic genes and minisatellite instability expression in control
and exposed groups. The results indicate that there were no statistical
significant differences in the frequencies of variant polymorphic genes
between  the exposed and control populations in each generation (P0,
F1 and F2).  The only significant finding on XRCC3 Trp241 Met (P2
generation) could due be to type I error because of the large number of
tests performed. The insignificant results could be due to insufficient
sample sizes (OR=0, 39; CI=0.17-0.89, P=0, 02). Beslow-Day Tests
show that the associations between variant polymorphic genes and
minisatellite instability expression in control and exposed groups are
homogeneous. The level of frequencies of minisatellite mutation rates
in F1 from exposed group was increased in those who had the com-
bined variant (XRCC1 Atr/Trp+Trp/Trp, Arg/Gln+Gln/Gln;XRCC3
Trp/Met+Met/Met) genotypes. However, these results were not signif-
icantly different. Therefore, the data suggest  that the genotypes had no
effect, under our experimental conditions, on the minisatellite mutation
frequencies. The lack of association may be caused by the small sam-
ple size of exposed and control groups.

EM050
GASOLINE EXPOSURE EFFECT ON PROFESSIONALS IN
EL-MINYA GOVERNORATE IN UPPER EGYPT (2007-2008)
KM El-Mokadem(1),SM Ahmed(1)
(1) Assuit Lab.of Medico-legalDepartment, Ministry of Justice, Assuit
Branch, Egypt.
Email: kh_elmo2000@yahoo.com

El-Minya City lies in the middle of Egypt between the Nile River and
the Ibrahimiya Canal and considered as a market and financial center
for its region. There were no previous studies on pollution caused by
Gasoline exposure in El-Minya Governorate in Upper Egypt . So we
tried in this study to concern on the effect of air pollution from auto-
mobile exhaust in El-Minya, Unleaded gasoline was introduced in the
greater area of El-Minya, 10% of the total sales of gasoline was unlead-
ed. In this study,blood lead levels, liver function, kidney function, and
hematological parameters were measured in groups of professionals
exposed occupationally to polluted air with heavy traffic or gasoline
fumes. According to the present study, we found a significant differ-
ence in blood lead levels in each of the exposed groups and an increase
in hemoglobin level in all tested groups. On the other hand, ceratinine
level shows decrease significant in all tested groups, increase SGOT
and SGPT levels in gas station employees and taxi derivers and
increase SGPT in bus drivers. On the other hand, there is no significant
in SGOT level in bus driver. Perhaps the elevated transaminases result-
ed from exposure of gas station employees to hepatotoxic constituents
of gasoline.

EM051
GENOTOXIC EFFECT OF OCTYLPHENOL ON MALE MICE
A A Hassan(1), S M Bakr(2)
(1)Cell Biology Department, Genetic Engineering Division, National
Research Center, Egypt; (2)Biology Department, Faculty of Education,
Kafr El- Sheikh University, Egypt
Email: amal.a.hassan@hotmail.com

The aim of the present study is to investigate the genotoxic effect of 4-
tert-octylphenol (OP) in mice using cytogenetic and molecular meth-
ods. Male mice were orally treated with different doses of OP at the
level of 50, 150 and 450 mg/kg b. w. for a single day, or for 5 and 7
consecutive daily doses. Cytogenetic parameters were investigated in
somatic and germ cells. The results show that after 24 h. OP induced
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different types of structural chromosomal aberrations in bone-marrow
cells which increased significantly with increasing the dose. In germ
cells chromosomal aberration was observed in mice spermatocytes
after treatment with OP with a dose-dependent relationship. The repeat-
ed dose treatment induced a more pronounced effect than a single dose-
treatment. Also, morphological sperm abnormalities increased signifi-
cantly with increasing the dose. The RAPD fingerprints were investi-
gated in control and treated mice using five arbitrary primers to detect
the alterations in DNA produced by OP. The results indicated that the
total percentage of polymorphism is 66.07, which means that the
majority of patterns of the detected markers are polymorphic between
the tested groups. A relatedness dendogram clustered the three treated
groups together independently from the control group, which confirm
the ability of RAPD technique to detect DNA alterations induced by
chemicals.

EM052
ANALYSIS OF CHROMOSOMAL ABERRATION 
FREQUENCIES AND GLUTATHIONE-S-TRANSFERASE
GENES IN WORKERS OCCUPATIONALLY EXPOSED TO
URANIUM IN NORTHERN KAZAKHSTAN
RI Bersimbaev (1),  GA Toksobayeva (1),  AA Kakabayev (2),  WW Au (3) 
(1)Eurasian National University, Astana, Kazakhstan; (2) Kokshetau
State University, Kokshetau, Kazakhstan; (3) The University of Texas
Medical Branch, Galveston, Texas, USA
Email: ribers@mail.ru

The Republic of Kazakhstan has one of the largest deposits of uranium
in the world. Therefore, uranium mining activities have existed for
many years. Although mine workers have been exposed, their health
risk has not been investigated. In the present study, uranium mine-
workers in the Stepnogorsk mining-milling complex in Northern
Kazakhstan were investigated for the expression of chromosome aber-
rations and for genetic factors that can modify the exposure-related
expression of chromosome damage. From our interview of volunteers,
100 most qualified workers and 56 controls were selected. Controls
were frequency-matched to the workers with respect to age (+/- 5
years), gender and ethnic origin. The workers were subdivided into 3
groups according to the duration of exposure: group I - 1-10 years,
group II - 11-20 years, group III - 21-25 years. The controls were
healthy volunteers who had not been exposed to radiation or other haz-
ardous agents.  Our data shows that workers in all three exposure
groups had higher frequencies of chromosome aberrations than the
control group. Uranium exposed workers who had inherited the null
GSTM1 and/or GSTT1 genotypes had a significant increase in the fre-
quency of chromosome aberrations compared with those who had the
intact GSTM1 and GSTT1 genes for the different group of workers.
Our study, therefore, indicates that uranium mine workers in Northern
Kazakhstan have excessive exposure that can cause them to have
increased risk for health consequences such as cancer.  In addition,
GSTM1 and/or GSTT1 null genetically susceptible individuals may
have higher health risk.

EM053
BIOLOGICAL ACTIVITIES OF ENDOGENOUS 
MUTAGENS/CARCINOGENS, AMINOPHENYLNORHARTMAN
AND N-NITROSO BILE ACID CONJUGATES.
Y Totsuka, T Sugimura, K Wakabayashi
Cancer Prevention Basic Research Project, National Cancer Center
Research Institute, Tokyo, Japan
Email: ytotsuka@ncc.go.jp

Aminophenylnorharman (APNH), being a reaction product of norhar-
man and aniline, is a strong mutagen/carcinogen, as the case of other
heterocyclic amines. APNH formed the DNA adduct, dG-C8-APNH,
and showed mutagenicity in S.typhimurium strains and clastogenicity
in Chinese hamster lung cells. In a long-term carcinogenicity experi-
ment of APNH, hepatocellular carcinomas and colon adenocarcinomas
were developed in both sexes of F344 rats fed 40 ppm of APNH. PCR-
SSCP analysis revealed β-catenin gene mutations in 24% of HCCs, and
K-ras, β-catenin and Apc gene mutations were found in 22, 44 and 33%

of colon cancers, respectively. APNH was detected in eighteen human
urine samples, at levels of 21 to 594 pg per 24 hr urine. To clarify
chronic exposure of humans to APNH, amounts of APNH in human
hair samples were also measured. In the hair samples collected from
nine healthy volunteers, APNH was detected in all the samples at lev-
els of 222-532 pg per g hair. From the values of APNH in human hair
and urine samples, the daily exposure level of APNH was estimated to
be 0.02 – 0.2 µg/person. N-Nitroso bile acid conjugates, N-nitrosogly-
cocholic acid (NO-GCA) and N-nitrosotaurocholic acid (NO-TCA),
have been demonstrated to exert mutagenic and carcinogenic activity.
The major DNA adducts derived from NO-GCA and NO-TCA are
shown to be O6-carboxymethyl-deoxyguanosine (O6-CM-dG) and 3-
ethanesulfonic acid-deoxycytidine (3-ESA-dC), respectively, in in
vitro experiments. To examine the formation of these DNA adducts in
vivo, O6-CM-dG and 3-ESA-dC were analyzed using HPLC and the
32P-postlabeling method in the glandular stomach of rats subjected to
duodenal content reflux surgery. The levels of O6-CM-dG and 3-ESA-
dC in the duodenal reflux group after 8 weeks of surgery were 56.3±3.2
and 8.9±1.0 per 108 nucleotides, respectively, whereas the values were
5.9±0.5 and 2.0±1.0 per 108 nucleotides for the sham operation group.
When the duodenal reflux animals were treated with a nitrite trapping
agent, thioproline, the levels of O6-CM-dG and 3-ESA-dC were
reduced to almost the same levels as those of the sham operation ani-
mals. Thus, both NO-TCA and NO-GCA were formed in the stomach
of a rat duodenal reflux model, and might be involved in stomach can-
cer development.

EM054
UPTAKE, TRANSLOCATION AND CELLULAR EFFECTS OF
NANOPARTICLES IN HUMAN CELLS: COMPARISON OF
FE(III) AND TIO2
E Dopp (1), K Bhattacharya (1,2); RPF Schins (3), E Hoffmann (4)
(1) Institut für Hygiene und Arbeitsmedizin, Universität Duisburg-
Essen, Germany; (2) Radiation and Environmental Science Centre,
FOCAS Institute, Dublin Institute of Technology, Dublin, Ireland; (3)
Institut für Umweltmedizinische Forschung (IUF) an der Heinrich-
Heine University Düsseldorf, Germany; (4) European Molecular
Biology Laboratory (EMBL), Heidelberg, Germany
Email: elke.dopp@uni-due.de

Titanium dioxide (TiO2), also known as titanium (IV) oxide or anatase,
is the naturally occurring oxide of titanium. It is also one of the most
commercially used form. Previously conducted studies had established
these nanoparticles to be mainly non-cyto- and –genotoxic, although
they had been found to generate free radicals both acellularly (special-
ly through photocatalytic activity) and intracellularly. The present
study determines the role of TiO2-NP (anatase, < 100 nm) using sever-
al parameters such as cyto- and genotoxicity, DNA-adduct formation
and generation of free radicals following its uptake by human lung cells
in vitro. For comparison, iron containing nanoparticles (hematite,
Fe2O3, < 100 nm) were used. The results of this study showed that
both types of NP were located in the cytosol near the nucleus. No par-
ticles were found inside the nucleus, in mitochondria or ribosomes.
Human lung fibroblasts (IMR-90) were more sensitive regarding cyto-
and genotoxic effects caused by the NP than human bronchial epithe-
lial cells (BEAS-2B). In contrast to hematite NP, TiO2-NP did not
induce DNA-breakage measured by the Comet-assay in both cell types.
Generation of reactive oxygen species (ROS) was measured acellu-
larly (without any photocatalytic activity) as well as intracellularly for
both types of particles, however, the iron-containing NP needed special
reducing conditions before pronounced radical generation. A high level
of DNA adduct formation (8-OHdG) was observed in IMR-90 cells
exposed to TiO2-NP, but not in cells exposed to hematite NP. Our study
demonstrates different modes of action for TiO2- and Fe2O3-NP.
Whereas TiO2-NP were able to generate elevated amounts of free rad-
icals, which induced indirect genotoxicity mainly by DNA-adduct for-
mation, Fe2O3-NP were clastogenic (induction of DNA-breakage) and
required reducing conditions for radical formation.
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EM055
“GENOMICS BIOMARKERS OF ENVIRONMENTAL
HEALTH” (ENVIROGENOMARKERS): A NEW FP7 MOLEC-
ULAR EPIDEMIOLOGY PROJECT
E Makrinou, M Botsivali, P Georgiadis, SA Kyrtopoulos
National Hellenic Research Foundation (NHRF), Institute of
Biological Research and Biotechnology, Athens
Email: makrinou@eie.gr

EnviroGenomarkers is a new FP7 (Theme: Environment; and Health)
medium-scale collaborative project, which started in March 2009 with
a duration of 4 years. It is coordinated by NHRF and has a total of 11
partners. The project concerns the large-scale application of full range
–omics technologies in a population study aiming at a) the discovery
and validation of novel biomarkers, predictive of increased risks of a
number of chronic diseases, b) the exploration of the association of
such biomarkers with environmental exposures, including high-priori-
ty pollutants and emerging exposures and c) the discovery and valida-
tion of biomarkers of exposure to the above and other high-priority
environmental exposures. The project utilises three prospective
cohorts: 
- Cancer related biomarkers will be developed using a case-control
study nested within 2 cohorts (EPIC Italy and the Northern Sweden
Health and Disease Study), with samples collected prior to disease
diagnosis, as well as exposure data and follow-up health information.
Biomarkers will be compared in 600 breast cancer cases, 300 B-cell
lymphoma cases and equal numbers of matched controls, to evaluate
their risk predictivity. 
- Chronic disease biomarkers established during early childhood that
persist into adult life will be evaluated using the Rhea mother-child
cohort, being set up in the context of NewGeneris, an FP6 integrated
project on genotoxic exposure risks in newborns. 600 Rhea children
will be analysed at birth, 2yrs and 4yrs. Results will be compared with
relevant clinical indices, to evaluate the intra-individual biomarker
variation and its relationship with disease progression. Biomarker
search will utilize state-of-the-art metabonomics, epigenomics, pro-
teomics and transcriptomics technologies, in combination with
advanced bioinformatics and systems biology tools. Exposure assess-
ment will exploit exposure biomarkers, questionnaires, modelling and
GIS technology. Specifically targeted exposures include PCBs, PAHs,
cadmium phthalates and PBDEs. Additional data available through
other projects will also be utilised, thus generating substantial added
value. 
Acknowledgement: EnviroGenomarkers is funded by the European
Union (Grant Agreement No. 226756)

EM056
USING OF ALLIUM-TEST FOR TOXICITY ASSESSMENT OF
WATER AND SOIL SAMPLED FROM RADIOACTIVELY
CONTAMINATED SITES
SV Pyatkova  (1), SA Geras’kin (2), AN Vasileva (3), GV Kozmin (1)
1-Ecology Department, Obninsk Technical University of Nuclear
Power Engineering, Russia; E-mail: pyatkova@iate.obninsk.ru; 2-
Laboratory of Plant Ecotoxicology, Russian Institute of Agricultural
Radiology and Agroecology, 249030, Obninsk, Russia; 3- Russian
Institute of Power Engineering, Obninsk, Russia
Email: stgeraskin@gmail.com
Email: pyatkova@iate.obninsk.ru

The main aim of our research is to improve Allium-test method for
bioindication of radioactive and chemical pollution and apply this to an
assessment and forecast of the environment state within the
Semipalatinsk Test Site (STS). Radioactive contamination of the STS
territory was formed as a result of nuclear weapon testing. Up to now,
within the STS there are areas with a very high level of radioactive con-
tamination. Doses in these areas would be enough to induce biological
effects in plants and animals. For our bioindication studies we chose
sites where the overwhelming majority of nuclear tests were complet-
ed. γ-radiation dose rate at some locations within STS exceeds 20-60
µGy/hour. Collected samples of soil and water from experimental area
were analyzed in laboratory to measure radionuclides activity and
heavy metals content. We applied the Allium-test to assess cytotoxici-

ty and genotoxicity of the soil and water sampled from the STS in 2006
and 2007. For that, onion bulbs are plunged into water or soil under test
for germination and, then, root meristem cells are used as test-system
to indicate geno- and cytotoxicity of water/soil contamination. Results
from cytotoxicity of samples testing show the values of mitotic index
is lower than in control. Cytogenetic disturbances frequency at the
bulbs germination in sampled from the affected sites significantly
exceeds the control. Frequency of the severest genetic disturbances
(chromosome bridges as well as lagging chromosomes, C-mitoses and
three-polar mitoses) is significantly higher in the nuclear tests’ epicen-
ter. The extent of cytogenetic indices does not show any correlation
with γ-dose rate. Possible reason is that γ-dose rate measured at the
sampling points is mainly formed by radionuclides deposited not in
water itself but at banks and bottom sediment. Moreover, γ-dose rate
does not take into account contribution from β- and α-emitting iso-
topes. The experiment with an additional exposure of onion bulbs ger-
minating on water samples at doses calculated to compensate this dif-
ference between natural and laboratory conditions shows that such an
Allium-test modification allows us to describe ecological situation at
the sampling points with high levels of radioactive contaminations
more correctly.

EM057
SOME APPROACHES TO EVALUATION OF THE ENVIRON-
MENTAL GENOTOXICITY.
N Reutova(1), S Podzuban(1), T Vorob’eva(2), T Reutova(2). P
Dzambetova(3).
(1)Medical Consultative-Diagnostic Center, Nalchik, Russia; (2)High
Mountain Geophysical Institute, Nalchik, Russia; (3)Chechen State
University, Grozny, Russia.
Email: reutova371@mail.ru

This study is dedicated to the development of efficient, informative and
inexpensive methods of estimation of the mutagenic effect of various
pollutants on the environment. We detected soil genotoxicity using
plant test-system Glycine max. (L.) Merill., which was proposed by
B.K.Vig (1975). The soils were contaminated by heavy metals (the
vicinity of tungsten and molybdene factory) and products of combus-
tion and domestic cottage processing of oil (the areas of oil mini-facto-
ries location). Seeds were germinated in contaminated soils. It was
found that the polluted soils increased the mutation level by a factor of
2-8 with dose-response effect. This plant test system turned out to be
more sensitive than Ames test in the case of oil products contamination.
For assessment environmental genotoxicity in situ we studied mutation
rates in seeds of native plants growing on the same territories using
seedling’s root tip anaphase aberration test. 8 plant species were stud-
ied (Anisantha tectorum, Koeleria cristata, Hyoscyanus niger, Yurinea
ciscaucasica, Taraxacum officinale, Matricaria recutita, Rumex con-
fertus, and Plantago major. All of them were quit sensitive. We found
that mutation rates in seeds from plants growing on contaminated soils
exceeded the background levels by factors of 2—4.5 (heavy metals)
and 4-7 (oil processing products). Increasing the height and decreasing
the number of flowering and seeds and germination capacity were
observed in the plants which seeds have high mutation level. We pro-
pose to use dandelion (Taraxacum officinale Wigg. s.l.) for testing
genotoxicity of environment. This widespread species is sensitive to
various types of pollutants, simple in using and inexpensive object for
genetic monitoring. For assessment of health risk some indexes of
reproductive health of population in the district of tungsten and molyb-
dene factory were analyzed. Increased frequency of miscarriages was
detected. The rate of congenital malformations and hereditary diseases
were not differ from the corresponding indexes of the control regions.
The increasing of cancer was not detected. We suppose that our toolk-
it for evaluation of the genetic effect of industrial enterprises, including
various index plants, is sufficient and evidentiary.

EM058
OXIDATIVE STRESS OF SILVER NANOPARTICLES 
CAENOHABDITIS ELEGANS : FUNCTIONAL GENOMICS
APPROACH 
Ji-Yeon Roh, Ji Choi 
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Faculty of Environmental Engineering, College of Urban Science,
University of Seoul, 90 Jeonnong-dong,Dongdaemun-gu, Seoul 130-
743, Republic of Korea
Email: jinhchoi@uos.ac.kr

The toxicity of silver nanoparticles (AgNPs) was investigated in
Caenorhabditis elegans using functional toxicogenomics approach.
Whole genome microarray was used to screen for global changes in C.
elegans transcription profiles after AgNPs exposure, followed by quan-
titative analysis of selected genes. The integration of gene expression
profile with organism and population level endpoints was investigated
using C. elegans functional genomics tools, to test the toxicological rel-
evance of AgNPs-induced gene expression. AgNPs exerted consider-
able toxicity in C. elegans, most clearly as dramatically decreased
reproduction potential and increased expression of the superoxide dis-
mutases-3 (sod-3) occurred concurrently with significant decreases in
reproduction ability. The results of functional genomic studies using
mutant analyses suggested that the sod-3 gene expressions may have
been related to the AgNPs-induced reproductive failure in C. elegans
and that oxidative stress may have been an important mechanism in
AgNPs toxicity. To understand the observed molecular mechanism of
AgNPs-induced oxidative stress, a mechanism study was conducted
focusing on the involvement of the oxidative stress responding signal
transduction pathway and transcription factors in the toxicity of
AgNPs. The upstream signaling mechanism responsible for regulating
oxidative stress was studied focusing on the mitogen-activated protein
(MAP) kinase cascades, as well as, transcription factor, SKN-1.
Acknowledgment: This work was accomplished through the supports
of the Ministry of Environment as “The Eco-technopia 21 project”.

EM059
COMPARATIVE TOXICITY OF SILVER NANOPARTICLE IN
HUMAN CELL LINES
HJ Eom, SY Park, J Choi
Faculty of Environmental Engineering, College of Urban Science,
University of Seoul, 90 Jeonnong-dong,Dongdaemun-gu, Seoul 130-
743, Republic of Korea
Email: jinhchoi@uos.ac.kr

Toxicity of silver nanoparticles (AgNPs) and silver ions (Ag ions) were
compared in human cell lines. Among 6 tested cell lines, cell viability
of Jurkat cells decreased significantly by AgNPs, whereas, not by Ag
ion. Similarly, apoptosis was observed by AgNPs, whereas, not by Ag
ions. To investigate underlying mechanism on this different sensitivity
of Jurkat cells to AgNPs and Ag ion exposure, an in vitro toxicity assay
was conducted focusing on the involvement of the oxidative stress
responding signal transduction pathway and transcription factors in the
toxicity of AgNPs. The upstream signaling mechanism responsible for
regulating oxidative stress was studied focusing on the mitogen-acti-
vated protein (MAP) kinase cascades. Three groups of well-character-
ized MAP kinase cascades, extracellular signal-regulating kinase
(ERK), p38 and c-Jun N-terminal kinase (JNK), were investigated.
Redox-sensitive transcription factors, such as nuclear factor-kappaB
(NF-�B) and nuclear factor-E2-related factor-2 (Nrf-2), were investi-
gated as target transcription factors of AgNPs toxicities. Antioxidant
enzyme activities were also investigated. Acknowledgment: This work
was accomplished through the supports of the Ministry of Environment
as “The Eco-technopia 21 project”.

EM060
URINARY FUMONISIN B1 AS A BIOMARKER OF FUMON-
ISIN EXPOSURE AND ITS APPLICATION IN 
INTERVENTION STUDIES
YY Gong (1), L van der Westhuizen (2), GS Shephard (2), H-M Burger
(2), JP Rheeder (2), WCA Gelderblom (2), CP Wild (3)
(1) Molecular Epidemiology Unit, Leeds Institute of Genetics, Health
and Therapeutics, University of Leeds, LS2 9JT, UK (2) PROMEC
Unit, Medical Research Council, Francie van Zijl Drive, Tygerberg
7505, South Africa (3) International Agency for Research on Cancer,
150 cours Albert-Thomas, Lyon, France.
Email: medyg@leeds.ac.uk

Fumonisins (FB), produced by Fusarium Spp that contaminates maize
worldwide, are possible human carcinogens and exhibit nephrotoxicity
and hepatotoxicity in animals. We developed a urinary FB1 exposure
biomarker measured by a liquid chromatography - mass spectrometry
(LC-MS) method following a solid phase extraction using deuterium
labeled FB1 as an internal standard. The method can quantitate as low
as 20pg FB1 per ml urine. Previously in 75 Mexican women regularly
consuming maize based tortillas, urinary FB1 level was compared
amongst individuals from high, medium and low maize intake groups.
75% of the women had detectable urinary FB1. The level was strongly
correlated with maize based tortillas consumption [1]. This biomarker
was further applied to evaluate the effectiveness of handsorting and
washing maize to reduce dietary FB exposure in 22 women from the
rural Eastern Cape, South Africa. Morning urine was collected at base-
line. The participants were then trained in how to hand-sort and wash
maize to reduce fumonisins. Subsequently they performed hand-sorting
and washing before the maize was cooked for their own consumption
during  the following two days when morning urine was also collected.
Urinary FB1 was detected in 95% of the women. The urinary FB1 geo-
metric mean level was 224 pg/ml urine (95% CI 144-349 pg/ml) before
the intervention, and 107 pg/ml (95% CI 83-138 pg/ml, P = 0.002)
after. There was a strong correlation between urinary FB1 and food FB
levels (p=0.027). Conclusion: Urinary FB1 level is significantly corre-
lated with maize consumption, as well as with FB contamination thus
representing a valid and sensitive biomarker of dietary FB exposure.
Simple interventions such as hand-sorting and washing maize before
cooking are feasible in rural populations and resulted in a mean 52%
reduction in the urinary FB1 level in a rural South African population.
This work was supported by grants from the NIEHS, USA and Sir
Halley Stewart Trust 
[1]. Gong YY, Torres-Sanchez L, Lopez-Carrillo L, et al. Association
between Tortilla Consumption and Human Urinary Fumonisin B1
Levels in a Mexican Population. Cancer Epidemiology Biomarkers &
Prevention 2008 17(3):688-94

EM061
GENOTOXICITY OF NANOPARTICLES IN IN VITRO
MICRONUCLEI, IN VIVO COMET AND MUTATION ASSAY
SYSTEMS
Y Totsuka (1), T Nohmi (2), T Kato (3), S Masuda (3), N Kinae (3), M
Kawanishi (4), T Yagi (4), T Sugimura (1), K Wakabayashi (1)
(1) Cancer Prevention Basic Research Project, National Cancer Center
Research Institute, 1-1 Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045, (2)
Division of Genetics and Mutagenesis, National Institute of Health Sciences,
1-18-1 Kamiyoga, Setagaya, Tokyo 158-8501, Japan, (3) Department of
Food and Nutritional Sciences, Graduate School of Nutritional and
Environmental Sciences, University of Shizuoka, (4) Environmental Genetics
Laboratory, Frontier Science Innovation Center, Osaka Prefecture
University, 1-2 Gakuen-cho Naka-ku, Sakai-city, 599-8570.
Email: ytotsuka@ncc.go.jp

Manufactured nanoparticles such as fullerenes (C60), carbon black
(CB) and ceramic fiber are widely used because of their desirable prop-
erties in industrial, medical and cosmetic fields. Accordingly, these par-
ticles can be released into the human environment and then can be
inhaled. Most exposure to airborne nanomaterials occurs in the work
place. However, there are few data on these nanoparticles in mam-
malian mutagenesis and carcinogenesis. To examine genotoxic effects
by C60, CB and kaolin, an in vitro micronuclei (MN) test was conduct-
ed with human lung cancer A549 cells. These three nanoparticles
increased MN frequencies in A549 cells in a dose-dependent manner at
doses of 0.02 – 2 µg/mL. In addition, C60, CB and kaolin induced
DNA damage in the lungs of C57BL/6J measured by comet assay,
intratracheally instilled with single dose of 0.2 mg per animal of
nanoparticles. Moreover, single (0.2 mg per animal) or multiple (four
consecutive doses of 0.2 mg per animal per week) instillations of C60
and kaolin, increased either or both of gpt and Spi- mutant frequencies
in the lungs of gpt delta transgenic mice. Mutation spectra analysis
showed transversions were predominant, and among these, the G:C to
C:G was commonly increased by these nanoparticle intratracheal instil-
lations. Thus, CB, C60 and kaolin were shown to be genotoxic in in
vitro and in vivo assay systems.
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EM062
COMPARISONS OF THE SENSITIVITIES OF ONION AND
BROAD BEAN TO GENOTOXINS IN THE ROOT TIP 
CHROMOSOME ABERRATION ASSAY
A O Asita, RM  Matobole 
Department of Biology, National University of Lesotho, P.O. Roma 180
Maseru, Lesotho, Southern Africa.
Email: ao.asita@nul.ls

Plant genotoxicity assays are relatively inexpensive, chemicals which
cause chromosomal aberration (CA) in plant cells frequently produce
identical CA in cultured animal cells too and there is growing ethical
concern for the use of animals in toxicology research and testing. Plant
species however, differ in their sensitivities. In this study, onion and
broad bean were compared for sensitivity to Chlorpyrifos (CHL),
Mercury Chloride (HgCL2), Ethyl methanesulphonate (EMS) and
Garden Ripcord (GR) (20% cypermethrin) using the root tip CA assay.
Three doses of each chemical representing the EC50, ½ EC50 and ¼
EC50 determined in preliminary germination inhibition tests were
assessed for cytotoxicity and genotoxicity. Seeds were germinated on
moistened filter paper in Petri dishes at room temperature until radicles
appeared and then exposed to solutions for 24 hours. About 1-2mm
length of root tips from five seeds/dose were cut, fixed in acetic alco-
hol at 4-6oC overnight, washed with ice cold water, hydrolyzed in 1M
hydrochloric acid (60 oC), stained with aceto-carmine and squashed on
glass microscope slides. Cytotoxicity was determined by the mitotic
index (MI). A dose of chemical was adjudged toxic if the MI of treated
cells was ≤ ½ of control.  To onion, all the chemicals were toxic at one
or more doses and GR also stimulated cell division at low concentra-
tions. To broad bean, EMS and HgCL2 were toxic, CHL was not toxic
and GR stimulated cell division at low concentrations. Genotoxicity
was determined by analyzing 100 anaphase and telophase cells for
chromosome fragments, bridges, vagrant chromosome, c-anaphase,
multipolarity and stick chromosomes.  The CA values at each dose
were compared with the control values using the Chi-squared test. All
four chemicals were genotoxic (P<0.05 and/or 0.01) to both plants.
Sensitivities were compared using the EC50 (in Moles), CA/mole at
50% MI and the concentration that induced the highest CA. Onion was
more sensitive to CHL and EMS when all three parameters were con-
sidered, HgCL2, when EC50 and concentration that induced the high-
est CA were considered and GR  in CA/mole. Broad bean was more
sensitive to GR when EC50 and concentration that induced the highest
CA were considered and to HgCL2 when CA/mole was considered.

EM063
SUMMARY OF COLLABORATIVE STUDIES OF LIVER
MICRONUCLEUS ASSAY IN YOUNG RATS -JEMS•MMS
COLLABORATIVE STUDY GROUP-
H Takasawa (1), H Suzuki (2), I Ogawa (3), Y Shimada (4), K
Kobayashi (5), Y Terashima (5), H Matsumoto (6), R Ohta (6), K
Oshida (7), J Tanaka (8), C Aruga (9), N Ikeda (10), T Suzuki (11), T
Hagiwara (12), S Hatakeyama (13), K Nagaoka (14), J Yoshida (15), T
Imamura (2), A Miyazaki (2), Y Saitou (1), S Minowa (1), M Kawabata
(1), M Hayashi (8)
(1) Mitsubishi Chemical Medience Corporation, Ibaraki, Japan; (2) Ina
Research Inc., Nagano, Japan; (3) Nissan Chemical Industries, Ltd.,
Saitama, Japan; (4) Hokko Chemical Industry Co., Ltd., Kanagawa,
Japan; (5) Kissei Pharmaceutical Co., Ltd., Nagano, Japan; (6) Food and
Drug Safety Center, Kanagawa, Japan; (7) Toray Industries, Inc.,
Kanagawa, Japan; (8) Biosafety Research Center, Foods, Drugs and
Pesticides, Shizuoka, Japan; (9) Mitsubishi Tanabe Pharma Corporation,
Chiba, Japan; (10) Kao Corporation, Tochigi, Japan; (11) National
Institute of Health Sciences, Tokyo, Japan; (12) Daiichi-Sankyo Company,
Ltd., Shizuoka, Japan; (13) Kyorin Pharmaceutical Co., Ltd., Saitama,
Japan; (14) Toa Eiyo Ltd., Fukushima, Japan; (15) Kaken Pharmaceutical
Co., Ltd., Shizuoka, Japan
Email: takasawa.hironao@mg.medience.co.jp

Rodent erythrocyte in vivo micronucleus (MN) assays have been wide-
ly conducted using bone marrow (BM) cells or peripheral blood (PB)
to assess the clastogenic potential of chemicals. Positive responses in
the BM/PB MN assays correlate highly with carcinogenicity in multi-

ple organs. However, it is well known that some chemicals showing
genotoxicity following metabolic activation in the liver tended to give
negative responses in the BM/PB MN assays. The MN-inducing poten-
tial of such chemicals can be detected in the liver MN assays. To eval-
uate the suitability and utility of the liver MN assay, we have been
investigating the assay using young (up to 4 weeks old) rats in the
JEMS•MMS collaborative studies for several years. This assay system
utilizes natural proliferation of hepatocytes in the young rats and gets
an advantage over the partial hepatectomy method, co-treatment
method with mitogens and in vivo/in vitro testing method. In our liver
MN assay system, test chemicals including undetectable in the BM/PB
MN assays were administered to male rats at 4 weeks of age and hepa-
tocytes were isolated by liver in situ perfusion with collagenase solu-
tion. In the standard (STD) method, rats were administered by single
dosing and hepatocytes were collected 3, 4 and 5 days after the treat-
ment. Specimens of the hepatocytes were stained with acridine orange
(AO) -4’,6-diamidino-2-phenylindole dihydrochloride (DAPI) solution
and observed under a fluorescent microscope. The outcomes of our
studies gave a high correlation between genotoxic hepatocarcinogenic-
ity and MN induction in hepatocytes by the STD method. To make the
liver MN assay system simpler and more convenient, we introduced
new method using double treatments and single sampling of hepato-
cytes. Some chemicals that gave positive responses in the STD method
were objected to the new method. As a result, all of the chemicals used
in the new method gave positive responses as well as by the STD
method. It is concluded that the new simpler liver MN assay is a use-
ful tool to detect in vivo clastogenicity of chemicals that give negative
or unclear responses in the BM/PB MN assays.

EM064
GENOTOXICITY TESTING OF ACLONIFEN IN VIVO AND
IN VITRO
H Aksoy (1), D Yüzba�ıo lu (2), F Ünal(2), G Taner (2),
S Yılmaz (3), M Çelik (4)
(1) Sakarya University, Art and Science Faculty, Department of
Biology, Sakarya, Türkiye; (2) Gazi University, Art and Science
Faculty, Department of Biology, Ankara, Türkiye; (3) Osmaniye
Korkut Ata University, Osmaniye Vocational High School, Department
of Technical Programs, Osmaniye, Türkiye; (4) Kahramanmara�
Sütçü İmam University, Art and Science Faculty, Department of
Biology, Kahramanmaraș, Türkiye.
Email: gtaner@gazi.edu.tr

Aclonifen is a potent herbicide belonging to the phenoxy-aniline
(diphenylether) group. For years it has been used in several types of
cultures in many countries. However toxicity information of Aclonifen
is not clear. In this study, genotoxic effects of Aclonifen was investigat-
ed using both in vivo chromosomal aberrations (CA) test in mouse
bone marrow cells and in vitro chromosomal aberrations, sister chro-
matid exchanges (SCE) and comet assay in human peripheral lympho-
cytes. Effects of this herbicide on the mitotic index (MI) and replica-
tion index (RI) were also investigated. Different concentrations of
Aclonifen (3.125, 6.25, 12.5, 25, 50 mg/kg bw) were treated to mouse
intraperitonally for 24 h and same interval of concentrations (3.125,
6.25, 12.5, 25, 50 µg/ml) were treated to human lymphocytes in vitro
for both 24 h and 48 h. Aclonifen significantly increased the frequency
of CA’s in almost all concentrations and treatment times in a dose
dependent manner both in vivo and in vitro. Aclonifen also increased
SCE/cell frequencies dose dependently in all treatment times and con-
centrations. It decreased mitotic index dose dependently, however
replication index was not effected. In comet assay, the primary DNA
damage significantly increased by all concentrations compared to the
control. In this study significant differences in CA, SCE, MI frequen-
cies and comet assay results between treatment and control groups indi-
cated that Aclonifen is clastogenic, mutagenic, cytotoxic and caused
DNA damage in mammalian cells.

EM065
EVALUATION OF A SPECIFIC METHOD FOR INTEGRATING
GENOTOXICITY TEST INTO GENERAL TOXICITY TEST
S Hamada (1), H Ishii (1), Y Kotani (1), H Takasawa (1), K Narumi(1),
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M Kawabata (1), S Minowa (1), R Takashima (1), M Nakagawa(1), M
Hayashi (2)
(1) Mitsubishi Chemical Medience Corporation, Ibaraki, Japan, (2)
Biosafety Research Center, Foods, Drugs and Pesticides, Shizuoka,
Japan
Email: hamada.shuuichi@mh.medience.co.jp

In a proposed revision of an ICH guideline, reduction in the number of
animals and integration of genotoxicity tests into general toxicity tests
are of the most important concerns.  A specific method for integrating
a genotoxicity test into a general toxicity test was evaluated.  We
reported that the integration of a bone marrow micronucleus test into a
28-day repeated dose toxicity test gave lower sensitivity when only
evaluating bone marrow samples (collected at the end of the test), but
provided higher sensitivity when peripheral blood (collected 2-4 days
after the initial treatment) was also evaluated. As hemosiderin pigmen-
tation in the spleen is a good marker for micronucleus induction in the
early phase of administration, we have confirmed its usefulness as an
index for determining the necessity of an additional micronucleus test.
Contrarily, it is difficult to integrate a comet assay into a general toxi-
city test as the final treatment has to be made 3 hours prior to sampling.
In this regard, TK animals are considered extremely useful for integrat-
ing an additional micronucleus test using peripheral blood and a comet
assay into the 28-day repeated dose toxicity test.  We also evaluated the
advantages and disadvantages over the use of TK animals, especially
for the effects of TK blood sampling on the hematopoietic function and
induction of micronucleated cells.  In the bone marrow micronucleus
test, TK blood sampling induced accelerated hematopoietic function
and a tendency for a slightly higher sensitivity to genotoxic agents;
however, it was considered to have no effect on micronucleus induction
as there was no effect on the micronucleus induction in the negative
control group.  No effect on TK blood sampling was noted in the comet
assay.  We also evaluated the advantage of a liver micronucleus test for
its cumulative effect when the test was integrated into a repeated dose
general toxicity test.

EM066
GENOTOXIC EFFECTS OF SODIUM BENZOATE IN HUMAN
LYMPHOCYTES IN VITRO
D Yüzba�ıo�lu (1), N Zengin (1), F Ünal (1), S Yılmaz (2)
(1)Gazi University, Art and Science Faculty, Department of Biology,
Ankara, Türkiye. (2)Osmaniye Korkut Ata University, Osmaniye
Vocational High School, Department of Technical Programs, 80000,
Osmaniye, Türkiye.
Email: deniz@gazi.edu.tr

Sodium benzoate is a preservative which is added to foods, medicines
and cosmetics to prevent fermentation and mold. In this study, genotox-
ic effects of sodium benzoate on human peripheral blood lymphocytes
were investigated by using chromosome aberrations (CAs), sister chro-
matid exchanges (SCEs) and comet assay. Lymphocytes were treated
with various concentrations (6.25, 12.5, 25, 50 and 100 �g/ml) of sodi-
um benzoate for 24h and 48 h. This additive significantly increased the
frequency of SCE and CA at all concentrations and treatment periods
compared with the control in a dose-dependent manner (for SCE;
r=0,95 and r=0,94; for CA; r=0,99 and r=0,97, at 24h and 48h, respec-
tively). Most common abnormalities were chromatid and chromosome
breaks. The primary DNA damage in comet assay significantly
increased by almost all concentrations compared to the control.
However, this increase was not dose-dependent. In addition, sodium
benzoate decreased the mitotic index at all concentrations and treat-
ment periods, dose-dependently (r=0,97 at 24 h, r=0.92 at 48 h). There
was no effect on the replication index (RI). It is concluded that sodium
benzoate is clastogenic and cytotoxic and caused DNA damage in
human lymphocytes in vitro.

EM067
INDIVIDUAL SUSCEPTIBILITY TO METAL-INDUCED
OXIDATIVE DAMAGE 
B Baluce (1), A Di Pietro(1), G Visalli (1), S La Maestra (2),R Micale
(2), A Izzotti (2)

(1)Department Of Hygiene, Public Health and Preventive Medicine,
University of Messina, Messina, Italy; (2)Department of Health
Sciences, University of Genoa, Genoa, Italy.
Email: barbarabaluce@yahoo.it

Transition metals in fine and ultrafine combustion-generated particu-
late matter increases the oxidative and inflammogenic reactivity of this
ubiquitous airborne pollutant  by the in vivo ROS generation. Oxi -
dative changes in bio molecules are implicated in almost all pathogen-
ic mechanisms of chronic-degenerative diseases. Endogenous free rad-
ical scavengers are exploited to limit damages. To the variability of this
mechanism exogenous scavengers as vitamins contribute. Moreover,
susceptibility to the ROS-induced genotoxicity is related to genomic
stability, synthesis and DNA repair mechanisms. Consequently cellular
damages are the outcomes of interactions between environment and
host-related factors producing a wide range of susceptibility also due to
genes polymorphisms. To assess interindividual variability, lympho-
cytes of 47 Caucasian health subjects were exposed to an water metals
solution obtained from oil fly ash and formed by V(IV), Fe(III) and Ni
(II) (68.8, 110.4 and 18.0 �M respectively). Oxidative damage was
evaluated by cell viability, intracellular ROS and 8-OH-dG analysis
and, as repair-capacity marker, by Halo-Comet. Other than the poly-
morphic genes GSTM1, GSTT1, hOGG1, and MTHFR, demographic
and behavioural factors were considered. ROS values ranging by ~20-
fold both basal and exposure conditions while 8-OH-dG values ranging
by 6 and 7-fold respectively. DNA repair capacity was moder-
ate(p<0.05 in comparison to background values) and ranged by 25-
fold. The results showed a significantly increased limphocytic DNA
damage in delete GSTT1 subjects. Increases in cytoplasmic ROS and
decreases in DNA repair capacity(p<0.05) were observed in the vari-
ants C677T and A1298C of MTHFR and imputable to increased homo-
cysteine, uracil misincorporation and DNA hypomethylation. However
multivariate analyses highlighted a marked(p<0.01) protective effects
due to vegetable intake, in both cytoplasmic and nuclear compartment,
and a harmful effect of meat intake on DNA repair capacity, probably
due to the highly bioavailable iron. Smoking habit also decreased
repair capacity while the age increased DNA damage during exposure.
On the whole it is underlined as lifestyle factors modify the genes-envi-
ronment interactions, contributing to the observed variability.

EM068
IN VITRO ASSESSMENT OF MITOCHONDRIAL 
IMPAIRMENT METALS- INDUCED IN HUMAN 
EPITHELIAL ALVEOLAR CELLS
G Visalli (1), A Di Pietro(1), B Baluce (1) , S La Maestra (2). 
(1)Department Of Hygiene, Public Health and Preventive Medicine,
University of Messina, Messina, Italy; (2)Department of Health
Sciences, University of Genoa, Genoa, Italy.
Email: giusyvisalli@yahoo.it

Bioavailable transition metals in inhalable particulate matter(PM) trig-
ger a dose–time–dependent induction of reactive oxygen species(ROS)
production in epithelial cells of respiratory tract. As previously
observed, other than DNA damages, ROS cause a marked  lipid perox-
idation  in cytoplasmic compartment of pneumocytes. Due to the high
content of PUFA mitochondria are susceptible targets to ROS, produc-
ing changes in their metabolism. Since mitochondria are the major nat-
ural cellular source of ROS, we tested the hypothesis that an impair-
ment of oxidative phosphorylation, metals-induced, causes an increase
in endogenous ROS production, prolonging oxidative damage both in
exposed cells and in their progeny. In synchronized A549 pneumocytes
cultures, exposed to subtoxic dose of a water metals solution obtained
from oil fly ash, and in their 3 following subcultures intracellular ROS
levels, mitochondrial mass and membrane potential(∆Ψ) were meas-
ured by cytofluorimetric analysis. Single synthetic metal solution
formed by V(IV) and Fe(III), at the same molarity present in OFA solu-
tion,  were also tested. The results in exposed cells showed that the
increased ROS level (p=0.002 and n.s. in G0-G1 and G2-S respective-
ly), due to Fenton-like reactions metals catalyzed, caused a decreases
in mitochondrial mass and, especially, in ∆Ψ(p= 0.018 and 0.04 in the
2 cell cycle phases respectively). This metabolic impairment was main-
tained in the obtained subcultures that showed, in comparison to con-
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trol, significant increases in endogenous ROS and mitochondrial mass
(p=0.045). The latter is imputable to the homeostatic mechanism of
biogenesis. Moreover the values of ∆Ψ decreased significantly
(p=0.009). The results obtained in cells exposed to single metal solu-
tions showed that the functionality changes were almost all imputable
to the vanadium presence in OFA.The study underlines how, despite
the absence of exposure to environmental sample, the marked mito-
chondrial dysfunction transmitted to progeny makes chronic oxidative
stress in respiratory epithelium. Other than COPDs pathogenesis, the
observed effects, causing a quick cellular turn-over due to mitochondr-
ial-mediated apoptosis pathways, could trigger the multi-step cancero-
genic process in the less damaged cells.

EM069
DNA DAMAGE INDUCED BY TOBACCO SMOKE AND 
ENVIRONMENTAL POLLUTANTS IN MOTHERS AND ITS
TRANSPLACENTAL TRANSFER TO THE FOETUS
J Topinka (1), A Milcova (1), H Libalova (1), Z Novakova (1), P
Rossner, Jr (1), I Balascak (2), RJ Sram (1)
(1) Laboratory of Genetic Ecotoxicology, Institute of Experimental
Medicine, AS CR, v.v.i., Prague, Czech Republic; (2) 2nd Medical
Faculty, Charles University, Prague, Czech Republic
Email: jtopinka@biomed.cas.cz

32P-postlabelling and PAH-ELISA using the antiserum #29 were
employed to analyze DNA adducts in venous and umbilical cord blood
and the placenta of 79 mothers giving birth to 80 living babies in
Prague (Czech Republic). Ambient air exposure was measured by sta-
tionary measurements of basic air pollutants (PM2.5, c-PAHs) during
the entire pregnancy. Tobacco smoke exposure was assessed by ques-
tionnaire data and by plasma cotinine levels. The total DNA adduct lev-
els in the lymphocytes of mothers and newborns were elevated by
30–40% (p<0.001) compared with the placenta. B[a]P-like DNA
adduct (adduct with the identical chromatographic mobility on TLC as
major BPDE derived DNA adduct) levels were elevated in the blood of
mothers compared with the placenta and the blood of newborns
(p<0.05 and p<0.01). In tobacco smoke-exposed mothers, higher DNA
adduct levels in the blood of mothers and newborns compared with the
placenta were found (p<0.001), whereas the total and B[a]Plike adduct
levels were comparable in the blood of mothers and newborns. B[a]P-
like adducts were elevated in the blood of mothers unexposed to tobac-
co smoke compared with that of corresponding newborns and the pla-
centa (p<0.01). Total and B[a]P-like DNAadducts were increased in the
placenta of tobacco smoke-exposed compared with unexposed mothers
(p<0.001 and p<0.01). In lymphocytes of tobacco smoke exposed
mothers, the comparison of total adduct levels (1.18±0.67 vs.
0.92±0.28) and B[a]P-like DNA adducts (0.22±0.12 vs. 0.15±0.06
adducts/108 nucleotides) with newbornsindicated a 40–50% increase
of adducts in mothers. Almost equal PAH-DNA adduct levels were
detected by anti-BPDE-DNA ELISA in the placenta of tobacco smoke-
exposed and -unexposed mothers. Our results suggest a protective
effect of the placental barrier against the genotoxic effect of some
tobacco-smoke components between the 3 circulation of mother and
child. We found a correlation between adduct levels in the blood of
mothers and newborns.The study was supported by the Czech Ministry
of the Education (grant number 2B06088) and by the Academy of
Sciences of the Czech Republic (grant number AVOZ50390512).

EM070
EVALUATION OF SODIUM SORBATE GENOTOXICITY IN
HUMAN LYMPHOCYTES IN VITRO
S Mamur (1), D Yüzbașıoğlu (1), H Aksoy (2), F Ünal (1)
(1)Gazi University, Art and Science Faculty, Department of Biology,
Ankara, Türkiye (2)Sakarya University, Art and Science Faculty,
Department of Biology, Sakarya, Türkiye.
Email: deniz@gazi.edu.tr

In this study, genotoxic effects of antimicrobial food additive sodium
sorbate was investigated in human lymphocytes using chromosome
aberrations (CA), sister chromatid exchanges (SCE), micronucleus
(MN) and comet assays in vitro. Cells were treated with 100, 200, 400

and 800 µg/ml concentrations of sodium sorbate for 24 h and 48 h.
Sodium sorbate significantly increased the CA frequency at only
800µg/ml concentration at both treatment periods. Sodium sorbate
caused seven types of chromosomal aberrations. Structural chromoso-
mal aberrations were chromatid break, chromosome break, fragment,
sister union, chromatid exchange and dicentric chromosomes.
Polyploidy was recorded as numerical chromosomal aberration. The
most common chromosomal aberration was chromatid breaks. On the
other hand, sodium sorbate increased SCE frequency  and MN forma-
tion at 400 and 800 µg/ml concentrations at 24 h and 48 h treatment
periods in a dose-dependent manner (For SCE r=0,90 and r=0,95
respectively, for MN r=0,97). However, sodium sorbate did not effect
replicative index (RI) and cytokinesis-block proliferation index (CBPI)
in all treatment concentrations. In contrary, it significantly decreased
the mitotic index (MI) at 200 µg/ml concentration for 48h treatment
period (r=-0,54).  Comet assay was used to evaluate the DNA damag-
ing effects of sodium sorbate in human cells. The results of the present
study showed statistically significant increase in mean comet tail inten-
sity and tail length at all concentrations (except 400 �g/ml for tail
length) compared with control. However, this increase was not dose-
dependent. The results of these experiments showed that sodium sor-
bate have clastogenic and mutagenic effects especially at heights con-
centrations in human lymphocytes in vitro.

EM071
THE AMES MPF™ PENTA I ASSAY: MUTAGENICITY 
TESTING IN LIQUID MICROPLATE FORMAT USING OECD
GUIDELINE 471 COMPLIANT STRAINS S. TYPHIMURIUM
TA98, TA100, TA1535, TA1537 AND E.COLI WP2 UVRA PLUS
E.COLI WP2 [PKM101]
S Flückiger-Isler, M Kamber
Xenometrix, Gewerbestrasse 25, CH-4123 Allschwil, Switzerland
Email: sf@xenometrix.ch

The necessity of testing compounds for genotoxic liabilities is con-
stantly increasing. In drug discovery, genotoxic substances should be
removed from further development as early as possible, often at stages
where very limited quantities are available. But also the testing of envi-
ronmental samples, or new regulatory requirements for re-testing of
existing chemicals increase the need for higher throughput mutagenic-
ity assays. We have earlier introduced the liquid Ames II and Ames
MPF (microplate format) assays, which have the advantage of requir-
ing less test compound, consumables and hands-on-time. We are now
able to offer in this format all strains required by the OECD guideline
471 for Testing of Chemicals. The complete bacterial reverse mutation
test includes at least five tester strains. S. typhimurium TA98, TA100,
TA1535 and TA1537 are already successfully used in the microplate
format. These 4 tester strains have GC base pairs at the primary rever-
sion site and may therefore not detect certain classes of chemicals. A
tester strain with an AT base pair at its primary reversion site was until
now not available in the microplate format. The mutagenic response to
13 reference compounds, including streptonigrin, mitomycin C, alde-
hydes oxidizing agents and hydrazines, was examined in E.coli wp2
uvrA and E.coli wp2 [pKM101]. The two strains had different sensitiv-
ities towards different mutagens. When combined during exposure as
“E.coli Combo”, it was the more sensitive strain that prevailed in the
E.coli Combo test. When compared with published plate incorporation
data, the results and were found to be identical. The new Ames MPF
E.Coli Combo assay was combined with the Ames MPF
98/100/1535/1537 assay to create the Ames MPF PENTA I test which
meets the strain requirements of the OECD guideline 471. The new
Ames MPF PENTA I test is based on the fluctuation method using a
preincubation procedure of 90 minutes. The use of a liquid format and
384-well microplates offers a time- and cost effective alternative to the
plate incorporation test. As both formats use the same tester strains,
results can be compared with existing data sets. The new test includes
ready-to-use media and quality controlled bacteria, and allows for high
throughput testing.
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EM072
EXPOSURE TO VARIABLE AIR LEVELS OF BENZENE AS A
FUNCTION OF DIFFERENT TRANSPORTATION MEANS IN
FLORENCE, ITALY
M Pacenti (1), S Dugheri (1),  G Arcangeli (1), Vi Cupelli (1),Gl
Moneti (2), A  Bonacchi (3), P Dolara  (3). 
(1) Institute of Occupational Health, Azienda Ospedaliera/ -
Universitaria di Careggi, (2) Centre of Mass Spectrometry (3) and
Department of Preclincal and Clinical Pharmacology of the University
of Florence,  Italy
Email: piero.dolara@unifi.it

Benzene is a mutagenic and carcinogenic pollutant present ubiquitous-
ly in the air of cities. The most important sources of outdoor benzene
are of motor vehicle exhaust and evaporation from petrol tanks and fill-
ing stations. Airborne exposure to benzene is though to cause an
increased risk of cancer and international guidelines recommend the
reduction of benzene concentration in city air. Outdoor benzene is
inhaled by all city inhabitants. However, the level of exposure might be
dependent of the amount of time spent in city traffic and on the choice
of transportation means. We developed a sensitive method for deter-
mining airborne concentrations of benzene in city air by means of
adsorption of benzene to solid phase micro  extraction (SPME) fibres
and  later automatic desorption with a robotic device and quantitative
measurement in GC-MS. Using this method we could measure the
mean air concentration of  benzene during a  relative short time spent
in city traffic,  while  commuting  along an itinerary from a peripheral
site to the central train station (approximate distance: 4 km). The par-
allel measures with different transportation means were repeated every-
day of the week for a week. The transportation means used were: foot,
train, bicycle, motorcycle, auto and bus.  The measures were carried
out during the winter season (January 2006 and March 2009). The
mean transportation time varied from 9.8 to 16.4 min. In 2006 the aver-
age benzene concentration was the maximum using a motorcycle and
minimum with a train (56.3 ± 17.3 and 11.1±5.6 µg/m3 respectively,
means ±SD). In 2009 the average exposure with the same transporta-
tion means was reduced to 14.2.1±4.8 and 1.6 ± 0.5 µg/m3, respective-
ly. New rules for pollution control and the modernization of motor
vehicles are the likely cause of this decrease. Contrary to common
opinion using a bicycle in congested traffic did not expose to benzene
concentration considerably higher than using other transportation
means (8.1±2.9 µg/m3 in 2009). A decreased use of polluting motor
vehicles seem to offer the best strategy for reducing exposure to low
level of airborne  mutagenic and carcinogen chemicals like benzene in
city air.

EM073
ASSESSMENT OF DNA DAMAGE IN LEAVES OF A WEEDY
PLANT SPECIES, CASSIA OCCIDENTALIS, GROWING
WILD ON FLY ASH BASIN OF A COAL-FIRED THERMAL
POWER PLANT
A Love (1), R Tandon (2), BD Banerjee (3), CR Babu (1)
(1) Centre for Environmental Management of Degraded Ecosystems
(CEMDE), University of Delhi; (2) Department of Botany, University of
Delhi; (3) Department of Biochemistry, University College of Medical
Sciences, University of Delhi, Delhi, India.
Email: amitlov@rediffmail.com

Fly ash is a coal combustion byproduct generated by coal fired thermal
power plants. It consists environmental contaminants such as trace ele-
ments (metals and metalloids), polycyclic aromatic hydrocarbons, and
radionuclides. Open dumping of fly ash in ash disposal areas (fly ash
basins or dumps) has significant adverse environmental impacts due to
its elevated trace element content. Fly ash has been shown to be geno-
toxic and mutagenic in experimental model organisms but genotoxici-
ty of fly ash has not yet been demonstrated in natural populations of
plants inhabiting fly ash disposal areas. In situ biomonitoring of geno-
toxicity is of practical value in realistic hazard identification of fly ash.
Leaves from natural populations of C. occidentalis growing at two con-
trasting sites - one having weathered fly ash (fly ash basin) and the
other having soil (reference site) as plant growth substrates - were used
for the estimation of As, Ni, Cr, Co and Cu by atomic absorption spec-

trophotometry and DNA damage by comet assay. Correlation analyses
were carried out to find out any association between DNA damage and
foliar concentrations of trace elements. The foliar concentrations of As,
Ni and Cr were 2 to 8 fold higher in plants growing on fly ash as com-
pared to the plants growing on soil, whereas foliar concentrations of Cu
and Co were similar. We report, for the first time, based upon comet
assay results, higher levels of DNA damage in leaf tissues of Cassia
occidentalis growing wild on fly ash basin compared to C. occidental-
is growing on soil. Correlation analysis between foliar DNA damage
and foliar concentrations of trace elements suggests that DNA damage
may perhaps be associated with foliar concentrations of As and Ni. Our
observations suggest that (i) fly ash triggers genotoxic responses in
plants growing naturally on fly ash basins; and (ii) plant comet assay is
useful for in situ biomonitoring of genotoxicity of fly ash.

EM074
POLYPLOIDY INDUCTION BY FIVE SIZE-DIFFERENT
POLYSTYRENE PARTICLES IN A CHINESE HAMSTER
CELL LINE CHL
A Matsuoka (1), Y Matsuda (1), K Isama (1), H Sakoda (1), T Tsuchiya (2)
(1) Division of Medical Devices, National Institute of Health Sciences,
Tokyo, Japan; (2) Medical Center for Translational Research, Osaka
University, Osaka, Japan.
Email: matsuoka@nihs.go.jp

We have been developing an in vitro safety evaluation system for nano-
materials (NMs) to properly manage the growing toxicological con-
cerns of them. In this study, to understand the relationship between the
particle size and the cytotoxicity or genotoxicity of aggregates of NMs,
we performed the cytotoxicity and the chromosome aberration test with
eleven size-different polystyrene (PS) particles in a Chinese hamster
cell line CHL. [Materials and methods]  PS spheres with defined diam-
eters ranging from 0.1 to 9.2 µm were purchased from Spherotec Inc.
(IL, USA). Their sizes were 0.10 ± 0.0024, 0.20 ± 0.005, 0.51 ± 0.012,
0.92 ± 0.023, 1.09 ± 0.027, 2.07 ± 0.05, 3.17, 4.45, 5.26, 6.8 and 9.2
�m in mean diameter ± SD, respectively. They were suspended in
deionized water containing 0.02% sodium azide. Their cytotoxicity
was investigated in the colony formation assay. The chromosome aber-
rations were investigated with cells treated with PS particles for 24 or
48 h. [Results] We have already reported that the 4.45-µm PS particles
were most cytotoxic while sizes 0.1 and 0.2 µm showed no cytotoxici-
ty up to 1000 µg/ml. There was a big difference in cytotoxicity between
the 4.45- and 5.26-µm particles, although both precipitated and covered
cells to the same extent in the culture. Surface analysis by FT-IR/ATR
and chemical analysis of both particles did not show any difference
between them. PS particles with the mean diameter of 0.92 to 4.45 µm
induced polyploidy and the intensity was correlated well with their
cytotoxicity. We observed CHL cells that incorporated PS particles a lot
under the scanning electron microscope (SEM) and found that the
uptake of particles into cells can be measured by the flow cytometric
analysis semi-quantitatively. [Conclusions]  The findings suggest that
polyploidy may be induced by cytokinesis block due to incorporated
PS particles observed by SEM. It is interesting to find that spheric
materials induced polyploidy in the chromosome aberration test. As the
size-specific toxicity may be induced by NM aggregates as well, we
may need to provide data on the aggregate size or some parameters
indicating dispersion condition in the NM suspension tested to precise-
ly evaluate the safety of NMs.

EM075
INTERMEDIATE FREQUENCY MAGNETIC FIELDS DID
NOT HAVE GENOTOXIC POTENTIALS IN IN VITRO 
GENOTOXICITY TESTS
S Nakasono (1), M Ikehata (2), T Negishi (1)
(1) Environmental Risk Assessment Sector, Environmental Science
Laboratory, Central Research Institute of Electric Power Industry,
Chiba, Japan; (2) Environmental Biotechnology Laboratory, Railway
Technical Research Institute, Tokyo, Japan,
Email: nakasono@criepi.denken.or.jp

BACKGROUND: In contrast to extremely low frequency and radio
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frequency  electromagnetic fields (EMFs), the biological effects of
intermediate frequency (IF; 300 Hz to 10 MHz) EMFs have not been
studied extensively. The WHO Environmental Health Criteria No.238,
which published for health assessment of EMFs (0Hz <, <100kHz) in
2007, states the needs of further biological research on IF-EMFs.
AIMS: The aim of this study is to evaluate the effects of intermediate
frequency magnetic fields (MFs) on genotoxicity. METHODS: We
used bacterial mutation tests, yeast genotoxicity tests, in vitro micronu-
cleus tests and mouse lymphoma assay. For the in vitro research, we
constructed a Helmholtz type exposure system which can generate ver-
tical and sinusoidal MFs, such as 0.91mTrms (146 times greater than
ICNIRP guidelines for public) at 2kHz, 1.1mTrms (176 times) at
20kHz and 0.11mTrms (18 times) at 60kHz. The assays of genotoxici-
ty were carried out for each MF exposure condition. For the mutagenic-
ity tests, four strains of S. typhimurium (TA98, TA100, TA1535 and
TA1537) and two strains of E. coli (WP2 uvrA and WP2
uvrA/pKM101) were selected to cover a wide spectrum of point muta-
tion. For the gene conversion tests, we used the yeast test strain, S.
cereviciae XD83. In both tests, the revertant colonies were counted and
analyzed statistically to estimate the genotoxicity potentials of the IF
MFs. For in vitromicronucleus tests, we used the Chinese hamster V79
cells. Rates of micronucleus formation were determined as the propor-
tion of binucleus cells with micronucleus to the total number of binu-
cleus cells. For the mouse lymphoma assay, which can detect both
point mutation (as large colony) and chromosomal aberration such as
deletion (as small colony), a mouse lymphoma cell line, L5178Y tk+/-
3.7.2c, was used. RESULTS AND CONCLUSIONS: In statistical
analysis for all above genotoxicity tests, neither significant nor repro-
ducible differences were found between exposed and control groups.
These results indicate that the 2 kHz, 20 kHz or 60 kHz MFs did not
have genotoxic potentials, which are related with the mechanisms of
point mutation, gene conversion, micronucleus formation and chromo-
somal aberrations, in the in vitro experimental conditions. 

EM076
OXIDATIVE MODIFICOMICS ANALYSIS OF CYSTEINE 
THIOLS.
J Adachi (1), K Kihara(2), T Matsuda (3)
(1) Kyoto Sustainability Initiative, Graduate School of Global
Environmental Studies, Kyoto University ; (2) Urban and Environmental
Engineering, Graduate School of Engineering, Kyoto University ; (3)
Research Center for Environmental Quality Management, Graduate School
of Engineering, Kyoto University, Kyoto, Japan.
Email: adachi@cns.mbox.media.kyoto-u.ac.jp

Reactive oxygen species (ROS) are thought to mediate the toxicity of
oxidative stress because of their greater chemical reactivity such as
covalent modification of lipids, DNA, and protein. Recently, they have
also known as intracellular signaling molecules. In order to identify tar-
get proteins of ROS and their signaling cascades, we have developed
an unbiased quantitative proteomic analysis for cysteine oxidation
which was named as DLIAA (Double Labeling using Isotope Amino
Acids and Affinity Tags). The key technologies of this method are two-
step labeling of reduced and oxidized cysteines by Isotope Coded
Affinity Tags (ICAT) and unbiased quantification by Stable Isotopic
Labeling using Amino Acids in Cell Culture (SILAC). These technolo-
gies give four different masses for a peptide containing cysteine(s)
which enabled us to quantitate relative amount of reduced and oxidized
cysteine in control and exposed cells. Our preliminary results showed
that Peroxiredoxin6 and Glyceraldehyde 3 phosphate dehydrogenase
are early response proteins which oxidized after 15 min of exposure of
H2O2 in HepG2 cells. After 90min of exposure, eight proteins were
oxidized and expression levels of 12 proteins were elevated.
Furthermore, we identified sulfonic acid modification as oxidative
form of Peroxiredoxin6 by immnoprepicitation-SILAC quantitation
method. Our results suggest DLIAA is a useful method to detect oxida-
tive stress marker proteins and quantitate oxidative modification(s) of
marker proteins.

EM077
ALDH2 GENOTYPE IS CRITICAL FOR DNA ADDUCTS 
FORMATION IN MICE TREATED WITH ALCOHOL AND
ACETALDEHYDE.
T Matsuda (1), H Nagayoshi (2), M Oka (1), Y Yukawa (3), K Hori (3),
T Kawamoto (4), M Muto (3), T Oyama (4)
(1) Research Center for Environmental Quality Management, Kyoto
University, Otsu, Japan; (2) Osaka Prefectural Institute of Public Health,
Osaka, Japan; (3) Graduate School of Medicine, Kyoto University, Kyoto,
Japan; (4) University of Occupational Environmental Health, Kitakyushu,
Japan
Email: matsuda@z05.mbox.media.kyoto-u.ac.jp

Ingested ethanol is oxidized to acetaldehyde, which is subsequently
oxidized by mitochondrial aldehyde dehydrogenase 2 (ALDH2) to pro-
duce acetate. ALDH2*2, being a genetic polymorphism observed in
oriental countries, is positively related to oral and esophageal cancer.
The provable routes of acetaldehyde exposure are not only via alcohol
ingestion but also via inhalation. Acetaldehyde is generally containing
in room air (WHO guideline is 0.17ppm), automotive emission gas and
tobacco smoke (0.8-1.4mg/cigarette). In this study, we analyzed
acetaldehyde-derived DNA adducts (N2-Eti-dG; N2-ethylidene-2-
deoxyguanosine) in DNA of Aldh2 knockout (Aldh2-/-) mice which
were exposed by ethanol or acetaldehyde to assess the significance of
Aldh2 genotype on DNA adducts formation in both exposure scenarios.
[Materials and Methods] Male C57BL/6 (Aldh2 +/+) mice and Aldh2 -
/- mice were exposed to ethanol intrapetitoneally, or atmospheres con-
taining acetaldehyde at levels of 0, 125, and 500 ppm for 24 h/day dur-
ing 14 days. The mice were sacrificed after exposure and N2-Eti-dG in
DNA of various organs was measured using LC/MS/MS. [Results] In
case of ethanol exposure, although no significant increase of N2-Eti-
dG was observed in Aldh2 +/+ mice, the increase of N2-Eti-dG level
was observed in almost all organs of Aldh2 -/- mice after 1hr or 3hr of
ethanol administration. In case of inhalation scenario, the average N2-
Eti-dG levels in lung, nasal epithelium, and dossal skin DNA from
Aldh2 -/- mice in exposure group was significantly higher than that
from Aldh2 +/+ mice, while N2-Eti-dG levels in liver DNA was not
significantly different between Aldh2 -/- and +/+ mice. These results
indicate that ALDH2 genotype is critical for DNA adducts formation in
both exposure scenarios.

EM078
MITOCHONDRIAL-MEDIATED APOPTOSIS PATHWAY IN
PNEUMOCYTES EXPOSED TO WATER OFA SOLUTION
A Di Pietro, G Visalli, B Baluce, F Munaò
Department of Hygiene, Public Health and Preventive Medicine,
University of Messina, 98100 Messina, Italy
Email: adipietr@unime.it

In the recent years we have acquired a consistent  knowledge on the
biological effects of bioavailable transition metals absorbed on oil fly
ash(OFA). All these effects, included  DNA base modifications, strand
breaks and DNA-protein cross links, have been attributed to redox
imbalance, due to generation of reactive oxygen species(ROS).
Previously we had  observed mitochondrial dysfunction in OFA
exposed pneumocytes and in their progeny. Such dysfunction, causing
chronic oxidative stress in respiratory epithelium, has prompted us to
study the proapoptotic potential of these airborne pollutant compo-
nents. As well known mitochondria play an important role in intrinsic
apoptosis pathway and defects in the apoptosis regulation can be a
mechanism of cancer induction. Apoptosis detection was performed in
A549 pneumocytes cultures, exposed to subtoxic dose of a water OFA
solution and in their 3 following subcultures, by flow cytometry. The
use of AnnexinV-FITC, in addition to propidium iodide, allowed con-
temporaneously the identification of cell surface changes occuring
early during the apoptotic process and cytoplasmic membrane damages
in the late stage of apoptosis. Apoptotic cells were assayed also by
cytometric measures of hypoploid peak in cell cycle analyses. Single
synthetic metal solution at the same molarity present in OFA solution,
were also tested. To check the role played by mitochondria in apopto-
sis pathway, we used the caspase 9 inhibitor (Z-LEHD-FMK). The
results showed increases of apoptotic cells(P=0.002) in cultures
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exposed to OFA solution (formed by 68.8, 110.4 and 18 µM for V, Fe
and Ni respectively) and in their progeny. In comparison to control,
apoptotic cells were on average more three times. Analogously, they
were 2.5, 2.1 and 1.9 in cells exposed to V, Fe and Ni respectively. The
values of phosphatidylserine analyses and hypoploid cells were almost
superimposable(P=0.02 to Spearmann test). The ester used as mito-
chondrial-mediated apoptosis inhibitor on average halved apoptotic
cells, showing the intrinsic pathway triggered by the examined metals.
Like some carcinogenic metals as Cr and Cd, in the major metals of
OFA genotoxic and pro-apoptotic properties coexist. The latter could
induce cancer mechanism, causing impaired cell turn over.

EM079
ASSESSMENT OF GENOTOXICITY IN ENVIRONMENTALLY
BORON EXPOSURE BY USING ALKALINE COMET AND
CBMN ASSAY
Y Duydu (1), Z Uçkun (1), A Üstündaǧ (1), Ü Ündeǧer (2), S Aydın (2),
M Korkmaz (3), N Bașaran (2)
(1) Ankara University, Faculty of Pharmacy, Department of Toxicology,
06100 Tandogan, Ankara; (2) Hacettepe University, Faculty of Pharmacy,
Department of Toxicology, 06100 Ankara; (3) Balıkesir University, School
of Health, 10100, Balıkesir, Turkey.
Email: duydu@pharmacy.ankara.edu.tr

Boron which is a naturally occurring substance found in the environ-
ment mostly in the sediments, is used in a variety of products. The aim
of the present study was to investigate the genotoxic effects in environ-
mentally boron exposed population. Accordingly blood samples were
taken from the voluntary individuals (n=38) living in the boron rich
area (Balıkesir-Bigadiç) of Turkey in order to evaluate the cytogenetic
effects of boron exposure. The increase of sister chromatid exchange
(SCE) and micronuclues (MN) frequencies in peripheral blood lym-
phocytes were used as a cytogenetic biomarker of boron exposure.
Additionally DNA damage in the peripheral blood lymphocytes of the
residents environmentally exposed to boron was investigated by the
alkaline COMET assay combined with bacterial formamido pyrimidine
glycosylase (Fpg) protein.  Statistically significant decrease in tail
intensity and also non-significant decrease in tail moment were
observed in the exposed group compared to their controls suggesting
that boron exposure did not induce additional DNA damage in periph-
eral blood lymphocytes. SCE frequencies in boron exposed individuals
(7,28 ± 1,60) were significantly (Mann Whitney U- test, p<0,05) lower
than the controls (9,50 ± 1,83). The same decrement was also observed
for the mean MN values in boron exposed individuals. Nevertheless the
difference was statistically not significant (�2 testi, p>0,05). MN val-
ues in boron exposed and control group were 9,81 ± 1,94 and 20,32 ±
3,98 respectively. Consequently, the results of this study suggest that
boron exposure does not induce DNA damage in the peripheral lym-
phocytes. When the results of SCE frequencies and MN values were
taken into consideration the lower levels of SCE and MN values in
environmentally boron exposed population might be a result of a pro-
tective effect of boron exposure. However this suggestion surely needs
further investigation.

EM080
EXTRACTS OF CYANOBACTERIA OR PURE MICRO-
CYSTIN-LR ARE INACTIVE IN MICRONUCLEUS ASSAYS.
L Abramsson-Zetterberg (1), R Mattsson (2)
(1) The Swedish Food Administration, Box 622, 751 26 Uppsala, Sweden.
(2) Department of  Pathology and wildlife, National Veterinary Institute,
751 89 Uppsala, Sweden.
Email: liab@slv.se

Cyanobacteria are sometimes common in lakes and can produce potent
toxins, which can be dangerous for animals drinking the water, e.g.
wildstock  cattles and dogs.  If the toxins are taken up by fish and other
seafood they might pose a problem also for humans.  Furthermore,
many people obtained their drinking water from lakes. Microcystin-
LR, a hepatotoxic cyclic peptide, is one of the most frequently found
cyanobacterial toxin.  Results on the genotoxic potential of microcystin
LR and other cyanobacterial toxins are contradictory. Here we report

results from test using the micronucleus assay in vivo and in vitro. To
increase the sensitivity we have used the flow cytomer-based micronu-
cleus assay in mouse. In this study both pure microcystin-LR and
extracts from four different samples from different lakes in Sweden
have been analysed.  Although doses almost up to lethality were used
and an average of 200 000 young erythrocytes, polychromatic erythro-
cytes, analysed from each animal, no genotoxic effect occurred.
Neither in the in vitro study, using human lymphocytes, a clastgenic
effect was disclosed.
Conclusion: The cyanobacterial toxin microcystin-LR or extracts from
cyanobacteria are inactive in micronuleus assays.

EM081
BIOMARKERS OF OXIDATIVE STRESS IN MOTHERS AND
NEWBORNS – THE EFFECT OF TOBACCO SMOKE 
EXPOSURE
P Rossner, Jr. (1), A Milcova (1), H Libalova (1), Z Novakova (1), J
Topinka (1), I. Balascak (2), RJ Sram (1)
(1) Laboratory of Genetic Ecotoxicology, Institute of Experimental
Medicine, AS CR, v.v.i., Víde�ská 1083, 14220 Prague 4, Czech
Republic; (2) 2nd Medical Faculty, Charles University, Prague, Czech
Republic
Email: prossner@biomed.cas.cz

Oxidative damage to macromolecules may have numerous negative
health consequences. We measured oxidative damage to DNA, proteins
and lipids in 80 newborns and 79 mothers, analyzed the effect of moth-
er’s tobacco smoke exposure on oxidative stress and assessed correla-
tions between oxidative stress markers and bulky and polycyclic aro-
matic hydrocarbon (PAH) DNA adducts. Mean levels (±SD) of 8-
oxodeoxyguanosine (8-oxodG) per 105 dG in the placenta were
2.85±0.78; we did not see a difference between 8-oxodG levels in new-
borns born to mothers exposed and unexposed to tobacco smoke.
Protein carbonyl levels, a marker of protein oxidation, were compara-
ble in umbilical cord and in maternal venous blood plasma (17.4±3.2
and 17.6±4.2 nmol/ml in newborns and mothers, respectively, p=0.66).
Lipid peroxidation measured as levels of 15-F2t-isoprostane (15-F2t-
IsoP) in plasma was significantly higher in newborns than in mothers
(mean±SD of 15-F2t-IsoP (pg/ml plasma): 362±129 and 252±130 in
newborns and mothers, respectively, p<0.001). We did not find any
effect of tobacco smoke exposure on either biomarker in any group.
Levels of both protein carbonyls and 15-F2t-IsoP in cord blood signif-
icantly correlated with those in maternal plasma (p<0.001). 8-oxodG
levels positively correlated with plasma carbonyls in cord and maternal
plasma as well as with cotinine levels (a marker of tobacco smoke
exposure) in maternal plasma. 8-oxodG levels also correlated with
bulky and PAH-DNA adducts in lymphocyte DNA of both newborns
and mothers. Our results showed higher lipid peroxidation in newborns
than in mothers, close correlation of analyzed oxidative stress markers
between newborns and mothers, and a relationship between oxidative
stress and induction of DNA adducts. Supported by Czech Ministry of
the Education (2B06088) and by Academy of Sciences of the Czech
Republic (AVOZ50390512).

EM082
CELLULAR STRESS RESPONSES OF NON-GENOTOXIC
CARCINOGENS IN MOUSE EMBRYONIC STEM CELLS
I Huijskens (1), G Hendriks (2), M Atallah (2), M Raamsman (1), M
Jonker (3), H Jadaar (1), T Breit (3), J Meerman (1), H Vrieling (2), B
van de Water (1)
(1) Div. of Toxicology, LACDR , Leiden, The Netherlands; (2) Dept. of
Toxicogenetics, LUMC, Leiden, The Netherlands; (3) MicroArray
Department Amsterdam, Amsterdam, The Netherlands
Email: p.a.c.huijskens@lacdr.leidenuniv.nl

Non-genotoxic carcinogens (NGTX) cause tumorigenesis without
generating direct DNA damage. There is lack of predictive models to
identify potential non-genotoxic carcinogen hazard of novel chemical
entities. Moreover, the signaling pathways of non-genotoxic carcino-
gens are not well understood. We attempt to assemble biomarker-based
cell reporter systems to detect chemicals with potential NGTX features.
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Gene expression biomarkers were selected by evaluating the cellular
stress responses of mouse embryonic stem (mES) cells to 3 concentra-
tions of 4 established NGTXs, including cyclosporine A (CsA), die-
thylstilbestrol (DES), 17β-estradiol (E2), and wyeth-14643 (WY).
Affymetrics micro-array analysis indicated that mES cells were highly
responsive to CsA, DES and WY. Several probe sets were identified
showing expression changes in response to 2 or 3 NGTXs, indicating
that the respective genes may be valuable biomarkers. However no
probe sets were identified that predict all 4 NGTX responses, since
mES cells presumably were relatively non-responsive to E2. Next, we
compared the gene expression responses of mES cells to the 4 NGTXs
with the response to the genotoxic (GTX) agent cisplatin (CDDP).
Approximately 50 percent of the probe sets that detected expression
changes in response to cisplatin were not significantly affected after
exposure to the 4 non-genotoxic compounds. The remaining biomar-
kers significantly changed after NGTX exposures, but expression chan-
ges were considerably lower compared to cisplatin. Thus the DNA
damaging biomarkers are qualified to discriminate 3 NGTXs from
cisplatin.

EM083
ANEUGENIC AND CLASTOGENIC EFFECTS OF 
AMORPHOUS SILICA NANOPARTICLES IN A549 HUMAN
LUNG CARCINOMA CELLS: DOES SIZE MATTER?
L Gonzalez (1), L Thomassen (2), Gi Plas (1), Vi Rabolli (3), D
Napierska (4), II Decordier (1), P Hoet (4), J Martens (2), D Lison(3),
Mi Kirsch-Volders (1).
(1) Laboratory of Cell Genetics, Vrije Universiteit Brussel, Brussel,
Belgium; (2) Center for Surface Chemistry and Katalysis, Katholieke
Universiteit Leuven, Leuven, Belgium; (3) Industrial Toxicology and
Occupational Medicine unit, Université catholique de Louvain,
Brussel, Belgium; (4) Lab of Lung Toxicology, Katholieke Universiteit
Leuven, Leuven, Belgium.
Email: lgonzale@vub.ac.be

Background/Aims: In contrast to crystalline silica nanoparticles
(SNPs), no evidence of genotoxic effects induced by amorphous SNPs
has been demonstrated up to now. This study aimed at re-assessing
their genotoxic potential with emphasis on size-effects. Furthermore
the dosimetry relevant for genotoxicity studies and the mechanisms by
which the SNPs induce genotoxicity were investigated. Methods: The
in vitro cytochalasin-B micronucleus assay (CBMN assay) was applied
to determine the genotoxic potential of SNPs with three different diam-
eters (16, 60 and 104 nm) in A549 human lung carcinoma cells. The
cellular dose was determined by inductively –coupled plasma mass
spectroscopy. Mechanisms of SNP-induced genotoxicity were investi-
gated by the alkaline comet assay with and without FPG (formami-
dopyrimidine DNA glycosylase) enzymatic treatment. Combination of
the CBMN assay with fluorescence in situ hybridisation (FISH) with
pancentromeric probes, was used to make a distinction between the for-
mation of micronuclei containing chromosome fragments and
micronuclei containing entire chromosomes after treatment with 40
and 60 µg/ml of 16 and 60 nm SNPs. Mitotic indices and induction of
mitotic slippage were investigated in parallel with the CBMN assay.
Results and conclusions: The in vitro CBMN assay showed an induc-
tion of MN frequencies after treatment with the 16 and 60 nm SNPs,
with a higher fold induction after treatment with the smallest SNPs. No
clear dose-response was observed. When considering the cellular dose,
expressed as number of cell-associated particles or as cell-associated
surface area, a quasi-linear relationship with the fold MN induction can
be observed, indicating that these dose metrics are determinants for
genotoxic effects. The alkaline comet assay showed no DNA breaks
after treatment with 16 or 60 nm SNPs. However addition of FPG
revealed the induction of oxidative DNA damage by both the 16 and 60
nm SNPs. Besides oxidative damage DNA damage, chromosome
breakage and chromosome loss was induced by 16 and 60 nm SNPs as
detected by the CBMN combined with FISH. Besides oxidative dam-
age, 16 and 60 nm SNPs induce other genotoxic effects, such as chro-
mosome loss, metaphase block and mitotic slippage, suggesting inter-
ference with the mitotic spindle.

EM084
TOXIC RESPONSES TO TiO2 NANOPARTICLES IN HUMAN
HEPATOMA CELLS HepG2 AND IN ZEBRAFISH (Danio rerio)
EMBRYO 
J Petković (1), S Kvenderc (2), T Eleršek (1), M Stevanović (3), D
Uskoković (3), M Filipić (1)
(1) Department of Genetic Toxicology and Cancer Biology, National
Institute of Biology, SI-1000 Ljubljana, Slovenia (2) School of
Environmental Sciences, University of Nova Gorica, SI-5000 Nova
Gorica, Slovenia (3) Institute of Technical Sciences of the Serbian
Academy of Sciences and Arts, 11000 Belgrade, Serbia
Email: jana.petkovic@nib.si

Titanium dioxide (TiO2) is, because of its low acute toxicity, widely used
in the production of cosmetics, paints, paper, plastics and etc. However,
recent studies have shown that in mice and rats nano-sized TiO2 (<100
nm) can cause pulmonary inflammation, fibrosis and tumors, and also
genotoxic effects, which generates a concern about the possible adverse
effects of nano-sized TiO2. We evaluated toxic and genotoxic responses
to two types of nano-sized TiO2 (5 nm anatase and 10x40 nm rutile) with
two models, human hepatoma cells HepG2 and zebrafish (Danio rerio)
embryos. The nanostructure of tested particles was determined with
Scanning electron microscopy (SEM). The viability of HepG2 cells
exposed to TiO2 particles was determined with the MTT assay, the intra-
cellular reactive oxygen species (ROS) formation was determined with
DCFH-DA fluoroprobe, genotoxicity was measured with classical and
with modified comet assay with Fpg and EndoIII enzymes that allow for
detection of oxidative DNA damage. The genotoxic response was confir-
med by measuring the mRNA expression of the DNA damage responsi-
ve genes (p53, p21, Gadd45 and MDM2). In the model with zebrafish
embryos acute toxicity and sublethal effects of TiO2 particles were deter-
mined with the standardized fish embryo test (FET), and genotoxicity
with the comet assay. The SEM analysis showed that both sizes of TiO2
are spherical and irregular shapes, quite agglomerated with sizes at nano-
meter scale (around 25 nm for anatase TiO2 and under 100 nm for rutile
TiO2). In the model with HepG2 cells TiO2 particles were not cytotoxic.
Only 5 nm TiO2 particles induced significant increase of intracellular
ROS formation. The 5 nm particles, but not 10x40 nm TiO2, induced
slight increase in % tail DNA and significant oxidative DNA damage. In
the model with zebrafish embryos TiO2 particles did not cause lethal and
sublethal toxic effects, whereas both types induced significant DNA
damage at concentrations as low as 0.01 and 0.1 µg/mL, by 5 nm and
10x40 nm TiO2 particles, respectively. Our results indicate that in both
test models the genotoxic effects of TiO2 particles are size and/or type
dependent and they present good basis for future toxicity studies of nano-
sized TiO2 and other nanoparticles.

EM085
VALIDATION OF A NEW IMMUNOCHEMICAL ASSAY WITH
HIGH-THROUGHPUT POTENTIAL FOR PAH- DNA ADDUCT
DETECTION
K Kovács (1), P Georgiadis (2), S Kaila (2), L Anna (1), B Schoket (1), 
SA Kyrtopoulos (2)
(1) National Institute of Environmental Health, Budapest, Hungary (2)
National Hellenic Research Foundation, Athens, Greece
Email: kovacs.katalin@oki.antsz.hu

Highly sensitive, high-throughput methods to measure human exposure
to polycyclic aromatic hydrocarbons (PAHs) are required for large-
scale molecular epidemiology studies. A highly sensitive
benzo[a]pyrene diol-epoxide (BPDE)-DNA sandwich enzyme-linked
immunosorbent assay (ELISA) using a rabbit anti-BPDE-DNA anti-
serum has been developed in NHRF, Athens to detect PAH-DNA
adducts. The aim of the present study was to further validate the new
assay. The test DNA samples were from MCF 7 cells treated with
benzo[a]pyrene (BaP) in culture, from liver of mice treated in vivo with
several doses of BaP, benzo[b]fluoranthene (BbF) and diben-
zo[a,h]anthracene (DBahA), and from lung tissue from smoking lung
cancer patients. DNA isolations were done with phenol extraction, salt-
ing-out and a Qiagen kit. DNA adduct measurements were performed
by the new immunoassay and by the 32P-postlabelling method. BaP-
DNA adduct levels from the MCF 7 cells were in the order of 1 in 105
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normal nucleotides, the ratio between the adduct values measured by
ELISA and 32P-postlabelling was about 0.5. There was a very strong,
highly significant positive correlation between the DNA adduct meas-
urements of the PAH dose-response curves by ELISA and 32P-postla-
belling in the animal samples (r between 0.87 and 0.99).However, the
adduct levels were significantly lower by ELISA than by 32P-postla-
belling, i.e. 1:5 for BaP, 1:30 for BbF and 1:5 for DBahA, which also
indicates the different affinity of the anti-BPDE-DNA antiserum to the
different PAH-DNA structures. The adduct levels in 20 human DNA
samples were under the detection limit of the immunoassay of about 1
adduct/108 normal nucleotides. Quality of the DNA substantially
affected the performance of the immunoassay. Further comparative
DNA adduct measurements are underway for additional validation of
the new immunoassay. Acknowledgements. Treated MCF 7 cells were
obtained from Dr. D.H. Phillips (ICR, Sutton). The anti-BPDE-DNA
antiserum was provided by Dr. M.C. Poirier (NCI, Bethesda, USA).
The BPDE-DNA standard was provided by Dr. F.A. Beland (NCTR,
Arkansas, USA).  K. Kovács was recipient of an ECNIS exchange fel-
lowship to NHRF in 2008. This work has been supported by ECNIS
NoE No 513943.

EM086
TELOMERE DYSFUNCTION AND DNA REPAIR 
DEFICIENCY: MARKERS OF SENSITIVITY TO MUTAGENS
AND CARCINOGENS?
S Sethu, L Balakrishnan, G K Mun Low, K Gopalakrishnan, R L
Gurung, M Jayapal,  M Prakash Hande
Department of Physiology, Yong Loo Lin School of Medicine, National
University of Singapore, Singapore 117597.
Email: phsmph@nus.edu.sg

Genetic susceptibility to environmental disease is believed to play an
important role in determining individual differences in the development
of cancer.  Genetic alterations in critical regulatory pathways such as
control of genomic stability may predispose cells to carcinogenesis .
Previously, we have demonstrated that cells lacking key DNA repair fac-
tor, PARP-1, displayed enhanced sensitivity to arsenite. Here, we used
telomerase deficient (mTERC-/-) mouse embryonic fibroblasts with long
and short telomeres to investigate the extent of oxidative damage by
comparing the differences in telomere loss and chromosome aberrations
at 24 and 48 hours of exposure to arsenite. Increasing doses of arsenite
augmented the chromosome aberrations, which contributes to genomic
instability and lead to possibly apoptotic cell death and cell cycle arrest.
Elevated DNA damage points to an impaired repair ability of arsenite
induced DNA lesions in mTERC-/- mouse cells with short telomeres. By
using micro-array analysis, we have identified few genes which are dif-
ferentially expressed upon arsenite treatment and we are elucidating the
signal transduction pathways involved in arsenic-induced oxidative dam-
age. The genes involved in telomere length regulation and maintenance
(such as ATM, Adprt1, NBS1, TRF1 and 2 etc) are differentially
expressed in mTERC-/- cells with short telomeres. Similar results were
obtained for both PARP-1-/- and mTERC-/- cells following exposure to
different doses of radiation. In a separate study, we have also observed
that deficiency of functional nucleotide excision repair paradoxically
renders cells more susceptibility to oxidative stress-induced while reduc-
ing cytotoxicity. Taken together, data from the present study and our
ongoing studies on different DNA repair deficient mammalian cells
imply that short dysfunctional telomeres impair the repair of oxidative
damage caused by arsenite and ionising radiation and point to the
increased sensitivity of cells which are deficient in PARP-1 and telom-
erase to carcinogens and mutagens. *This study is supported by AcRF,
National University of Singapore, National Medical Research Council,
Singapore and Defence Innovative Research Programme, Defence
Science and Technology Agency, Singapore.

EM087
USE OF MICRONUCLEUS TEST TO IDENTIFY  HEALTH
RISK FROM EXPOSURE TO “X” RAY 
K Kurteshi, K Letaj
Department of  Biology , Faculty of Natural Science ,University of
Prishtina,Kosova
Email: kemajl_kurteshi@yahoo.com

The following study  was designed  to examine  possible  DNA dam-
age levels in exfoliated bucal cells, using the micronucleus test (MN-
test). The aim of this study was to evaluate the genotoxic effect of  “x”
radiation on exfoliated bucall cells at patients which use the “x” ray for
dental diagnostic purposes,  and to compare the genotoxic effect of “x”
ray after five , ten and twenty days after skiagram. For this purpose 26
patient were studied. First bucal cell samples were taken before skia-
gram. After skiagram, the samples were taken : 5, 10 20 days after ski-
agram. Samples taken before the skiagram use as control. Founded
high frequency of MN in exfoliated bucal cells after skiagram com-
pared with exfoliated bucal cells before skiagram , but not significant.

EM088
MUTAGENESIS AND EMBRYOTOXICITY IN ZEBRAFISH IN
AN AREA OF THE PATOS LAGOON ESTUARY, RIO
GRANDE DO SUL, BRAZIL, UNDER INDUSTRIAL AND
PETROCHEMICAL INFLUENCE 
TR Cardozo (1,2), E Pederzolli (3), J Rocha (1), P Baisch (3) H Köhler
(2), VMF Vargas (1). 
(1) Fundação Estadual de Proteção Ambiental Henrique Luís Roessler,
Porto Alegre, Rio Grande do Sul, RS, Brasil; (2) Universität Tübingen,
Tübingen, Germany; (3) Fundação Universidade de Rio Grande, Rio
Grande, Rio Grande do Sul, RS, Brasil.
Email: ecorisco@fepam.rs.gov.br

Research has shown that anthropogenic activities of different origins
modify the ecosystems, releasing many different pollutants that can
cause mutagenic effects to the biota as well as be potentially carcino-
gen and embryotoxic. During this study we analyzed three areas under
petrochemical influence (Saco da Mangueira) and a reference point
(Saco do Justino), all located at the southern extremity of the Lagoa dos
Patos estuary. Between March 2005 and July 2006 sediment samples
were collected, the interstitial water extracted by centrifugation and the
organic compounds by sonication, using dichloromethane as solvent.
As biomarkers we selected the mutagenic and cytotoxic events using
the Salmonella/microsome test and embryotoxic modifications ana-
lyzed in bioassays using zebrafish (Danio rerio). Organic compounds
(aliphatic hydrocarbons and polyaromatic HPAs) were also character-
ized. The results revealed the presence of direct and indirect mutagenic
activity in frameshift and base pair substitution types in the organic
extracts and in the interstitial water. Cytotoxicity was constant, even at
the control point. Pollution was defined as being of mixed origin,
hydrocarbonates of biogenic and pyrolitic origins prevailing, including
petrochemical, with medium and high molecular weight (4-5 rings)
HPAs predominating in some areas. During the embryotoxicity assess-
ment more than 12,000 embryos were analyzed, exposed to dry sedi-
ments and interstitial water at five different concentrations/dose-
response. At the 100% and 75% concentrations of the sample, effects
were more lethal than at lower concentrations. More significant anom-
alies were observed in embryos exposed to areas under higher petro-
chemical influence, with a predominance of edemas and morphologi-
cal deformations. The biomarkers used showed a correlation with the
most aggressive forms of the organic compounds identified. Funding:
Alßan- Programme European Comission andCNPq.

EM089
USE OF STRAINS OF SALMONELLA TYPHIMURIUM WITH
HIGH LEVELS OF ACETYLTRANSFERASE AND 
NITROREDUCTASE FOR THE DETECTION OF 
NITROCOMPOUNDS IN SOIL SAMPLES
FMR da Silva-Júnior (1,2), JWM de Souza (1), DD Meyer (1), JAV
Rocha (1), VMF Vargas (1,2)
(1) Fundação Estadual de Proteção Ambiental – FEPAM, Porto
Alegre, Rio Grande do Sul, Brasil; (2) Programa de Pós Graduação
em Ecologia – UFRGS, Porto Alegre, Rio Grande do Sul, Brasil.
Email: ecorisco@fepam.rs.gov.br

The Salmonella typhimurium reverse mutation assay, Ames test,  is the
major assay used for the early diagnostic of the presence of mutagens
in environmental samples. The basic protocols use specific strains to
access different DNA damages and, more recently, strains with high
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sensitivity to detect some groups of compounds, such as alkylating
agents, heavy metals, polycyclic aromatic hydrocarbons (PAHs),
nitroarenes and aromatic amines. The group of the nitrocompounds,
including the nitro-PAHs, is important in ecotoxicological studies due
to their mutagenic and carcinogenic effects. The strains YG1041 and
YG1042 are derived from the basic strains (TA98 and TA100). These
strains have received the plasmid pYG233, which carry the genes of
two enzymes that increase the sensitivity to detect nitrocompounds:
acetyltransferase and nitroreductase. Since their use impart a higher
resolution for the detection of mutagens in environmental samples,
these strains are being incorporated in the studies with soil samples in
the southern Brazil. The research applied the Salmonella/microsome
assay and its methodological variants as biomarkers to assess the pres-
ence of hazardous compounds in soil samples. These strains have been
used for detection of nitrocompounds in organic extracts of different
types of soil: coal bottom ash deposit, riparian forest and suburban and
agricultural areas, besides in fractionated extracts of nitro-PAHs from
a contaminated area with wood preservatives. The results showed an
increase in the mutagenic induction when compared to the parental
strains, varying between 1.7 and 90 times for the strain YG1041 and
between 1.9 and 6680 for the strain YG1042. The chemical analysis of
the extracts confirms the presence of nitrocompounds in the organic
extracts that induced the highest mutagenicities in the strains sensitive
to them. Thus, associating the use of strains with high sensitivity for
specific classes of compounds and chemical profiling proved to be
effective for the forecast of biological damages caused by soil samples,
constituting an important step towards the incorporation of this strate-
gy in environmental legislation. Financial Suppor CNPq; CAPES

EM090
PHOTOPROTECTIVE EFFECT AND GENOTOXIC 
POTENTIAL BY EXTRACTS FROM THE ANTARTIC MOSS
Sanionia uncinata
AS Fernandes, JL Mazzei, AS Alencar, H Evangelista, I Felzenszwalb
Departamento de Biofísica e Biometria, Instituto de Biologia Roberto
Alcantara Gomes, Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, Brazil.
Email: uerj.felzen@gmail.com

Cyclo-butane dimers have not been detected in Sanionia uncinata
DNA (order Hypnales, family Amblystegiaceae) exposed to UV radia-
tion. In the present work, photoprotective effects against UV-C irradi-
ation, mutagenesis induction and genotoxicity of aqueous and ethanol
extracts from the Antarctic S. uncinata (Ecology Glacier, King George
Island) have been investigated. Data were analyzed by one-way
ANOVA and Student t-test. Only significant differences were consid-
ered at P < 0.05. In the presence of each extract (1 mg/mL), survivals
curves of NER-proficient (AB1157) and NER-deficient (AB1884,
AB1885 and AB1886) Escherichia coli strains at exponential growth
phase were compared after UV-C exposure. Photoprotective activity of
both extracts was observed at exposures higher than 374 J/m2 for the
proficient strain and higher than 5.8 J/m2 for the deficient ones.
Mutagenesis induction was evaluated through spot test procedure of
Salmonella/microsome assay using Salmonella typhimurium TA97,
TA98, TA100, TA102 and TA104 strains with and without exogenous
metabolic activation (S9 mix). Aqueous and ethanol extracts induced a
positive mutagenic response in the TA102 (uvrB+) in the presence of
S9 whereas only ethanol extract induced without S9. A decrease in the
number of revertants colonies in the TA98 was induced by aqueous
extract in the absence of S9 and by ethanol extract in the presence of
S9. Significant induction was not observed for other strains, including
TA104 (uvrB-), for both conditions. Genotoxicity was evaluated by
incubation of each extract (20-900 microg/mL) with pUC18 plasmid
(140 mg/mL) at 37ºC for 1 h under aerobic conditions followed by
agarose gel electrophoresis (60 V, 1.5 h, 1.5%, Tris-acetate-EDTA
buffer, pH 7.8) and DNA cleavage was not detected. Our results sug-
gest that the photoprotective effect against UV-irradiation by S. uncina-
ta extracts can be due to an intense absorption of UV light. The two
highest maximum absorptions occurred below 280 nm (UV-C range).
The mutagenesis induction can be associated to the presence of
crosslinking compounds, which are detected only when NER system is
intact. Support: CNPq, Faperj and SR2-Uerj.

EM091
MUTAGENICITY OF WEAR PARTICLES FROM 
AUTOMOTIVE FRICTION COMPOSITES
K Malachová (1), Z Pavlí�ková (1), J Kukutschová (2), H Sezimová
(1), P Filip (3)
(1) University of Ostrava, Faculty of Science, 30. dubna 22, 70103
Ostrava, Czech Republic (2) Technical University Ostrava,
Nanotechnology Center, 17. listopadu 15, 70833 Ostrava, Czech Republic
(3) Southern Illinois University Carbondale, Center for Advanced Friction
Studies, Lincoln Drive 1230, Carbondale, 62901 IL, USA 
Email: katerina.malachova@osu.cz

Potential genotoxic effect of model friction composite material, its
wear debris generated during friction process, and two commercial
brake pad samples is addressed in this study. It was demonstrated that
volatile chemicals and solid wear particles are being emitted to the
environment during friction between brake pad and rotating wheel
discs. The properties of debris can significantly differ from properties
of the initial components present in the composite bulk material.
Previous research indicated considerable amounts of fine and ultrafine
biologically available wear particles are produced during friction. They
contain carbon, phenolics and their derivatives, as well as metals and
metal oxides (mainly of Fe and Cu type). Model friction material was
prepared in laboratories, wear debris samples were obtained from full-
scale automotive brake dynamometer simulations and the milled sam-
ples representing the bulk material were generated in vibrating mill.
Both the ball-milled pad and wear debris samples, respectively, were
extracted in a Soxhlet extractor with dichloromethane and re-dissolved
in dimethylsulfoxide. The bacterial tests, SOS Chromotest and Ames
test, were used to detect mutagenicity. The mutagenicity was detected
in three of a total of five samples using the tests with an in vitro meta-
bolic activation. The model milled pad composite increased signifi-
cantly the induction activity in the SOS Chromotest +S9 in doses of 50-
300�g/ml and two commercial pad samples were mutagenic when
using the strain TA98 in the Ames test +S9 (100-450�g/plate). At high-
er concentrations, all milled pad samples were toxic. Generated debris
and initial resin used for model friction composite preparation were
toxic. However, a significant increase of the number of revertants was
not proven. The exact mechanisms responsible for the mutagenic and
toxic responses are not clear. Nevertheless, the results suggest that
screening of the potential genotoxic risk is highly desirable when
developing new friction composites. In this way, the environmental
load with mutagens can be considerably reduced.
The study was supported by the grant GACR 106/07/1436 „Friction

materials on the basis of polymers with a metal content and their
impact on the environment“.

EM092
ASSOCIATION OF MULTIPLE GENETIC POLYMORPHISMS
WITH 8-OXODEOXYGUANOSINE (8-OXOD G) IN CHILDREN
N Tabashidze , P Rossner Jr , J Topinka , R J Sram 
Institute of Experimental Medicine, AS CR, v.v.i., Videnska 1083,
Prague, Czech Republic
Email: tabashidze@biomed.cas.cz

The  purpose of this study was to assess the role of genetic factors on
pregnancy outcomes and to establish the functional relationship
between genotype and phenotype with interactions to the air pollution.
Oxidative stress has been hypothesized as a common link underlying
associations between adverse fetal growth and preterm birth and elevat-
ed risks of certain chronic diseases. In the present study we analyzed
the association between oxidative DNA damage (8-oxodG levels)
measured in placenta DNA and a custom-made panel of 768 single
nucleotide polymorphisms (SNPs) containing most important represen-
tatives of 4 groups of genes involved in metabolism of xenobiotics,
DNA repair, immune response and oxidative damage. DNA samples
were extracted from 1200 Caucasian women placenta tissues, residing
in two districts in the Czech Republic: Teplice and Prachatice. Genetic
polymorphisms were assessed using the Illumina BeadStation 500 sys-
tem. The data were analyzed using the Illumina BeadStudio software.
After exclusion of 39 SNPs that did not cluster well, the statistical
analysis  was performed to find possible associations between 729
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SNPs and level of 8-oxodG as a marker of oxidative damage in placen-
ta DNA. Ten genes involved in the metabolism of xenobiotics, includ-
ing CCNH, CYP1A1, CYP1A2, CYP1B1, CYP2C9, CYP2D6
CYP2E1 , CYP3A4 ,GSTP1, SULT1A1; 7 DNA repair genes (ERCC2,
ERCC4, LIG1, MGMT, TP53, XPC, XPC-02),16 immune and inflam-
matory genes (C5-08,CCL24 ,CCL26, CTLA4, IL4, IL8,IL10,IL
13,IL1B, IL1RB, LTA ,MBL2, NOS2A,STAT4, TOLLIP) and one gene
involved in oxidative stress response (HMOX1) were significantly cor-
related with 8-oxodG levels (P<0.05). Further analyses of associations
between pregnancy outcomes and oxidative DNA damage in placenta
and their modulations by genetic polymorphisms, as well as lifestyle
factors are under way. Supported by the Czech Ministry of
Environment SP/1b3/50/07and Czech Academy of Sciences
AVOZ50390512.

EM093
ACETALDEHYDE, AFLATOXIN B1 AND BENZO[A]PYRENE
IN VITRO-INDUCED TP53 MUTATIONAL PATTERN IN 
NORMAL HUMAN FIBROBLASTS AG1521 USING THE
FASAY (FUNCTIONAL ANALYSIS OF SEPARATED ALLELES
IN YEAST).
V Paget (1,2), M Lechevrel (1), G Garçon (2), P Shirali (2), F Sichel (1).
(1) GRECAN EA1772-IFR146 ICORE, Université de Caen Basse-
Normandie et Centre François Baclesse, Av. du Général Harris, 14076
Caen-cedex 05, France; (2) LCE EA2598, Toxicologie Industrielle et
Environnementale, Université du Littoral - Côte d’Opale, Maison de la
Recherche en Environnement Industriel de Dunkerque 2, 189A, Avenue
Maurice Schumann, 59140 Dunkerque, France
Email: f.sichel@baclesse.fr

Background: TP53 mutations are the most common genetic alterations
involved in cancers. TP53 mutational pattern can be sometimes linked
to carcinogen exposure. In hepatocellular carcinoma (HCC), a specific
G>T transversion in codon 249 is classically described as a fingerprint
of aflatoxin B1 (AFB1) exposure. Likewise particular patterns of muta-
tions have been described in human lung cancers related to tobacco
exposure. Methods: by using the FASAY, the present study depicts the
mutational pattern of TP53 in normal human fibroblasts after in vitro
exposure to well-known carcinogens: AFB1, benzo[a]pyrene (B[a]P)
and acetaldehyde. These in vitro patterns of mutation were then com-
pared to those found in human and experimental tumours. Results and
conclusion: AFB1 mutational pattern reveals that codon 245 is the main
hot spot, whereas no mutations are found in codon 249. The locations
of mutations within GG and GC/CG sequences are well in accordance
with AFB1-adducts location data. In our assay, AFB1 mainly induces
G>A transitions, followed by G>T and A>G mutations. This suggests
that G>T transversion at codon 249 is likely the result of a selection
bias in human HCC rather than a true fingerprint of AFB1 adducts.
Indeed, a comparison of the mutation pattern with that found in human
HCC excluding codon 249 reveals that the two spectra are quite simi-
lar. Furthermore, the similarity between our in vitro spectrum with that
identified in AFB1-induced mice lung tumours suggests that AFB1
may be a potent lung carcinogen in humans. B[a]P mutational pattern
shows more G>A transitions than G>T transversions. This result is a
discrepancy with the literature data reporting G>T transversions as pre-
dominant mutations after experimental B[a]P exposure. However, our
pattern is still close to the one found in human lung squamous cell car-
cinoma (SCC). Furthermore the main hot spot in the B[a]P-induced
pattern is codon 248, one major hot spot in human lung SCC.
Acetaldehyde mutational pattern is very different to the B[a]P and
AFB1 ones. We compared this pattern of mutations with those found
for upper aerodigestive tract cancers in human. The results support the
role of acetaldehyde, the first metabolite of ethanol, in TP53 mutations
in oesophageal and head and neck cancers.

EM094
MOUSE SPERMATOZOA QUANTITY AND QUALITY 
FOLLOWING BISPHENOL A OR COMBINED 
X-RAYS-BISPHENOL A EXPOSURE
MM Dobrzy�ska, J Radzikowska
National Institute of Public Health – National Institute of Hygiene,

Department of Radiation Protection and Radiobiology, Warsaw,
Poland.
Email: mdobrzynska@pzh.gov.pl

Bisphenol A (BPA) is ubiquitous used in many products including the
interior coating of food and beverages containers, plastic bottles and
dental sealants. The aim of the study was to estimate the effects of
bisphenol A (BPA) or combined X-rays-BPA exposure on the sperm
production, motility and morphology as well as on the induction of
DNA damage in male gametes. Male mice were exposed during  2
weeks to BPA (5 mg/kg bw, 10 mg/kg bw, 15 mg/kg bw, 20 mg/kg bw,
40 mg/kg bw), X-rays (0.05 Gy, 0.10 Gy) or to a combination of both
(0.05 Gy + 5 mg/kg bw BPA, 0.10 Gy + 10 mg/kg bw BPA). Groups of
animals were sacrificed 24 h after the end of exposure (effects induced
in spermatozoa and in late spermatids) and 5 weeks later (effects
induced in spermatogonia). Treatment of male mice gametes with BPA
alone or irradiation alone caused deterioration of sperm quantity and
decreased sperm motility. Combined  exposure of spermatogonia, late
spermatids and spermatozoa to low doses of X-rays and BPA and expo-
sure of spermatogonia to higher doses of both agents decreased sperm
count compared to effects of BPA alone, whereas exposure of sperma-
tozoa and late spermatids to higher doses increased sperm count com-
pared to results of each agent alone. Combined exposure to X-rays and
BPA improved the motility of spermatozoa compared to irradiation
alone. Treatment with BPA caused not dose-dependent increase in the
percent of abnormal spermatozoa. Irradiation alone enhanced the fre-
quency of malformed spermatozoa especially after exposure of sper-
matogonia. Combined exposure of spermatozoa and late spermatids to
low doses of X-rays and BPA decreased the percent of abnormal sper-
matozoa compared to effect of BPA alone. Combined exposure of
gametes to higher doses and combined exposure of spermatogonia to
lower doses of both agents increased the percent of abnormal sperma-
tozoa. Treatments of male gametes with BPA induced enhanced level
of DNA damage. Combined exposure to X-rays and BPA in lower as
well as higher doses decreased level of DNA damage compared to
effects induced by BPA alone. Bisphenol A caused deterioration of
male mice spermatozoa quantity and quality. Combined X-rays-BPA
exposure modulated the effects induced by BPA alone. This work was
funded by Polish Ministry of Higher Education and Science (2008-
2011), Project no N N404 029 535

EM095
DNA DAMAGE CAUSED BY LIPOPHILIC TOXINS IN THE
MUSSEL MYTILUS GALLOPROVINCIALIS EVALUATED BY
COMET ASSAY
F Flórez-Barrós, J Méndez, J Fernández-Tajes
Department of Cellular and Molecular Biology. Faculty of Sciences,
University of A Coruña. Campus A Zapateira s/n, 15071, A Coruña
(Spain)
Email: fflorez@udc.es

Okadaic acid-group lipophilic toxins, comprising okadaic acid (OA)
and its analogues, are substances of paramount interest because of their
tumoral promoter features, and the fact that they accumulate in the
digestive organs of filter-feeding shellfish causing diarrheic shellfish
poisoning (DSP) in humans. Bivalve molluscs are among the most use-
ful organisms to monitor the presence of toxic compounds due to their
specific characteristics: wide distribution, abundance, size and mainly
their filter feeding activity, which induces the bioaccumulation of con-
taminants. Comet Assay is recognised to be one of the most sensitive
methods for measuring DNA strand breaks and estimate genetic dam-
age at the level of single cells in a fast and simple way. In this study,
DNA damage in gills and haemocytes of Mytilus galloprovincialis was
evaluated by Comet Assay in individuals from a mussel-culture raft
closed due to the presence of lipophilic toxins, as well as after 72h and
16days of depuration in aerated fresh water. Unexposed mussels were
used as control. OA body burden analyses were also carried out. Comet
Assay was basically performed according to Pérez-Cadahía et al.
(2004), with slight modifications. TL (Comet Tail Length) was the
parameter chosen to explain the obtained results. At the arrival of the
mussels, TL value in both tissues was higher than in control, being the
difference significant only in haemolymph. In haemolymph, after 72h
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of depuration, TL increased significantly compared either with control
or exposed mussels, but decreased after 16days. In gills, TL decreased
significantly when comparing 72h depurated mussels both with control
and lipophilic toxins-exposed mussels. No significant effect was found
in gills after 16days. These results may reflect the different capacities
of response against a pollutant that exist between the two tested tissues,
which would be confirmed by the fact that both in control and exposed
groups, haemolymph had significantly higher TL than gills.
This work was funded by the project AGL-2009-13330-C02-01
(Ministerio de Ciencia e Innovación).

EM096
INFLUENCE OF HIF1 ON CARCINOGEN METABOLISM AS A
MECHANISM FOR GENETIC INSTABILITY
MAC Schults (1), RWL Godschalk (1), BG Wouters (2), F-J van
Schooten (1), RK Chiu (1)
(1) Department of Health Risk Analysis and Toxicology, NUTRIM
Research Institute, University of Maastricht, Maastricht, The
Netherlands; (2) Department of Radiation Oncology, University of
Toronto, Toronto, Canada
Email: marten.schults@grat.unimaas.nl

Background: Hypoxia has been suggested to promote genetic instabil-
ity as exposure of cultured cells to low oxygen levels results in an ele-
vated mutation frequency. This contribution to genetic instability may
provide an explanation for clinical data that associates hypoxia with
more aggressive disease and poor outcome. The hypoxia responsive
transcription factor HIF1a is regarded as the primary molecular switch
to alter gene expression in response to reduced oxygen tension. The
activation of HIF1a requires its heterodimerization with the dually
named cofactor HIF1b or aryl hydrocarbon receptor nuclear transloca-
tor (ARNT). Interestingly, the aryl hydrocarbon receptor (AhR), a
receptor for a number of potent environmental chemical carcinogens
including polycyclic aromatic hydrocarbons (PAHs), also dimerizes
with ARNT leading to the induction of xenobiotic metabolizing
enzymes including the cytochrome P450 family members, CYP1A1
and CYP1B1. These enzymes are critically involved in the metabolic
activation/detoxification of carcinogenic PAHs. It is our hypothesis
that HIF1a activation attenuates the AhR mediated protective gene
expression, which may lead to increased genetic instability and malig-
nant progression. Methods: The human lung carcinoma cell line A549
were dually stimulated with the hypoxic mimetic CoCl2, and varying
concentrations of the prototypical carcinogenic PAH benzo[a]pyrene
(B[a]P) for 18 hours. Both quantitative PCR (QPCR) and Western blot
analysis were used to determine changes in expression at the gene and
protein levels respectively. To further investigate the cellular conse-
quences, we quantified both the amount of B[a]P induced DNA adduct
formation using the 32P-postlabelling technique as well as the muta-
tion frequency by HPRT-mutation analysis. Results and conclusions:
QPCR and immunoblotting analysis indicated that the induction of the
hypoxic response pathway significantly reduced the transcription of
AhR downstream targets CYP1A1 and CYP1B1. We further demon-
strated that although the levels of DNA adducts are only marginally
increased, the observed mutation frequency is markedly amplified.
These data indicate a novel mechanism by which hypoxia can induce
genetic instability by altering AhR downstream processes.

EM097
PRENATAL EXPOSURE TO FLAVONOIDS: IMPLICATION
FOR DEVELOPMENT OF LEUKEMIA
K Vanhees (1, 2), L de Bock (1), F-J van Schooten (1, 2), S Barjesteh
van Waalwijk van Doorn-Khosrovani (1,2)
(1) Department of Health Risk Analysis and Toxicology, Maastricht
University, Maastricht, The Netherlands; (2) Nutrition, Toxicology &
Metabolism (NUTRIM), Maastricht, the Netherlands
Email: kimberly.vanhees@grat.unimaas.nl

Background: Flavonoids, the polyphenolic compounds present in plant
foods are most commonly known for their antioxidant activity and are
therefore freely available on the market as high dose dietary supple-
ments. Recently we have demonstrated that in vitro exposure of human

haematopoietic stem cells to 2 widely consumed dietary flavonoids,
genistein (G) and quercetin (Q), can lead to DNA double-strand breaks
and rearrangements in the mixed-lineage leukaemia (Mll) gene. Mll is
involved in normal haematopoiesis and is frequently rearranged in
childhood and adult leukaemia. Since the concentrations used in vitro
can also be achieved in vivo, it is crucial to examine the safety of
flavonoids in the foetus. Methods: To examine the safety of dietary
exposure to flavonoids, heterozygous Atm-∆SRI mice were placed on
a normal diet (flavonoid-poor), G- or Q-enriched diet, from 3 days
before conception until the end of the pregnancy. These mice carried a
mutation in ataxia-telangiectasia-mutated (Atm) protein kinase, which
mediates early cellular responses to double-strand breaks. After birth
all mice were placed on a normal diet. At 12 weeks of age the pups
were sacrificed, checked for tumour development and the blood was
analysed using the ADVIA 1200 Haematology to look for leukaemia
onset. In addition, mice bone marrow cells were incubated for 24 hours
with G (50 �M), Q (50 �M) or etoposide (50 �M). The isolated DNA
was subsequently used to set up an inverse PCR method to detect
murine Mll rearrangements, which was then used for screening mice
prenatal exposed to flavonoids. Results: Our results demonstrate that in
vitro exposure of mice bone marrow cells to both flavonoids induces
several Mll rearrangements as detected by our inverse PCR methodol-
ogy. Prenatal exposure to G is also associated with an increased num-
ber of malignancies. Ten percent (4/41) of mice in this group suffered
from different malignancies at 12 weeks of age in comparison with 2
percent (1/41) in the control group. Conclusions: Our preliminary
results indicate that prenatal exposure to G can increase the risk of
leukaemia. This has implications for the public health and therefore
strict guidelines should be set for marketing flavonoid supplements to
reduce the risk of leukaemia.

EM098
MATURATION OF EGYPTIAN SHEEP OOCYTES.
IM Farag(1); SM Girgis(1); WKB Khalil(1); N I. AA Ali(1); NHA
Hassan(2);  AAM Sakr(2)
(1) Cell Biology Dept., National Research Centre, Dokki, Cairo, Egypt.
(2) Zoology Dept., Fac. of Sci., Ain Shams Univ., Cairo, Egypt.
Email: shenouda.girgis@yahoo.com

Present study was carried out to illustrate the role of hormone supple-
ments (PMSG+hcG+E2) in combinations with or without FBS to the
culture media (TCM-199 or RPMI-1640) on the in vitro maturation
(IVM) of sheep oocytes.The effects of culture media and oocyte quali-
ty were also investigated. Sheep ovaries were collected  form local
slaughterhouse. COCs and denuded oocytes were recovered by aspira-
tion method. The collected oocytes were matured in culture media for
26-29h at 39�C under 5% CO2 in air and 95% humidity. The results
indicted that the addition of hormones combined with FBS to the basic
medium (TCM-199) significantly (P<0.05) improve the IVM of COCs
as compared to the control group (41.25 vs. 3.50, respectively).
Supplementing TCM – 199 with hormones alone (PMSG+HCG+E2)
insignificantly increased the IVM of COCs compared to the control
group (14.75 vs. 3.50, respectively). However, supplementing TCM –
199 medium with hormones alone or hormones combined with FBS
did’t improve the IVM of denuded oocytes. On the other hand, the
addition of hormones combined with FBS to RPMI medium signifi-
cantly (P<0.05) improved the IVM of COCs compared to the control
group (7.22 vs. 4.69, respectively). However, the addition of hormones
alone to RPMI medium did’t improve the IVM of COCs.
Supplementing RPMI medium with hormones alone significantly
(P<0.05) improved the IVM of denuded oocytes compared to the con-
trol group (3.30 vs. 0.00, respectively). In contrast,the addition of hor-
mones plus FBS did not improve the IVM of denuded oocytes.
Concerning, the effect of type of culture media, the results showed that
the proportion of oocytes (COCs or denuded oocytes) reaching MII sig-
nificantly increased (P<0.05) in the group that were matured in TCM-
199 medium than that matured in RPMI medium (19.84 vs. 3.98; or
2.50 vs. 1.07, respectively).Regarding the oocye quality,the present
results revealed that, COCs recorded higher maturation rates (P<0.05)
compared to denuded oocytes in either TCM-199 Supplemented groups
(15.30 vs. 1.40, respectively) or in RPMI supplemented groups (5.92
vs. 0.53, respectively). 
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EM099
ENVIRONMENTAL DIAGNOSIS BASED ON GENOTOXIC
BIOMARKERS IN FISH
CT Lemos, EA Nunes, NCD Oliveira, AO Lemos, AN Leal,
JG.Semedo, 
Fundação Estadual de Proteção Ambiental Henrique Luiz Roessler -
FEPAM, Divisão de Biologia, Programa de Pesquisas Ambientais –
Porto Alegre, RS, Brazil
Email: claricetl@fepam.rs.gov.br

Aquatic environments contamination by industrial and urban wastes,
resulting in the mortality or reduction of aquatic fauna, increased inter-
est in studies directed to evaluation of polluted water genotoxicity.
Genetic biomarkers such as micronuclei and comet assay have been
used in different aquatic organisms to detect the effects of environmen-
tal contaminants, allowing genotoxic diagnosis of contaminated areas.
Special attention has been given to fish as possible biological monitors
due to its role in throphic chain. Several areas have been studied in our
State through in situ genotoxic analysis of exposed native fish popula-
tions. The assays used were micronucleus and nuclear abnormalities in
fish erythrocytes and comet assay using blood, gills and liver. The area
of Sinos river receives urban, agricultural and industrial discharges
with major influence of metals. Another area, Taquari river, receives
the influence of soil contaminated with wood preservatives. Two sites
at Sinos (SI 048 and SI 028, sites heavily influenced by anthropogenic
activities), and three in Taquari river (Ta032- upstream, Ta010- in front
of contaminated area and Ta006- downstream) were studied and com-
pared to external reference areas, Quadros and Pinguela lagoons. The
results obtained by the biomarkers used in fish from Sinos river identi-
fied the two sites located in the area mostly impacted in this river. No
significant MN and NA induction were verified in fishes from Taquari
sites. Index of damages (DI) measured by comet assay were higher in
fish blood of from Ta006 and Ta010; in gills from Ta010 and Ta032,
and in liver from TA032. Results for fish from different Taquari river
places, showing different responses for the three tissues analyzed, sug-
gest multiple contributions in the studied sites. Therefore, we can not
consider results only as a consequence of the contaminated site, once
they appear also upstream. Our data pointed out the importance of
using different assays in water monitoring. This information is impor-
tant for environmental agency’s management of polluted areas, basing
decisions and back grounding regulations.
Support. CNPq

EM100
ANALYSIS OF MICRONUCLEI AND COMET ASSAY IN V79
CELLS TO ASSES GENOTOXICITY OF SURFACE WATER.
CT Lemos, EA Nunes, NCD Oliveira, AO Lemos, JG.Semedo
Fundação Estadual de Proteção Ambiental Henrique Luiz Roessler -
FEPAM, Divisão de Biologia, Programa de Pesquisas Ambientais –
Porto Alegre, RS, Brazil
Email: claricetl@fepam.rs.gov.br

Cytogenetic damage evaluation is an important step in the tier of dif-
ferent approaches used in genetic toxicology. Micronucleus assay
(MN) and Comet assay (CA) have been used as fast and sensitive indi-
cators for structural DNA alterations. In vitro tests using mammals
cells are effective to detect genotoxic agents. In the present study we
used the Chinese hamster cell line V79 to evaluate the genotoxic poten-
tial of samples from Taquari river (Triunfo, RS, Brazil), in area influ-
enced by soil disposal of wood preservatives and the sensitivity of
these assays for surface water quality. Superficial and interstitial waters
from three river sites were sampled, A- upstream, B- in front of con-
taminated area and C- two kilometers downstream. Water samples (D,
E, F) from contaminated internal area, adjacent to the river were also
analyzed. For MN, 5 x 104 cells were inoculated with 5ml of medium,
and 200µl of sterilized raw water samples, incubated for 24 hours at
37ºC, 5% of CO2, in parallel to negative controls (distilled sterile
water) and positive ones (Bleomycin 2µg/ml). 2000 cells/sample were
analyzed. Cytotoxicity was determined by observing the effect on
cloning efficiency. Alkaline comet assay (pH > 13), was performed
applying electric current of 300 mA and 25 V (0.90 V/cm) for 15 min.
The slides were stained with ethidium bromide. Images of 100

cells/culture were scored visually according to tail size into five class-
es ranging from undamaged (0), to maximally damaged (4). The dam-
age index (DI) can range from 0 (undamaged, 100 cells x 0) to 400
(with maximum damage, 100 x 4). The damage frequency (D%) was
also calculated. Citotoxicity was detected both in the river and in inter-
nal area being higher in C, D and F. All samples induced positive
responses in CA, both for DI as D%. Summer samples of internal area
sites (D, E) and summer and winter superficial samples of site B, pre-
sented highest DIs. Only sites B and D induced positive micronuclei
response. These results showed the differential sensitivity of applied
assays to detect genotoxicity of this pollutants and the importance of
using several assays to environmental quality diagnoses allowing bet-
ter effects characterization. Support. CNPq

EM101
GENOTOXIC EVALUATION OF SURFACE WATER 
INFLUENCED BY WOOD PRESERVATIVES THROUGH
MICRONUCLEI AND COMET ASSAY IN HUMAN 
LYMPHOCYTES
CT Lemos, EA Nunes, NCD Oliveira
Fundação Estadual de Proteção Ambiental Henrique Luiz Roessler -
FEPAM, Divisão de Biologia, Programa de Pesquisas Ambientais –
Porto Alegre, RS, Brazil
Email: claricetl@fepam.rs.gov.br

Human lymphocytes cultures are sensitive biological systems for geno-
toxicity testing of chemicals. Comet assay (CA), or single cell gel elec-
trophoresis, is a rapid, simple, and sensitive technique for measuring
DNA breakage in individual cells. Micronucleus test (MN) detects also
DNA strand breakage besides chromosome loses (i.e. spindle prob-
lems). The MN test measures a small subset of unrepaired DNA strand
breaks, whereas the alkaline Comet assay measures strand breaks and
labile sites that may be removed subsequently by the DNA repair sys-
tem. This study presents the results of micronuclei and comet assay
performed in human lymphocytes cultures exposed to superficial and
sediment interstitial waters from Taquari river, aiming to evaluate
water quality. The study area in Taquari river is influenced by wood
preservatives composed by metals (CCA) and pentachlorophenol,
which were disposed in the soil. Three river sites were sampled: A–
upstream, B- in front of the contaminated area and C- two kilometers
downstream. Heparinized peripheral whole blood from three healthy
donors was used for MN assay. Raw water samples (0.2 ml) sterilized
using a Sartorius filter with a 0.22 micra pore membrane were added to
the cultures and in parallel to negative (distilled water) and positive
(2mg/ml Bleomycin) controls. 2000 binucleated cells obtained by the
cytokinesis blocking method with cytochalasin-B were analyzed per
donor/sample (three donors/sample). For CA, alkaline assay (pH > 13)
was performed after blood exposition to water samples and applying to
slides an electric current of 300 mA and 25 V (0.90 V/cm) for 15 min.
No citotoxicity was observed. Positive responses were verified for MN
induction both for surface and interstitial waters of site B and for site
C interstitial water. CA analysis showed positive responses for dam-
ages index (DI) and damage frequency (D%) for all sites. Both assays
showed sensitivity to detect genotoxic effects in the evaluated area.
MN assay was more sensitive to chemicals of contaminated site while
CA detected a broader pollutants spectrum as could be seen by the
upstream site responses also detected by this assay. Support. CNPq

EM102
3,3’-DINTRITRO-BISPHENOL A SIGNIFICANTLY DISTURBS
MATURATION AND SPINDLE FORMATION, AND 
CHROMATIN INTEGRITY IN MOUSE OOCYTES
U Eichenlaub-Ritter (1), S Lueke(1), S Masuda (2), E Vogt (1)
(1) University Bielefeld, Gentechnologie/Mikrobiologie, D-33501
Bielefeld, Germany. (2) Graduate School of Nutritional and
Environmental Sciences, University Shizuoka, Shizuoka, Japan.
Email: eiri@uni-bielefeld.de

Introduction: Bisphenol a (BPA), an endocrine-disrupting chemical
present in the environment and food, has been suspected to induce ane-
uploidy and adversely affect fertility in female mammals. Although we
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could not detect increased aneuploidy in mouse oocytes to low BPA,
we and others suggested that components in diet could synergistically
affect response to BPA. Nitrit in BPA-contaminated food might cause
formation of 3,3’-dintritro-bisphenol A (dn-BPA). We analysed meiot-
ic maturation in mouse oocytes exposed to dn-BPA. Methods: Spindle
formation and chromosome congression were analysed by anti-tubulin,
anti-pericentrin and anti-Mad2 immunofluorescence, and chromoso-
mal constitution by C-banding. Anaphase I progression was assessed
by non-invasive polarisation microscopy. Numbers of γH2AX foci
were determined in oocytes exposed to 1-10µM dn-BPA during 5h
arrest in GV-stage by cilostamide, a specific PDE3-inhibitor. Results:
1-10µM dn-BPA significantly increased numbers of meiosis I-arrested
oocytes (p < 0.001) and extended expression of Mad2 checkpoint pro-
tein at centromeres of homologous chromosomes. Prolongation of the
spindle-assembly checkpoint (SAC) was suggested by delayed
anaphase I progression in 5-10µM dn-BPA. 10µM dn-BPA caused sig-
nificant increases in spindle aberrations and chromosome congression
failure (P < 0.001) while there was no increase in hyperploidy in any of
the dn-BPA-exposed meiosis II oocytes. However, in the highest con-
centration, dn-BPA parthenogenetically activated some oocytes.
Numbers of γH2AX foci increased significantly in GV-arrested
dn.BPA-exposed oocytes. Conclusions: Low concentrations of dn-BPA
do not induce spindle aberrations or aneuploidy in maturing mouse
oocytes. However, exposure to dn-BPA prior to resumption of matura-
tion might be critical for causing DNA breaks with unknown conse-
quences for chromosomal integrity and developmental potential.
Disturbances in imprinting are currently investigated. Higher chronic
dn-BPA concentrations at maturation interfere with spindle function
and maturation kinetics in oocytes. Interactions between environmen-
tal chemicals in diet may synergistically affect mammalian oogenesis,
fertility and health of offspring.

EM103
TELOMERE AND CENTROMERE CONTENTS OF
MICRONUCLEI IN HUMAN LYMPHOCYTE OF WORKERS
EXPOSED TO LOW LEVELS OF IONIZING RADIATION.
F Carbone (1,2), F Maffei (1), HK Lindberg (2), S Angelini (1), G
Cantelli Forti (1), H Norppa (2), P Hrelia (1).
(1) Department of Pharmacology, University of Bologna, via Irnerio 48,
40126 Bologna, Italy; (2) New Technologies and Risks, Work Environment
Development, Finnish Institute of Occupational Health, Topeliuksenkatu
41aA, FI-00250 Helsinki, Finland.
Email: fabio.carbone@unibo.it

The genotoxic effects of high doses of ionizing radiation (IR) in
humans are well known, but the risk associated with exposure to low
doses is still a matter of debate. Many studies have indicated the impor-
tance of cytogenetic biomarkers such as chromosomal aberrations
(CAs) and micronuclei (MN) in radiobiology. In the latter type of
assay, fluorescence in situ hybridization (FISH) with pan-centromeric
DNA probes has been applied to distinguish MN harbouring chromo-
somal fragments (C– MN) from those containing whole chromosomes
(C+ MN). In principle, FISH characterization of MN is expected to
improve the sensitivity of the MN assay in detecting the clastogenic
effect of IR. Conflicting results has been obtained regarding to
increased frequency of C– MN in populations exposed to low levels of
IR. Thus, it is presently unclear if FISH characterization of MN can
really help in detecting the genotoxic effects of low-dose exposure to
IR. In the present study, in 21 radiology workers and 21 matched con-
trols we applied centromeric (C+) and telomeric (T+) FISH to examine
the contents of the MN induced, to specifically characterize MN con-
taining chromosomal frag ments which IR preferentially induce. MN
with only telomere label (C–T+ MN), probably representing acentric
terminal fragments, were higher in radiation-exposed individuals
(2.15±0.97) than unexposed subjects (0.91±0.78; P=0.011). The pro-
portion of chromosome-type fragments MN (C– 2T+ MN of all C–T+

MN) seemed to increase in the exposed (39%) than the controls (26%),
while chromatid-type fragments (C–1T+) were more prevalent in the
controls (71%) than the exposed (59%), although these differences
were not statistically significant (P=0.068, Fisher’s exact test, two-
tailed). When MN with whole chromosomes were defined as C+T+

MN, there were no statistically significant differences in their frequen-

cy between the exposed and controls. Our findings support the idea that
exposure to low levels of IR can have detectable genotoxic effects and
that centromeric and telomeric FISH, providing more specific MN
characterization, could be a useful biomarker in biomonitoring of radi-
ation exposure. The exposure to low levels of IR increase the MN fre-
quency harboring terminal fragments and in particular those chromo-
some-type.

EM104
RECOMBINAGENIC ACTIVITY OF WATER AND SEDIMENT
FROM SINOS RIVER AND ARAÇÁ AND GARÇAS STREAMS
(CANOAS, BRAZIL), IN THE DROSOPHILA WING-SPOT TEST.
HHR Andrade (1), RR Dihl (1), M Lehmann (1), ML Reguly (1), LV
Jacociunas (1)
(1) Laboratório da Toxicidade Genética (TOXIGEN), Programa de
Pós-Graduação em Genética e Toxicologia Aplicada (PPGGTA)
Universidade Luterana do Brasil (ULBRA), Canoas, RS, Brazil.
Email: heloisa@ulbra.br

This study characterizes the likely interaction of surface water and sed-
iment samples with DNA to quantitatively and qualitatively establish
their mutagenic, clastogenic, and/or recombinagenic activity. Samples
were collected at 5 different sites within the area of Araçá Stream and
2 different sites within the Sinos River mouth and Garças Stream in the
municipality of Canoas, RS, Brazil. The area is impacted by untreated
urban discharges (sites 1-7), agricultural pesticides (sites 5 and 7), hos-
pital waste (site 3), animal dejects (site 5), small industries (sites 4, 5
and 6) and vehicular discharges (sites 2, 4, 5 and 6). The somatic muta-
tion and recombination test (SMART) is based on the loss of heterozy-
gosity (LOH) induction, which may occur through various mecha-
nisms, such as point mutation and certain types of chromosome muta-
tions, as well as mitotic recombination. This versatile short-term in
vivo assay simultaneously detects mutational and mitotic recombina-
tion events, and is able to quantify the recombinagenic activity of a
compound in a genotoxicity screening. We applied the SMART in its
standard version with normal bioactivation (ST) and in its variant with
increased cytochrome P450-dependent biotransformation capacity
(HB). Mutant spot frequencies found in treatments with unprocessed
water and sediment samples from the test sites were compared with the
frequencies observed in negative controls. In both ST and HB crosses
all the water samples from the seven sites displayed a massive recom-
binagenic response, but no mutagenic activity was ascribed for any of
the sites investigated. This is the first study with unprocessed water and
sediment samples attributing a massive and exclusive recombinagenic
action associated to the induction of homologous recombination — a
genetic phenomenon involved in the loss of heterozygosity. The
SMART wing test in Drosophila melanogaster was shown to be high-
ly sensitive to detect genotoxic agents present in the aquatic environ-
ment, and should be better brought to use for monitoring areas under
anthropogenic discharges.

EM105
EVALUATION OF BIOMARKER RESPONSES IN A RAT
HEPATOMA CELL LINE (H4IIE) AFTER EXPOSURE TO
EXTRACTS OF URBAN SOIL
R Haldsrud (1), M Andersson (2), Å Krøkje (1)
(1) Norwegian University of Science and Technology (NTNU), N-7491
Trondheim, Norway (2) Geological Survey of Norway (NGU), N-7491
Trondheim, Norway
Email: renate.haldsrud@bio.ntnu.no

Urban soil represents a complex mixture of chemical pollutants of both
organic and inorganic character. Gaining information about the toxic
potential of city soils is important in order to assess the risk of organ-
isms exposed to the soil, and to make use of the information in area
planning and development of the city. Surface soils from the city of
Trondheim has been analysed for chemicals including heavy metals,
dioxins, polycyclic aromatic hydrocarbons (PAHs) and brominated
flame retardants (BFRs). The purpose of the following work is to assess
the cytochrome P450 1A (CYP1A)-inducing- and genotoxic potential
of the soil samples in the H4IIE rat hepatoma cell line, and to use mul-
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tivariate data analysis to examine possible links between responses and
the contaminant patterns measured in the samples. Extracts of soil were
made by ultrasonic treatment using dichlormethane (DCM) as a sol-
vent. Cytotoxic effects of the soil extracts were evaluated using the 3-
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)
assay. CYP1A induction was measured as ethoxyresorufin-o-deethy-
lase (EROD) activity. DNA strand breaks and oxidative DNA damage
was assessed using the Comet assay combined with formamidopyrim-
idine DNA glycosylase (FPG) enzyme treatment. The results will be
presented and discussed.

EM106
HUMAN BIOMONITORING - OCCUPATIONAL AND
ENVIRONMENTAL EXPOSURE TO PAH IN SILESIAN 
POPULATION
D Mielzynska (1), E Siwinska (2)
(1) Institute for Ecology of Industrial Areas, Katowice; Poland; (2)
Institute of Occupational Medicine and Environmental Health,
Sosnowiec, Poland
Email: mielzynska@ietu.katowice.pl

Background: HBM is one of two methods for protection of human
health in case of exposure to chemical substances, which is based on
controlling the amounts taken up by human body. Now HBM of expo-
sure to PAH is based on the measurement of some PAH metabolites in
urine, which turned out to be reliable and specific e.g. 1-hydroxypyre-
ne. Urine mutagenicity reflects the extent of recent exposure to muta-
gens and it has been used in biomonitoring of population exposed to
complex mixtures. Aim: the aim of the present study was to demon-
strate usefulness of simultaneous determination of 1-hydroxypyrene in
urine (1-OHP) and urinary mutagenicity in the assessment of occupa-
tional and environmental human exposure to PAH. Methods: the occu-
pationally exposed group included workers from two Silesian coke-
plants. The environmentally exposed group was composed of men,
women and children from the Upper Silesia. The control group inclu-
ded women from Bia�ystok and men, women and children living in
Masovian Province. The determination of 1-OHP in urine was carried
out using method developed by Jongeneelen et al. (1985). Mutagenic
activity was assayed with the Salmonella/microsome test, using strains
TA98 and YG1024. Results: results for 415 persons, including 144
men, 183 women and 88 children, were obtained. The highest concen-
tration of 1-OHP and urinary mutagenicity (YG1024+S9) were obser-
ved among coking-plant workers. It was also noted that the concentra-
tions of 1-OHP and mutagenicity in urine were significantly higher
among people from the Silesian Region than in the control group. Both
the urinary mutagenic effect and the concentration of 1-OHP were
higher among smokers. There were no significant differences in the 1-
OHP concentration among adults and children, however, the mutageni-
city effect was much higher among children, both in the environmen-
tally exposed group and the control one. Conclusions: the determina-
tion of 1-OHP concentration in urine allows only to assess exposure to
non-carcinogenic pyrene, which occurs in different proportions in mix-
tures of PAH. Simultaneous determination of the mutagenic effect in
the same urine sample, shows which part of the substances is metabo-
lized to mutagenic derivatives and enables better assessment of the
exposure.

EM107
GENOTOXIC EFFECT IN ROOT-TIPS OF RYEGRASS
(LOLIUM MULTIFLORUM) GROWN IN SOIL EXPOSED TO
ORGANIC WASTE AND HEAVY METALS
S G Bjervamoen, C Bingham, Åse Krøkje
Department of Biology, Norwegian University of Science and
Technology, N-7491 Trondheim, Norway
Email: ase.krokje@bio.ntnu.no

Although the regular application of organic waste to Norwegian farm
land is relatively small, its continual use over extended periods can
result in accumulation of toxic compounds to levels detrimental to
plants. The cytogenetic effects of 2 and 20 ton per hectare organic
waste (sewage sludge, manure and compost) and different levels of

Cd/Zn/Cu-mixture on root-tips of ryegrass (Lolium multiflorum) were
investigated. Three concentrations of the heavy metals-mixture were
used, 2, 20 and 200 times the maximum permitted concentration in
sewage sludge in Norway. The treatments with organic waste and
industrial sludges did not show any detectable genotoxic or toxic
effects to roots of ryegrass compared with the control plants. There was
no reduction of MI or an increased amount of chromosome aberrations.
The middle concentration of heavy metal-mixture showed the highest
detectable genotoxic effect (not significant), but of the highest concen-
tration the roots could not be spread for cytogenetic analyses. Gross
anatomical change in root-tip growth was observed at this high concen-
tration.  DNA dsbs analysis, by the method of agarose gel electrophore-
sis of high molecular weight DNA embedded in low melt agarose
plugs, showed a significant dose response for the heavy metals mixture
over all concentrations, and also a significant increase in genotoxicity
with increased exposure time. The results indicate that the use of
Norwegian organic waste in these levels are probably not genotoxic to
ryegrass, but that heavy metals level above twice the permitted concen-
tration in soils are, especially for chronic exposures.

EM108
ASSESSEMENT OF MICROCYSTIN-LR GENOTOXICITY IN
LIVER- AND KIDNEY-DERIVED CELL LINES 
E Dias (1,2,3), T Santos (1), P Pereira (2), MCC Batoréu (3), P Jordan
(1), MJ Silva (1)
(1) Department of Genetics, National Institute of Health Dr. Ricardo
Jorge, I.P. (INSA), Lisbon; (2) Department of Environmental Health,
INSA, Lisbon; (3) University of Lisbon, Faculty of Pharmacy, I-Med,
Laboratory of Toxicology, Lisbon, Portugal
Email: m.joao.silva@insa.min-saude.pt

The increasing use of surface freshwater reservoirs as a source of
drinking water is raising the problem of chronic human exposure to
cyanobacterial toxins. Microcystin-LR (MCLR) is a cyanotoxin that
causes severe human and animal acute hepatotoxicity and, to a lower
extent, intestine and kidney toxicity. Moreover, it is classified by IARC
as a possible human carcinogen (class 2B), mostly based on its tumour
promoter activity. However, the question whether genotoxic mecha-
nisms additionally contribute to its carcinogenicity is still open to
debate. The present work aimed at characterizing the genotoxic effects
of MCLR using the alkaline version of the single cell gel electrophore-
sis (comet assay) and the micronucleus (MN) assay in a monkey kid-
ney- and a human liver-derived cell line (Vero-E6 and HepG2 cells,
respectively). The results revealed that, at sub-cytotoxic concentrations
(5 and 20 µM), MCLR is able to induce a dose-related significant
increase in the frequency of MN in both cell lines, although it does not
increase the level of DNA strand breaks, detectable by the comet assay.
These findings corroborate our previous micronuclei data from an
extract of a MCLR-M. aeruginosa producer strain tested in Vero cells.
Despite inducing micronuclei, MCLR is  not able to induce sister chro-
matid exchanges in Vero cells and, according to other authors, it fails
to produce chromosome aberrations in lymphocytes, suggesting that it
may act by an aneugenic rather than by a clastogenic mechanism.
Aneuploidy induction might result from MCLR interference with the
mitotic spindle, as part of a more general effect on cell cytoskeleton,
due to its recognized inhibitory activity of protein phosphatases
PP1/PP2A. In addition, our studies have shown that low MCLR con-
centrations affect cell signalling and stimulate cell proliferation. We
hypothesize that the observed genotoxic and mitogenic effects might
cooperate for the MCLR carcinogenicity. Furthermore, considering
that cyanobacteria blooms are often composed by several
species/strains, the impact of long-term exposure to mixtures of micro-
cystins variants and other cyanotoxins in human health should be fur-
ther investigated. Work partially supported by CIGMH, Portuguese
Foundation for Science and Technology

EM109
GENOTOXICITY STUDIES WITH DISINFECTION 
BYPRODUCTS (DBPs)
D Liviac (1,2), A Creus (1), R Marcos (1,2)
(1) Departament de Genètica i de Microbiologia, Universitat
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Autònoma de Barcelona, Bellaterra (Barcelona), Spain; (2) CIBER
Epidemiología y Salud Pública, ISCIII, Spain
Email: ricard.marcos@uab.es

Background/Aims. Drinking water contains compounds designed as
disinfection byproducts (DBPs), generated by the interaction of chlo-
rine (or other disinfecting chemicals) with organic matter, anthro-
pogenic contaminants, and with bromide/iodide naturally present in
most source waters. Several epidemiological studies indicate that there
is a cancer risk associated to DBPSs exposure. Thus, it is necessary to
clarify if DBPs act as genotoxic carcinogens and which type of genet-
ic damage they produce. Different chemical groups of DBPs have been
described such as halogenated acetaldehydes, halonitromethanes,
hydroxyfuranones and nitrosamines, among others. For most of them
little information exists on their genotoxic potentials. To fill this gap,
two representatives of each group have been tested using the comet and
the micronucleus assays in human cultured cells. Methods. The comet
assay has been used to detect: primary genetic damage, oxidative dam-
age induction (by using FPG and EndoIII enzymes) and repair kinetics
of the induced damage. The micronucleus assay (Cyt-B method) was
used to detect fixed damage as consequence of chromosome breaks
and/or aneuploidy. The human lymphoblastoid TK6 cell line was used
for both tests. In addition, human peripheral blood lymphocytes were
also used for the micronucleus assay. Results. The obtained results
indicated that, with the exception of nitrosamines, all the tested com-
pounds were clearly genotoxic in the comet assay, inducing a high pro-
portion of oxidative damage. All this damage was repaired after 24
hours, although the repair kinetic depends of the particular chemical.
All brominated compounds were more genotoxic than the chlorinated
counterparts. On the contrary, with the exception of one hydroxyfura-
none compound (mucochloric acid), all tested compounds were unable
to increase the frequency of micronucleus in binucleated cells.
Conclusions.The results found are of interest when dealing with the
potential risk associated with the consumption of water containing
DBPs. Thus, although a high genotoxicity is observed in the comet
assay for most of the DBPs, the general negative findings obtained in
the micronucleus assay would minimize the potential mutagenic risk.

EM110
ANTIOXIDANT AND ANTIMUTAGENIC ACTIVITIES OF
ETHANOLIC EXTRACTS OF Nectandra cissiflora (LAURACEAE)
ZR Guterres (1, 2), AAA Rezende (1), L Harsman (3), FR Garcez (3),
MA Spanó (1)
(1) Instituto de Genética e Bioquímica, Universidade Federal de
Uberlândia, Uberlândia, Brazil; (2) Universidade Estadual do Mato Grosso
do Sul, Mundo Novo, Brazil; (3) Departamento de Química, Universidade
Federal do Mato Grosso do Sul, Campo Grande, Brazil.
Email: maspano@ufu.br

In this study, the antioxidant activity of ethanolic extracts (EE)
obtained from the leaves or stem of Nectandra cissiflora Ness was
evaluated in vitro using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) test.
The DPPH test data demonstrated the antiradical activity of these plant
extracts. The wing somatic mutation and recombination test (SMART)
using Drosophila melanogaster was used to evaluate the genotoxicity
and antigenotoxicity of EE from the leaves or stem of N. cissiflora.
Third stage larvae obtained from a standard (ST) cross and high bioac-
tivation (HB) cross were treated with: 1] a solution containing a final
concentration of  0.625 mg mL-1 or 1.25 mg mL-1 or 2.50 mg mL-1 of
EE from the leaves of N. cissiflora alone or combined with the geno-
toxic and antineoplastic agent doxorubicin (DXR) (0.125 mg mL-1);
and 2] a solution containing a final concentration of  0.625 mg mL-1 or
1.25 mg mL-1 or 2.50 mg mL-1 of EE from the stem of N. cissiflora
alone or combined with DXR (0.125 mg.mL-1). No statistically signif-
icant differences in spot frequencies were observed for the ST cross or
HB cross in treatments with EE alone, indicating that under these
experimental conditions the extracts have no mutagenic effects on
spontaneous DNA lesions. When EE were combined with DXR, the
results indicated a dose-related antigenotoxic effect. However, EE from
leaves of N. cissiflora showed a more pronounced effect than that
obtained with EE from the stem. These results suggest that these differ-
ent protective effects may be attributed to different secondary metabo-

lites found in each type of extract, which probably operate through dif-
ferent mechanisms of action. Further investigations are needed to iden-
tify, by HPLC analysis, the secondary metabolites involved in the pro-
tective effects of these extracts. Supported by Fundação de Amparo à
Pesquisa do Estado de Minas Gerais (FAPEMIG); Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES); and
Universidade Federal de Uberlândia (UFU), Brazil.

EM111
MICRONUCLEI FREQUENCY MEASURED BY AUTOMATED
IMAGE ANALYSIS AS A MARKER OF AIR POLLUTION 
EXPOSURE
A Rossnerova, M Spatova, I Solansky, RJ Sram
Laboratory of Genetic Ecotoxicology, Institute of Experimental
Medicine, Academy of Science of the Czech Republic, v.v.i., Vídeňská
1083, 14220 Prague 4,Czech Republic
Email: andrearo@biomed.cas.cz

The analysis of chromosomal damage as a result of air pollution expo-
sure is one of major aims of biomonitoring studies. The investigation
in the Czech Republic is focused on the regions with high concentra-
tions of carcinogenic polycyclic aromatic hydrocarbons (c-PAHs), like
the capital city of Prague. In the present study, we compared the fre-
quency of micronuclei (MN) per 1000 binucleated cells (BNC) meas-
ured by automated image analysis from two studies. The effect of c-
PAHs on the frequency of MN was assessed in the group of 50 bus
drivers, 50 administrative workers and 56 city policemen living and
working in Prague. The average age of the participants was 50 years for
bus drivers and administrative workers and 34 years for city policemen.
The concentrations of air pollutants were obtained from stationary and
personal monitoring. Both two studies were conducted during the sea-
son with high levels of air pollutants (bus drivers and administrative
workers: November 2006; city policemen: February 2007); further-
more the group of city policemen was followed repeatedly in May
2007, when the concentration of c-PAHs was significantly lower. The
average levels of c-PAHs and B[a]P from personal monitoring in city
policemen in February vs. May 2007 were 6.15±4.22 ng/m3 and
1.04±0.76 ng/m3 vs. 2.17±3.66 ng/m3 and 0.24±0.54 ng/m3, respec-
tively, and in bus drivers vs. administrative workers in November 2006
5.48±4.19 ng/m3 and 1.04±0.76 ng/m3 vs.3.99±1.77 ng/m3 and
0.75±0.36 ng/m3, respectively. The frequency of MN was determined
by the automated image scoring (MetaSystems Metafer 4, version
3.2.1) of DAPI-stained slides. The results showed following differ-
ences in frequencies of MN/1000 BNC (mean±SD): 8.48±3.17 (bus
drivers in November 2006) vs. 5.92±2.83 (administrative workers in
November 2006), p<0.001, and 7.32±3.42 (city policemen in February
2007) vs. 4.67±2.92 (city policemen in May 2007), p<0.001. Our data
show the impact of air pollution on the frequency of micronuclei in the
monitored groups. We suggest this method that uses the automated
image analysis as a highly sensitive for evaluating the effect of c-PAHs.
Supported by the grant # SP/1b3/8/08.

EM112
GENOTOXIC EFFECTS OF CARBAMATE INSECTICIDES IN
Vicia faba 
R Villalobos-Pietrini (1), S Fernández (2), S Gómez-Arroyo (1)
(1) Departamento de Ciencias Ambientales, Centro de Ciencias de la
Atmósfera, Universidad Nacional Autónoma de México, Ciudad
Universitaria, Coyoacán 04510 D.F. México; (2) Laboratorio de
Toxicología Ambiental, Facultad de Biología Xalapa, Universidad
Veracruzana, Xalapa, Veracruz.
Email: rvp@atmosfera.unam.mx

Environmental mutagens can be detected by higher plant assay sys-
tems. Vicia faba is one of the most used species to evaluate the geno-
toxic effects of pesticides. It is a sensitive method considered as an
effective biological test system for studying the response to short treat-
ments because it allows the standardization of methods for comparing
reports among several laboratories in the world. Methomyl, propoxur
and carbofuran are carbamate insecticides applied in agriculture and
used for domestic purposes as well as for the control of vector insects.
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A large part of the human population is occupationally exposed to these
compounds, but contact with these chemical products or their deriva-
tives occur through the food that they eat as well. The aim of this
research was to evaluate the genotoxic effect of the three carbamate
pesticides mentioned above, by studying the root tip meristems of Vicia
faba through chromosomal aberrations in metaphase and anaphase
cells and with the micronucleus test. The growing roots were treated for
4 hours using several concentrations of the carbamates, followed by 18
hours of recovery period. Thereafter, the roots were fixed in a
methanol-acetic acid (3:1), hydrolyzed in HCL 5N at 60 0C and stained
by the Feulgen technique; a squash was made under a cover glass in a
drop of 45% acetic acid. The results showed that carbofuran, methomyl
and propoxur produced significant differences in chromosomal aberra-
tions (metaphase and anaphase cells); they also exhibited a concentra-
tion-effect response (except aberrations in metaphase cells with
propoxur). The aberrations observed with the three insecticides were of
chromatid type and they appeared delayed, indicating that an S-
dependent effect was involved. Furthermore, these insecticides can be
considered as promutagens activated by the plant metabolism, which in
Vicia constitute the S10 fraction. Micronuclei were also significantly
different from the control. The mitotic index decreased with the
increase in concentration. As human beings are constantly exposed to
environmental pollutants, the use of sensitive bioindicators of damage
at the genotoxic and cytotoxic level is advisable.

EM113
EVALUATION OF GENETIC DAMAGE IN WORKERS
EXPOSED TO PESTICIDES IN GUERRERO STATE, 
MEXICO, UTILIZING COMET ASSAY AND 
MICRONUCLEUS TEST IN EXFOLIATED BUCCAL CELLS
S Gómez-Arroyo (1), Y Carbajal-López (2), ME Calderón-Segura (1),
R Villalobos-Pietrini (1)
(1) Departamento de Ciencias Ambientales, Centro de Ciencias de la
Atmósfera, Universidad Nacional Autónoma de México, Ciudad
Universitaria, Coyacán 04510 D.F. México; (2) Unidad de Ciencias de
Desarrollo Regional, Universidad Autónoma de Guerrero, México.
Email: slga@atmosfera.unam.mx

Pesticides are toxic substances widely used throughout the world to
control pests and organisms noxious to human beings because as they
are indiscriminately used polluted soil, air and water, and constitute a
health risk to exposed workers and to the population in general.
Because of the relevance of these compounds in agriculture, the aim of
this study was to evaluate the genotoxic effect produced by pesticides
using the comet assay and the micronucleus test in exfoliated buccal
cells of workers occupationally exposed in the area of Arcelia,
Ajuchitan and Tlapehuala located in a region called Tierra Caliente,
Guerrero in the Mexican Republic. The study was made in 111 agricul-
tural workers. The consent of the donors was obtained and an extensive
questionnaire was applied to gather essential data related to age, time
of exposure, habits as smoking and alcohol consumption, drugs and
diets, in addition to medications and recent illness, type of work and
protective measures used.  Their exposure ranged from 1 to 57 years,
and ages extended from 13 to 83 years; the non-exposed group consti-
tuted 50 individuals whose ages went from 15 to 66 years. All the par-
ticipants were males. Cells of the buccal ephitelium were sampled and
the comet assay was used as biomarker to know the DNA damage; the
average of the comet tail was screened in 100 cells of each individual
and the micronuclei test was carried out in 3 000 epithelial cells for
each participant; other nuclear anomalies as broken eggs, karyolysis,
karyorrhexis and binucleate cells were also evaluated. The results
revealed that in the exposed group of the three areas studied the fre-
quency of cells with comet increased significantly in relation with the
non-exposed group. The same behavior was observed in the tail migra-
tion of DNA. Micronuclei exhibited significant differences as well
between the exposed and the non-exposed groups, and they showed
nuclear anomalies associated with a cytotoxic or genotoxic effect. A
positive correlation was noted between exposure time and genotoxic
effect, whereas no significant effect on genetic damage was observed
as a result of smoking and alcohol consumption. This study afforded
valuable data for establishing the possible risk to human health associ-
ated with pesticide exposure. 

EM114
NUCLEAR IMPACT GENERATED BY ELEMENTS DERIVED
FROM BIOMASS BURNING IN TWO BRAZILIAN REGIONS. 
HA Sisenando (1), NO Alves (02), MFO Galvão (2), TM Cabral (3), SS
Hacon (1), PHN Saldiva (3), SR Batistuzzo de Medeiros* (2)
(1) Fundação Oswaldo Cruz, Rio de Janeiro, Brazil; (2) Universidade
Federal do Rio Grande do Norte, Natal, Brazil; (3) Faculdade de
Medicina da Universidade de São Paulo, São Paulo, Brazil.
Email: sbatistu@cb.ufrn.br

Atmospheric air quality is influenced by several factors and affects
directly, the health of organisms. Among atmospherics pollutants, par-
ticulate matter from biomass burning represents the most important
pollutant. In Brazil, several occupational activities are done employing
biomass burning.  So, the aim of this study was to analyze the muta-
genicity of particulate matter obtained from biomass burning by
micronucleus assay of Tradescantia pallida. Two areas were analyzed:
one is located in a central region, MT, known as Brazilian Legal
Amazon suffering influence of pollutants from jungle and sugarcane
burning. The second area is located in the northeast, RN, and is influ-
enced by pollutants emitted during the cashew nuts processing. The
Tradescantia micronuclei assay (Trad-MCN) were done in two experi-
mental system: i) in situ, by direct exposition of plants to agents pres-
ents on atmospheric of both areas and ii) ex situ, by the direct exposi-
tion of particulate matter extracted from Teflon filters exposed in Legal
Amazon region, in a hydroponic system. The results were expressed in
MCN per 100 tetrads analyzed. The in situ analysis of Tradescantia
pallida in Legal Amazon region showed a MCN frequency of 8.9 ±
3.85 in contrast with 3.9 ± 1.77 from the reference area. For the area
exposed to cashew nut burning the MCN frequency was 5.5 ± 1.5 in
contrast with 1.2 ± 0.6 for the negative control area. For ex situ analy-
sis, three concentration of particulate matter was tested (0.1 mg/l, 0.5
mg/l and 1mg/l) and have induced a dose-related increase in MCN fre-
quencies. All these analysis showed an increase of MCN formation in
the tested area or in the presence of particulate matter of approximate-
ly 5 fold. So the results indicated that the exposition to agents produced
from biomass burning is able to increase the micronuclei formation in
DNA of Tradescantia exposed.

EM115
ANTIGENOTOXIC EFFECT OF GRAPEFRUIT JUICE
AGAINST BENZO[a]PYRENE AND ITS POSSIBLE 
RELATIONSHIP WITH CYTOCHROME P450 INHIBITION. 
SR Olguin-Reyes (1), M Flores-Torres (1), I Alvarez-Gonzalez (2), R
Mojica (2), E. Madrigal-Bujaidar (2), JJ Espinosa-Aguirre (1).
(1) Departamento de Medicina Genómica y Toxicología Ambiental, Instituto
de Investigaciones Biomédicas, Universidad Nacional Autónoma de México,
Mexico City, Mexico. (2) Laboratorio de Gene�tica, Escuela Nacional de
Ciencias Biolo�gicas, I.P.N., Mexico City, Mexico.
Email: jjea@servidor.unam.mx

Inhibitory properties of grapefruit juice (GFJ) on Cytochrome P450 3A
(CYP3A) activity and its interaction with the pharmacokinetics of
some drugs used in human therapy have been well documented. GFJ
has also been shown to alter the metabolism of other drugs that are not
substrates for CYP3A suggesting that additional CYP molecules may
also be affected. Some of the GFJ components, bergamottin (BG),
6’,7’-dihidroxybergamottin (DHB) and naringin (NG) have shown
potent inhibitory activity on certain CYP isoforms. The aim of this
study was to determine the inhibitory effect of GFJ, BG, DHB and NG
on the activity of CYP 1A and 2B subfamilies. We examined: 1) in vitro
inhibition of  microsomal CYP1A1 ethoxyresorufin-O-deethylase
(EROD) activity by GFJ; 2) in vitro inhibition of microsomal CYP1A1
EROD, CYP1A2 methoxyresorufin-O-deemethylase (MROD),
CYP2B1 penthoxyresorufin-O-dealkylase (PROD) and CYP2B2  ben-
zyloxyresorufin-O-dealkylase (BROD) activities by GFJ components
and 3) GFJ antigenotoxic potential on the damage produced by
bezo[a]pyrene (BP) using the micronucleus test in mice peripheral
blood. Results demonstrated that GFJ inhibits in a concentration-
dependent manner, the in vitro EROD activity of mice hepatic micro-
somes obtained from animals treated with BP. Maximal GFJ concentra-
tion used (5% v/v) inhibits 85% of the EROD activity. The ingestion of
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GFJ before BP administration diminished by 29% the rate of BP-
induced micronucleated polychromatic erythrocytes (MNCE) at 48 h
and 57% at 72 h. Microsomal hepatic and intestinal EROD activity
from mice treated with GFJ and BP showed a 20% and 44% reduction,
respectively, of that found in BP treated animal tissues. Concerning the
GFJ components, CYP1A1 activity was inhibited by BG (IC50 0.19
µM) and by DHB (IC50 3.15 µM). CYP2B2 was also inhibited by BG
(IC50 4.5 µM) and DHB (IC50 48.2 µM) but not at the same extent
than CYP1A1. BG inhibited CYP1A2 more than DHB (IC50 5.1 and
54.5 µM, respectively) and CYP2B1 was the less inhibited by both
components (IC50 9.5 and 55 µM, respectively). NG did not show an
inhibitory effect over the CYP isoforms evaluated, suggesting that BG
could be one of the major GFJ active ingredients with potential
antigenotoxic effect for its ability to suppress CYP1A1.

EM116
DNA FRAGMENTATION EVALUATION IN HUMAN SPERM
CELLS EXPOSED TO ENVIRONMENTAL POLLUTANTS
L Rocco (1,2), N Morra (1), C Peluso (1), D Cesaroni (1), F Cesaroni
(3), V Stingo (1,2)
(1) SUNFert, Department of Life Sciences, Caserta, Italy; (2) IC-
REACH, Interuniversitary Center Reach, University of Naples, Italy;
(3) AORN “Sant’Anna e San Sebastiano”, Caserta, Italy
Email: lucia.rocco@unina2.it

Environmental pollution of waters caused by the release of chemical
substances, and in particular active agents, is becoming a threat for
both man and the environment. The active pharmacological agents dis-
charged into the superficial waters but also into waste waters can inter-
act with the cell DNA and induce genetic damage such as breakage of
the double strand of DNA or point mutations (insertions, deletions,
chemical modifications of the bases, chromosome alterations). The
studies carried out on the waste waters of both Italian and European
treatment plants have shown that among the chemical compounds most
commonly found in the waste waters of these treatment plants, and thus
responsible for contamination, there are many active pharmacological
agents. The aim of the present work was to evaluate the potential geno-
toxic effects of nine pharmacological agents, Atorvastatin, Sildenafil
citrate, Gemfibrozil, Ibuprofen, Atenolol, Ofloxacin, Carbamazepine,
Bezafibrate and Diclofenac present in the waste waters of some Italian
treatment plants. Genotoxic effects were evaluated by using three tests,
the Comet Assay, the Diffusion assay and the TUNEL test, and were
evidenced as % of DNA damage as well as DNA fragmentation index
(DFI) in human sperm cells. We previously performed a standard
analysis of semen parameters according to WHO (2001) indications,
then the cells were incubated at the mean concentrations found into the
waste water of treatment plants for 15, 30 and 45 minutes for each
pharmacological compounds. All drugs tested induce a statistically sig-
nificant reduction in the integrity of sperm DNA and high DFI values,
above the 27%, which is generally considered the threshold value. The
concentrations of pharmaceuticals found in the wastewater are then
able to induce damage to sperm DNA, that can be highlighted in a very
early stage of cell suffering (damage to the nucleus), even before it is
capable to induce other metabolic disorders. In fact DNA fragmenta-
tion is the first sign of cell suffering detectable in spermatozoa caused
by different stressful conditions that lead them to apoptosis.

EM117
PROTECTIVE EFFECTS OF FOOD ANTIOXIDANTS ON
ARSENIC TOXICITY
ET Snow (1), KJ Herbert (1)
(1) School of Human Life Sciences, University of Tasmania,
Launceston, Tasmania, 7250 Australia
Email: elizabeth.snow@utas.edu.au

A critical component of arsenic toxicity is intracellular oxidative stress,
produced in part by activation of NADPH oxidase and the subsequent
production of superoxide. Numerous studies have explored the effect
of arsenic on oxidative stress response and the effect of, often high
doses, of As on intracellular signalling pathways. Other studies have
shown that food antioxidants can protect against arsenic toxicity both
in vivo and in vitro. The aim of this study is to explore the mechanism

by which low doses of inorganic arsenic and a variety of food antioxi-
dants, together and separately, interact with intracellular signalling
pathways. Neutral red toxicity assays using HaCaT and HeLa cells
grown in DMEM show a clear additive protection against arsenic tox-
icity by antioxidants that interact with the Nrf2-Keap1 antioxidant
stress pathway, such as caffeic acid phenethyl ester (CAPE), sul-
foraphane and N-acetylcysteine. In contrast, inhibitors of the p38 and
MEK1/2 signalling pathways have no apparent effect on cellular via-
bility at low doses of arsenic but cause an increase in toxicity at high-
er doses of arsenic (20 µM or above). This increased toxicity appears
to be synergistic with high doses (> 10 µM) of sulforaphane. We are
currently looking at whether these changes in cellular viability are
associated with changes in the concentration or phosphorylation status
of key signalling factors such as the Src family of proteins and Rac-1.
Low doses of arsenic have been shown to trigger the p38 and ERK sig-
nal pathways, whereas higher doses induce toxicity by activating JNK
and NF-�B-dependent apoptosis. The goal of this research is to shed
further light on the initial events of arsenic-induced signalling using
food antioxidants and defined enzyme inhibitors as probes.

EM118
DETERMINATION OF 3,6-DINITROBENZO[E]PYRENE IN
SURFACE SOIL AND AIRBORNE PARTICLES, AND ITS 
POSSIBLE SOURCES, DIESEL PARTICLES AND 
INCINERATOR DUSTS
T Hasei (1), A Ohno (1), R Tsukuda (1), H Ichikawa (1), O Endo (2),
K Sugita (3), M Asanoma (4), S Goto (2), T Watanabe (1)
(1) Department of Public Health, Kyoto Pharmaceutical University, Kyoto,
Japan; (2) College of Environmental Health, Azabu University, Sagamihara,
Japan; (3) Analysis Division, Mitsubishi Chemical Analytech, Ami-machi,
Japan; (4) Nagoya City Public Health Research Institute, Nagoya, Japan.
Email: hasei@mb.kyoto-phu.ac.jp

We recently identified a novel mutagen, 3,6-dinitrobenzo[e]pyrene
(DNBeP), as a major contaminant in surface soil in residential areas in
Kyoto, Osaka, and Aichi prefectures, Japan. 3,6-DNBeP is highly muta-
genic toward S. typhimurium and showed genotoxicity in vitro to mam-
malian cells, such as mutagenicity in hprt gene and induction of sister
chromatid exchange and micronucleus. Furthermore, 3,6-DNBeP pro-
duced DNA damage in the cells of several organs in mice in the comet
assay. The purpose of this study is to reveal the distribution of 3,6-
DNBeP in the environment. We developed a highly sensitive analytical
method of 3,6-DNBeP and analyzed 3,6-DNBeP in surface soil and air-
borne particles. Moreover, 3,6-DNBeP in diesel particles and incinerator
dusts, which were thought to be the sources of 3,6-DNBeP, was ana-
lyzed. Surface soils and airborne particles were collected in three metro-
politan areas, the Kinki, Chukyo and Kanto regions, Japan. Diesel parti-
cles collected from an engine used for general automobiles and
SRM1975, which is extract of diesel particles collected from an engine
used for industrial forklifts, were analyzed. The bottom ash and fly ash
of Incinerator dusts were collected from five different incinerators. After
purification with a silica gel column and 2 reversed phase columns on
HPLC, 3,6-DNBeP was injected to a reducer column connected to a sta-
tionary phase continually with a fluorescence detector. 3,6-DNBeP was
detected as 3,6-diaminobenzo[e]pyrene. 3,6-DNBeP was detected in all
surface soils and airborne particles in the ranges of 8–5,004 pg/g of soil
and 19–1,238 fg/m3, respectively, and the contribution ratios of 3,6-
DNBeP to the mutagenicities of surface soils were 5–75%. The strong
correlation was observed between the mutagenicity of surface soil and
the amount of 3,6-DNBeP in surface soil. These results suggest that 3,6-
DNBeP is largely distributed in surface soil and airborne in Japan and is
a major mutagen in surface soil. 3,6-DNBeP was detected in all diesel
particles and incinerator dusts. The result indicated that the combustion
in diesel engines and incinerators are potential sources of 3,6-DNBeP
detected in ambient air and surface soil.

EM119
CHILD-ADULT DIFFERENCES IN EVALUATION OF IN VIVO
GENOTOXICITY OF ACRYLAMIDE 
N Koyama (1),(2), A Kimura (2),(3), M Yasui (2), Shigeaki Takami (4),
M Takahashi (4), K Inoue (4), M Yoshida (4), T Imai (4) M Shibutani
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(4), T Suzuki (5), A Yamamoto (2), W Kumita (2), K Masumura (2), K
Horibata (2), S Masuda (1), N Kinae (1), T Matsuda (5) T Nohmi (2),
M Honma (2)
(1) Graduate School of Nutritional and Environmental Sciences,
Univercity of Shizuoka, Shizuoka, Japan; (2) Division of Genetics and
Mutagenesis, National Institute of Health Sciences, Tokyo, Japan; (3)
Drug Safety Research Laboratories, Shin Nippon Biomedical
Laboratories Limited, Kagoshima, Japan; (4) Division of Pathology,
National Institute of Health Sciences, Tokyo, Japan; (5) Graduate
School of Global Environmental, Kyoto University, Kyoto, Japan.
Email: n-koyama@nihs.go.jp

[Background/Aims] The recent discovery of acrylamide (AA), a potent
carcinogen, in the frying or baking a variety of foods raises human
health concerns, in particular, for children, because AA is relatively
highly contained in snacks, cereals, and baby foods. AA is known to be
metabolized by CYP2E1 to glycidamide (GA) which is responsible for
AA-inducing genotoxicity and carcinogenicity. The activity of
CYP2E1 varies during postnatal development implying that the
genotoxic and carcinogenic risk of AA may be different between adults
and children. [Methods] To elucidate in vivo genotoxicity of AA and its
child-adult differences, we treated adult or young male rats (gpt-delta
transgenic F344 rats 3w,11w or SD rats 3w,11w) with 0, 20, 40, 80 ppm
or 0, 50, 100, 200 ppm of AA in drinking water for 28 days, and
examined the genotoxicity in the blood, liver and testis. We also
analyzed DNA adducts (N7-GA-Gua) derived from GA in the liver,
testis, mammary gland and thyroid gland. [Results] We observed the
dose-related increases of micronuclei in peripheral blood. In liver,
alkaline Comet assays were positive in the middle and high doses, but
the gpt mutations were not induced. On the other hand, testis, especial-
ly, in young rats, showed significant genotoxic response in the micro-
nuclei, Comet and the gpt mutations. DNA adduct analysis revealed
that N7-GA-Gau was significantly formed in testis and mammary
gland in a dose-dependent manner. The adduct level in testis in the high
dose was 8-folds higher in young rats than in adult rats. [Conclusions]
The genotoxicity of AA in peripheral blood and liver were not severe
in these experiments, and did not show significant difference between
the adult and young rats, In contrast, AA caused significant
genotoxicity in testis, especially, in young rats, and it corresponded to
the adduct level. We may be more concerned about germinal
mutagenicity and reproductive toxicity in children exposed with AA
through ordinary foods.

EM120
FORMATION OF FORMALDEHYDE FROM UV-IRRADIATED
MALTOL AND ETHYLMALTOL SOLUTION
T Ohta (1), M Watanabe-Akanuma (2), D Nakajima (3), Y Inaba (4), S
Uchiyama (4)
(1) Tokyo University of Pharmacy and Life Sciences, Tokyo, Japan; (2)
Kureha Corporation, Tokyo, Japan; (3) National Institute of
Environmental Studies, Tsukuba, Japan; (4) National Institute of
Public Health, Wako, Japan.
Email: ohta@ls.toyaku.ac.jp

Maltol (3-hydroxy-2-methyl-4H-pyran-4-one) and its derivative ethyl-
maltol have caramel odor and are used as a flavor enhancer in breads
and cakes. We previously reported that they became mutagenic to
Salmonella typhimurium TA100 and TA97, when their solutions were
irradiated with either UVA (a black light, 320-400 nm) or UVC (a ger-
micidal lamp) for 2-10 min prior to the exposure of bacterial cells. The
photo-activated (or decomposed) products seemed to be relatively sta-
ble so that about 80% mutagenic activity remained at 60 min after irra-
diation. UVA-irradiated maltol induced predominantly G:C->T:A
transversions and G:C->A:T transitions. Addition of thiol compounds
such as cysteine or glutathione to the UVA-irradiated maltol dimin-
ished the mutagenicity. Contribution of 8-OHdG to the photomuta-
genicity of maltol was found to be very small. DNA strand breakage
measured by relaxation of supercoiled (Form I) plasmid DNA to open
circular (Form II) DNA was observed by the addition of UVC-irradiat-
ed maltol solution. A crude fraction containing mutagenic photoprod-
uct from UVC-irradiated maltol (or ethylmaltol) solution was isolated
by HPLC with an ODS column. LC-TOF/MS analysis has not been

successful. The crude mutagenic fraction was further analyzed exis-
tence of aldehyde compounds using 2,4-dinitrophenylhydrazine-
impregnated silica cartridge and HPCL. A considerable amount of
formaldehyde and small amount of acetaldehyde, and possible dialde-
hyde compound were detected. Attempts are now in progress to deter-
mine dialdehyde compounds. (Ref. M Watanabe-Akanuma, Y, Inaba,
and T. Ohta, Mutagenicity of UV-irradiated maltol in Salmonella
typhimurium. Mutagenesis, 22, 43-47, 2007)

EM121
CAENORHABDITIS ELEGANS AS A MODEL ANIMAL FOR
ASSESMENT OF THE NEUROTOXICITY INDUCED BY
MICROCYSTIN-LR
YH Li (1), DY Wang (2), LH Yin (1), YP Pu (1)
(1) School of Public Health, Southeast University, Nanjing, China; (2) Key
Laboratory of Developmental Genes and Human Disease, Ministry of
Education, Nanjing, China
Email: yppu@seu.edu.cn

Background: Among more than 80 variants of MCs isolated so far,
microcystin-LR is the most toxic and commonly encountered one.
Exposure to microcystin-LR mainly represents adverse effects of acute,
subchronic and chronic to the liver and kidney. On the other hand, there
are only a few studies indicated that brain is also one of the targets of
MCs. Nematode Caenorhabditis elegans has been explored as a model
to study the neurotoxicity of microcystin-LR. Methods: The chemo-
taxis and thermotaxis defects of Caenorhabditis elegans caused by MC-
LR exposure were measured. The morphological changes in sensory
neurons and expression patterns of genes controlling the chemotaxis to
NaCl and thermotaxis behaviors were monitored. Results: The results
showed that the fold of tissue-specific hsp16-2-gfp expression in the
nervous systems were found to be greater than 1.0 in adult animals, and
caused significantly defects of chemotaxis to NaCl and thermotaxis.
Morever, the chemotaxis to NaCl and thermotaxis were more signifi-
cantly reduced in microcystin-LR (≥1 µg/L) exposed mutant animals of
che-1(p674), odr-7(ky4), ttx-1(p767), and ttx-3(ks5) than those in
exposed wild-type N2 animals at the same concentrations. In addition,
the expression levels of che-1 and odr-7 were significantly decreased in
animals when exposed to microcystin-LR with the concentration lower
than 10 µg/L, whereas the expression levels of ttx-1 and ttx-3 could be
lowered in animals even exposed to 1 µg/L of microcystin-LR.
Conclusion: Microcystin-LR exposure can induce severe defects of
chemotaxis to NaCl and thermotaxis. The neurotoxicity may be large-
ly mediated by the damages on functions of ASE, AWA, AFD, and AIY
neurons, which indicates that the nervous system is primarily affected
by MC-LR in nematodes. (This work was sponsored by the Important
National Science & Technology Specific Projects of China
(2008ZX07101-011), the Jiangsu 333 Project Foundation (07056), and
the Natural Science Foundation of Jiangsu Province (BK2008320)).

EM122
EVALUATION OF GENETIC DAMAGE IN TOBACCO FARMERS 
FR Silva (2), P Rohr (2), EA Nunes (1), V Kahl (1), DD Juffo (1), K
Kvitko (1), J Da Silva (1)
(1) Laboratory of Genetic Toxicology, Lutheran University of Brazil,
RS, Brazil; (2) Postgraduate Programme in Genetics and Molecular
Biology, Federal University of Rio Grande do Sul, RS, Brazil.
Email: julianadasilva@uol.com.br

The damaging health and environmental impacts of tobacco begin long
before cigarette consumption. From the moment the tobacco seed is
planted to the time it is harvested and cured, a health of those who cul-
tivate the crop is constantly exposed at the large amount of pesticides
as well as at nicotine present in raw tobacco leaves. Southern Brazil is
a major tobacco-leave producing area, employing over 950,000 work-
ers. The present study aimed at assessing if prolonged exposure to this
mixture leads to an increase in DNA damage and at mutagenicity in
tobacco farmers. The study involved a total number of 161 individuals:
106 were farmers from Venâncio Aires (State of Rio Grande do Sul,
south of Brazil) and 55 were controls. They were sampled during at the
tobacco harvest in 2008. The DNA damage was evaluated by comet
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assay in blood cells and the mutagenicity by micronuclei test in blood
and exfoliated buccal cells. The analysis of comet assay values indicated
a significant increase in damage index(DI) and damage frequency(DF)
(P<0.001) for the exposed group as compared to the control group
(Mann–Whitney U-test). Binucleated lymphocytes and exfoliated buccal
cells showed micronucleus frequency (P<0.001) increase in relation at
control. Difference between men and women was found in the DF
(P<0.05). In conclusion, our results indicate that the tobacco farmers
studied have experienced genotoxic and mutagenic exposure, which is
manifested as an increase in repairable DNA damage detected by comet
assay and an increase in micronucleated cells. This effect can be due to
heavy and repeated use the pesticide as well as the nicotine absorption
from contact with wet tobacco leaves. In tobacco cultivation, men, in the
majority, are involved with pesticide application and leaves harvest and
the women, with leaves harvest. Probably this explains the difference in
DF males and females. Although the significance of increased genotoxic
effects is difficult to predict for individual subjects, the positive findings
suggest a genotoxic and mutagenic hazard at the group level. Therefore,
more studies are needed to know and to prevent the possible occupation-
al diseases in tobacco farmer’s associates.

EM123
APPROACH TO TOXICITY EVALUATION OF C60
FULLERENE USING SVERAL IN VITRO METHODS
S Matsuda (1), S Matsui(2),T Matsuda (1)
(1) Research Center for Environmental Quality Management, Kyoto
University, Otsu, Japan; (2) Matsui Consulting Firm of the
Environment, Kyoto, Japan.
Email: matsuda@z05.mbox.media.kyoto-u.ac.jp

C60 fullerene is an attractive nano-material in the various fields such
as chemistry, electronic engineering, and pharmacy due to its unique
chemical and physical properties. Therefore, the release of C60 into the
environment by its expanded use has been suggested to be a potential
risk with possible ecological implications. However, its potential toxi-
city is not completely understood. This study was aimed to add more
knowledge concerned in C60 potential toxicity, particularly mutagenic-
ity. We evaluated several toxicity of colloidal C60 in water, which is the
most possible state in the environment. The arlhydrocarbon receptor
(AhR) activity of colloidal C60 was evaluated using AhR yeast reporter
gene assay and the cytotoxicity was evaluated by Hepa1c1c7, mouse
hepatocarcinoma cell line using MTS assay. The mutageniciy was eval-
uated using two different bacterial methods, umu test and Rec assay,
and we quantified several DNA adducts using LC/MS/MS analysis and
32P post labeling method by exposure of HepG2, the human hepatocar-
cinoma cell line, to colloidal C60. Though AhR yeast reporter gene
assay did not detect AhR activity of colloidal C60, MTS assay showed
that colloidal C60 inhibited cell growth of Hepa1c1c7. Umu test using
S-9, the fraction of microsome in rat liver, in common with Rec assay
indicated that colloidal C60 induced dose-dependent DNA damages
which induce SOS response. 32P post labeling method indicated that
exposure of HepG2 to colloidal C60 did not caused bulky DNA adducts
like C60 core body-binding DNA adducts, but LC/MS/MS analysis
indicated that colloidal C60 tended to cause oxidative DNA adducts
such as 8-oxo-deoxyguanosine. These data indicate that one of the rea-
sons that colloidal C60 inhibits cell growth may be due to its muta-
genicity, possibly caused by reactive oxygen species (ROS) derived
from colloidal C60.

EM124
FREQUENT INCORPORATION OF FORMALDEHYDE DERIVED
N2-METHYL-2’-DEOXYGUANOSINE TRIPHOSPHATE INTO DNA
DURING DNA SYNTHESIS CATALYZED BY BACTERIAL AND
MAMMALIAN DNA POLYMERASE.
M Ihara (1), M Yasui (2), S Matsui (3), S Shibutani (4), T Matsuda (1) 
(1) Research Center for Environmental Quality Management, Kyoto
University, Kyoto, Japan; (2) National Institute of Health science, Tokyo,
Lapan; (3) Matsui Consulting Firm of the Environment, Kyoto, Japan; (4)
Laboratory of Chemical Biology, Department of Pharmacological Science,
State University of New York, New York, United States of America.
Email: ihara@biwa.eqc.kyoto-u.ac.jp

Formaldehyde is present in many foods, automotive exhaust gases and
cigarette smoke, and is also produced in living cells during the metab-
olism of serine, methionine and choline. Therefore, humans are
endogenously and exogenously exposed to formaldehyde. Several
studies in which formaldehyde was administered to rats by inhalation
showed carcinogenicity, particularly induction of squamous-cell carci-
nomas of the nasal cavities. Evidence that formaldehyde causes cancer
in experimental animals indicates that it may be a carcinogenic to
humans. This chemical reacts with 2’-deoxyguanosine-triphosphate
(dGTP) in the nucleotides pool of cells, resulting in the formation of
N2-methyl-2’-deoxyguanosine triphosphate (N2-Me-dGTP). The con-
centration dependent formation of N2-Me-dG DNA adducts was
observed in formaldehyde treated cultured human cells by using
LC/MS/MS. In the living cell, damaged deoxynucleoside 5’-triphos-
phate plays an important role in mutagenesis. In this study, the utiliza-
tion of N2-Me-dGTP during DNA synthesis was determined by steady-
state kinetic studies using the Klenow fragment of E. coli DNA poly-
merase I (with or without the 3’→5’ exonuclease activity; exo- KF,
exo+ KF), and calf thymus DNA polymerase α(pol α). N2-Me-dGTP
was incorporated opposite template dC at an extremely high frequency
in reactions catalyzed by all the DNA polymerases tested. Small
amount of N2-MedGTP was inserted opposite dT and dG when
Klenow fragment was used. The insertion frequency (Fins) of N2-Me-
dGTP opposite dC was slightly affected by the 3’→5’ exonuclease
activity of Klenow fragment. The overall translesion synthesis
(Fins×Fext) past the dC:N2-Me-dGMP pair was 0.3 for exo- KF, 0.21
for exo+ KF, and 0.15 for pol α. The Fins of N2-Me-dGTP was sever-
al orders of magnitude higher than that of 7,8-dihydro-8-oxo-2’-
deoxyguanosine triphosphate (8-oxo-dGTP) and 2-hydroxy-2’-
deoxyadenosine triphosphate (2-OH-dATP). These results suggest that
N2-Me-dGTP can be readily incorporated into DNA during DNA syn-
thesis and may cause mutation when replicated.

EM125
CAENORHABDITIS ELEGANS AS A MODEL ANIMAL FOR
ASSESMENT OF THE NEUROTOXICITY INDUCED BY
MICROCYSTIN-LR
YH Li (1), DY Wang (2), LH Yin (1), YP Pu (1), R Liu (1)
(1) School of Public Health, Southeast University, Nanjing, China; (2) Key
Laboratory of Developmental Genes and Human Disease, Ministry of
Education, Nanjing, China
Email: yppu@seu.edu.cn

Background: Among more than 80 variants of MCs isolated so far,
microcystin-LR is the most toxic and commonly encountered one.
Exposure to microcystin-LR mainly represents adverse effects of acute,
subchronic and chronic to the liver and kidney. On the other hand, there
are only a few studies indicated that brain is also one of the targets of
MCs. Nematode Caenorhabditis elegans has been explored as a model
to study the neurotoxicity of microcystin-LR. Methods: The chemo-
taxis and thermotaxis defects of Caenorhabditis elegans caused by MC-
LR exposure were measured. The morphological changes in sensory
neurons and expression patterns of genes controlling the chemotaxis to
NaCl and thermotaxis behaviors were monitored. Results: The results
showed that the fold of tissue-specific hsp16-2-gfp expression in the
nervous systems were found to be greater than 1.0 in adult animals, and
caused significantly defects of chemotaxis to NaCl and thermotaxis.
Morever, the chemotaxis to NaCl and thermotaxis were more signifi-
cantly reduced in microcystin-LR (≥1 µg/L) exposed mutant animals of
che-1(p674), odr-7(ky4), ttx-1(p767), and ttx-3(ks5) than those in
exposed wild-type N2 animals at the same concentrations. In addition,
the expression levels of che-1 and odr-7 were significantly decreased in
animals when exposed to microcystin-LR with the concentration lower
than 10 µg/L, whereas the expression levels of ttx-1 and ttx-3 could be
lowered in animals even exposed to 1 µg/L of microcystin-LR.
Conclusion: Microcystin-LR exposure can induce severe defects of
chemotaxis to NaCl and thermotaxis. The neurotoxicity may be large-
ly mediated by the damages on functions of ASE, AWA, AFD, and AIY
neurons, which indicates that the nervous system is primarily affected
by MC-LR in nematodes. (This work was sponsored by the Important
National Science & Technology Specific Projects of China
(2008ZX07101-011), the Jiangsu 333 Project Foundation (07056), and
the Natural Science Foundation of Jiangsu Province (BK2008320)).
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EM126
MOLECULAR DOSIMETRY OF URINARY 
N7-(2-HYDROXYETHYL) GUANINE AMONG ETHYLENE
OXIDE -EXPOSED WORKERS
K-Y Wu (1), C-C Jean Huang(2), C-F Wu (2), W-C Shih (1), M-F Chen
(2), Y-H Lin(2)
(1) Institute of Occupational Medicine and Idustrial Hygiene, College of
Public Health, National Taiwan University, No.17, Shiujou Rd. Taipei,
Taiwan (2) Division of Environmental Health and Occupational Medicine,
National Health Research Institutes, 35 Keyan Rd., Zhunan Town, Miaoli
County 35053, Taiwan
Email: kuenyuhwu@ntu.edu.tw

Ethylene oxide (EO), a direct alkylating agent and a carcinogen, can
attack the nucleophilic sites of DNA bases to form a variety of DNA
adducts. The most abundant adduct, N7-hydroxyethylguanine (N7-
HEG), has been well studied in animals. Although not promutagenic,
N7-HEG can be depurinated spontaneously or enzymatically from
DNA backbone. The excised N7-HEG can be excreted through urine so
that analysis of urinary N7-HEG can serve as an EO exposure and
potential risk-associated biomarker.This is the first systematic study of
N7-HEG in urine collected from 89 EO-exposed and 48 non-exposed
hospital workers and 20 exposed and 10 non-exposed factory workers
by using our new-developed on-line extraction isotope-dilution LC-
MS/MS method. Analysis of data shows that exposed factory workers
excreted significantly greater concentrations of N7-HEG than both the
nonexposed factory workers and hospital workers. Further data analy-
sis using multiple linear regression show that EO-exposed factory
workers had a significantly greater post-shift urinary N7-HEG than
their non-exposed coworkers and hospital workers. These results
demonstrate that analysis of urinary N7-HEG can serve as an EO expo-
sure biomarker for future molecular epidemiology studies to better
understand the role of the EO-induced DNA adduct formation in the
process of human carcinogenesis and certainly for routine surveillance
of occupational EO exposure for the health impacts on workers.

EM127
SIMULTANEOUS ANALYSIS OF HEMOGLOBIN ADDUCTS
OF ACRYLAMIDE AND GLYCIDAMIDE BY ISOTOPE 
DILUTION LC-ESI-MS/MS IN ACRYLAMIDE EXPOSED
WORKERS 
C-H Yang (1), Y-F Huang (2), M-L Chen (2), M-F Chen (3), S-N Uang
(4), S-H Liou (3), K-Y Wu (5)
(1) Department of Healthcare Management, National Taipei College of
Nursing, Taipei; (2) Institute of Environmental and Occupational Health
Sciences, National Yang Ming University, Taipei, Taiwan; (3) Division of
Environmental Health and Occupational Medicine, National Health Research
Institutes, Zhunan, Mioali County, Taiwan; (4) Division of Analytical
Chemistry, Institute of Occupational Safety and Health, (5) Council of Labor
Affairs, Executive Yuan, Taiwan; 5Institute of Occupational Medicine and
Industrial Hygiene, College of Public Health, National Taiwan University,
Taipei, Taiwan
Email: yangch@ntcn.edu.tw

Acrylamide (AA) is an industrial chemical widely used in the produc-
tion of polyacrylamide and also an environmental chemical found in
tobacco smoke and food. It is classified as a probable human carcino-
gen (Group 2A) by the IARC. Workers are at risk of AA exposures. AA
undergoes metabolism to glycidamide (GA). Both AA and GA react
with hemoglobin (Hb) to form adducts (AA-Hb and GA-Hb). Analysis
of both adducts are considered as biomarkers for long-term AA expo-
sures. The purpose of this study was to assess long-term AA exposures
by analysis of AA-Hb and GA-Hb in AA-exposed workers. Forty-nine
AA-exposed workers and 35 controls were recruited and provided a
post-shift blood sample for this study. AA-Hb and GA-Hb were deter-
mined simultaneously using isotope-dilution liquid chromatography-
electronspray ionization/tandem mass spectrometry (LC-ESI-MS/MS).
The detection limits for AA-Hb and GA-Hb are 5.5 and 5.2 pmol/g glo-
bin, respectively. The results showed the detection rate was100% and
44.9% for AA-Hb and GA-Hb, respectively. The median (range) level
of AA-Hb and GA-Hb was 193.6 (68.2-6540.6) (pmol/g globin) and
438.1 (29.5-1957.5) (pmol/g globin), respectively. There was a signifi-

cantly positive correlation between the Hb adducts of AA and GA
(spearman rank coefficient r=0.942, p<0.0001). Using multiple linger
regression analysis, air concentrations were predictive of AA-Hb levels
after adjusting for smoking status (p<0.0001). However, smoking sta-
tus did not significantly predict AA-Hb concentrations (p=0.955). Air
concentrations were marginally associated with GA-Hb levels after
adjusting for smoking status (p=0.07). The ratio GA-Hb/AA-Hb,
reflecting the rate of oxidative metabolism, was determined with a
median of 0.27 and in the range of 0.13-0.45. Besides, the AA-Hb con-
centrations for the AA-exposed workers were significantly higher than
those for the controls. These results suggest that AA-Hb can be utilized
as a biomarker for long-term AA exposures, while GA-Hb can be used
as a biomarker for the genotoxic impact.

EM128
QUANTITATIVE ANALYSIS OF N7 GUANINE ADDUCT
DERIVED FROM SAFROLE 2’,3’-OXIDE TREATED HepG2
CELL USING LIQUID CHROMATOGRAPHY ELECTRO-
SPRAY TANDEM MASS SPECTROMETY
S-Y Chiang (1), L-C Shen (2), J-H Chen (3), K-Y Wu (4), W-S Chung
(2), T-C Tsou (5)
(1). Graduate Institute of Chinese Medicine, China Medical University,
Taichung; (2) The Department of Applied Chemistry, National Chiao Tung
University, Hsinchu; (3). Department of Veterinary Medicine, National
Taiwan University, Taipei; (4). Institute of Occupational Medicine and
Industrial Hygiene, National Taiwan University, Taipei 106, Taiwan; (5).
Division of Environmental Health and Occupational Medicine, Miaoli
County 35053, Taiwan.
Email: sychiang@mail.cmu.edu.tw

Safrole is a wildly present nature product and has been reported as a
risk factor of oral cnacer in Taiwan. Safrole 2’,3’-oxide (SFO), an
active metabolite of safrole can attack DNA bases to form DNA
adducts which may cause mutation. Among the DNA adducts, N7-
Guanine adduct is predominant, but highly liable to depurination and to
formation of apurinic sites, which can lead to mutation and ultimately
cancer development if not repaired prior to cell proliferation. The
objective of this study was to develop a liquid chromatography electro-
spray ionization tandem mass spectrometry (HPLC-ESI-MS/MS)
method to quantitate this adduct. N7γ-SFO-Gua was synthesized and
characterized by by UV absorbance, 1H and 13C NMR spectroscopic,
and mass spectrometric features. HepG2 cells were treated with SFO
for 24 hrs, and cell culture medium was collected. Solid phase extrac-
tion (SPE) was employed for cell culture medium to purify and concen-
trate DNA adduct. HPLC-ESI-MS/MS-MRM was used for quantitation
by spiking a [15N5]-N7γ-SFO-Gua internal standard. The fragmenta-
tion of the [M+H]+ ion corresponding to the protonated nucleobase
under collision-induced dissociation was monitored. The methods
developed in this work provided the means to study dose-response rela-
tionships of SFO-DNA adduct to validate that N7γ-SFO-Gua can serve
as biomarker to study the association between areca quid chewer and
oral cancer.
(1)  Gates, K. S., Nooner, T., and Dutta, S.  (2004) Biologically Rele -
vant Chemical Reactions of N7-Alkylguanine Residues in DNA.
Chem. Res. Toxicol. 17(7), 839-856.
(2) Guo-Dong Zhou, B. M. J. B.  (2007) DNA adducts from alkoxyal-
lylbenzene herb and spice constituents in cultured human (HepG2)
cells. Environmental and Molecular Mutagenesis 48(9), 715-721.

EM129
EVALUATION OF THE ANTIMUTAGENIC EFFECT OF
VITAMIN C AGAINST DNA DAMAGE AND CYTOTOXICITY
INDUCED BY TRIMETHYLTIN IN MICE
AA Farghaly (1), MA Abo-Zeid (1)
(1) Department of Genetics and Cytology, Division of Genetic Engineering
and Biotechnology, National Research Center, El-Behooth St. 31, Dokki
12622, Cairo, Egypt.
Email: farghaly_5@yahoo.com

TMT is one of the organotin compounds which are widely used as
polyvinyl chloride heat stabilizers and marine biocides. The objective
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of this study is to investigate the utility of comet assay and chromo-
some aberrations analysis for detecting the possible antimutagenic
activity of vitamin C to reduce the genotoxic effect of Trimethyltin
(TMT). In this study, male Swiss mice were treated interapretoneally
(i.p.) with three tested doses 0.25, 0.50 and 1.0mg TMT/kg b.wt. for 1,
2 and 3 days. Alkaline comet assay in nucleated bone-marrow cells and
chromosome analysis in spermatocytes were performed 24h after the
last treatment. The amount of DNA damage in cells was estimated from
comet tail length as the extent of migration of the genetic material. A
significant increase in comet tail length indicating DNA damage was
observed at all concentrations compared with control (p<0.05). The
mean comet tail length showed a concentration- related and time-
dependent increase. Also, the percentage of chromosome aberrations in
spermatocytes was statistically significant (p<0.05) and showed dose
and time dependent manner. Concurrent administration of vitamin C
(VC) orally at 20mg/kg b.wt. with the highest dose of TMT for 1, 2 and
3 days reduced DNA damage in somatic and germ cells to a significant
extent. In conclusion, our results indicated that vitamin C ameliorated
DNA damage and genotoxicity induced by trimethyltin in mice somat-
ic and germ cells in vivo.

EM130
A NEW PARADIGM FOR MOLECULAR TOXICOLOGY:
INHIBITION OF P53-MEDIATED DNA REPAIR BY HEAVY
METAL NICKEL.
Y R Seo
Department of Pharmacology, Institute for Basic Medical Science (IBMS),
School of Medicine, Kyung Hee University, Seoul 130-701, Republic of
Korea
Email: dream21@khu.ac.kr

The regulation of DNA repair by p53 tumor suppressor is an emerging
important topic in the field of molecular toxicology and oncology,
largely distinct and separable from more-studied cell cycle arrest and
apoptosis response regulated by p53. One of a number of tumor sup-
pressor protein p53-regulated genes, Gadd45a has been shown to delay
carcinogenesis and decrease mutation frequency. Here, we report an
emerging role for Gadd45a in BER using the pure alkylator methyl
methanesulfonate (MMS) repaired entirely by BER. Gadd45a-null
mouse embryo fibroblast (MEFs) and human colon cells exhibited
slow BER after treatment with MMS. In addition, the localization of
apurinic/apyrimidinic endonuclease 1/redox factor 1 (APE1/Ref1) and
PCNA known as rate-limiting component of BER pathway within the
nucleus were observed in gadd45a wild-type cells, not in gadd45-/-
cells. Inasmuch as p53 has been shown to regulate BER as well as NER
DNA repair pathways, our data suggest that p53-regulated gene
Gadd45a contribute to the BER response by affecting the localization
of APE1/Ref1 with PCNA on nucleus. Indeed, APE1/Ref1 and PCNA
were interacted with Gadd45a indicating that the APE1/Ref1, PCNA
and Gadd45a might play an important role as complex in the MMS-
induced BER. Furthermore, we found that heavy metal nickel was able
to suppress UV-induced NER with the disruption of gadd45a-PCNA
interactions as well as to reduce functional activity of p53 tumor sup-
pressor at the sublethal dose of nickel chloride. Our data suggest that
the inhibition of p53-mediated DNA repair might be one of potent
mechanisms on carcinogenicity of metal carcinogen nickel. In conclu-
sion, p53-mediated DNA repair is an emerging field in molecular toxi-
cology that would impact on the study on carcinogenesis and genotox-
icity. (This research was partially supported by a grant of Eco-topia 21
project (2009-09001-0083-0) from Ministry of Environment).

EM131
ANTIMUTAGENIC POTENTIAL OF AQUEOUS AND 
ORGANIC EXTRACT OF CURCUMA AROMATICA 
C Tangbanluekal (1), P Siripong (2), M Chulasiri (3)
(1) Department of Pathology, Faculty of Medicine, Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand; (2) Natural Product Research
Section, Research Division, National Cancer Institute, Bangkok, Thailand;
(3) Department of Microbiology, Faculty of Pharmacy, Mahidol University,
Bangkok, Thailand.  
Email: grltb@mahidol.ac.th

Curcuma aromatica, a wild turmeric rhizome known as “Van Nang
Kam”, is used as folk medicine in Thailand for anti-inflammation as
well as food additive. The aim of study is to investigate for antimuta-
genicity of aqueous and organic extracts of the rhizome.  Fresh rhi-
zomes were harvested, washed, oven dried at 50°C and pulverized into
powder. Crude aqueous was prepared by refluxing with distilled water
for 2 h and filtered. The organic extracts were soxhlet extracted with n-
hexane and residual was subsequently extracted with chloroform and
methanol, respectively; however, the ethanol extract was prepared by
macerating rhizome powder in 80% methanol for 3 d and filtrate was
rotary evaporated to dryness. All extracts were evaluated for their
antimutagenicity by Ames’ test. All organic extracts at their highest
dose of 10 and 50 ug/plate in the absence and presence of metabolic
activation showed no mutagenic activity toward S. typhimurium TA98
and TA100, respectively. The aqueous extract at the highest dose of 2
mg/plate showed no mutagenic activity. All crude extracts failed to
exhibit antimutagenic activity against NDPA-induced mutation in the
absence of metabolic activation. On the contrary, chloroforn extract
showed a weak antimutagenic potential with 4NQO-induced mutation
in TA98 and TA100, methanol extract exhibited a weak antimutagenic
activity against 2-AF2- and 4NQO-induced mutation in both TA98 and
TA100 and a strong antimutagenic activity against 4NQO-induced
mutation in TA100. Crude ethanol extract showed slightly weak inhibi-
tion when all mutagens were induced. Aqueous crude extract exhibited
weak antimutagenicity and showed more antimutagenicity against
AF2- and 4NQO-induced mutation in TA100 than TA98. When meta-
bolic activation was included, crude organic and aqueous extracts
failed to establish antimutagenicity.  In addition, Pre-treatment of aque-
ous and organic extracts prior to AF2- and 4NQO-induced mutation
exhibited more antimutagenicity in TA100 than TA98.  The study
revealed that pre-treatment of all extracts prior to occurred mutation
was much more effective than post-treatment of extracts applied to
existed mutation. NDPA = 4-nitro-o-phenylenediamine (NDPA);
4NQO = 4-nitroquinoline-1-oxide; AF2 = 2-(2-furyl-3,5-nitro-2-furyl)
acrylamide.

EM132
EXPERIMENTAL DESIGN AND ENVIRONMENTAL 
MONITORING BY THE COMET ASSAY
A Buschini, P Poli, C Rossi
Dipartimento di Genetica, Biologia dei microrganismi, Antropologia,
Evoluzione, Università di Parma, 43100 Parma, Italy
Email: annamaria.buschini@unipr.it

Ecological indicators can provide an early warning signal of changes in
the environment, or diagnose the cause of an environmental problem.
Thus, they need to capture the complexities of the ecosystem, yet
remaining simply enough to be easily and routinely monitored. They
have to be sensitive, be anticipatory, and estimate effects of stressors on
endpoint attributes to support decision making. The recent proliferation
of studies performed by the comet assay, a very sensitive method for
DNA damage detection, to describe the impact of genotoxins (single or
in mixtures) on the environment didn’t go with a severe effort to har-
monize the protocols and to adopt stringent experimental designs, tak-
ing into account the nature of the biomarker by-itself and the environ-
mental complexity. In our experience, different factors/variables can
affect comet assay results. The schedule of sampling time is a crucial
step to avoid false negative results since the “DNA damage” detected
by the Comet assay is a balance between damaging activity and cellu-
lar response to the toxic/genotoxic insult (detoxification, repair, death).
A lot of biotic (e.g. age, lifestages, sex, reproductive stage, inter-indi-
vidual variability) and abiotic factors can result as confounders in in
field studies due to the extreme assay sensitivity, giving rise to conflict-
ing results. Stresses related to specimen transportation/ adaptation/
manipulation could be a source of great variability. The identification
of convincing “reference” population greatly depends from pollutant’s
diffusion/containment and multiple exposure sources: only stringent
comparisons could define the real significance of the results for both
human and non-human populations subjected to airborne genotoxic
stress. Higher plants could represent a stable sensor in an ecosystem
and hence allow to follow the evolution of the genotoxic impact. The
measurement of DNA damage in the nuclei of higher plant tissues is
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still a debated area of study. Our studies stated that some plant species
are sensitive bioindicators if the experimental approach takes in con-
sideration them as a complex multicellular environment where the effi-
ciency of different protection or repair mechanisms can be modulated
by cellular homeostasis.

EM133
GENOTOXICITY OF AIR POLLUTION PARTICULATE-MATTER
(PM2.5): DETERMINATION OF THE TUMOUR SUPPRESSOR
GENE TP53 MUTATION PATTERN, USING THE FASAY
S Billet (1,2,3), V Paget (1,2,3), G Garçon (1,2), N Heutte (3), A Verdin
(1,2), C Lepers (1,2), F Sichel (3), P ShiraliI (1,2)
(1) Univ Lille Nord de France, 59000 Lille, France; (2) LCE EA2598,
Toxicologie Industrielle et Environnementale, Université du Littoral - Côte
d’Opale, Maison de la Recherche en Environnement Industriel de
Dunkerque 2, 189A, Avenue Maurice Schumann, 59140 Dunkerque, France;
(3) GRECAN-EA 1772, IFR 146, Université de Caen Basse-Normandie et
Centre Régional de Lutte Contre le Cancer François Baclesse, Avenue du
Général Harris, BP 5026, 14076 Caen Cedex 05, France.
Email: pirouz.shirali@univ-littoral.fr

Background/Aims: In the past decades, many studies highlighted the
role of ambient airborne Particulate Matter (PM) as an important envi-
ronmental factor for many different cardiopulmonary diseases and lung
cancer. The consistency between the findings from epidemiological
studies argues for a causal association, but it remains difficult to attrib-
ute acute health effects to concentration levels in the light of the cur-
rent knowledge. The mechanisms underlying these adverse effects are
not fully understood, and major questions still remain concerning spe-
cific size fraction, chemical composition and causative toxicological
mechanisms leading to the observed health effects. Methods: To con-
tribute to complete the knowledge of these mechanisms, a fine fraction
of airborne aerosol (PM2.5) was collected in Dunkerque, a French sea-
side city heavily industrialised. Since mutations in the tumour suppres-
sor gene TP53 are the most common genetic alterations involved in
human cancer, especially in lung cancer, our objective was to establish
the first mutational pattern induced by PM on the TP53 gene in human
type II-like alveolar epithelial A549 cells by using the Functional
Analysis of Separated Alleles in Yeast (FASAY). Results and
Conclusions: Sixteen mutations linked to PM exposure were found: 8
one- or two-base deletions, and 8 single nucleotide substitutions, lead-
ing to missense mutations. A>G and G>A transitions were the most
prevalent (19% for both cases). Other mutations included A>T and
G>T transversions (6% for both of them). Since G>A transitions are
usually correlated to endogenous mechanisms implied in indirect muta-
genic effects, such as oxidative stress, a specific study of the TP53
mutational pattern induced by the inorganic fraction of collected PM
was carried out. Such inorganic components are often considered as a
prominent source of reactive oxygen species. A fraction of collected
PM was also submitted to a thermal desorption to extract the organic
fraction. The desorbed PM-induced TP53 mutational pattern showed
the predominance of G>A transitions (44%). The key role played by
oxidative stress in the occurrence of indirect mutagenic effect was con-
firmed by formation of the well known oxidative injury 8-hydroxy-
deoxyguanosine adduct in PM-exposed cells.

EM134
COMET ASSAY IN GILL ERYTHROCYTES (OREOCHOMIUS
NILOTICUS) FOR EVALUATION OF GENOTOXICITY IN
LAKE OF LUCRÉCIA, RIO GRANDE OF NORTH – BRAZIL
AE Marcon (1), DA Moreira (2), DM Ferreira (3), TFC Campos (4),
MF Moura (5), LF Agnez-Lima (1,2), SR Batistuzzo de Medeiros (1,2)
(1) Center of Sciences of the Health, University Federal of Rio Grande do
Norte, Natal, Brazil; (2) Department of Cellular Biology and Genetic,
University Federal of Rio Grande do Norte, Natal, Brazil; (3) Laboratory of
Natural Resources, Institute Federal of Rio Grande do Norte, Natal, Brazil;
(4) Department of Chemical, University Federal of Rio Grande do Norte,
Natal, Brazil (5) Department of Geosciences, University Federal of Rio
Grande do Norte, Natal, Brazil.
Email: endresbio@yahoo.com.br

The Lake of Lucrécia is one of the main superficial water reservoirs of
supplying in volume of this region of the State of the Rio Grande do
Norte, that possess two distinct rain stations (dry and humid). The fishes
(Oreochromius niloticus) are sensible biomarker for genetic ecotoxicol-
ogy studies in freshwater and Comet test (SCGE) is a method for rapid
screening of chemical contaminant dangerous and presence of pollutants
with genotoxicity potential in environmental aquatic. SCGE is currently
the most widely employed method to detect DNA lesions in eco-geno-
toxicology. The impact of genotoxic chemicals on the integrity of cellu-
lar DNA is one of the first events in organisms exposed to contaminants
(Frenzilli et al., 2009). Two point water samples (P1 and P2) were col-
lected in Lake of Lucrécia to physic-chemicals, microbiologic
(cyanobacterium), metals and radiation analysis. This trench belongs to
one of the most important hydrograph basin of this region of Rio Grande
do Norte Brazil with seasonal disparate in rain distribution. These super-
ficial water samples established significant increased (p£0.05) of
cyanobacterium density (cells/mL) and metal (mg/L) concentration than
related from to the negative control (distilled water) by Dunnett’s T test.
Twenty five (N=25) fishes (O. niloticus) known popularly as tilapia do
Nilo (exotic) were seasonality collected in study area between October of
2006 (dry season) to march of 2008 (rainy season) and ten (N=10) in
negative control group maintained by 120 days in aquarium with distilled
water. The results of  Comet test demonstrated significance difference
(p£0.05) and increased in frequencies breaks on strand of nuclear DNA
(Kobayashi et al., 1995) of gills blood erythrocytes cells of the fish aver-
aged in Lake of Lucrécia when related from to the negative control group
(aquarium fishes) by Dunnett’s T test. The obtained results showed that
the water samples collected in reservoir represent toxic metals and
cyanobacterium that can more elevate frequencies de DNA damage in
exposed fishes. This data suggest the presence significant of anything
genotoxins in these superficial water samples from Lake of Lucrécia and
indicating poor water quality and risk health by human and ecosystems.

EM135
AMES II AND HIGH-THOUGHPUT COMET ASSAY FOR
EFFICIENT SCREENING OF DRINKING WATER (SOURCES)
FOR GENOTOXIC CONTAMINANTS
MB Heringa (1), A Stang (2), MATM van Vugt (3), CAM Krul (3), AP
van Wezel (1), I Witte (2)
(1) KWR Watercycle Research Institute, Nieuwegein, the Netherlands;
(2) Carl von Ossietzky Universität Oldenburg, Oldenburg, Germany;
(3) TNO Quality of Life, Zeist, the Netherlands
Email: minne.heringa@kwrwater.nl

To safeguard its good quality and safety, Dutch drinking water and it
sources are continuously screened for the presence of contaminants.
The present chemical analysis needs a complementary toxicity analysis
to enable detection of unknown hazardous contaminants and to meas-
ure the total effect of the mixture. Because of the relatively low levels
of contaminants in these waters, only low-dose toxic effects, such as
genotoxicity, are of relevance. To enable detection of all types of geno-
toxicants, it is broadly advised to perform both a mutagenicity and a
chromosome damage test, including a test with mammalian cells. We
have investigated whether indeed such tests are complementary in the
screening of drinking water sources for genotoxic compounds. We have
therefore applied both the Ames II and the high-throughput comet
assay to analyze a set of diverse, well-known genotoxic compounds as
well as several samples of drinking water sources and wastewaters in
the Netherlands. Both assays are relatively new versions of the classic
tests, with the advantage of being more efficient to perform, needing
less compound/water extract and enabling the analysis of fractionated
water samples for the toxicity identification and evaluation (TIE). The
water samples were also analyzed with a micronucleus assay to com-
pare with the comet assay. The conditions in both assays were kept as
similar as possible to enable fair comparison. We have found that the
Ames II and high-throughput comet assay had different sensitivities for
the various compounds tested, indicating they are indeed complemen-
tary. Additionally, the comet assay detected genotoxicity in some water
samples, where the Ames II and micronucleus assay did not. This again
shows that the Ames II and comet assay complement each other, and
that the comet assay is more sensitive than the micronucleus. These
results show that the Ames II and high-throughput comet assay togeth-
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er are a suitable and efficient genotoxicity screening system for the
quality guarding of (drinking) water.

EM136
MUTAGENIC EVALUATION OF THE PYROLYSIS LIQUIDS
OBTAINED FROM DIFFERENT SEWAGE SLUDGE SAMPLES
A Pillco(1), MJ Hazen(2), E de la Peña(1)
(1)Departamento de Mutagénesis, Centro de Ciencias Medioambientales
(CCMA), Consejo Superior de Investigaciones Científicas (CSIC), Serrano 115,
28006 Madrid, Spain. (2)Departamento de Biología, Facultad de Ciencias,
Universidad Autónoma de Madrid, Darwin 2, 28049, Madrid, Spain.
Email: celyarita@ccma.csic.es

Sewage sludge is the waste produced in wastewater treatment plants.
Various thermal treatments such as gasification and pyrolysis are cur-
rently being studied to valorize this waste. A biological testing protocol
was employed to evaluate the mutagenic potential of the pyrolysis liq-
uids extracted from two sewage sludge samples at 530ºC. The analyti-
cal procedures used included bioassay with Salmonella typhimurium
for the detection of point mutation. The pyrolysis liquids of all two
samples exhibited mutagenic responses in the bioassay. At a dose level
of 25% per plate, the pyrolysis liquid of the Madrid sewage sludge
sample induced 490 net revertants; while at the same dose level the
pyrolysis liquid of the Valladolid sewage sludge sample induced 215
net revertants, in the Salmonella assay without metabolic activation.
The results of this research indicate that the pyrolysis liquids tested had
mutagenic activity. This activity is associated with different com-
pounds formed during the pyrolysis process.

EM137
ULTRAFINE SUPERPARAMAGNETIC IRON OXIDE
NANOPARTICLES INTERACT WITH FLUOROMETRIC AND
COLORIMETRIC DYES
SM Griffiths, N Singh, GJS Jenkins, SH Doak
Institute of Life Science, Swansea University, Singleton Park, Swansea
SA2 8PP, Wales, UK
Email: s.m.griffiths@swansea.ac.uk

The reactivity of nanoparticles is often an unknown entity.
Consequently the possibility of direct interactions between nanoparti-
cles and experimental assay components cannot be ignored, particular-
ly when these tests are reporting on the nanoparticles’ ability to induce
cellular damage. Such interactions have the potential to result in false
or misleading information. This study investigates such interactions
between dextran coated ultrafine superparamagnetic iron oxide
nanoparticles (DUSPION) and fluorometric and colorimetric dyes. In
the present study the fluorometric dyes dichloroflorescein (DCF) and
3’-(p-Aminophenyl) fluorescein (APF) were used to quantify the
oxidative stress response induced by DUSPION (Fe2O3 and Fe3O4).
In a cell free system increasing concentrations of DUSPION (Fe3O4)
(100ng/ml 1µg/ml, 10µg/ml, and 100µg/ml) induced a dose dependent
decrease in DCF (2µM and 4µM) signal as compared to control levels.
In contrast, the same concentrations of DUSPION (Fe2O3) induced a
dose dependent increase in DCF signalling. When the fluorogenic
probe APF was used as an alternative to DCF, both Fe2O3 and Fe3O4
DUSPION induced a dose dependent decrease in fluorescence. The
present study also suggests that DUSPION may directly interact with
colorimetric probes.  For example, interactions between MTS and
DUSPION (Fe2O3 and Fe3O4) have also been observed in a cell free
system, typified by an increase in the colorimetric signal when exposed
to 100µg/ml DUSPION as compared to control. This study emphasis-
es where colorimetric or fluorometric dyes are to be relied on for exper-
imental test systems, potential interactions with nanoparticles need to
be considered and controlled for if the investigators wish to reliably use
these assays in a quantitative manner, or alternative methods for the
measurement of oxidative stress should be tested such as the 8-OHdG
assay. Interestingly, the present study also draws attention to the impor-
tance of the oxidative state of iron oxide nanopartices in relation to
their interactions with the fluorometric dyes as distinct differences
were observed.

EM138
BIOTRANSFORMATION AN GENOTOXIC EFFECTS OF
MONOMETHYLARSONOUS ACID [MMA(III)] IN 
METHYLATING AND NON-METHYLATING HUMAN CELLS 
R Zdrenka (1), J Hippler (2), M Braescher (2), AV Hirner (2), AW
Rettenmeier (1), E Dopp (1)
(1) Institute of Hygiene and Occupational Medicine, University
Hospital Essen, (2) Institute of Environmental Analytical Chemistry,
University of Duisburg-Essen, Germany
Email: elke.dopp@uni-due.de

According to WHO arsenic is currently considered the most harmful
toxin in drinking-water worldwide. In contrast to the temporary admin-
istration of high doses of arsenic in cancer therapy, chronic exposure to
only small amounts causes i.a. bladder cancer. Especially the trivalent
arsenic species MMA(III) (monomethylarsonous acid) and DMA(III)
(dimethylarsinous acid) exhibit cyto- and genotoxic properties. In the
present study we analysed the biotransformation products of MMA(III)
in methylating HepG2 cells (hepatocytes) and non-methylating
UROtsa cells (urothelial cells) after one hour of exposure. Using an
HPLC-ICP/MS technique we detected MMA(V) as an oxidation prod-
uct of MMA(III), and, to a minor degree, DMA(V) as a methylation
and oxidation product of MMA(III) in HepG2 cells. In contrast, only
traces of MMA(V) but no DMA(V) were detected in UROtsa cells. The
LDH-test used for measuring the cytotoxic activity of MMA(III) in
both cell lines at a concentration of 10 µM showed no effects within the
chosen exposure time. The genotoxicity of MMA(III), DMA(III) and
inorganic As(III) in UROtsa cells was assessed by the Alkaline Comet
Assay which detects single strand breaks as well as double strand
breaks. All three trivalent arsenicals induced significant DNA-damage
already after 30 min exposure in UROtsa cells. DMA(III) was the most
genotoxic arsenic species followed by MMA(III) and inorganic As(III).
In summary, MMA(III) is intracellularly biotransformed to a pentava-
lent arsenic compound in methylating and non-methylating cells with-
in one hour. Cytotoxic effects were not detectable during this time peri-
od whereas genotoxicity was already observed after 30 min without
any significant changes after 60 min of exposure. We conclude from
our study that MMA(III) rapidly induces genotoxic effects before it is
biotransformed to a less toxic pentavalent arsenic compound.

EM139
CYTOGENETIC BIOMONITORING OF A GROUP OF
PETROLEUM REFINERY WORKERS
A Testa (1), E Basso (1), C Cevoli (1), A Mansi (2) 
(1)  Section of Toxicology and Biomedical Sciences, Research Centre
ENEA, Casaccia, Rome, Italy; (2) Italian National Institute for
Occupational Safety and Prevention (ISPESL), Rome, Italy.
Email: antonella.mansi@ispesl.it

Petroleum refinery workers are exposed to a wide range of potentially
carcinogen compounds (benzene, aliphatic and polycyclic aromatics
hydrocarbons and heavy metals), as assessed by IARC. In this study we
evaluated the potential genotoxic effects induced by occupational
exposure in a petroleum refinery, by using chromosomal aberrations
and cytokinesis-block micronucleus assays on human peripheral blood
lymphocytes. Out of 500 workers enrolled in the study, we selected 79
male exposed subjects (46 non-smokers, 33 smokers; mean age
38,6±10,7; mean working activity 13,4±11,7; mean benzene exposure
0,093±0,11 mg/m3). A group of 50 control subjects were enrolled from
usual blood donors (34 non-smokers, 16 smokers; mean age 37,1±7)
and adequately matched. Subjects were divided into sub-groups in
respect to smoking habit to investigate the possible effects (synergis-
tic/additive/antagonist) of smoke intake on chromosome damage.
Despite recent improvements of the security measures adopted, the
exposed group showed a significantly higher frequency of genetic
damage (BNMN‰ 6,7±4,7; CA% 4±2,5) when compared to the con-
trol group (BNMN‰ 3,8±2,5; CA% 1,7±1,3) (p<0.001). These results
are indicative of a potential genotoxic risk and corroborate the need to
increase safety measures to avoid exposure. Surprisingly, the frequen-
cies of chromosome damage were higher in exposed non-smokers than
in exposed smokers (BNMN‰ 8,5±5 vs 4±2,6; p<0.001) (CA%
4,2±2,9 vs 3,7±1,9) suggesting a possible protective role of smoke.
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EM140
DNA DAMAGE ASSESSMENT OF HUMAN POPULATIONS
EXPOSED TO AIRBORNE POLLUTANTS FROM INDUSTRIAL
AND URBAN SOURCES
MV Coronas (1,2), TS Pereira (1,2), JAV Rocha (1), DMF Salvadori
(3), VMF Vargas (1,2)
(1) Programa de Pesquisas Ambientais, Fundação Estadual de Proteção
Ambiental Henrique Luís Roessler (FEPAM), Porto Alegre, RS, Brasil; (2)
Programa de Pós-graduação em Ecologia, Universidade Federal do Rio
Grande do Sul (UFRGS), Porto Alegre, RS, Brasil; Porto Alegre, RS, Brasil;
(3) Departamento de Patologia, Faculdade de Medicina, Universidade
Estadual Paulista Júlio de Mesquita Filho (UNESP), Botucatu, SP, Brasil.
Email: coronasmv@gmail.com

Urban populations nearby industrial area are exposed to increased
adverse health effects, mainly air pollutants. Genetic biomarkers are
useful tools for the assessment of exposure to occupational and envi-
ronmental pollution. The aim of the present study was to investigate
genotoxic effects on people residing and/or working downwind from
an oil refinery (group 1) and an urban population living in area with
limited traffic and industrial influence (group 2) in southern Brazil.
Also, mutagenicity of airborne particulate matter from both studied
areas was investigated: PM10 in group 1 city; and PTS in group 2 city.
Organic matter from particulate airborne samples was extracted with
dichloromethane and assessed for mutagenic activity in the
Salmonella/microsome assay (TA98, YG1021 and YG1024 strains).
Samples of peripheral blood and buccal mucosa cells from 37 individ-
uals for each group were evaluated using the comet assay and the
micronucleus (MN) assay, respectively. All PM10 organic extracts
(group 1 city) showed positive mutagenic responses (reaching
11.7rev/µg) and the effect decreased in the presence of S9 mix
(9.1rev/µg). The results for PTS (group 2) were lower than those
observed for PM10 (3.3rev/µg highest value in S9 mix absence and
5.1rev/µg, in the presence). The strains identifying nitrocompounds
indicated the prevalence of  nitro  and  amino  derivatives compounds,
identified  by  strain YG1024, 40.4rev/µg being the highest value in
group 1 city and 13.2rev/µg in group 2 city. Despite YG1024 strain
being more sensitive, YG1021 strain also showed relevant responses
mainly in city 2. The group in the area under influence of the oil refin-
ery (group 1) showed significantly higher DNA damage in lympho-
cytes than individuals from group 2. The MN frequencies in buccal
mucosa were very low for both groups and no difference between
groups was observed. No association was found between age and
tobacco smoking habit and level of DNA damages measured by the
comet assay. Atmospheric environment from urban and industrial areas
showed marked genotoxic activity, strongly influenced by the presence
of nitroarenes and/or amine aromatics and the comet assay was a sen-
sitive tool to detect DNA damage in subjects under the influence of an
oil refinery. (CNPq/CAPES)

EM141
EXPRESSION OF DNA DAMAGE RESPONSE GENES IN THE
A MONOGONONT ROTIFER BRACHIONUS
ROTUNDIFORMIS EXPOSED TO UVB 
K-W Lee (1), Y-M Lee (2), J-S Lee (1)
(1) Dept of Chemistry, College of Natural Sciences, Hanyang University,
Seoul, South Korea; (2) Dept of Life Science, College of Natural Sciences,
Sangmyung University, Seoul, South Korea
Email: JSLee2@hanyang.ac.kr

Esuarine monogonont Bracgionus rotundiformis is frequently exposed
to UVB. UVB may induce detrimental effects such as lower survival,
reproduction and development rate of rotifer. To evaluate the effect of
UVB on B. rotundiformis, we conducted the acute toxicity test with
extensive UVB dose range (0-20 or 0-36 kJ/m2) in the condition of two
UVB intensities (50 and 100 µW/cm2) and also examined the expres-
sion pattern of DNA repair related genes. To investigate the gene
expression pattern induced by UVB, we conducted real time RT-PCR
with the rotifer which was irradiated to UVB (24.6 kJ/m2 at 50
µW/cm2 intensity). When the copepod was exposed to UVB with the
intensity of 50 µW/cm2, levels of LD50 were 24.6 kJ/m2. Expression
patterns of DNA repair related genes were shown significant modula-

tion according to time course. Also we checked activated form of p38
kinase and Jun N-terminal kinase (JUNK) to see what kind of signal
transduction pathway would be involved in DNA damage by UVB.
Upon DNA damage by UVB, those kinases were up-regulated with up-
regulated expression pattern of relevant genes. Therefore, B.
rotundiformis can be considered as a promising estuarine species for
ecotoxicity testing and risk assessment of UVB. 

E142
GENOTOXIC EFFECTS OF DICLOFOP METHYL ON 
MAMMALIAN CELLS IN VIVO AND IN VITRO 
F Unal (1), D Yuzbasioglu (1), S Yilmaz (2), N Akinci (1), H Aksoy (3) 
(1) Gazi University, Science and Art Faculty, Department of Biology,
Ankara, Türkiye; (2) Osmaniye Korkut Ata University, Osmaniye Vocational
High School, Department of Technical Programs, Osmaniye, Türkiye; (3)
Sakarya University, Science and Art Faculty, Department of Biology,
Sakarya, Türkiye.
Email: funal@gazi.edu.tr

Diclofop-methyl (DM) is a chlorophenoxy derivative used in large
quantities for the control of annual grasses in grain and vegetable
crops. The aim of the present study was to investigate the ability of DM
to induce chromosomal aberrations in human lymphocytes and mouse
bone marrow cells and, of nuclear DNA damage in isolated human
lymphocytes. 15.63, 31.25, 62.5 and 125 mg/kg concentrations of DM
were used for in vivo assay and 15.63, 31.25, 62.5, 125 and 250 µg/ml
concentrations were used for in vitro assay. In both test systems a neg-
ative and a positive control (MMC) were also conducted. In in vivo
treatments, all of the DM doses significantly increased the total chro-
mosome aberrations compared with both negative and solvent controls.
In in vitro treatments, all the concentrations of DM (except the lowest
concentration; 15.63 µg/ml) significantly increased the frequency of
chromosome aberrations. In human lymphocytes, 250 µg/ml concen-
tration at 48h treatment was toxic. Cell proliferation was significantly
effected by DM applications in in vivo (except 125 mg/kg) compared
to solvent control. In in vitro treatments, DM significantly decreased
the mitotic index (MI) only at the highest concentration for 24h, how-
ever, at 48h treatment, DM significantly decreased the MI at 62.5 and
125 µg/ml concentrations and, was toxic at the highest concentration.
A significant increase in tail intensity was observed at 62.5, 125 and
250 µg/ml concentrations compared to negative and solvent controls.
The mean comet tail length significantly increased at all concentra-
tions. Our results demonstrate that DM is genotoxic in mammalian
cells in vivo and in vitro.

EM143
DNA DAMAGE ON Crocodylus moreletti FROM AN URBAN
LAKE AT SOUTHERN GULF OF MEXICO
T Gamboa-Rodríguez (1), R Gamboa-Aldeco (2), L Saldivar-Osorio
(3), G Espejel-Maya(3). M Luna (2), I Aguirre (2)
(1) Div. Acad. Ciencias Básicas. Universidad Juárez Autónoma de Tabasco,
México; (2) Div. Acad. Ciencias Biológicas. Universidad Juárez Autónoma
de Tabasco, México; (3) Lab. de Espectroscopia de Absorción Atómica,
Universidad Nacional Autónoma de México.
Email: gambtere@gmail.com

Some crocodile populations are decreasing their number due to anthro-
pogenic pressure to their natural habitats at southern Gulf of México.
“Laguna de las Ilusiones”, is an urban lake and there is a continuous
input of pollutants into their aquatic ecosystems, like solid wastes,
municipal wastes waters, pluvial waters carrying combustion particles
and oil deposited by auto motors. This situation exposes crocodiles to
a variety of pollutants, some of them with risk to health and reproduc-
tion capabilities. In the present study we determined genotoxic effect
on DNA from a wild population of Crocodylus moreletii from an urban
lake. Simultaneously Lead was measured in blood cells and dermal
scale samples from organisms from the same lake, in order to establish
correlation. Analytical method was the Mexican-199-SSA1-2000
Standard method. Blood and dermal plates were digested in nitric acid.
Samples, their respective blanks and standards were analyzed by tripli-
cate with an A.A. spectrometer (Perkin Elmer 2380) with graphite fur-
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nace. DNA strands brakes were evaluated with the Single cell elec-
trophoresis assay (Comet Assay) on peripheral blood cells of wild indi-
viduals taken from the lake and compared to a control group from a
breeding farm. DNA migration from the nucleus measured in µm ranged
from 19.5 up to 49.88 and from 0 up to 35 in the wild and control groups
respectively. DNA migration, reported as the Tail/head ratio, was 1.6 ±
0.10 (mean ± S.E.) for wild group, and 0.4 ± 0.16 for control group.
Difference was statistically significant (p<0.05). Lead concentration in
wild animals blood samples ranged from 6.55 up to 15.34 µg/dl with a
mean of 12.01±1.6 µg/dl, and it was slightly higher than captive organ-
isms (8.15 ± 1.7µg/dl), however this was not statistically significant
(p<0.05). Lead concentration in dermal plates was higher than in blood
samples, and ranged from 4.2 up to 55.29 ppm with a mean value of
22.62 ± 3.2 ppm for wild animals. DNA damage evaluated on wild
organisms was medium to high, meanwhile it was medium to low at con-
trol group. Crocodylus DNA damage founded in wild organisms is prob-
ably due to pollutants, like lead derived from urban activities, posing
them at risk to mutagenic or reproductive effects.

EM144
INDUCTION OF  OXIDATIVE DNA DAMAGE IN RAW 264.7
CELLS BY CARBON NANOTUBES.
D Saracino (1),  R Colognato (2), A Magrini  (3),  A Bergamaschi .(4),
E Bergamaschi (5),  L Migliore (1).
(1) Dept. of Human and Environmental Sciences, Faculty of Medicine,
University of Pisa, Via S. Giuseppe 22, 56100 Pisa, Italy. (2) NBS Unit,
European Commission JRC, Institute of Health and Consumer Protection, TP
203, via E. Fermi 2749, 21027 Ispra, (VA), Italy; present address BIOCELL
Center, Viale Stelvio 125, 21057 Busto Arsizio (Va), Italy. (3) Department of
Biopathology, Section of Occupational Health, University of Rome “Tor
Vergata”, Rome, Itay. (4) Institute of Occupational Medicine, Catholic
University of “Sacred Hearth”, Rome, Italy. (5) Dept. of Clinical Medicine,
Nephrology and Health Sciences, University of Parma Medical School, Viale
A. Gramsci 14, I-43100 Parma, Italy.
Email: doriana.saracino@gmail.com

The induction of DNA and chromosome damage following in vitro
exposure to Carbon Nanotubes (CNTs) was assessed on the murine
macrophage cell line RAW 264.7 by means of the micronucleus and the
comet assays, the latter performed in its modified version, for the
detection of oxidised purines and pyrimidines. The experiments were
performed by using increasing mass concentrations (from 0.01 µg/ml
to 100 �g/ml) of two types of commercially available CNTs: single-
walled (SWCNTs > 50%), and a MWCNTs preparation (> 90%). A sta-
tistically significant increase of binucleated micronucleated cells in
function of the concentrations for both types of CNTs (r= 0.84, P=0.03
and r=0.99, P=0,0002 for SWCNTs and MWCNTs respectively) was
found. The comet assay revealed increasing levels of DNA strand-
breaks in a dose-dependent amount. The effects of the treatments with
SWCNTs were detectable at all concentrations tested (1-100 µg/ml):
oxidised purines increased significatively as compared to baseline val-
ues, whereas pyrimidines showed a significant increase (P< 0.001) at
the highest mass concentration. In cells treated with MWCNTs  an
increase in DNA migration, due to oxidative damage to purines was
observed at the concentration of 1 and 10 µg/ml, whereas again pyrim-
idines  showed a significant increase only at the highest mass concen-
tration used (100 µg/ml). These findings suggest that both the assays
can be reliably used to detect small amount of damaged DNA at chro-
mosome and nuclear levels in the murine RAW 264.7 cell line. The
modified version of the comet assay allows to specifically detect the
induction of oxidative damage to DNA, which is the underlying mech-
anism involved in the CNTs-associated genotoxicity. Supported by
PRIN grant No. 2006069554 from the Italian Ministry of University
and Scientific Research.

EM145
PHOTOGENOTOXICITY EVALUATION IN THE IN VITRO
MICRONUCLEUS ASSAY USING HUMAN PERIPHERAL
BLOOD LYMPHOCYTES
CS Farabaugh (1), MM Chan (1), AN Valliere (1), CA Middendorf (1),
SK Roy (1), LF Stankowski, Jr. (1)

(1) Covance Laboratories, Inc., Vienna, Virginia, United States of America
Email: chris.farabaugh@covance.com

Recent results demonstrating the occurrence of pseudophotoclastogenic-
ity (clastogenicity induced by irradiation of chemicals that do not absorb
visible or near UV light) have cast doubt on the specificity and ultimate
utility of current test systems.  Since studies largely have been done in
transformed cell lines that are inherently genetically unstable, the use of
primary cells should avoid this issue.  Previous studies have demonstrat-
ed the utility of normal human keratinocytes for this purpose. In this
study, we have adapted the in vitro micronucleus (MN) assay in human
peripheral blood lymphocytes (HPBL) for the evaluation of photogeno-
toxicity.  Venous blood was collected from normal human volunteers and
isolated lymphocytes were obtained and stimulated to grow (at t = 0) in
mass culture in phenol red-free media under standard conditions.
Individual 5-mL cultures containing 2.5 x 106 lymphocytes were pre-
pared in 60-mm dishes (at t = 48 hr) and treated with 8-methoxypsoralen
(8-MOP), 10% (v/v) saline (vehicle control), or 0.4 mg/mL mitomycin C
(MMC; positive control without photoactivation). Cultures were incubat-
ed in the dark for ~10 minutes, and half of the cultures then were exposed
to a Xenon arc solar simulator lamp with a UV filter (290 nm cut off).
All cultures were re-incubated until the end of treatment and then washed
(at t = 51 hr) by centrifugation and transferred to media containing
cytochalasin B.  Cultures were harvested (at t = 72 hr) and slides were
prepared and stained with Giemsa and May-Grunwald.  For each culture,
200 total cells were scored for cytotoxicity (cytochalasin B blocked pro-
liferation index, CBPI), and 400 binucleated cells were scored for MN
frequency (%MN-BN).  Initial results indicate 8-MOP induced statisti-
cally significant increases in %MN-BN, to approximately 5-fold control
values in the presence of light exposure. No increases in %MN-BN fre-
quency were observed for 8-MOP in the absence of light exposure. Thus,
these results demonstrate the feasibility of detecting micronuclei induced
by photogenotoxic compounds in normal HPBL. Validation with addi-
tional compounds is in progress.

EM146
AIR POLLUTION AND APOPTOSIS: THE EFFECT OF 
PARTICULATE MATTER DERIVED FROM DIESEL
EXHAUSTS ON ALVEOLAR TYPE II CELLS IN CULTURE
LP Castro (1), K Koseki (1), M Macchione (2), PH Saldiva (2), CFM
Menck (3), H Carvalho (1) 
(1) Departamento de Ciências Biológicas, Universidade Federal de São
Paulo, Campus Diadema; (2) Laboratório de Poluição Atmosférica,
Faculdade de Medicina, Universidade de São Paulo; (3) Departamento de
Microbiologia, Instituto de Ciências Biomédicas, Universidade de São
Paulo, SP, Brazil.
Email: helotonio.carvalho@gmail.com

Air pollution is a serious health problem in large cities, being respon-
sible for numerous respiratory infections, worsening allergic and car-
diovascular diseases, besides being associated to lung cancer.  Despite
the efforts of Brazilian environmental agencies in establishing regula-
tions for pollutant emissions by motor vehicles through PROCONVE
(Program for Control of Air Pollution from Motor Vehicles), which
contributed to lowering vehicular emissions, the increasing number of
vehicles in cities as São Paulo is still responsible for high levels of air
pollution. Among the air pollutants, particulate matter is of particular
interest due to its major contribution to the health effects abovemen-
tioned. The objective of this study was to evaluate the effects of partic-
ulate matter (PM), derived from diesel exhausts from São Paulo buses,
on apoptosis in immortalized human alveolar type II cells (A549). PM
induced dose and time-dependent apoptosis, as measured by FACS,
using quantification of sub-diploid nuclei (sub-G1 events) after cell
cycle analysis of propidium iodide stained cells. A549 cells pre-treated
with the ATM/ATR kinases inhibitor caffeine showed increased apop-
tosis levels in response to PM. These kinases are known to phosphory-
late and activate p53 in response to some types of stress. However, cells
treated with diesel-derived PM apparently did not phosphorylate or
activate p53 at the times tested, as shown by Western Blot. UV irradi-
ation of A549 cells was used as a positive control for p53 activation.
We are currently studying other apoptotic pathways that may be
involved on PM-induced apoptosis.
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EM147
BOLDO LEAVES INFUSION, BOLDINE AND CATECHINE
INCREASE ANTIOXIDANTE CAPACITY AND PREVENTS
GENETIC DAMAGE INDUCED BY CISPLATIN  IN MICE
E Zamorano-Ponce, P. Lagos Muñoz, P Rivera Caamaño, J Fernández
Romero.
GENETOX, Departamento de Ciencias Básicas, Facultad de Ciencias,
Universidad del Bío-Bío,  Casilla 447, Chillán-CHILE,
Email: ezamoran@ubiobio.cl

Peumus boldus Molina (boldo) a native shrub to Chile has long been
part of the folk medicine tradition of the chilean people. The chemical
characterization of boldo leaves infusion has revealed the existence of
the alkaloid boldine and the flavonoid catechin as the principal plant
metabolites with a significant antioxidant capacity (AC). This study
evaluates the effect of a complete boldo leaf infusion on lipoperoxida-
tion (MDA determination at 532 nm) induced by cisplatin (cis-DDP) in
mice liver and its effect on the genetic damage (DNA migration)
induced by this antitumoral drug in bone marrow cells measured by the
comet assay (Tail Moment, TM). To determine if the observed effects
on selected biomarkers (AC and TM) can be explained by the action of
boldine or catechin, each compound was studied separately. Animals
were separated in 8 groups (n=8) i) (control– water), ii) cis-DDP
6mg/kg.bw., iii) cyclophosphamide 20 mg/kg.bw. (control +), iv) bol-
dine 50 mg/kg.bw., v) catechine 50 mg/kg.bw., vi) pretreated with infu-
sion and postreated with cis-DDP vii) pretreated with boldine and
postreated with cis-DDP viii) pretreated with catechine and postreated
with cis-DDP.  The AC was evaluated in liver by the malondialdehyde
(MDA) determination by thiobarbituric acid reaction. The genetic dam-
age was evaluated in bone marrow cells by the comet assay.
Experimental data on AC were statistically analyzed using U – t test of
graph pad software. The values of TM were analyzed by ANOVA.  P
values ≤ 0.05 were considered as significant. Our results show that: 1)
Cis DDP increased (p<0.01) lipoperoxidation as well as TM values in
comparison to control, 2) Pretreatment with boldo leaves infusion sig-
nificantly (p<0.05) disminished lipoperoxidation and DNA damage
compared to the animals treated only with cis-DDP, 3) Pretreatment
with boldine or catechin significantly (p<0.05) disminished both the
lipoperoxidation as well as the genetic damage induced by cis-DDP.  It
can be concluded that boldo leaves infusion and its contituents boldine
and catechine increase antioxidant capacity in mice preventing the
oxidative damage on DNA. This work was supported by grant 055109
3R - DIUB – UBB – CHILE. Part of the results were published in
Phytotherapy Research, DOI: 10.1002/ptr.2746, 2009

EM148
GENOTOXIC, CYTOTOXIC AND CARCINOGENIC
EFFECTS OF 4-AMINOBIPHENYL IN LIVERS OF MALE
AND FEMALE N-ACETYLTRANSFERASE NULL MICE
DM Grant (1), KS Sugamori (1), JB Broadhurst (1), A Emami (1), D
Brenneman (1), MA Doll (2), DW Hein (2) 
(1) Department of Pharmacology and Toxicology, University of Toronto,
Toronto ON, Canada; (2) Department of Pharmacology and Toxicology,
University of Louisville School of Medicine, Louisville KY, USA
Email: denis.grant@utoronto.ca

Several aromatic amines such as 4-aminobiphenyl (ABP) are known or
strongly suspected to be carcinogenic in humans and animal models.
These chemicals require metabolic activation to DNA-damaging elec-
trophiles for their carcinogenicity to be observed. It has been suggest-
ed that cytotoxicity caused by protein binding of bioactivated metabo-
lites may also play a role in establishing a tumor-promoting chronic
inflammatory environment. Among the pathways of aromatic amine
biotansformation that may impact bioactivation, acetylation by the
genetically variable arylamine N-acetyltransferases NAT1 and NAT2
has been linked to variation in aromatic amine-induced toxicity and
cancer risk. Since NAT1 and NAT2 are potentially capable of either
detoxifying aromatic amines by N-acetylation or activating their
hydroxylamine metabolites by O-acetylation, it is unclear how these
enzymes may either enhance or prevent the toxicity of particular
agents. To more precisely define the role of acetylation reactions in
modulation of aromatic amine toxicity, we created a strain of null mice,

Nat1/2-/-, which lack both mouse Nat1 and Nat2 and are devoid of any
detectable acetylating activity. We tested the in vivo carcinogenicity of
ABP in Nat1/2-/- mice using the neonatal assay. Compared to wild-type
(C57BL/6) mice, male Nat1/2-/- mice showed a 50% reduction in the
incidence and multiplicity of liver tumors observed one year after the
administration of ABP at postnatal days 8 and 15. Both wild-type and
Nat1/2-/- female mice were much less susceptible to ABP-induced
liver tumors than their male counterparts. Since the in vivo clearance of
ABP was unchanged in Nat1/2-/- mice and did not differ between gen-
ders, the protection may be due to deficient hydroxylamine O-acetyla-
tion. However, preliminary results suggest that ABP-DNA adduct lev-
els do not differ between strains, and may be higher rather than lower
in females. Although the protection of female mice may relate to gen-
der differences in inflammatory responses to ABP-induced cytotoxici-
ty, we also observed less acute liver damage from ABP than has been
observed for other liver carcinogens such as diethylnitrosamine. Thus
the mechanisms underlying the strain and gender differences in ABP-
induced liver tumors remain to be established.

EM149
ECOLOGICAL DECREASE, BIOLOGICAL CONCENTRATION
AND GENOME STRESS OF RADIONUCLIDES IN PLANTS
AND ANIMALS AFTER CHERNOBYL CATASTROPHE
H Nakajima (1), T Saito (2), KG Yeliseeva (4), H Ryo (1,3), T Hongyo
(1), Y Yamaguchi (2), NA Kartel (4), EV Krupnova (4), V Trusova (4),
AM Voitovich (4), VS Piskunov (6), TP Smirnova (7), EI Anisimova
(5), V Afonin (4), T Todo (1), T Nomura (1,3)
(1) Medical Genetics and Radiation Biology, Graduate School of Medicine,
(2) Radioisotope Research Center, Osaka University, Osaka, Japan;  (3)
National Institute of Biomedical Innovation, Osaka, Japan; (4) Institute of
Genetics and Cytology, (5) Institute of Zoology,  Belarus National Academy
of Science, Minsk, Belarus; (6) The Polessky State Radiation Ecological
Reserve, Belarus; (7) International Sakharov Environmental University,
Minsk, Belarus.
Email: nakajima@radbio.med.osaka-u.ac.jp

South districts of Belarus are still highly radiocontaminated even after
23 years from the Chernobyl catastrophe in 1986, and consequent envi-
ronmental changes are stored in the soil, plants and animals. The major
radionuclides in the contaminated areas are 137Cs and 90Sr, and their
physical half-lives are 30.2 and 28.9 years, respectively. It is easily pre-
dicted that the radionuclides are concentrated by the food chain into the
living organisms in the contaminated area, and radionuclides remain in
the irradiated organisms not only externally but also internally for long
periods. The evidences of radiation effects on the organisms living in
the contaminated area have been reported by many scientists. But most
reports have not shown the exact radioactivity and period of exposure.
The exact radioactivity in organisms should have been known to assess
the long term low dose rate and low dose internal and external radia-
tion effect. We measured the 137Cs radioactivity and its distribution in
the plants (trees, berries, mushrooms) and animals (insects, frogs,
moles, mice) in the highly contaminated area (Masani) and the middle
contaminated area (Babchin). The 137Cs radioactivities in the organ-
isms were proportional to those in the soil, and 137Cs was highly con-
centrated in the vessel of plants and in the muscle of higher animals.
The 137Cs radioactivities of mice in 2005 were compared with those
in 1997. The remaining amounts of 137Cs in organs was about 2% of
those in 1997. To simulate the radiocontamination in middle contami-
nated areas of Belarus (1997), mice were maintained for 8 months in
the radioisotope facility with free access to drinking water containing
137CsCl (10Bq/ml and 100Bq/ml). Mice were assessed the long term
low dose rate and low dose internal and external radiation effect by the
quantitative measurement of the contaminated radionuclides-induced
DNA double-strand breaks by g-H2AX foci in the organs. The g-H2AX
foci were observed even in mice drinking 10 Bq/ml of 137Cs water.  It
was suggested that the genome damage caused internal low dose 137Cs
radiation were occurring chronically even in low dose contaminated
area. (Supported by MEXT, JSPS and Heiwa-Nakajima Foundation).
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EM150
ASSESSMENT OF THE ANTIOXIDANT, GENOTOXIC AND
ANTIGENOTOXIC ACTIVITIES OF ETHANOLIC
EXTRACTS OF Aiouea trinervis IN THE WING SPOT TEST
OF Drosophila melanogaster
AAA Rezende (1), ZR Guterres (1,2), L Hamerski (3), WS Garcez (3),
FR Garcez (3), NC Souza (1), MA Spanó (1)
(1) Instituto de Genética e Bioquímica, Universidade Federal de
Uberlândia, Uberlândia, Brazil; (2) Universidade Estadual do Mato Grosso
do Sul, Mundo Novo, Brazil; (3) Departamento de Química, Universidade
Federal do Mato Grosso do Sul, Campo Grande, Brazil.
Email: aleazenha@yahoo.com.br

Aiouea trinervis Meisn. is a shrub that grows in the “cerrados” (a
savanna ecosystem) of Brazil. In the present study, fractionation of
ethanolic extracts (EE) from the leaves of A. trinervis led to the isola-
tion of the butanolide (g-lactone) namely isoobtusilactone A, as well as
the lignans namely sesamin, methylpiperitol and polyprenol-12. Their
structures were determined by spectroscopic analyses. The anti-oxidant
effects of the EE obtained from leaves of A. trinervis were examined
using the 1,1-diphenyl-2-picrylhydrasyl (DPPH) assay. The data
obtained revealed antioxidant activity. The lack of information relating
to the genotoxic and antigenotoxic properties of EE from the leaves of
A. trinervis prompts us to study this EE alone and in association with
the chemotherapeutic free-radical generator doxorubicin (DXR), used
as reference mutagen. The genotoxic properties were evaluated for
mutagenic and recombinagenic effects using the wing spot test of
Drosophila melanogaster (Somatic Mutation And Recombination Test
– SMART). The standard and the high bioactivation crosses were used.
The latter cross is characterized by a high sensitivity to promutagens
and procarcinogens. The results observed in both crosses were similar
and indicated that EE from the leaves of A. trinervis did not show geno-
toxicity at the doses used and suppressed the DNA damage induced by
DXR in a dose-response manner. The combined treatments demonstrat-
ed that EE have anti-mutagenic activity. The results indicate that, under
these experimental conditions, EE from the leaves of A. trinervis pro-
tects against the genotoxic effects of the DXR, probably due to the A.
trinervis anti-oxidant activity.

EM151
UNICELLULAR ORGANISMS IN THE COMET ASSAY
J Rank, K Jensen, K Syberg
Department of Environmental, Social and Spatial Change, ENSPAC,
Roskilde University, DK-Roskilde, Denmark.
Email: jr@ruc.dk

As the comet assay is not yet standardized to be used with specific cells
many scientists have tried to develop the assay to be used with differ-
ent cells. When working with ecogenotoxicology it is a challenge to
find species that are good representatives for the ecosystem and also
have a good performance in the comet assay. In principle the comet
assay can be used on all kinds of eukaryotic cells. As unicellular organ-
isms are ecotoxicological relevant it was decided to use yeast cells,
Saccharomyces cerevisiae, in this comet assay study. The first problem
with the yeast cells was to open the cells and isolate the nuclei because
yeast cells have a thick and strong cell wall. Different methods were
used and the best results were obtained by using 0.4mg/ml Zymolase
100T incubated for 30 min at 35o C. However, the comets were very
weak because the haploid cells of S. cerevisiae have very little DNA
(13 Mbp) in their nuclei. We tried to solve this problem by using a
tetraploid strain of S. cerevisiae. This resulted in much better comets
than shown with the haploid strains. We found significant higher DNA
damage for cells exposed to 20, 50 and 100 µM H2O2 and to 200 mg/l
of acrylamide. However, we do not recommend using yeast cells in the
comet assay because we think that even using tetraploid cells the
amount of DNA (52 Mbp) is not high enough. On this background we
tried to use the ciliate, Tetrahymena, in the comet assay knowing that
this specie had a higher DNA content than yeast. With these cells we
experienced other kinds of problems. The nuclei could not be isolated
because the cells of Tetrahymena have a cytoskeleton which we were
not able to remove with traditional lysis and enzymes. Therefore, it was
not possible to carry out the comet assay. After having used a lot of

time trying to open the cells of T. thermophila and T .pyriformis we can
conclude that these cells are, just as the yeast cells, not suited for the
comet assay. The work was supported by the Danish Society for
Protection of Laboratory Animals and the Alternative Fund.

EM152
NONINVASIVE POLYORGAN KARYOLOGIC TEST FOR
ESTIMATION OF CYTOGENETIC, CYTOTOXIC AND
POTENTIAL CARCINOGENIC EFFECTS OF 
ENVIRONMENTAL FACTORS IN HUMAN STUDY
LP Sycheva
AN Sysin Research Institute of Human Ecology and Environmental
Health Russian Academy of Medical Sciences
Email: lpsycheva@mail.ru

Polyorgan karyologic test is founded on the microscopic analysis and
quantitative account of karyologic end points in buccal, nasal, urothe-
lial and bronchial epithelyocytes. It is designed categorization of end
points on cytogenetic, proliferative and early and late nucleus destruc-
tion indexes. Integral cytogenetic index as amount of  micronuclei, pro-
trusion, nuclear bridges  in 1000 cells of tissue is offered. Also integral
index of proliferation (amount of bi-, polynucleated cells and double-
nucleated cells) and apoptosis (amount of cells with nucleus destruc-
tion) is offered. Criteria of the determination and table diagnostic sign
full spectrum of karyologic end points are designed. They are deter-
mined approximate normative levels of karyologic end points of  buc-
cal, nasal, bronchial and urothelial epithelyocytes of children and
adults («Medical genetics» in Russian N° 11, 2007). It is revealed
dependency of some indexes of proliferation and nucleus destruction
from age, sex, smoking. Relationship the amount of congenital mor-
phogenetic variants on one child with cytogenetic end point was
revealed. It was shown dependency of karyologic indexes of buccal
epithelium from local immunity. Polyorgan karyologic test was applied
in Institute for estimation of the influence on the human populations
(about 700 surveyed people) of the atmospheric air pollution in Tula;
the working conditions of the large office centre; pollution of cellulose-
paper plant; dioxin-contaminated regions of South Vietnam. Following
laws have been revealed: air pollution induces significant (sometimes
10-times) increasing of the frequency of the exfoliated cells with cyto-
genetic damages and decreasing of apoptotic index. This trend is
extremely disadvantage for human population, and promotes the accu-
mulation genetic changed cells that can conduct to development of the
cancer. It was revealed increasing of the rate of the cells with nuclear
protrusions, atypical nucleus and in all studies integral cytogenetic
indexes; indexes of proliferation; basically apoptotic index in patients
with bronchial and lung pathology. It was shown possibility to correc-
tion of cytogenetic disturbances by means of acceptance vitamin A and
C in recommended daily dose.

EM153
PERSISTENT DYSREGULATION OF DNA METHYLATION
IN CELLS WITH ARSENIC-INDUCED GENOMIC 
INSTABILITY
M Mauro (1-2), G Sciandrello (2), G Barbata (2), F Caradonna (2), M
Saverini (2), I Catanzaro (2), J Leszczynska (1), CB Klein (1)
(1) NYU School of Medicine, Department of Environmental Medicine, New
York University, Tuxedo, NY 10987; (2) Dipartimento di Biologia Cellulare e
dello Sviluppo “A. Monroy”, Università di Palermo, Viale delle Scienze, Parco
d’Orleans, I-90128 Palermo, Italy;
Email: maurizio_mauro@tiscali.it

The mechanisms by which arsenic-induced genomic instability is initi-
ated and maintained are poorly understood. In our previous studies, the
long-term progression of chromosomal instability was typified by
increasing aneuploidy in V79 Chinese hamster cells and human HaCaT
keratinocytes treated with low doses arsenite for two cell cycles and
maintained in arsenic-free medium up to 120 and 40 cell generations,
respectively. In the current study, we evaluated DNA methylation lev-
els in these cell cultures at several time points during the expanded
growth. We have found altered genomic methylation patterns in cells
that were briefly exposed to arsenic with evidence for widespread dys-
regulation of CpG methylation that persists for many population dou-
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blings after the treatment. In V79 cells increasing genomic instability
characterized by aneuploidy, dicentric chromosomes and/or telomeric
associations, complex chromosome rearrangements, and mutator and
transformed phenotype correlated with modifications of global DNA
methylation pattern evaluated by immunofluorescence with anti-5-
methylcytosine antibody and MeSAP-PCR. The results show that
short-term exposure to arsenite induced an apparent genome
hypomethylating effect within a short time after exposure. In human
HaCaT keratinocytes, genomewide methylation levels were measured
by LINE1 pyrosequencing and gene-specific methylation status was
assessed by Methylation-Specific-PCR. Global demethylation seen
after treatment was followed by a renewal of DNA methylation.
Moreover, the results from MS-PCR and determination of expression
levels by RT-PCR of several genes (p16, hMLH1, hMSH2, DNMT1,
DNMT3a and DNMT3b) demonstrated that hMSH2 gene was epige-
netically regulated and that down regulation of DNMT3a and
DNMT3b genes occurred in an arsenite dose-dependent manner. The
results reported here demonstrate that acute arsenic exposure promptly
induces genomewide DNA hypomethylation and support the hypothe-
sis that the cells undergo epigenetic reprogramming both at gene and
genome level, in the absence of further arsenite treatment; these DNA
methylation changes are likely contributing to long-lasting genomic
instability that manifests as aberrant chromosomal effects and mutator
and transformed phenotypes.

EM154
POTENTIAL GENOTOXIC EFFECT OF DIFFERENT 
SUPERFICIAL MORPHOLOGY OF AMORPHOUS SILICA
EVALUATED IN MURINE ALVEOLAR MACROPHAGES (RAW
264.7) CELL LINES BY COMET ASSAY AND MICRONUCLEUS
TEST
P Guidi(1), V Scarcelli(1), M Bernardeschi(1), M Nigro(1), G
Frenzilli(1)
(1) Department Of Human Morphology and Applied Biology, University of
Pisa. Via Volta, 4 56126 Pisa (ITALY)
Email: giada@biomed.unipi.it

Exposure to crystalline silica may cause lung fibrosis, carcinomas and
autoimmune diseases. Instead amorphous silica micrometer-sized is
accepted as having low toxicity and is used as a food additive. No suf-
ficient evidence exists about the health hazards caused by amorphous
(non-crystalline) silica of lower dimension, nor as regard its superficial
conformity. The aim of the study is to investigate the potential genotox-
ic effects of amorphous silica nanosized particles (250-500 nm diame-
ter) with different superficial morphology, by in vitro experimental
models. Murine alveolar machrophages (Raw 264.7) cell lines have
been used as representative of occupational and environmental expo-
sure. Genotoxicity was evaluated by Comet Assay and Micronucleus
Test. Cytotoxicity was tested using both Trypan Blue and Crystal Violet
methods. Cell lines have been treated with 5-10-20-40-80 µg/cm2 of
MCM-41 mesoporous silica particles (250, 500 nm) and SiO2 dense
spheres (250, 500 nm). Powders were suspended in complete MEM
solution, and sonicated for 30 minutes at 37°C (35 KHz) to prevent
aggregation. Comet assay was used to evaluate genotoxicity at 4 and 24
hours exposure. The same doses of exposure were tested by micronu-
cleus test. Hydrogen peroxide was used as positive control for DNA
primary damage in Comet assay, Mytomicin C for micronucleated
cells. Preliminary Comet assay results only seem to indicate a weak
genotoxic effetct except for the highest dose (80 µg/cm2) of MCM-41
mesoporous silica particles, where a statistically significant effect was
found at the highest time exposure (24 hrs) and dimension (500 nm).
For the dense sphere of the same dimension of MCM-41 a statistically
significant increase of DNA damage was also observed at the lowest
dose after 24 hrs exposure. A different trend was showed by the small-
er size compunds which displayed a statistical significant increase of
DNA migration at the lowest time exposure (4 hrs) and dose. Generally,
dense silica spheres appear to be more genotoxic at lower doses (5-10
µg/cm2). Smaller ones (250 nm) induce an increase of DNA damage at
4h, while the bigger (500 nm) at 24h. Further studies are needed to bet-
ter investigate silica particles genotoxic effects even after long lasting
exposures.

EM155
COMPARATIVE GENOTOXICITY OF AIRBORNE 
PARTICULATE MATTER (PM2,5) ISSUED FROM 
URBANO-INDUSTRIALIZED AREA ON DIFFERENT LUNG
CELLS MODELS.
V André (1), J Le Goff (1), I Abbas (2), F Sichel (1), S Billet (2), G
Garçon (2), P Shirali (2)
(1) GRECAN, University of Caen Basse-Normandie and Centre Baclesse,
Avenue Général Harris, 14076 Caen cedex 05, France; (2) LCE, Université
du Littoral – Côte d’Opale, Avenue Maurice Schumann, 59140 Dunkerque,
France et Université de Lille Nord de France, 59000 Lille, France
Email: veronique.andre@unicaen.fr

Background Air pollution plays a role in lung cancer, which is a major
cause of death worldwide. Particulate matter smaller than 2,5 µm
(PM2,5) are of particular interest since they coated numerous toxic
substances (metals, PAH, VOC, PCB, bacteria, fungi) and penetrate
deeply in the respiratory tract. Then, these substances can be distrib-
uted and/or bioactivated to reactive species that could interact with
lung DNA. We have studied the genotoxic potency of PM2,5 collected
in Dunkerque, a French seaside city characterised by a lot of industrial
activities associated with a heavy vehicle traffic. Both total particles
(PM) and desorbed particles (dPM) were comparatively studied for
their capabilities to form bulky-DNA adducts. Methods DNA adduct
formation capabilities of PM2,5 were analysed by 32P-postlabeling
method, after in vitro exposure of L132 cell line, of human alveolar
macrophages (MA) or a co-culture (AM + L132). Cells were exposed
72 hours to PM and dPM at their respective LC50, and to BaP (1µM)
as a positive control. Results After exposure to BaP, DNA adducts were
observed on MA but not on L132, according to their respective EROD
activities measured elsewhere. The association (MA+L132) in a co-
culture model led to the formation of bulky adducts on both cell types,
and validates this co-culture model. After exposure to PM, DNA
adducts were similarly observed on MA and on L132, even if the level
of total PAH carried on these particles is relatively low (BaP is for
example 250 fold lower than in the positive control). More surprising-
ly, faint DNA adducts were also observed after exposure to dPM, indi-
cating that outgassing method used to obtain dPM did not probably
remove completely the PAHs. Conclusions We chose a protocol of
direct exposure to particles, which is closer to environmental condi-
tions but for which the quantities of bioavailable genotoxins are prob-
ably strongly reduced, compared with more classical studies using
organic extracts. The formation of bulky DNA-adducts was neverthe-
less observed on this model of co-cultures (MA+L132), indicating that
human macrophages can bioactivate genotoxins like PAHs, allowing
the formation of DNA adducts on a second cellular type, even if this
later is not competent from a metabolic point of view.

EM156
GENOTOXICITY OF  AIR PARTICULATE ORGANIC
EXTRACT IN HUMAN EPITHELIAL LUNG CELLS (A549)
C Verri (1), T Pagliani (1), M Sallese (2), S Di Bucchianico (3), A Poma (3)
(1) Environmental Sciences  Center, Consorzio Mario Negri Sud, Via
Nazionale 66030 Santa Maria Imbaro (Chieti), Italy; (2) Department of Cell
Biology and Oncology, Consorzio Mario Negri Sud; (3) Department of
Basic and Applied Biology, University of L’Aquila, L’Aquila,Italy
Email: annamaria.poma@univaq.it

Particulate air pollution is an important environmental health risk and
PM10 airborne particulate matter is associated with a range of health
effects including lung cancer. In the present study, we have investigat-
ed the ability of chemically characterized organic-soluble extracts of
PM10 from an high vehicular traffic site of the town of Montesilvano
(Pescara, Italy) to induce genotoxic response by micronuclei produc-
tion in the human epithelial lung cell line A549. We also evaluated the
association between the chemical characteristics of the PM and its
genotoxicity. A Hi-Vol air sampler was used to collect PM10 on glass
fiber filters. PM mass was determined by gravimetric analysis of the
filters. One section of each PM10 filter was processed in a Soxhlet
apparatus with acetone to extract the organic-soluble compounds. A549
were exposed to different concentrations of PM10 extracts and the
cytokinesis blocked micronucleus assay was performed to measure
DNA damage. Extracts induced a significant concentration-related
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increase in the micronuclei frequency. The viability of A549 was
assessed by the Trypan Blue method and by measuring MTS dye
absorbance of living cells. Cell death by apoptosis (PCD) was deter-
mined by a TUNEL test after A549 cells treatment. Organic extracts
corresponding to PM concentration of 200, 100, 50 and 25 µg/ml
induced micronuclei in a dose-dependent manner but not a significant
apoptotic response. The intracellular reactive oxygen species (ROS)
formation and the level of oxidative DNA damage were estimated by
using 5-(and-6)-chloromethyl-2’,7’-dichlorodihydrofluorescein diac-
etate, acetyl ester (CM-H2DCFDA) as a fluorescent probe. Data indi-
cate that the organic-soluble fraction of PM10 is both important in the
production of micronuclei and ROS response by A549 cells which
present interestingly capability of xenobiotics activation as type II lung
epithelial cells (Hukkanen J. et al., 2000). Effects observed, point to the
risk of PM organic extracts  exposure in the urban high vehicular traf-
fic areas and shows the need of integrative studies. This work was sup-
ported by Environmental Sciences Center, Consorzio Mario Negri Sud,
S. Maria Imbaro  (CH) and by RIA grants of University of L’Aquila to
T. Pagliani and A. Poma.

EM157
BIOMONITORING OF GENOTOXIC RISK IN AGRICULTURAL
WORKERS FROM FIVE COLOMBIAN REGIONS: ASSOCIATION
TO OCCUPATIONAL EXPOSURE TO GLYPHOSATE
C Bolognesi (1), G Carrasquilla (2), S Volpi(1), KR Solomon(3), EJP
Marshall (4)
(1)Environmental Carcinogenesis Unit. Department of Epidemiology and
Prevention, National Cancer Research Institute, Genoa, Italy. (2)Facultad
de Salud, Universidad del Valle, Colombia. (3)Centre for Toxicology and
Department of Environmental Biology, University of Guelph, Guelph, ON,
N1G 2W1, Canada. (4) Marshall Agroecology Limited, 2 Nut Tree Cottages,
Barton, Winscombe, Somerset, BS25 1DU, UK.
Email: claudia.bolognesi@istge.it

In order to assess possible human effects associated with glyphosate
formulations used in the Colombian aerial spray program for control of
illicit crops, a cytogenetic biomonitoring study was carried out in sub-
jects from five Colombian regions, characterized by different exposure
to glyphosate and other pesticides. Women of reproductive age (137
persons 15-49 y) and their spouses (137 persons) were interviewed to
obtain data on current health status, history, lifestyle, including past
and current occupational exposure to pesticides and factors including
those known to be associated with increased frequency of micronuclei
(MN).  In regions where glyphosate was being sprayed, blood samples
were taken prior to spraying (indicative of baseline exposure), five
days after spraying, and four months after spraying. Lymphocytes were
cultured and cytokinesis-block micronucleus cytome assay was applied
to evaluate chromosomal damage and cytotoxicity. Compared with
Santa Marta, where organic coffee is grown without pesticides, the
baseline frequency of binucleated cells with micronuclei (BNMN) was
significantly greater in subjects from the other four regions.
The highest frequency of BNMN was in Boyacá where no aerial erad-
ication spraying of glyphosate was carried out and in Valle del Cauca
where glyphosate was used for maturation of sugar cane.  Region, gen-
der, and older age (≥ 35 years) were the only variables associated with
the frequency of BNMN measured before spraying. A significant
increase in frequency of BNMN between first and second sampling
was observed in Nariño (<0.001), Putumayo (p=0.009), and Valle
(p<0.001) immediately (<5 days) after spraying.  Four months after
spraying, a statistically significant decrease in the mean frequency of
BNMN compared with the second sampling (p<0.001) was observed in
Nariño, but not Putumayo and Valle del Cauca.  We conclude that the
genotoxic risk potentially associated with exposure to glyphosate in the
areas where the herbicide is applied for coca and poppy eradication is
low and appears to be transient.  Further studies are needed to better
understand our findings of the potential genotoxic risk associated with
the application of glyphosate for sugar cane maturation.

EM158
DO NANOPARTICLES HAVE AN EFFECT ON INTESTINAL
CELL PERMEABILITY?
P Koivisto, M Jonsson, K Peltonen
Finnish Food Safety Authority, Mustialankatu 3, 00790 Helsinki.
Email: pertti.koivisto@evira.fi

Nanotoxicology is one of the fascinating research areas of the chemi-
cally engineered nanoparticles. A wide range of nanomaterial applica-
tions are already on the market and the use of nanomaterials is and will
increase strongly also in the food science area.  Nanomaterials may
enter to the GI-track through various routes in which inhalation or via
food are the major routes. Nanomaterials may facilitate the penetration
of chemical compounds from intestine to the systemic circulation and
hence promote the harmful effects of the contaminants or compounds
present in food. Some nanoparticles themselves have been show to
have mutagenic properties. We studied the effects of nanoparticles on
cell permeability of Caco-2 cells in respect to MeIQx. Cells were
grown on a membrane as a monolayer and the effects of nanomaterials
on permabilility were studied by using the highly mutagenic MeIQx as
an indicator of the possible change in permeability. Visual quality of
cell layer was monitored using microscope and the chemical integrity
was monitored by using mannitol as an indicator compound. Cells were
exposed to silver nanoparticles with 50 and 19 micrograms/mL for 2.5
hours. MeIQx (40 µM) was added to the apical side of the cells.
Samples (100µl) were taken at 15minutes min intervals from the baso-
lateral side, and analysed with HPLC/TOF-MS for the presence of
MeIQx and mannitol with 13C-mannitol as an internal standard.
Microscopic observations demonstrated that cells exposed to silver
nanoparticles were ruptured if compared to control cells. The analysis
of mannitol and MeIQx with HPLC/TOF-MS indicated that MeIQx
easily penetrated Caco-2 cells, but the preliminary analysis of the data
did not demonstrate a major difference between the cells exposed to sil-
ver nanoparticles and MeIQx or MeIQx only.

EM159
SUCCESSFUL TRANSFER OF CYTOTOXICITY ASSESSMENT BY
FLOW CYTOMETRY (FCM) CONFIRMS SUPERIOR 
REPRODUCIBILITY OF MITOTIC INDEX (MI) MEASUREMENTS
DJ Roberts (1), RA Spellman (2), K Sanok (2), H Chen (1), M Chan
(1), P Yurt (1), AK Thakur (1), GL Devito (2), H Murli (1), LF
Stankowski Jr (1) 
(1) Genetic & Molecular Toxicology Department, Covance Laboratories, Inc.,
Vienna, VA USA; (2) Pfizer Global Research and Development, Groton, CT
USA
Email: leon.stankowski@covance.com

Prevention of non-relevant positive results for the in vitro chromosome
aberration assay depends, at least in part, upon the accuracy of cytotox-
icity measurements. A FCM procedure for determining MI, developed
and utilized routinely at Pfizer, has been adopted successfully by
Covance. This method, using antibodies against phosphorylated H3
(S10) in the presence of nucleic acid cross-staining, has been evaluat-
ed at the two independent test sites and compared to manual scoring.
Primary human lymphocytes were treated with cyclophosphamide,
mitomycin C, benzo(a)pyrene and etoposide at concentrations inducing
dose-dependent cytotoxicity. Deming’s regression analysis indicates
that the results generated via FCM were more consistent between sites
than those generated manually. Further analysis using the Bland-
Altman modification of the Tukey mean difference method supports
this finding, as the standard deviations of differences in MI generated
by FCM were less than half of those generated manually. Decreases in
scoring variability due to the objective nature of FCM and the greater
number of cells analyzed makes FCM a superior method for MI meas-
urements. Additionally, the FCM platform has proven to be transferable
and easily integrated into standard genetic toxicology laboratory oper-
ations.
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EM160
MICRONUCLEI AND BULKY DNA ADDUCTS IN CORD
BLOOD IN RELATION TO MATERNAL EXPOSURES TO
TRAFFIC-RELATED AIR POLLUTION
M Pedersen (1), J Wichmann (1), H Autrup (2), DA Dang (2),  M
Hvidberg (3), R Bossi (3), J Jakobsen (4), S Loft (1), LE Knudsen (1)
(1) Section of Environmental Health, University of Copenhagen, Copenhagen,
Denmark; (2) Department of Environmental and Occupational Medicine,
University of Aarhus, Aarhus, Denmark; (3) National Environmental Research
Institute, University of Aarhus, Roskilde, Denmark; (4)National Food Institute,
Technical University of Denmark, Mørkhøj, Denmark
Email: m.pedersen@pubhealth.ku.dk

Exposure to traffic-related air pollution in urban environment is com-
mon and has been associated with adverse human health effects. In
utero exposures that result in DNA damage may affect health later in
life. This poster summarizes the results of a cross-sectional biomonitor-
ing study with healthy pregnant women living in the Greater
Copenhagen area, Denmark. The overall aim was to improve the com-
plex assessment of environmental in utero exposures through measure-
ments of validated biomarkers in comparable samples from healthy
mother-newborn pairs together with folate and vitamin B12 measure-
ments. Modeled residential traffic density, a proxy measure of traffic-
related air pollution exposures, was verified by indoor levels of nitro-
gen dioxide and polycyclic aromatic hydrocarbons in 42 non-smoking
homes. Bulky DNA adducts and micronuclei (MN) were measured in
blood from 75 women and 69 umbilical cords, concurrently collected
(<1 - 5 hours) at the time of planned section. To our knowledge this is
the first study that investigated the associations between traffic-related
air pollution exposures and bulky DNA adduct levels as well as MN
frequencies in mother-newborn pairs.

EM161
MUTAGENICITY OF RIVER SEDIMENT UNDER 
INFLUENCE OF CONTAMINATED SOILS WITH WOODEN
PRESERVATIVES
KCT Brito (1), TC Costa (1,2), JAV Rocha (1), VMF Vargas (1,2)
(1) Programa de Pesquisas Ambientais, Fundação Estadual de Proteção
Ambiental Henrique Luís Roessler (FEPAM), Porto Alegre, Brasil; (2)
Programa de Pós-Graduação em Ecologia da Universidade Federal do Rio
Grande do Sul, Porto Alegre, Brasil.
Email: kelly_tagliari@hotmail.com

The Ames test is an important tool to detect the mutagenicity in a wide
variety of samples, with an important correlation in the carcinogenicity. A
mutagenicity and cytotoxicity study were development at interstitial water
sediment of the Taquari River. The study area is located in the Triunfo
municipality, Rio Grande do Sul State, Brazil and understands a small farm
with soil contamination specific for wooden preservatives, as pen-
tachlorophenol, creosote and CCA hydrosalt (copper-chromium-arsenic).
The place is covered by water bodies associated in direction to the main
draining, forming sub – basins. Through the Salmonella microsuspension
bioassay, the objective of study was to relate the genotoxicity activity with
routes of pollutants dispersion to the main river and diagnosis the sediment
quality of the Taquari River (km of the estuary), in front (010), upstream
(032) and downstream (006) of the small farm contaminated. Two sam-
plings were carried through in December of 2007, September or November
of 2008. In the assays had been used interstitial water sediment fractions
and diverse strains that allow to evaluate different DNA damages, like
frameshift (TA98 and TA97a) and base pair substitution (TA100) in the
absence (-S9) and presence (+S9) of metabolic activation. For comparison
a place in the same river without influence of the cited pollutants was cho-
sen, as control site (491) as well as the Lagoon of Pinguela (PI) in the
Osório municipality. Indications of mutagenicity, like frameshift were
found in the site 006 of December sampling (-S9), in the sites 491 (-S9 and
+S9) and PI (-S9) of September and November sampling respectively.
Base pair substitution were found in the site 032 (+S9) of September sam-
pling, being that the site 010 of sampling 2007 (-S9) showed citotoxicity.
Organic extracts of sediment samples are still being evaluated as for muta-
genicity and citotoxicity; hepatic oxidative stress is evaluated in the
Gymnogeophagus gymnogenys deriving by the study area. Support:
FEPAM/CNPq (n°555187/2006-3).

EM162
HAZARD ASSESSMENT OF NANOMATERIALS: WHAT IS
DIFFERENT?
C Krul (1), M Mulderij (1), M van Vugt (2), F van Acker (1), M op de
Weegh (1) J van de Sandt (1)
(1) TNO Quality of Life, Zeist, The Netherlands; (2) Universitair Medisch
Centrum Groningen, The Netherlands
Email: cyrille.krul@tno.nl

Development of nanomaterials with new functionalities is increasing
and facilitates a wide range of innovative applications. Along with the
design of nanomaterials, the safety of these materials must be
addressed. In order to improve testing efficiency with a minimal need
for animal testing, our research focus on relevant in vitro screening
assays. To evaluate the difference between nano and micro-sized mate-
rials, Silica (SiO2) and Cerium oxide (CeO2), two commercially avail-
able and widely used materials were evaluated in four different assays.
RAW264.7 macrophages were exposed to micro and nano-sized SiO2
and CeO2 for 4 and 24h. Dose levels ranged from 2.6-333 µg/cm2. 
(1) Cytotoxicity. Clear dose-related responses (MTT conversion and
LDH leakage) were induced by both materials. However, SiO2  was
more cytotoxic compared to CeO2 and nano-sized materials induced
the highest responses: IC5024h (µg/cm2) SiO2nano 6, SiO2micro 24,
CeO2nano 23, CeO2micro > 333). LDH response was less sensitive
compared to the MTT assay. Based on these results dose levels were
selected to measure the other parameters.
(2) Inflammatory response. Micro-sized CeO2 and SiO2 did not induce
TNFα release, while nano-sized SiO2 (but not CeO2) induced a
response at both 4 and 24h. 
(3) Oxidative stress. A clear dose-related induction of HO-1 was meas-
ured by micro-sized SiO2. The response was higher after exposure to
nano-sized SiO2. Nano-sized CeO2 induced only a response at the
highest dose, while micro-sized CeO2 did not induce HO-1. 
(4) Genotoxicity. The Comet assay was used to evaluate the potential
for inducing DNA strand breaks. SiO2 did not induce DNA damage,
whereas micro-sized CeO2 increased the %DNA in the tail two-fold.
Nano-sized CeO2 increased the %DNA with a maximum of 7-fold
compared to the untreated controls. The results obtained with SiO2
were consistent with microarray analysis previously performed and
indicated that nano-sized SiO2 mainly induced genes involved in cell
membrane integrity and oxidative stress (van Vugt 2009). In conclu-
sion, different mechanisms of (geno)toxicity were observed between
the two materials and size of the materials. CeO2 appeared less toxic
than SiO2, but induced DNA damage, particularly in nano-sized form.

EM163
EX VIVO HUMAN SKIN MODEL FOR PHOTOGENOTOXICITY
TESTING
AA Reus, FAA van Acker, CAM Krul
TNO Quality of Life, Zeist, The Netherlands
Email: astrid.reus@tno.nl

Photogenotoxicity testing aims at the early detection of the potential of
compounds to induce tumors upon activation with UV (photocarcino-
genicity). In contrast to standard genotoxicity testing, there are no
equivalent in vivo photogenotoxicity assays for additional evaluation of
a positive (or equivocal) result in vitro, or in vivo tests can not be used,
as for personal care products, due to EU legislation. Moreover, over-
sensitivity and the occurrence of pseudo-effects with in vitro assays
have become a major problem. Consequently, the number of false pos-
itives and unnecessary in vivo photocarcinogenicity studies will
increase. For these reasons, a relevant in vitro assay for evaluation of a
photogenotoxic potential in skin, was developed using ex vivo human
skin. Advantages of the human skin model are:
best mimicking the human situation
target organ for photocarcinogenicity
relevant barrier properties of the stratum corneum
metabolic capacity
Human skin is obtained from surgery. Circular membranes are cultured
in an air-liquid interface and exposed to test chemicals for 1 h, either
via the medium or the topical site of the skin, followed by UV expo-
sure (5 J.cm-2 UVA, 0.19 J.cm-2 UVB) and preparation of cell suspen-
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sions for comet analysis. Predictivity of the photo-comet assay was
evaluated using 6 compounds (fluoroquinolones) with varying degrees
of photosafety liability. Sparfloxacin, lomefloxacin, and ciprofloxacin
(known photocarcinogenic potential) clearly demonstrated a dose-
related increase in %tail DNA in the presence of UV, while the non-
photocarcinogenic compounds levofloxacin, gemifloxacin and gati-
floxacin did not. The %tail DNA was not increased in the absence of
UV. In parallel, the same compounds were evaluated in the in vitro
photo-comet with L5178Y cells and an in vivo skin photo-micronucle-
us assay with rats, and compared with results of ex vivo human skin to
develop a tiered testing strategy for photogenotoxicity assessment. The
results with human and rat skin were comparable, while the in vitro
photo-comet appeared to be more sensitive. Results thus far indicate
that the human skin model can be a relevant alternative for photogeno-
toxicity evaluation of compounds that reach the skin, such as personal
care products and pharmaceuticals.

EM164
LINKING NICKEL-INDUCED GENOTOXICITY WITH 
CELLULAR AND PHYSIOLOGICAL EFFECTS IN MARINE
MUSSELS, MYTILUS EDULIS
S R Kadam, G E Millward, A N Jha
University of Plymouth, Drake Circus, Plymouth, PL4 8AA, UK
Email: sandeep.kadam@hotmail.co.uk

Nickel, a known human carcinogen, is regarded as a priority hazardous
substance for the aquatic environment. There is however, insufficient
scientific information available as to the potential detrimental impact
of nickel on the aquatic biota, which could have short- and long-term
implications for their survival. An integrated study was conducted to
evaluate the biological responses to nickel contamination at different
levels of biological organisation in the marine mussel, Mytilus edulis.
Replicate samples of mussels (n=5) were exposed to a range of concen-
trations of dissolved nickel (18 to 180 µg l-1) for 5 days. During the
exposure period, mussels were not fed. The genotoxic effect was quan-
tified in terms of DNA single-strand breaks using alkaline single-cell
gel electrophoresis (Comet assay), the cellular toxicity was determined
by neutral red retention (NRR) assay and the physiological effect at the
whole organism level was determined using the feeding rate. The con-
centrations of dissolved nickel in the water and its tissue-specific accu-
mulation were determined quantitatively using ICP-OES and ICP-MS,
respectively. The study revealed a concentration dependent increase in
the response for the induction of DNA strand breaks in the haemocytes.
The cytotoxicity as measured by NRR assay did not show significant
differences among the doses, however, the multiple range test showed
a significant difference compared to control. The physiological effect
as measured by feeding rate showed a statistically significant differ-
ence between higher doses with that of control. The correlation of the
genetic damage with that of cellular toxicity and physiological effects
revealed that the concentration range used affects the organism at
genetic and cellular level. Over all, the impact of nickel warrants fur-
ther studies in order to protect the health of marine biota and its poten-
tial impact on human health.

EM165
LINKING COMET ASSAY DATA AND MODELLED AIR
QUALITY DATA: A CASE STUDY ON ADOLESCENTS 
PARTICIPATING IN THE FLEMISH ENVIRONMENT AND
HEALTH SURVEY (FLEHS)
G Koppen (1), A Colles (1), F Lefebre (2) K Van Campenhout (3) and
G Schoeters (1,4)
(1) Environmental Risk & Health, Flemish Institute of Technological Research,
Mol, Belgium; (2) Environmental Modelling, Flemish Institute of
Technological Research, Mol, Belgium; (3) Flemish Government, Department
of Environment, Nature and Energy, Section Environment & Health; Brussels,
Belgium; (4) Department of Biomedical Sciences, University of Antwerp.
Email: gudrun.koppen@vito.be

Flanders, the northern part of Belgium, is a highly urbanized, densily
populated region characterized by intense industrial and agricultural
activities as well as a dense road network. A five-year Flemish

Environment and Health Survey (FLEHS) (2002-2006) was carried out
by the Flemish Centre of Expertise on Environment and Health to
assess the concentrations and health impact of environmental pollu-
tants. The campaign was commissioned, financed and steered by the
Flemish Government. Air pollutant concentrations were calculated for
4x4 km grids using the AURORA air quality model. Emission data
used by the model were derived from the EMEP- and MSC-E- databas-
es for Europe and from recent emission inventories for Flanders. The
youngsters’ residence and school was allocated to the grids. The con-
centrations of the air pollutants were averaged over the 2 days preced-
ing blood collection.  Blood was taken by venipuncture from 390 non-
smoking youngsters.  The alkaline comet assay was assessed on fresh
whole blood within 24h after blood collection. The relationship
between modelled air quality parameters and endogenous DNA dam-
age measured with the comet assay, was examined. The multiple
regression models were run for each of the pollutants seperately, since
the air pollutant concentrations were inter-correlated (single-pollutant
models). The comet assay results were influenced by sex (boys higher
damage than girls) en educational level of the parents (less damage if
higher educational level). Ambient NO2 levels were not associated
with the measured DNA damage. However, DNA migration during the
comet assay, was  possitively associated with benzene (r2 = 0.06,
p<0.001), benzo(a)pyrene (r2 = 0.09, p<0.001), PM10_prim (r2 = 0.04,
p<0.001), and PM2.5_prim (r2 = 0.06, p<0.001) levels.  This means
DNA damage reflected the exposure to several environmental  pollu-
tants, of which particulate matter was in the range of EU guidelines. It
was concluded that the comet assay was a good biomarker to reflect a
combined pollution pressure, Flemish youngsters were exposed to in
their daily life.

EM166
EVALUATION OF CYTOTOXICITY AND GENOTOXICITY OF
SOME ORGANIC AIR POLLUTANTS COLLECTED FROM
URBAN AND RURAL SITES IN THE PHILIPPINES
RO Rubio (1), MDB Docot-Lopez (1), MB Gonzaga-Cayetano (1), JP
Quilang (2), MH DeHita-Catalan (2), RJZ Butacan IV (2), KV Hermo
(2), JQ Laxamana (2), EP Cao (1, 2), EC Santiago (1)
(1) Natural Sciences Research Institute, University of the Philippines,
Diliman, Quezon City 1101, Philippines; (2) Institute of Biology, College of
Science, University of the Philippines, Diliman, Quezon City 1101,
Philippines
Email: raquel_rubio@yahoo.com

Air pollution continues to be a health hazard to human health. Using
PUF passive air samplers we collected samples from three rural and
three urban sites in the Philippines for six weeks with two sampling
periods (dry season as sampling period 1 and wet season as sampling
period 2). Gas chromatography/mass spectrometry analysis showed the
presence of persistent organic air compounds at varying concentra-
tions. Low molecular weight polyaromatic hydrocarbons (LMW PAHs)
were found to have the highest concentration in all sites. Also detected
were high molecular weight polyaromatic hydrocarbons (HMW
PAHs), organochlorine pesticides (OCPs) and polychlorinated
biphenyls (PCBs). In this study, the cytotoxicity and genotoxicity of
these organic air pollutants were evaluated using MTT assay and
Allium cepa test. Cell cultures of MCF10a normal breast and MCF7
breast carcinoma cell lines were exposed to air samples from the six
sites, five chemical standards (LMW PAHs, HMW PAHs, Functionated
PAHs, OCPs and PCBs) in 10 nM, 100 nM and 1000 nM concentra-
tions with 0.2% DMSO and method blanks as controls. Results showed
that organic air pollutants, whether from rural or urban area, showed
cytotoxicity to MCF10a normal cells in sampling period 1 and prolif-
erative effects in sampling period 2. The effect on MCF7 breast carci-
noma cell line showed cytotoxicity for both sampling periods.
Cytotoxicity may be attributed to the LMW and HMW PAHs while
increase in cell number may be due to the OCPs and PCBs. For cells
exposed to the five chemical standards, LMW and HMW PAHs had
cytotoxic effects to both cell lines at all concentrations. The OCP stan-
dard was cytotoxic to both cell lines at 10 nM but had proliferative
effect at higher concentrations. For the PCB standard it was cytotoxic
to normal cells but proliferative to cancerous cells at higher concentra-
tions. Cytotoxicity of the air samples and chemical standards was also
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manifested in the Allium cepa cells as shown by the lower mitotic
indices than the control. Chromosomal aberrations were also observed
indicating genotoxic potential of the different treatments.

EM167
TRANSCRIPTOMIC PROFILES INDICATIVE FOR EXPOSURE
TO GENOTOXIC AND NON-GENOTOXIC CARCINOGENS; IN
VITRO STUDIES IN PERIPHERAL BLOOD MONONUCLEAR
CELLS
K Hochstenbach (1), DM van Leeuwen (1), H Gmuender (2), SB.
Stølevik (3), UC Nygaard (3), M Løvik (3), B Granum (3), E Namork
(3), I Decordier (4), M Kirsch-Volders (4), K VandeLoock (4), H van
Loveren (1), JHM van Delft (1)
(1) Department of Health Risk Analysis and Toxicology, Maastricht University,
Maastricht, the Netherlands; (2) Genedata, Basel, Switzerland; (3)
Department of Environmental Immunology, Norwegian Institute of Public
Health, Oslo, Norway; (4) Laboratory of Cell Genetics, Free University
Brussels, Brussels, Belgium.
Email: kevin.hochstenbach@grat.unimaas.nl

Background/aim: During past decades, there has been an increase in
the incidence of different types of cancer, especially among children.
There may be an association between the onsets of these diseases and
exposure to environmental or dietary carcinogenic chemicals. Gene
expression profiling has recently been shown to be a promising tool to
study such associations at the whole transcriptome level. The objective
of the current research was to investigate whole genome transcrip-
tomics in human peripheral blood mononucleated cells (PBMC) in
response to exposure to a range of environmental and/or dietary car-
cinogenic compounds in vitro. Furthermore, it was aimed to retrieve
gene expression profiles that are indicative for exposure to genotoxic
and non-genotoxic carcinogens. Methods: Per chemical, PBMC of five
independent, healthy donors were exposed for 20h to the highest non-
cytotoxic concentration, a ten-fold dilution and a hundred-fold dilution,
in the presence of a S9 metabolic system to best mimic the in vivo sit-
uation. Using Agilent oligonucleotide microarrays, whole genome tran-
scriptomic profiles were generated. Data were analyzed by different
approaches. This lead to a set of transcripts indicative for exposure to
genotoxic and a separate set for non-genotoxic carcinogens. Pathway
analysis by means of a Fisher Exact test was performed to investigate
overrepresentation of biological pathways in the lists of genes, and
assess biological relevance of the retrieved profiles. Resul -
ts/Conclusion: The analysis delivered transcriptomic a profile indica-
tive of genotoxic exposure and a profile indicative of non-genotoxic
carcinogic exposure. Whether similar responses can be witnessed in the
human population, must and will be investigated in in vivo studies.

EM168
DEAD ZONES, HYPOXIA AND FISH HEALTH: AN 
INTEGRATED STUDY TO DETERMINE IMPACT OF 
OXIDATIVE STRESS IN FISH
S A Mustafa, S N Al-Subai, S J Davies, A N Jha
School of Biological Sciences, University of Plymouth, Plymouth, PL4 8AA
Email: a.jha@plymouth.ac.uk

Anthropogenic activities (human foot print) have led to exponential
increase in oxygen-starved locations around the world, the so called
‘Dead Zones’ with potential serious consequences for ecosystem func-
tioning. While hyperoxia is known to have detrimental biological
impact, there has not been any study where the responses of these two
conditions have been compared simultaneously at different levels of
biological organisation in natural biota. An integrated approach was
adopted in which mirror carp, (Cyprinus carpio L.) were exposed
chronically (30 days) to hypoxic (1.8 ± 1.15 mg O2/l) and hyperoxic
(12.3 ± 1.8 mg O2/l) conditions and the resultant biological responses
were compared with fish held under normoxic conditions (7.1 ± 1.04
mg O2/l). The biochemical, physiological responses included the activ-
ities of glutathione peroxidase (GPx) (in the plasma and liver samples),
measurement of oxidative DNA damage (using modified Comet assay
using bacterial enzymes: FPG and Endo III). The study suggested that
while the levels of GPx were unaffected in the liver samples, there was

a significant difference in activity in the blood plasma under different
exposure conditions. Oxidative DNA damage was significantly higher
in both hypoxic and hyperoxic conditions compared to normoxia. FPG
treatment showed enhanced level of damage compared to the Endo III
treatment, suggesting that purine bases to be more susceptible.
Haematocrit %, RBC counts and haemoglobin level were significantly
different between hypoxic and hyperoxic conditions. Transmission
electron microscopic studies also showed damage to liver and gill tis-
sues in both the conditions. Specific growth rate (SGR) of fish was sig-
nificantly lowered in hypoxic compared to normoxic or hyperoxic con-
ditions. Taken together, these results show that prolonged exposure to
both hypoxic and hyperoxic conditions induce oxidative stress respons-
es at different levels of biological organisation, and hypoxic can also
result in compensatory changes in growth. Results from this integrated
study have implications not only for intensive culture of carp but also
to wild fish populations subjected to environmental stress.

EM169
LINKING GENOTOXIC RESPONSES WITH 
PHYSIOLOGICAL/ BEHAVIOURIAL RESPONSES IN
MARINE INVERTEBRATES FOLLOWING EXPOSURE TO
CHEMOTHERAPEUTIC AGENT
M N Canty (1), R J Brown (2), T H Hutchinson (3), M B Jones (1), A
N Jha (1)
(1)University of Plymouth, Drake Circus, Plymouth, Devon. PL4 8AA, UK; (2)
AstraZeneca, Global Safety, Health and Environment, Brixham Environmental
Laboratory, Brixham, Devon. TQ5 8BA, UK; (3) CEFAS Weymouth
Laboratory, Weymouth, Dorset DT4 8UB, UK
Email: a.jha@plymouth.ac.uk

Neurotoxicity is considered to be one of the most frequent side-effects of
chemotherapy. Despite concern over the presence of pharmaceuticals in
the hydrosphere, there has not been enough study to evaluate their impact
on the aquatic organisms. In addition, there has been no serious attempt
to explore linkages between genotoxic responses with responses at high-
er levels of biological organisation, the key objective of ecotoxicological
studies. Adopting non-invasive sampling, the study compared multiple
biomarker responses in the sea star (Asterias rubens), a representative of
important group of marine organisms, close to chordates and having
homologus nervous system in the deuterostome line of development. The
sea stars and the blue mussel (Mytilus edulis), a commonly used bioindi-
cator species, were exposed to a range of concentrations of cyclophos-
phamide (CP), an anti-cancer drug, to probe the hypothesis that genotox-
ic responses are expressed at higher levels of biological organisation.
Methyl methane sulfonate (MMS) was also used for reference.
Biomarkers of cytotoxicity (neutral red retention assay), induction of
micronuclei (Mn) and DNA strand breaks (Comet assay) were measured
concurrently with behavioural (‘righting time’ for sea stars) and physio-
logical (‘clearance rate’ for mussels) responses. Prior to evaluation of
these sub-lethal responses, determination of maximum tolerated concen-
trations (MTC) suggested A. rubens to be more sensitive than M. edulis.
For each species, cytotoxicity did not differ significantly from the con-
trols. Apart from the MMS exposure to A. rubens (which showed high
levels of mortality), clear dose-response relationships were observed for
both genotoxicity endpoints, showing good correlations between DNA
breaks and Mn induction. Following exposure to CP, correlations were
also found between the behavioural response and genetic damage in both
species. This integrated approach to simultaneously determine the
responses at different levels of biological organisation indicates the
potential usefulness of behavioural and physiologic measures in marine
organisms and adds to information pertaining to potential use of adult
echinoderms as a sensitive group of organisms for the protection of
human and environmental health.

EM170
AN INTEGRATED APPROACH TO DETERMINE EFFECTS
OF COPPER IN BIVALVE MOLLUSC, Mytilus edulis
S N Al-Subiai, A J Moody, S A Mustafa, A N Jha
School of Biological Sciences, University of Plymouth, Plymouth, PL4
8AA, UK
Email: a.jha@plymouth.ac.uk

Abstracts of Posters - Environmental mutagenesis EM001-179

ICEM 2009, August 20-25, Firenze - Italy  227



While copper is considered to be an essential trace element, its overex-
posure induces a wide spectrum of effects including DNA damage,
which could impact short and long term survival of organisms. Given
that copper is a highly relevant contaminant in the marine environment,
we aimed to evaluate the induction of DNA strand breaks (using the
comet assay) in haemocytes, and concurrently determined biological
responses at higher levels of biological organisation in bivalve mol-
luscs, Mytilus edulis, following exposure to a range of environmental-
ly realistic levels of copper concentration (18-100 µg l-1) for 5 days.
Prior to evaluation of genetic damage, the maximum tolerated concen-
tration (MTC) was determined; complete mortality of the exposed ani-
mals was observed at the highest concentration level (100 µg l-1), but
no mortality was observed at 56 µg l-1. Levels of glutathione were
determined in the posterior adductor muscle, and levels of copper were
determined in different tissues using ICP-MS. The higher level biolog-
ical responses included histopathological examination of organs and
the ‘feeding’ or ‘clearance’ rate of the individuals. Copper levels in
adductor muscle (P = 0.012) and gills (P = 0.029) were significantly
higher, whereas digestive gland showed no significant difference com-
pared to unexposed individuals (P = 0.400). While the exposure
showed a strong concentration-dependent induction of DNA damage,
the total glutathione level in adductor muscle increased by 1.83- fold at
56 µg l-1 copper. Interestingly, histopathological examination of select-
ed tissues (i.e. adductor muscle, digestive gland and gills) showed
abnormalities for the exposure period and concentrations used. The
feeding or clearance rate also showed significant differences compared
to controls even at the lowest concentration used (18 µg l-1; P = 0.003).
This study suggests that copper exposure is capable of inducing DNA
damage which may manifest itself at the higher levels of biological
organisation.

EM171
THE MODULATION OF DNA DAMAGE DUE TO PESTICIDES
EXPOSURE BY REPAIR POLYMORPHISMS 
P Rohr (1), J Da Silva (2), B Erdtmann (3), J Saffi (3), T Guecheva (1),
JAP Henriques (1,2,3), K Kvitko (1)
(1) Postgraduate Programme in Genetics and Molecular Biology, Federal
University of Rio Grande do Sul, Porto Alegre, RS, Brazil. (2) Laboratory of
Genetic Toxicology, Lutheran University of Brazil, Canoas, RS, Brazil. (3)
Biotechnology Institute, University of Caxias do Sul, Caxias do Sul, Rs,
Brazil.
Email: paularohr@yahoo.com.br

Grape production is an important economic activity in northeast region
of Rio Grande do Sul State. In this activity, pesticides complex mix-
tures are constantly utilized and represent a human health potential risk
to exposes people. The metabolizing and repair systems are important
exposure effects modulators. The present study had as objective to
evaluate the repair gene polymorphisms (OGG1*326, XRCC1*194,
XPD*312, *751, Rad51*135, XRCC4*401) influences in DNA dam-
age levels of exposed pesticides workers. In addition verify the relation
with PON1 genotype. The genotyping of these polymorphisms was
performed by PCR/RFLP. The DNA damage was evaluated by Comet
assay (damage index – DI and damage frequency – DF) and
Micronuclei test (MN) in 107 exposed workers and 65 non-exposed to
pesticides. Differences in ID, DF, MN and between the different repair
genotypes individually or combined to PON1 genotype, of which pro-
tein are involved in pesticides metabolizing, having a significant devi-
ation from normality, were tested by the non-parametric Mann-
Whitney U test. The XRCC1*194 and Rad51*135 polymorphisms,
individually and combined to PON1*192 genotype, not demonstrated a
statistical differences in biomarkers levels, even though both polymor-
phisms present a protection tendency to pesticides exposure
(XRCC1*Trp/– and Rad51*G/G). The OGG1*326 genotype showed
influence in DI and DF levels into exposed group, individually
(P=0.032 and P=0.009), and when combined to PON1*Gln192Arg,
once that the wild type genotype (OGG1*Ser/–) presents lower DNA
damage levels. In exposed individuals, the wilt type genotype
XRCC4*Ile/ – presents a protector effect to MN frequencies (P=0.024).
The XPD polymorphisms in non-exposed individuals presents influ-
ence in DI and DF in individually analyses, when the wild type geno-
type correspond to lower biomarkers levels (312: P=0.028 and P=0.035

and 751: P=0.002 and P=0.007). Our  results demonstrated that dam-
age detected in Comet Assay are repaired principally by BER pathway,
that are described as responsible for repair of small lesions as oxidized
and reduced bases. While in the repair of damage detected in MN test
are the RH and NHEJ that act in double strand break, as the NER path-
way also has a influence.

EM172
EVALUATION OF DNA DAMAGE IN COAL MINERS
P Rohr (1), J Da Silva (2), FR Silva (1), K Kvitko (2)
(1) Postgraduate Programme in Genetics and Molecular Biology, Federal
University of Rio Grande do Sul, Porto Alegre, RS, Brazil. (2) Laboratory of
Genetic Toxicology, Lutheran University of Brazil, Canoas, RS, Brazil.
Email: paularohr@yahoo.com.br

Coal is one of the most used raw materials as an energy source, making
its characterization and estimation of their risks of extreme importance
to the security of who handles and the environment. Mineral coal in Rio
Grande do Sul (RS), the southern state of Brazil, exceeds 30X109 tons,
i.e., about 87% of the Brazilian reserves. The coal of this state is typi-
cally obtained by stripping operations. It is primarily used at the
Presidente Médici power plant, located in Candiota/ RS (Brazil). This
region produces 38% of the country’s coal. The coal is low quality and
generally contains substances with potential genotoxic, as PAHs and
heavy metals. The aim of this study was evaluate DNA damage in coal
miners from Candiota using Comet assay. The study includes 31 coal
miners (mean age: 44.2 ± 6.8) and 65 individuals non-exposed to coal
(mean age: 37.8 ± 10.6). Blood samples were collected in March and
April - 2009. DNA damage was evaluated by Comet Assay (Damage
Index – DI and Damage Frequency – FD). Coal miners’ cells presented
significant higher DI and DF (17.39 ± 9.9 and 13.7 ± 7.6, respectively)
compared with non-exposed individuals (4.4 ± 5.8 and 1.91 ± 2.1,
respectively – both P < 0.001). No differences were observed consider-
ing mask use, in coal miners. Comparing Coal miner’s smokers and
non-smokers differences in DI and DF were observed. In conclusion,
our results suggest a genotoxic effect by coal exposure and agree with
previous data on coal and derivatives, mainly PAHs, in relation to dif-
ferent organisms. Others biomarkers are been used with these blood
samples, like as micronuclei in binucleated lymphocyte and in exfoliat-
ed buccals cells, as also as been asses the influence of metabolizing and
repair polymorphisms in effects of coal exposure.

EM173
TOXICOGENOMIC ANALYSIS OF ARISTOLOCHIC ACID IN
NORMAL HUMAN KIDNEY CELLS
S-Y Chiang (1), Y-Y Chen (1,2), H-C Wu (3), S-T Kao (1,2), C-Y
Hsiang (4), T-Y Ho (1)
(1) Graduate Institute of Chinese Medical Science, (3) School of Post-
Baccalaureate Chinese Medicine, (4) Department of Microbiology, China
Medical University, Taichung; (2) Department of Chinese Medicine, China
Medical University Hospital, Taichung, Taiwan
Email: sychiang@mail.cmu.edu.tw

Herbs containing Aristolochic acid (AA) have been used worldwide for
centuries as folk medicine. AA is found in Aristolochia fangchi that
causes urothelial carcinomas in patients with AA Nephropathy. To fur-
ther understand the molecular mechanism underlying the pharmacolog-
ical and toxicological effects of AA, we used microarray analysis to
investigate the global changes in gene expression induced by AA in
normal human kidney (HK-2) cells. A 24 hr exposure to 10, 30, and 90
µM of AA exhibited a dose-dependent decrease in kidney cell growth
with IC50 value of 30 µM. AA treatment of 30 µM for 1, 3, 6, 12, and
24 hours inhibited cell growth in a time-dependent manner. The AA-
treated cells from the dose-dependent and time-dependent studies were
collected for microarray analyses. All microarray experiments were
performed in triplicate. Using Limma and Ingenuity Pathway Analysis
software, we found that AA at doses of 10, 30, and 90 µM down-regu-
lated several biological pathways in HK-2 cells. AA at a subtoxic dose
of 10 µM (about 80% relative survival) effectively down-regulated the
genes responsible for infectious and immune diseases. Network analy-
sis revealed that nuclear factor-kappa B (NF-κB) played a central role
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in the network topology. The inhibition of NF-κ B by AA was further
confirmed by confocal microscopy in HK-2 cells and by NF-κ B
luciferase reporter assay in HK-2/NF-κB transgenic cells. Using differ-
entially expressed genes analysis software, we found that DNA repair
genes were most significant related with AA treatment at doses of 30
and 90 µM in HK-2 cells. AA effectively down-regulated genes
involved DNA repair pathway. The inhibition of DNA repair genes by
AA was further confirmed by real time RT-PCR. These data are corre-
lated with the 5-fold increase in the frequency of micronuclei forma-
tion in binucleated HK-2 cells after AA treatment. In conclusion, our
data show that AA at a subtoxic dose of 10µM could affect gene
expression profiles by suppressing NF-κB activity, suggesting its anti-
inflammatory effects. Moreover, our results provide insight into the
involvement of down-regulation of DNA repair gene expression as a
possible mechanism for AA-induced mutagenesis and carcinogenesis.

EM174
COMPARATIVE STUDY ON IN VIVO GENOTOXICITY OF
OCHRATOXIN A AND ARISTOLOCHIC ACID AS A
CAUSATIVE FOR THE BALKAN ENDEMIC NEPHROPHASY
T Suzuki(1), A Kohara, (2), A Ramadan, (3), Y Kikuchi (4), M Honma
(3), M Hayashi (5)
(1) Div. Cellular and Gene Therapy Products, National Institute of Health
Sciences, Tokyo Japan; (2) Dep. Bioresources, National Institute of Biomedical
Innovation, Osaka, Japan; (3) Div. Genetics and Mutagenesis, National
Institute of Health Sciences, Tokyo Japan; (4) Div. Microbiology, National
Institute of Health Sciences, Tokyo Japan; (5) Biosafety Research Center,
Shizuoka, Japan
Email: suzuki@nihs.go.jp

Balkan Endemic Nephropathy (BEN) is a chronic renal disorder which is
seen among rural area along the Danube River. BEN often progress to
urothelial cancer and its aetiology seems to be associated with environ-
mental mutagens. There have been several hypotheses on the aetiology.
Ochratoxin A (OTA), a mycotoxin found in contaminated food in this area,
has been a great concern, but recently, another key hypothesis became
more feasible with molecular evidence. Aristolochic acid (AA) was known
as Chinese herb nephropathy that resembles to BEN. AA was found in
birthwort plant (Aristolochia clematitis) growing in this region, which con-
taminated into flour harvest. In order to evaluate genotoxic potential of
OTA and AA, we have tested in vivo mutagenicity of two compounds
using transgenic mouse (Muta™Mouse) assay.
Method: AA (20 mg/kg) or OTA (15 mg/kg) was administered intragasti-
cally to male Muta™Mouse weekly for 4 weeks. 48 h after the final treat-
ment mice were sacrificed and various organs were collected and subject-
ed for mutation assay with lacZ and cII genes. Micronucleus assay was
simultaneously performed with peripheral blood collected from tail after
the first treatment. Results and Discussion: AA induced extremely strong
mutagenicity in kidney and bladder. It also induced similarly strong muta-
genicity in forestomach and colon while other organs showed lower but
significant increase in mutagenicity. Therefore unique organ-specific
mutagenicity was observed. In contrast, OTA induced almost no increase
in mutagenicity for all organs. No increase of micronucleated reticulocytes
was observed with OTA and AA. These results demonstrated potent muta-
genicity of AA in urinary organ, suggesting its preferential involvement for
BEN aetiology. Sequence analysis of AA-induced cII mutants revealed
preferential induction of AT to TA transversion mutations, probably
derived from the reported AA-adenine adduct. This characteristic mutation
spectrum matched with p53 mutations found in tumours from BEN
patients. With this molecular evidence, together with its strong mutagenic-
ity, we confirmed AA as a causative mutagen for BEN.

EM175
INVOLVEMENT OF AIR POLLUTANTS/ALLERGENS 
MEDIATED OXIDATIVE STRESS IN THE EXACERBATION
OF BRONCHIAL ASTHMA
KS Mossanda (1), ED Dabula (1), Z Novak (2) 
(1) Chemical Pathology Department, University of Limpopo, Medunsa
Campus, Medunsa-Pretoria, South-Africa; (2) Pediatric Department,
University of Szeged, Szeged, Hungary.
Email: kmossan@ul.ac.za

Exposure to noxious mutagenic pollutants and allergens can activate neu-
trophils and macrophages to produce reactive oxygen species (ROS) and
reactive nitrogen species (RNOS). The subsequent oxidative stress indu-
ced by this way may increase the risk of developing exacerbated condi-
tions of bronchial asthma through the promotion of T cell response. The
purpose of this study is to investigate the implication of pollutants and
allergens in the exacerbation of asthmatic conditions and the involve-
ment of oxidative stress. Lung function test was evaluated using spiro-
metric measurements in 60 asthmatic children (6 – 14 years old) with cli-
nical history of asthma. Total equivalent antioxidant capacity (TEAC),
Superoxide dismutase (SOD) and Glutathione peroxidase (GPx) were
evaluated using kits commercially available from Randox-Company.
Malondialdehyde (MDA) was estimated by thiobarbituric acid reaction.
A general lung obstruction profile was detected in all our patients (from
mild to severe) corresponding to the clinical score ranging from 3 to 8
and confirmed by FEV (Forced Expiratory Volume) % ranging from 71
to 75 % and by the measured ratio FEV/FVC (Forced Expiratory
Volume/Forced Volume Calculated) ranging from -12 to -38 %.
Hematologic results displayed a high level of eosinophils (2.8 to 20 %)
for the majority of patients corresponding to the IgE values exceeding
500 KU/L. Positive Phadiatop has been observed in these patients who
also displayed low values of TEAC and GPx (<1.42 mmol/L and <700
U/mL respectively and high values of 8 isoprostane (>7.5 pg/ml) in con-
trast with high level of MDA (>3.5 mmol/L). However, exacerbated con-
ditions of bronchial asthma were clinically confirmed only in 18 patients
(clinical score: 6 – 8) with FEV/FVC ratio ranging from -16 % to -38 %.
Exacerbated conditions of bronchial asthma are a consequence of hyper-
production of eosinophils and IgE by oxidative stress generated by the
combustion products inducing a slight deficiency in antioxidant defense
system and acting as adjuvants in the immune system of those patients
sensitized to the observed allergens.

EM176
MOLECULAR EVIDENCE OF SYNERGYSTIC EFFECT OF
CITRININ, FUMONISIN AND OCHRATOXIN A: ROLE IN
HUMAN NEPHROPATHY AND UROTHELIAL TRACT
TUMOURS
K Hadjeba-Medjdoub (1), M Tozlovanu-Fergane (1), V Faucet-Marquis
(1), M Peraica (2), R Manderville (3), A Pfohl-Leszkowicz A (1)
(1) UMR CNRS/INPT/UPS 5503, Laboratory Chemical engineering, depart-
ment Bioprocess & Microbial System,  31049 Toulouse, France (2) Institute
for medical research and occupational health, Zagreb, Croatia (3) University
of Guelph, department chemistry, Ontario, Canada
Email: leszkowicz@ensat.fr

Analyses of several food and feed items show the simultaneous pres-
ence of several mycotoxins, notably fumonisins (FB), citrinin (CIT)
and ochratoxin A (OTA). All the three toxins induce nephrotoxicity.
The aim of this study was to determine the cytotoxic and genotoxic
combined effects of either CIT and OTA or FB and OTA. The studies
were conducted (i) in cells culture and (ii) in vivo on rat fed with
ground wheat enriched with OTA and/or CIT; and/or FB. When OTA
and CIT, or OTA and FB are simultaneously present, the decrease of
viability (measured by MTT test) of human kidney cells (HK2) induced
by OTA is considerably enhanced. Expression of biotransformation
enzymes (CYP, COX, LIPOX) in HK2 is differently modulated
depending of the treatments: CIT alone, OTA alone or both together.
Induction of COX2 and LIPOX by CIT increased genotoxicity of OTA
measured by DNA adducts formation detected by P32 post-labeling.
DNA adducts patterns of rat kidney after a 3-weeks feeding by either
CIT alone or OTA alone or both together, are similar to those obtained
on cell cultures. The main OTA DNA-adduct, found in human tumours,
identified as C8 dG-OTA is increased by simultaneous presence of CIT
and OTA. In the same way, in in vivo studies on rat and pig fed simul-
taneously by OT and FB in feed we observed increased OTA specific
DNA adducts including C-C8dG OTA adduct and the both OTHQ
related adduct. Both toxins (OTA and FB) modulate the arachidonic
acid cascade and induce c-jun. These specific adducts are found in
human urothelial tumours, notably in Balkan regions. This data is par-
ticularly interesting as we previously shown that families suffering
BEN eat food more frequently contaminated by OTA and CIT. In cell
as in blood and kidney of human and rat we isolated OTA and several
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OTA derivatives identified by HPLC ms/ms, including quinone OTA
(OTHQ), GSH-OTA, GSH-OTHQ, DC-OTHQ. The data indicate
clearly that exposure to low concentration of mycotoxin which is con-
sidered as safe when they are present together can lead to dramatic
effect. Until now, regulation does not take into account co-contamina-
tion. Granted by the ‘Région Midi-Pyrénées, program Food safety
2003-2008’, ARC 2005-2007; Ligue National Française contre le can-
cer, 2006;  EU ‘Ota risk assessment’ 2002-2005.

EM177
CASPASE: KEY PROTEIN BIOMARKER FOR SILICOSIS
R. Tumane*(1), S. Pingle (1), A. Jawade (1), N. Nath (2), R. Chahande
(3), A. H. Ansari (4)
(1) National Institute of Miners’ Health, JNARDDC Campus, Wadi
Nagpur- 440023; (2) Former Head of Department of Biochemistry, LIT
Nagpur- 440033; (3) Department of Biochemistry, Seth Kesarimal
Porwal college Kamptee Nagpur; (4) Head of Department of
Biochemistry, Seth Kesarimal Porwal college, Kamptee, Nagpur.
Email: rajo_tumane@yahoo.co.in

Background/Aim: Silica is the potent occupational fibrogenic agent
capable of inducing lung fibrosis and other occupational diseases. In
India, there are three million people, exposed to silica in mines and
industries like stone cutting, silica mining, slate pencil, foundry work,
rock grinding and tunneling etc. Apoptosis is a distinct form of cell death
characterized by cell shrinkage, plasma membrane blebbing, nuclear
chromatin condensation, and DNA fragmentation. Silica in duced apop-
tosis in the alveolar macrophages could potentially favors a proinflam-
matory state occurring in the lungs of silicotic patients resulting in the
activation of caspase prior to induction of the intrinsic and extrinsic
apoptosis pathway. Apoptosis plays central role in oxidative stress and
DNA adduction in silicosis by the activation of caspases. Deposited sili-
ca particle in the lung of silicotic patient, damage macrophages and
epithelial cells. This consequence may release a wide variety of enzymes
and inflammatory cytokines such as Interleukin-1, tumor necrosis factor
(TNF- α), neuclear transcription factor-κB (NF-κB), platelet- derived
growth factors and inducing the late fibrogenic reaction. Recent studies
indicated that apoptosis may involved in pulmonary disorders, such as
acute lung injury, diffuse alveolar damage, idiopathic pulmonary fibro-
sis, and other lung disorders caused by bleomycin, silica, endotoxin, and
the deposition of immune complexes
Method: Measurement the caspase and Fas/FasL activity in silicotic indi-
vidual may provide beneficial tool for the prognosis of silicosis. It might
be open new area for the diagnosis of silicosis. Result: Fas and Fas relat-
ed molecules in patients with silicosis indicate a dysregulation of autoim-
munity after long-term exposure to silica. Major effector caspases play a
critical role in the characteristic apoptotic changes including chromatin
condensation, DNA fragmentation, and formation of apoptotic bodies. It
could be used as an effective biomarker for the study of occupational dis-
ease. Conclusion: It could be a key protein which can be used as an effec-
tive biomarker for the study of occupational diseases. It may provide an
important link in understanding the molecular mechanisms of silica-
induced lung pathogenesis. Caspase and Fas/FasL mediated apoptosis in
silicosis not only provide clues for the pathogenesis and treatment of
immunological disorders but also aid in predicting the pre-clinical status
of complicated autoimmune diseases found in occupational disease.

EM178
EVALUATION OF THE GENOTOXIC POTENTIAL OF THE
COAL PYRITE TAILINGS THROUGH THE HELIX ASPERSA
BY THE COMET ASSAY (MÜLLER, 1774)
Leffa, D.D. (1); Damiani, A. (1); Silva, J. (3); Zoche, J.J. (2); Andrade, V.M. (1)
(1) Laboratório de Imunologia e Mutagênese, Programa de Pós-
Graduação em Ciências da Saúde, Universidade do Extremo Sul
Catarinense (UNESC), Criciúma,  SC, Brazil. (2) Laboratório de
Ecologia de Paisagem e de Vertebrados, Programa de Pós-Graduação
em Ciências Ambientais, Universidade do Extremo Sul Catarinense
(UNESC),  Criciúma,  SC, Brazil. (3) Programa de Pós-Graduação em
Genética e Toxicologia Aplicada, Universidade Luterana do Brasil
(ULBRA), Canoas, RS, Brazil
Email: vmoraesdeandrade@yahoo.com.br 

Introduction: The Santa Catarina Coal Basin located in the southern
Brazil is a traditional mining area in the country. Over the past 120 years,
coal production has been vital to regional economic development and it
has also had a major impact on the environment when surface mining
was intensified to increase domestic coal production as a replacement for
imported oil. Coal, as a sedimentary rock, is a complex heterogeneous
mixture of organic and inorganic constituents containing intimately
mixed solid, liquid, and gaseous phases from allothigenic or authigenic
origin. When coal is separated from its impurities by cleaning processes
are formed coal pyrite tailings that are deposited usually close to the min-
ing area. This material presents elements as carbon, hydrogen, nitrogen
and sulphur, besides a variety of heavy metals. The coal pyrite tailings
from coal improvements constitute one of the major environment prob-
lems. So, the aim of the present study was to evaluate the genotoxic
potential of coal pyrite tailings from the beneficiation of coal mining in
southern Santa Catarina by the Comet assay, using the land mollusk
Helix aspersa (Müller, 1774) as a bioindicator. Material an Methods:
Adult H. aspersa land mollusks (n=144) were divided in 3 groups of
exposition, clustered in plexiglass cages, during 1 month: control (ani-
mals fed with organic lettuce, n= 48), coal tailings (animals living in a
layer of pyrite tailings from the beneficiation of coal and fed with organ-
ic lettuce, n=48) and lettuce mine (animals fed with lettuce grown in an
area located on deposit of coal tailings, n=48). The mollusks hemolymph
was collected at the time of exposure: 24 h, 48 h, 72 h, 96 h, 1 week, 2
weeks, 3 weeks and 1 month, for comet assay analyzes (n=6/time/group).
Results and Conclusions: Our results showed that the animals of the coal
tailings and mine lettuce groups presented higher levels of DNA damage
in relation to the control group at all hours of exposure (P<0.01, t-Student
test). After the period of 48 hours, there were a decrease in DNA damage
in coal tailings and mine lettuce groups, but still significantly higher than
for the control group. These results demonstrate that the coal pyrite tail-
ings coming from extraction and beneficiation of coal are potentially
genotoxic for snails H. aspersa and probably to different animals in other
trophic levels. In addition, the animals exposed to the lettuce growing
next to environments impacted by coal mining showed genotoxicity. Our
study provides biological data of this land snail exposed to the coal tail-
ings, as well as, fed by lettuce grown in the coal mine and confirms the
sensitivity of the Comet Assay and the snail H. aspersa in the assessment
of environmental complex mixtures. 

EM179
ASSESSMENT OF POLLUTION OF FISH IN SUEZ CANAL
WITH PETROCHEMICALS AS HEALTH HAZARD 
INDICATOR
El Khafif, M. A. (1); Hamouda S. (1) and Mostafa G. (2)
(1) Institute of Environmental Sciences and Research,  Ain Shams
University. (2) Faculty of Agriculture,- Suez Canal University.
Email: mohamedalkhafif@hotmail.com

Polycyclic aromatic hydrocarbons (PAH) were detected in Suez. Canal
fish (yellow eyed mullet) by gas liquid chromatography as indicators of
pollution with petrochemicals, which reflect the hazard effect to marine
organisms and human health. PAH were evident in all parts of
fish(muscle, skin and digestive tract). The most frequent compound of
individual PAH detected (more than three benzene rings were benzo (a)
anthracene, benzo (b) flouranthine, benzo(k) flouranthine, benzo(g, h,
i) anthracene (1, 2, 3 cd) pyrene, which are known as potent carcino-
gen. The highest individual PAH concentration were benzo (g, h, i)
pyrelene and indeno (1, 2, 3 cd) pyrene. The low molecular weight of
individual PHA (less than four benzene rings) as acenaphthylene was
detected in high concentration in some fish samples. In all samples
PAHs were detected with no significant differences before and after
cooking. Indeno (1, 2, 3 cd) pyrene residue were higher after cooking,
whereas concentration of benzo (g, h, i) pyrelene were reduced. The
highest concentration of individual PAH was detected in digestive tract
sample and muscle respectively. The presence of PAHs of low molec-
ular weight (les than four benzene rings) in some samples may indicate
the direct crude oil pollution.
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MH001
THE PROTECTIVE ROLE OF ROYAL JELLY AGAINST 
MUTAGENIC EFFECT OF ADRIAMYCIN AND GAMMA 
RADIATION SEPARATELY AND IN COMBINATION
OE Othman(1), SA El-Fiky(1), EA Balabel(1), SA Abd-Elbaset(2)
(1) Cell Biology Department - National Research Center - Dokki - Egypt; (2)
Zoology Department - Faculty of Science - Al-Azhar University - Cairo - Egypt
Email: othmanmah@yahoo.com

The present study investigated the protective role of royal jelly against
mutagenic effect of adriamycin and/or cobalt gamma radiation in rats.
The pretreatment of royal jelly for ten days before adriamycin treat-
ment or/and gamma exposure showed a decrease in their mutagenic
effect. Royal jelly administration decreased the different types of chro-
mosomal aberrations induced by adriamycin without significant levels
in 2nd, 4th, 7th and 14th days after adriamycin treatment, except the
total structural aberrations with gaps in 7th day decreased significantly
at p<0.05. Also the royal jelly pretreatment induced decreases of DNA
fragmentation induced by adriamycin with a highly significant level
(P<0.001) in 4th day after adriamycin treatment and this significant
decrease continued for two weeks after adriamycin treatment. The
result showed that there was no significant decrease in the number of
aberrations in 2nd and 4th days after irradiation, while the total num-
ber of structural aberrations decreased significantly at p<0.01 in 7th
day and at p<0.05 in 14th days after gamma exposure. Also, the royal
jelly pretreatment induced a significant decrease of the DNA fragmen-
tation in 2nd day after gamma exposure at a level P<0.01 and this sig-
nificant increase reached to P<0.001 level in 4th, 7th and 14th after
exposure. The statistical analysis showed that the royal jelly pretreat-
ment decreased the numbers of all aberrations induced in combined
treatment (adriamycin plus gamma radiation) group without any signif-
icant level, except the total number of structural aberrations in 2nd day
where it decreased at p<0.05.  The royal jelly pretreatment induced a
decrease of DNA fragmentation without significant level in 2nd and 4th
days after combined and this decrease reached to the significant level
at p<0.001 in 7th day and at p<0.05 in 14th day.

MH002
GENOTOXICITY AND CYTOTOXICITY IN MULTIPLE
ORGANS INDUCED BY RENOVASCULAR HYPERTENSION
IN WISTAR RATS
DA Ribeiro (1), RR Campos (2), VR Almeida (1), CT Bergamaschi (1,2)
(1) Department of Biosciences, Federal University of Sao Paulo,
UNIFESP, SP, Brazil; (2) Department of Physiology, Cardiovascular
division, Paulista Medical School, Federal University of Sao Paulo,
UNIFESP, SP, Brazil
Email: daribeiro@unifesp.br

Hypertension is a major public health problem of the world and it is
one of the major risk factors contributing to cardiovascular disease.
The aim of this study was to investigate whether blood, liver, heart and
brain are particularly sensitive organs for DNA damaging and cellular
death during renovascular hypertension by the single cell gel (comet)
assay. A total of 15 male Wistar rats were divided into two groups: neg-
ative control (n=5) and experimental (n=10), in which was submitted to
the partial obstruction of the left renal artery with a silver clip during 6
weeks for inducing hypertension. The results showed that hypertension
was able to induce genetic damage in blood, heart, liver and brain cells
as depicted by the mean tail moment. Furthermore, an increase of cyto-
toxicity was noticed to heart and brain cells. In addition, this study con-
firms significantly the hypothesis of a relationship between increased
blood pressure and DNA damage in leukocytes (p<0.05, r>0.5). In con-
clusion, our results suggest that hypertension could contribute to the
damage of DNA at all organs evaluated. High cytotoxicity was noticed
in heart and brain cells. Since DNA damage and cellular death are an

important step in events leading to carcinogenesis, this study represents
a relevant contribution to the correct evaluation of the potential health
risk associated with hypertension.

MH003
CITOTOXICITY OF Sassafras albidum AND Rosmarinus 
officinalis IN DIFFERENT CELL LINES.
E Barrero(1), DM Narvaéz (1), H Groot (1).
(1) Laboratorio de Genética Humana, Universidad de los Andes,
Bogotá, Colombia.
Email: di-narva@uniandes.edu.co

Many extracts of plants have been extensively used in medicine and are
very well known for their therapeutical values. It has been clear that
many people around the world use this extracts to treat some diseases.
Sassafras albidum belongs to the Lauraceae family, and its infusions
are used by some populations in Colombia, giving its diuretic, diges-
tive and antigenotoxic properties. On the other hand, Rosmarinus offic-
inalis, Laminaceae family, has been used with different purposes such
as analgesic, antimicrobial, diuretic and antioxidant activities. The aim
of the study was to determine the citotoxicity of the ethylic extract,
obtained from the leaves, of these two plants in the search of new sub-
stances with clinical importance. For each extract, the following con-
centrations were used: 0.13, 0.64, 3.2, and 16.0 µg/ml. Chronic citotox-
icity was measured with MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide), and acute citotoxicity was measured
with Trypan Blue assay in two cell lines: cervix cancer cells (HeLa),
and fibroblasts (CHO-K1). The results were analysed using the test of
Pearson in order to study the correlation between cell viability and the
replicas for each concentration used of the extract of both plants. For
chronic citotoxicity, after 48 hours of exposure, a reduction of cell via-
bility was observed for the two extracts, and in both cell lines, cell via-
bility was less than the 80% at the concentration of 3.2 µg/ml. For the
acute citotoxicity assay, the results, after 4 hours of exposure showed
no effect in cell viability for the concentrations used. There was no dif-
ference in the results between HeLa or CHOK1 cells. These results
suggest that the therapeutical use of Sassafras albidum and Rosmarinus
officinalis organic extracts do not have a cytotoxic effect in concentra-
tions lower than 3.2 µg/ml. These concentrations should be used for
further studies with each plant extract to determine the active com-
pound and its clinical potential.

MH004
GENOTOXICOLOGICAL, BIOCHEMICAL AND HISTOLOGICAL
EVALUATIONS FOR THE TRICYCLIC ANTIDEPRESSANT:
AMITRYPTLINE ON MALE ALBINO MICE.
M S Hassanane (1); N Hafez (1); M Abdel Maksood (2); M. A El-Ghor
(3); W. Radwan (4).
(1, 2) Cell Biology Department, Biochemistry Department, National Research
Center, Dokki, Giza. Egypt, (3) Department of Zoology, Faculty of Science,
Cairo University, Giza. Egypt, (4) Department of Narcotic testes, Ministry of
Health, Cairo, Egypt.
Email: hmsaber@yahoo.com

The tricyclic antidepressant drug amitryptline which is widely used in
Egypt was evaluated on laboratory mice after oral treatments with the three
therapeutic doses described by the physicians and manufacture instruc-
tions.The results showed the treatment with amitryptline induced increase
in the incidence of chromosomal abnormalities in both somatic (bone mar-
row) and germ cells (spermatocytes) and this increase was significantly
over the control in the high dose only. The high dose also induced signifi-
cant increases in sperm head and tail abnormalities accompanied by a sig-
nificant decrease in sperm count. Liver enzymes (AST; ALT and γ GT)
were found to be significantly increased over the control after the high dose
treatment. Blood testosterone showed significant decrease which explains
the sperm count decreasing; in contrast prolactin did not show any signif-
icant changes. Histological preparations showed that the drug high dose
treatment induced remarkable necrosis and degeneration in the testicles of
the treated males. The result in general highlights the danger of overusing
the drug by the Egyptian men and the normal dose is safe according to our
results.
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MH005
GENOTOXICITY EFFECTS OF AGRIMONA PILOSA LEAF
METHANOLIC EXTRACT IN SALMONELLA TYPHIMURIUM
AND CHINESE HAMSTER OVARIAN CELLS.
DS Hah(1),  CH Kim(2), EK Kim (3), JS. Kim (3)
(1) Gyengnam Livestock Promotion Institute Middle-branch, Changwon
541-703, Gyeongnam, Korea;(2) Department of Animal Science and
Biotechnology,  Jinju National University, Jinju 660-758, Gyeongnam,
Korea; (3) Department of Pharmacology & Toxicology, College of
Veterinary Medicine, Gyeongsang National University,  Jinju 660-701,
Gyeongnam,  Korea
Email: jskim@gnu.ac.kr

ABSTRACT: The present study was conducted to evaluate the effica-
cy of the Agrimonia pilosa leaf methanolic extract on genotoxicity in
Salmonella typhimurium, in the Chinese hamster ovary (CHO) cell line
and in the mouse micronucleus test. In the reverse mutation assay test
using Salmonella typhimurium TA98, TA100, TA1535, TA1537 and
Escherichia coli WP2urvA-, the methanolic extract of the dose range at
5, 2.5, 1.25, 0.62, 0.312 mg/plate was not induced  reverse mutation in
the presence or absence of S9 mix metabolic activation. In the chro-
mosome aberration test using CHO cells, methanolic extract (1.25, 2.5
and 5 µg/Ml) was revealed a little incidence of structural and numeri-
cal aberrations, but in the comparison with positive group, in both of
absence or presence of S9 mix metabolic activation, those incidence
was not significantly enhanced. In the mice micronucleus test, no sig-
nificant increase in the occurrence of micronucleated polychromatic
erythrocytes was observed in ICR male mice orally administrating
methanolic extract at the dose of  2.0, 1.0, 0.5 g/kg. From these results,
It is proposed that the methanol extracts of Agrimonia pilosa leaf is not
induced any harmful effects on the gene in bacteria, mammalian cell
system and in the bone marrow cell of mice used in this experiments.

MH006
COMPOUNDS UTILIZED IN THE CLONING OF MAMMALS ARE
MUTAGENIC AND ALTER REPRODUCTIVE PERFORMANCE
AND INTRAUTERINE DEVELOPMENT IN MICE.
R Oliveira (1), M Mantovani (2), A da Silva (2), T Rosa de Souza (3),
L Ribeiro (1,4)
(1) Celular and Molecular Biology Póst –Graduation Pro -
gram,Departament of Biology, Staty University of São Paulo, UNESP, Rio
Claro, SP, Brazil; (2) Departament of Biology, Center of Biological Sciences,
Londrina State University, Londrina, PR, Brazil; (3)  Nutrition and Genetic
Toxicology Study Center, Nutrition Departament, Filadélfia University
Center – UniFil, Londrina, PR, Bazil; (4) Patology Post-Graduation Pro -
gram,  Faculty of Medicine of Botucatu,– Staty University of São
Paulo,UNESP, Botucatu, SP, Brazil.
Email: lribeiro@fmb.unesp.br

The compounds 6-dimethylaminopurine (6-DMAP) and cyclohexam-
ide (CHX) are utilized for the development of embryos produced by
nuclear transfer in the production of cloned mammals with currently
much success. This study investigated the effects of 6-DMAP and CHX
in vivo, by means of biological assays for the evaluation of  reproduc-
tive performance of females, teratogenesis and mutagenesis. The
results of this study demonstrate that the activating agents of oocyte
cytoplasm, 6-DMAP and CHX, have the capacity to alter the reproduc-
tive performance of experimental animals as well as cause an increase
in the rate of malformations. Besides these adverse effects on reproduc-
tive performance in mice, the administration of these compounds in
pregnant females demonstrated genotoxic and mutagenic toxicity,
determined by the comet and micronucleus assays in peripheral blood,
respectively. Based on these findings and considering that alterations in
DNA are of importance based on studies in mutagenesis, morpho-func-
tional teratogenesis and diminished embryonic viability, the present
study suggests that 6-DMAP and CHX, utilized in the process of
cloning mammals, is responsible for the fact that embryos produced by
nuclear transfer have a low viability after their implantation in utero or
after birth due to congenital malformations and/or alterations in their
DNA. Supported by CNPq and CAPES.

MH007
INDIVIDUAL GENOMIC INSTABILITY IN THE ORGANISM
OF CHILDREN, BORN AFTER THE ACCIDENT AT THE
ChNPP 
AV Aghajanyan (1)
FSI Russian Scientific Center of Roentgenology and Radiology,
Moscow, Russia
Email: ann-aghajanyan@yandex.ru

Study of �hildren from territories contaminated with radionuclides and
children of fathers-liquidators born after the accident at the Chernobyl
NPP revealed increased levels of aberrant genomes and aberrations of
chromosomal type in blood lymphocytes (n=180, p<0.05). This is
accompanied increased morbidity. This is indicative of the radiation-
induced in low doses genomic instability and its transgenerational phe-
nomenon in their organism. To elucidate this phenomenon, experi-
ments were undertaken to model genomic instability by using fraction-
ated in vitro γ-irradiation (137Cs) of peripheral blood lymphocytes
samples of the children (n=9) and their parents (n=6) at doses of 10, 20
and 30 cGy. The spectrum and frequency of chromosomes aberrations
were studied in the 1st and 2nd cell generations. Single doses were 10,
20, 30 cGy. During of fractional irradiation in doses 10cGy +10cGy
and 10cGy+10cGy+10cGy blood samples were irradiated at 24h inter-
vals. Cultivation of lymphocytes was carried out for 48 h and 72 h.
Increased levels of aberrations of chromosomal type as compared to the
control (p<0.05) are observed in 3 subgroups these children with dif-
ferent initial individual aberrant genomes frequency (IAGF): children
with a high IAGF (≥3%) (n=60), children with a middle IAGF (2%)
(n=68) and children with a low IAGF (≤1%) (n=52). After fractionated
and single γ-irradiation (137Cs) of blood in vitro at a dose from 10cGy
to 30 cGy, similar patterns of increase in the average chromosome aber-
rations frequencies are observed in 1st and 2nd mitosis, depending on
the initial IAGFs in children and parents. Significantly increased levels
of chromosome aberrations is revealed in children with a high IAGF
(≥3%) as compared to the control (p<0.05). This is indicative of indi-
vidual radiosensitivity probably depending on genotypic peculiarities,
initial state (sensitivity) of the genome, pathophysiological processes in
the organism of children. Amplification of cells with single-break chro-
mosome aberrations in the mitosis 2, as compared to mitosis 1 suggests
the replication mechanism of realization of potential damage in DNA
and the occurrence of genomic instability in succeeding cell genera-
tions.

MH008
MICRONUCLEUS IN EXFOLIATED UROTHELIAL CELL
FROM PATIENTS WITH HISTORY OF TRANSICIONAL CELL
CARCINOMA
JPC Marcondes (1), MLCS Oliveira (1), AM Gontijo (2), DMF
Salvadori (1)
(1) Department of Pathology, Botucatu Medical School, UNESP, São Paulo,
Brazil; (2) Department of Neurobiology of Development, Neuroscience
Institute, CSIC-UMH, Sant Joan d’Alacant, Alicante, Spain.
Email: jpcastromarcondes@uol.com.br

One of the main features of the transitional cell carcinoma (TCC) is it
high recurrence rate (70% to 80%). Therefore, the use of sensible tech-
niques for detecting early disease in subjects with high risk for tumor
development, and recurrent tumors in patients with history of TCC are
extremely relevant. In this context, we used the micronucleus assay to
evaluate whether cytogenetic disorders could be a good biomarker for
monitoring TCC development and recurrences. The frequency of
micronucleus was established in urinary bladder exfoliated cells,
obtained by intravesical instillation of 0.9% saline solution, from 105
patients with (52) and without (53) history of TCC, either smokers and
non-smokers, but with current diagnosis of “negative for neoplasia”.
Conventional MN staining (Giemsa) and fluorescence in situ
hybridization (FISH) with α-satellite probes for centromeres of all
human chromosomes techniques were performed, in order to evaluate
the frequency of micronucleated exfoliated cells, and also the main
mechanism involved in the micronucleus formation. The results
showed a significant increase (P<0.01) of MNC in patients with histo-
ry of TCC, with no difference between smokers and non-smokers. Data
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also showed higher number of micronucleus resulted from chromo-
some fragments than from whole chromosome in those patients with
history of TCC (P<0.01). In conclusion, the results demonstrated that
chromosome damage is an import early step in urothelial carcinogene-
sis and independent on cigarette smoking habit. Furthermore, it seems
that these genetic abnormalities occur mainly by chromosome break-
age than by aneuploid, and could be related to urothelial genomic insta-
bility. Thus, MN test could be an auxiliary tool for monitoring subjects
at risk or history of TCC, but with a macroscopic diagnosis of normal
urothelium. This study was supported by FAPESP and CNPq.

MH009
ANTICANCER DRUG ONCONASE REVEALS MULTIPLE
CONFORMATIONAL CHANGES AT THE INTERACTION
WITH RNA SUBSTRATES
IV Alekseeva (1), VV Koval (1), AG Cabibov (2), OS Fedorova (1)
(1) Institute of Chemical Biology and Fundamental Medicine and
Novosibirsk State University, Novosibirsk, Russia; (2) Shemyakin and
Ovchinnikov Institute of Bioorganic Chemistry, Moscow, Russia
Email: irina.alekseeva@niboch.nsc.ru

Onconase (ONC), otherwise known as ranpirnase or P-30 protein,
which was initially purified from extracts of Rana pipiens (Northern
leopard frog) oocytes and early embryos, exhibits anticancer and
antiviral activity both in vitro and in vivo and is in phase III clinical tri-
als for tumor therapy. ONC is the smallest member of the pancreatic
ribonuclease A superfamily, consisting of 104 amino acids. ONC is an
unusually stable protein and shows high resistance to the action of pro-
teases at physiological salt concentrations. The active site of ONC is
located in the cleft its kidney shape. This active site contains the cat-
alytic triad (His10, Lys31, and His97) that is characteristics of the
RNase A superfamily. In this work we have applied stopped-flow kinet-
ics to analyze the conformational dynamics of specific (r(CUGGAG),
dArUdGdA) and nonspecific (dArUdAdA) substrates during process-
ing of recombinant onconase at pH 7.4 and 6.0. These substrates were
labeled with FRET dye pair fluorescein/rhodamine fluorescence
quenching.In substrate fluorescein was held in proximity to rhodamine
residue and its fluorescence was quenched. When the substrate was
cleaved, the fluorescence was increased 180-fold. Monitoring fluores-
cence in stopped-flow experiments reveals multiple conformational
transitions in the enzyme-substrate complex during the catalytic cycle.
At least three conformational transitions occur in enzyme/substrate
complex during the interaction of ONC with ribooligonucleotide
duplex within 50 ms - 100 s time ranges. These transitions reflect the
stages of enzyme binding to RNA and mutual adjustment of RNA and
enzyme structures to achieve catalytically competent conformation.
Only a single conformational change (at 70 s) is connected with nucle-
ic acid cleavage. The data obtained provide evidence that several fast
sequential conformational changes occur in ONC after binding to its
substrate, converting the protein into a catalytically active conforma-
tion. This work was supported by grants from the Russian Foundation
of Basic Research (07-04-00191, 08-04-00334, 08-04-12211), Russian
Ministry of Education and Science (NSch-652.2008.4.), and the
Siberian Branch of the Russian Academy of Sciences (28, 48, 90,
21.22).

MH010
DESIGNING OF SMALL INTERFERING RNA (SIRNA): A 
UNILATERAL 2-NT 3’-OVERHANG ON THE ANTISENSE
STRAND IS MORE IMPORTANT THAN THE RELATIVE
THERMODYNAMIC STABILITIES AT THE ENDS OF SIRNAS 
S Sutou (1), M Kunishi (1), T Kudo (1), K Kawano (2), Y Takagi (2),
M Sierant (3), M Miyagishi (4), M Nakanishi (5), M Sano (5)
(1) School of Pharmacy, Shujitsu University, Okayama, Japan; (2)
iGENE Therapeutics Inc., Tokyo, Japan; (3) Centre of Molecular and
Macromolecular Studies, Polish Academy of Sciences, Lodz, Poland;
(4) International Medical Center of Japan, Tokyo, Japan; (5) Organ
Development Research Laboratory, National Institute of Advanced
Industrial Science and Technology (AIST), Tsukuba, Japan
Email: sutou@shujitsu.ac.jp

Short interfering RNAs (siRNAs) are valuable reagents for sequence-
specific inhibition of gene expression via the RNA interference (RNAi)
pathway. Although it has been proposed and largely accepted that the
relative thermodynamic stability at the both ends of siRNAs plays a
crucial role, the terminal structure of siRNA seems to be the predomi-
nant determinant of which strand participates in the RNAi pathway. To
address this issue, we designed basically four types of siRNAs target-
ed against genes: (1) symmetric blunt ends (b-b), (2) symmetric 2-nt
overhangs (o-o), (3) asymmetric 2-nt antisense strand overhang (o-b),
and (4) asymmetric 2-nt sense strand overhang (b-o). A large variety of
variants were also synthesized and tested. HeLa S3 cells were cotrans-
fected, typically, with siRNA, firefly luciferase-DNA (target, forward
or reverse orientation) andβ-galactosidase-DNA (control). Relative
luciferase activities were determined 24 h after the transfection. When
the endogenous GAPDH or Lamin A/C gene was targeted, Western blot
analysis was conducted. Results indicated that siRNAs with a unilater-
al 2-nt 3’-overhang on the antisense strand (o-b) were more effective
than other siRNAs (b-b, o-o, and b-o), due to preferential loading of the
antisense strand into the RNA-induced silencing complex (RISC),
regardless of the relative thermodynamic stabilities at siRNA ends.
This finding was confirmed by another model experiments targeting
SARS-corona virus genes. Two model target sequences (forward and
reverse orientations) were connected to the firefly luciferase gene, and
activities of siRNA, 2-nt overhang of which on the sense or antisense
strand was either match or unmatch to the target strand, were tested. Of
all nine possible combinations, a match 2-nt overhang at the 3’-end of
the antisense strand (o-b) showed the highest activity, irrespective of
the thermodynamic stabilities at terminal ends. Moreover, we showed
that sense strand modifications, such as deletions or DNA substitutions,
of siRNAs with unilateral overhang on the antisense strand have no
negative effect on the antisense strand selection. Our findings provide
useful guidelines for the design of potent siRNAs and contribute to
understanding the crucial factors in determining strand selection in
mammals.

MH011
p73 G4C14-to-A4T14 GENE POLYMORPHISM AND 
INTERACTION WITH p53 EXON 4 Arg72Pro ON CANCER 
SUSCEPTIBILITY: A META-ANALYSIS OF THE LITERATURE
E De Feo (1),  G Ricciardi (1), B Simone (1), RS Kamgaing, K Matsuo (2),
G Li (3), MR Spitz (3), Q Wei (3), N Hamajima (4) and S Boccia (1)
(1) Institute of Hygiene, Università Cattolica del Sacro Cuore, Rome, Italy
(2) Division of Epidemiology and Prevention, Aichi Cancer Center Research
Institute, Nagoya, Japan (3) Department of Epidemiology, The University of
Texas M.D. Anderson Cancer Center, Houston, Texas (4) Department of
Preventive Medicine/Biostatistics and Medical Decision Making, Nagoya
University Graduate School of Medicine, Nagoya, Japan
Email: emmadefeo@yahoo.it

P73 gene (1p36-33) is involved in cancer development through cell
growth inhibition by inducing apoptosis in a p53-like manner. p73
G4C14-to-A4T14 dinucleotide polymorphism has been extensively
studied in association with cancer over the past years, with conflicting
results. Our meta-analysis aimed to assess the overall effect of p73
G4C14-to-A4T14 polymorphism on cancer risk and its interaction with
demographic data, lifestyle habits and p53 exon4 Arg72Pro polymor-
phism. We searched for studies investigating the association between
p73 G4C14-to-A4T14 polymorphism and cancer on Medline and
Embase up to June 2008. In addition individual level data were collect-
ed from the published studies. From the meta-analysis including data
from 16 case-control studies (5145 cancer cases and 5135 controls), an
increased risk for cancer in any site was found to be associated with the
inheritance of the p73 homozygous variant genotype (AT/AT) [Odds
Ratio (OR)=1.28 (95%CI, 0.98-1.67)]. By stratifying the effect of p73
AT/AT on cancer according to p53 exon 4 Arg72Pro status, a 2.15-fold
increased risk (95%CI, 1.27-3.64) was observed for individuals both
p73 variant homozygotes and p53 exon 4 heterozygotes if compared
with wild type p73 allele carriers, suggesting biological synergism
among the two polymorphisms. No evidence of an effect modification
of p73 AT/AT by age, gender, ethnic group or smoking status resulted
from the subgroup meta-analyses. This quantitative review showed that
the p73 G4C14-to-A4T14 homozygous variant genotype might be a
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risk factor for cancer, especially in combination with p53 exon 4
Arg72Pro polymorphism. Further studies looking at p73 G4C14-to-
A4T14 and p53 exon4 Arg72Pro interaction together with functional
reports on the interaction among p73 and p53 proteins are required to
confirm our findings.

MH012
ASSESSMENT OF MUTAGENIC BACKGROUND IN THE
URBAN ENVIRONMENT BY MICRONUCLEUS TEST IN 
BUCCAL HUMAN CELLS
I Klimkina, A Gorova, V Gruntova
Department of Ecology, National Mining University, Dnepropetrovsk,
Ukraine
Email: irina_klimkina@ukr.net

Background.  One of the important tests for cytogenetic monitoring
used for estimating the general mutagenic background of the urban
environment is a micronucleus (MN) test in buccal human cells. The
test involves a non-invasive, screening express method. Methods. The
MN test was used for estimating the influence of harmful environmen-
tal factors on the organisms of about 600 pre-school age children liv-
ing in different conditions, in terms of levels and types of technogenic
loadings, in Ukrainian cities. The MN test was also used for estimating
the effectiveness of rehabilitation measures based on the application of
natural adaptogenes in their natural conditions, i.e. physiologically
active substances with antitoxic and antimutagen properties, Through
special questioning among the group of children for cytogenetic inves-
tigation, a selection was made of healthy, and practically healthy, chil-
dren in the age range 5-7 years (1st and 2nd health groups) because
such children are the most sensitive to the unfavourable influences of
external factors. Results. The level of microkernels in the cells of chil-
dren living in industrial regions of Ukraine with a high technogenic
loading is 2.2-10.9 times higher than those in a “conditionally clean”
control area. The dynamics of the analysed index change are negative.
In the cities investigated there were defined groups with an increased
genetic risk, and the high risk group ranged from 0% (control) to 61 %
(in Zhovti Vody which is the centre of uranium production). The ele-
vated mutagen background levels created the need for carrying out
rehabilitation measures directed at increasing the protective functions
of organisms. It was established that after complex rehabilitation treat-
ment, including humic preparations for human organisms, there was a
positive reduction in the level of cells with genetic disorders by 1.93 -
3.0 times. Conclusions. Under the influence of harmful ecological fac-
tors in human organism there was a measurable increase in the frequen-
cy of occurrence of cells with microkernels. However, the cytogenetic
condition of one’s organism can be improved by using special rehabil-
itation courses of natural adaptogenes, or their combinations, under the
favorable ecological conditions of sanatorium complexes.

MH013
POSTGENOMIC ALTERATIONS IN  AICARDI-GOUTIÈRES
SYNDROME, A RARE NEURODEGENERATIVE DISEASE OF
MUTATIONAL ORIGIN
M Longobardi (1), C Cartiglia (1), A Pulliero (1, 2), A Izzotti (1)
(1) Department of Health Sciences, University of Genoa, Italy (2)
International  Aicardi-Goutières Syndrome Association (IAGSA)
Email: gralongo@hotmail.com

Aicardi-Goutières syndrome (AGS) is a mutation-related neurodegen-
erative disease, arising during the first year of life, which is character-
ized by progressive cerebral atrophy, leukodystrophy, and raised levels
of interferon-alpha in the cerebrospinal fluid (CSF) in the absence of
any infection. Microarray analysis, examining the expression of 18,880
human genes, has been applied to CSF lymphocytes of 20 AGS cases
(age 4.5 ± 4.4 years, mean ± SD), all of them bearing high levels of
interferon-alpha in CSF, and 20 matched controls (age 4.4 ± 4.3 years).
AGS cases displayed an upregulation of genes involved in interferon-
dependent pathways and lymphocyte activation, paralleled by down-
regulation of genes encoding for angiopoietic activities. Gene expres-
sion patterns were consistent with a progressive attenuation of clinical
symptoms with age. The results obtained provide evidence that lym-

phocytes in AGS patients produce proteolytic enzymes, such as cathep-
sin D, with an established ability to damage the neurological tissue.
This alteration is accompanied by a severe damage in blood vessel
development. Identification of the genes whose altered expression is
responsible for AGS provides a novel insight into interferon-dependent
neurodegenerative mechanisms.

MH014
MUTATIONS OF GENES ENCODING FOR NUCLEASES AND
AICARDI-GOUTIÈRES SYNDROME
A Pulliero(1), C Cartiglia (1), M Longobardi (1), E Fazzi (2), S Orcesi
(2), A Izzotti (1)
(1) Department of Health Sciences, University of Genoa, Italy. (2)
Department of Child Neurology and Psychiatry, IRCCS C. Mondino
Institute of Neurology Foundation, Pavia, Italy.
Email: alessandra.pulliero@unige.it

Aicardi-Goutières Syndrome (AGS) is a rare neurodegenerative dis-
ease of mutational origin arising in healthy newborns. AGS is charac-
terized by raised levels of interferon alpha in cerebro-spinal fluid (CSF)
resulting in brain atrophy. Molecular mechanisms relating interferon
alpha and brain damage have recently been depicted by microarray
analysis performed in CSF lymphocytes demonstrating that inhibition
of angiogenesis and activation of neurotoxic lymphocytes are major
pathogenic mechanisms involved (Izzotti et al., Neurology 2008; Brain
Pathol. 2008). Thereafter, we explored the influence of different AGS
mutations on AGS clinical course in 21 AGS patients, who were char-
acterized by detecting the occurrence of AGS1 biallelic mutation,
AGS2 bi- and mono-allelic mutations, AGS4 bi-allelic mutation, no
mutation in AGS1-4 genes. AGS2 bi allelic mutation was the most fre-
quent mutation, being detected in 11 patients. The negative results
obtained in 4 patients indicate that at least one still unidentified AGS
locus exists. Mutational status affected clinical feature mainly as relat-
ed to age at diseases onset, interferon alpha levels, brain atrophy, and
occurrence of epileptic symptoms. Different mutations differently dys-
regulated gene expression profile as analyzed by microarray in the CSF
lymphocytes. The specific effect of AGS mutation is related to the spe-
cific functions of their targeted genes. AGS1 mutation targets TREX
gene, a pivotal intracellular exonuclease. AGS2 and AGS4 mutations
target genes encoding for RNase H subunits, which is a pivotal endoge-
nous RNase involved in the silencing of microRNA. The increased half
life of intracellular nucleic acid consequent to AGS mutations triggers
interferon alpha production through activation of TLR receptor path-
ways. To attenuate the effect of AGS mutations, lymphocytes bearing
AGS multiple mutations were co-cultured with endothelial vascular
cells and neural cells, and their ability to counteract angiogenesis on
matrigel and to induce nuerotoxic effects was determined. Gene-silenc-
ing of genes dysregulated by AGS mutations, i.e. cathepsin D and brain
angiogenesis inhibitors, was performed to attenuate the adverse effects
observed.

MH015
CANCER CHEMOPREVENTIVE PROPERTIES OF
EXCOECARIA PHILIPPINENSIS MERRILL
R Dator(1,3), S Jacinto (2), A Guevara (3)
(1) Department of Chemistry, University of Cincinnati, Cincinnati OH; (2)
Institute of Biology, University of the Philippines, Diliman, Quezon City,
Philippines; (3) Institute of Chemistry, University of the Philippines, Diliman,
Quezon City, Philippines
Email: amelia.guevara@up.edu.ph

Cancer chemoprevention has gained widespread attention among bio-
medical scientists because it revolutionized the current cancer manage-
ment and proven effective in lowering cancer incidence worldwide.  To
find possible drug candidates in cancer prevention, this study evaluat-
ed the potential of the extracts and an isolate from an endemic plant,
Excoecaria philippinensis Merrill based on their ability to scavenge the
free radical DPPH (2,2’-diphenyl-1-picrylhydrazyl), inhibit the trans-
formation of the pre initiated murine epidermal JB 6 cells, and induce
differentiation of the human promyelocytic HL 60 cells.  Crude extracts
of the plant, which showed consistent bioactivities in the 3 assays, were
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fractionated using a bio-activity directed purification scheme yielding
the active isolate. The isolate was identified using spectroscopic tech-
niques such as NMR and MS.  Bioassay of the isolate resulted in a
dose-dependent DPPH free radical inhibition with IC50 of 4.11 µg/mL
comparable to the positive control gallic acid with IC50 of 3.03 µg/mL.
It effectively blocked the transformation of the pre initiated murine epi-
dermal JB 6 cells into a malignant phenotype at 4 µg/mL with 75.28%
inhibition while the positive control retinoic acid and the negative con-
trol DMSO have 87.25% and 0.89% inhibitions, respectively.
Furthermore, the isolate induced differentiation of HL 60 leukemia
cells determined by the NSE/SE assay with 57.18% differentiation at 4
µg/mL and exhibited 43.43% NBT reduction at the same concentration.
The positive control Vit. D3 exhibited 71.4% and 51.95% HL 60 dif-
ferentiation determined by the NSE/SE and NBT assays, respectively.
The non cytotoxic activity of the isolate as judged by the trypan blue
assay suggests that terminally differentiated cells stop dividing proba-
bly due to modulation of certain signal transduction pathways leading
to cell cycle arrest during the induction of cell differentiation. These
results confirm the correlation observed among antioxidants, the abili-
ty to inhibit pre neoplastic JB 6 cell transformation and induction of
differentiation in leukemic cells.  The results also suggest that the
endemic plant, Excoecaria philippnensis could be a potential source of
compounds for cancer prevention.

MH016
MITOCHONDRIAL DAMAGE IN THE TRABECULAR 
MESHWORK OF GLAUCOMATOUS PATIENTS
A Battistella (1), SC Saccà (2), C Cartiglia (1), M Longobardi (1), A
Izzotti (1)
(1) Department of Health Sciences, University of Genoa, Genoa, Italy
(2) Ophthalmology Unit, St. Martino Hospital, Genoa, Italy
Email: alessandra.battistella@hotmail.it

Oxidative damage to the trabecular meshwork, the tissue regulating
aqueous humour outflow in the eye, is a pathogenic mechanism con-
tributing to glaucoma, the main cause of irreversible blindness world-
wide. The source of this oxidative stress still remains to be identified.
Since no environmental risk factors for glaucoma is recognised, we
focused our attention on mitochondria, the main endogenous source of
reactive oxygen species. Mitochondrial damage was evaluated
analysing the common mitochondrial DNA (mtDNA) deletion by real-
time PCR in the trabecular meshwork of 79 primary open-angle glau-
comatous patients and 156 unaffected controls collected at surgery. In
the same samples, polymorphisms of genes encoding for antioxidant
defences (GSTM1), repair of oxidative DNA-damage (OGG1), and
apoptosis (FAS) were tested. MtDNA deletion was dramatically
increased in trabecular meshwork of glaucomatous patients versus con-
trols. This finding was paralleled by a decrease in the number of mito-
chondria per cell and by cell loss. Glaucomatous patients bearing the
GSTM1 null genotype showed increased amounts of mtDNA deletion
and a decreased number of mitochondria per cell as compared to
GSTM1 positive subjects. Patients bearing Fas homozygous mutation
showed a decreased number of mitochondria per cell only. The results
obtained indicate that the mitochondrion is a target for the glaucoma-
tous degenerative processes involved in the development of primary
open-angle glaucoma. Some subjects bearing adverse genetic assets
may be more susceptible.

MH017
INTERACTION OF NUCLEOTIDE EXCISION REPAIR FAC-
TORS XPC-HR23B, XPA AND RPA WITH DAMAGED DNA
NI Rechkunova, YS Krasikova, OI Lavrik 
Institute of Chemical Biology and Fundamental Medicine, Novosibirsk,
Russia
Email: nadyarec@niboch.nsc.ru
Topic(s): DNA damage responses

One of the most versatile DNA repair mechanisms in eucaryotes is
nucleotide excision repair (NER), which can remove a wide range of
lesions from DNA. In particular, in mammalian cells NER is the major
repair pathway to eliminate bulky DNA adducts, such as pyrimidine

dimers, arising upon UV irradiation, and chemical adducts, arising
upon exposure to carcinogens and some chemotherapeutic drugs. NER
defects lead to severe diseases, including some forms of cancer. The
interaction of NER factors XPC-HR23B, XPA, and RPA with 48-mer
DNA duplexes imitating damaged DNA was investigated using pho-
toaffinity labeling technique, footprinting and electrophoretic mobility
shift assay. It was demonstrated that proteins under investigation exhib-
ited low specificity of binding to damaged DNA compared to undam-
aged DNA duplex. RPA stimulated binding and crosslinking of XPC-
HR23B to DNA containing photoreactive nucleotide residue, 5I-
dUMP, in one strand and fluoresceine substituted analog of dUMP as a
bulky lesion in the opposite strand of DNA duplex. Stimulating effect
was shown to base on protein–protein interactions between RPA and
XPC-HR23B. The data on localization of XPC-HR23B on damaged
DNA obtained by affinity modification were in accordance with the X-
ray data for Rad4 (Min and Pavletich, 2007, Nature, 449, 570-575).
Using DNA duplexes containing photoreactive nucleotide residues in
the certain positions either in damaged or in undamaged strands, direct
evidence of preferential RPA contacts with the 5’-side of undamaged
strand was provided, however efficient crosslink with damaged strand
was also detected when 5I-dUMP was localized to the 5’-side from a
DNA damage. The same position yielded maximum level for the XPA
modification; in addition two contacts of this protein with undamaged
strand were detected. When these proteins were added simultaneously
we detected triple complex formation, different modification levels and
better protection from nuclease digestion that could reflect some con-
formational changes during the complex formation. These data permit
to create a scheme of RPA and XPA subunits localization on damaged
DNA during damage recognition process. This work was supported by
the Russian Foundation for Basic Research, project nos. 08-04-91202
and 09-04-00479.

MH018
DNA OXIDATION BY O2 AND H2O2 IN THE PRESENCE OF
Co(II)- OR Fe(II)-PHTHALOCYANINE-OLIGONUCLEOTIDE
CONJUGATES
A Kuznetsova (1, 2), L Solovieva (3), E Lukyanets (3), O Kaliya (3), D
Knorre (2), O Fedorova (1, 2)
(1) Novosibirsk State University, Novosibirsk, Russia; (2) Institute of
Chemical Biology and Fundamental Medicine, Siberian Division of
Russian Academy of Sciences, Novosibirsk, Russia; (3) State Scientific
Centre of the Russian Federation “NIOPIK”, Moscow, Russia
Email: sandra-k@niboch.nsc.ru

Some metal-phthalocyanine complexes are extensively used over the
last decades in the photodynamic and catalytic therapies of cancer. The
antitumor action of these complexes is connected with the production
of ROS, which induce oxidative degradation of DNA and others mole-
cules and lead to death of the cancer cells. The present work was aimed
at the investigation of single-stranded oxidation of DNA by O2 and
H2O2 in complementary complexes with Co(II)- or Fe(II)-phthalocya-
nine-oligonucleotide conjugates (MePcneg). In addition, the ssDNA
oxidation by O2 and H2O2 in the presence of dimeric complexes of
negatively and positively charged Fe(II)- and Co(II)-phthalocyanines
(MePcpos•MePcneg) was investigated. These complexes were formed
directly on ssDNA due to complex formation between negatively
charged phthalocyanine MePcneg consisting of conjugate and positive-
ly charged Co(II)- or Fe(II)-phthalocyanine (MePcpos) in solution. We
have shown that ssDNA is efficiently damaged in the presence of
H2O2 and complementary conjugate MePcneg-oligonucleotide. The
dimeric complexes MePcpos•MePcneg showed significant increase of
catalytic activity compared with MePcneg. MePcpos•MePcneg cat-
alyzed the DNA oxidation by O2 with high efficacy and led to direct
DNA strand cleavage. In all cases the guanine residues located close to
the source of the oxidizing species in the complementary complex were
the most susceptible to modification. We investigated the dGMP oxida-
tion as a model compound to provide molecular insight into the struc-
ture of guanine lesions generated by metallophthalocyanine-oligonu-
cleotide conjugates. The dGMP oxidation by O2 catalyzed by MePc led
to formation of 1,N2-glyoxal-adduct of dGMP and 7,8-dihydro-8-oxo-
dGMP. The formation of 8-oxoguanine derivatives, as well as the prod-
ucts of sugar oxidation, could be evidence of several oxidizing species
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in the reaction mixture: hydroxyl radicals and high valent metal-oxo
species. The obtained results show that MePc as a reactive group with-
in oligonucleotide conjugates are very effective towards DNA oxida-
tion O2 and H2O2. Supported by a Grant from RFBR (08-04-00334-a),
President Grant (652.2008.4), U.M.N.I.K. 8775, Grant from Russian
Ministry of Education and Sciences (2.1.1/1499).

MH019
SODIUM ARSENITE ENHANCES THE EXPRESSION OF ββ2
INTEGRIN
TC Wang, 
Institute of Cellular and Organismic Biology, Academia Sinica in
Taiwan
Email: tcwang@sinica.edu.tw

Arsenic is a ubiquitous element on earth shown genotoxic to human.
Long-term exposure to arsenic is associated with an increased risk of
various kinds of cancer in epidemiological studies. Besides, arsenic is
identified as one of the major risk factors for an endemic peripheral
vascular disease, blackfoot disease, in Taiwan. Residents in endemic
areas of this disease were reported to drink high-arsenic–tainted arte-
sian well water for more than 50 years. In this country, the long-term
ingestion of high-arsenic drinking water also was linked to cardiovas-
cular disease, such as ischemic heart disease, coronary heart disease.
Arsenic-associated atherogenesis has been proposed as one of the pos-
sible mechanisms involved. Events of endothelium damage,
mononoyte adhesion to endothelium and smooth muscle cell prolifera-
tion characterize the initiation of the atherosclerotic lesion. Arsenic has
been demonstrated to cause damage to endothelial cells and to stimu-
late smooth muscle cell proliferation. Whether the arsenic may induce
atherosclerosis through its interference with monocyte adhesion, how-
ever, has not been documented. We thus aimed to investigate change of
the monocytic adherence under arsenic treatment to elucidate the
pathogenesis of vascular effect associated with arsenic pollution. A
human myeloblastic leukemia cell with promyelocytic features was
used as a model here. Regulation of monocytic adhesion involves
expression of β2 integrins, which share a common β subunit, CD18,
and have distinct β chains, CD11a, 11b and 11c. Influence of their
expression by arsenic treatment was examined. Since increasing in
oxidative stress has been proposed as one of the possible mechanisms
for arsenic-induced atherosclerosis, antioxidants were used to investi-
gate the association between oxidative stress and adhesion molecule
expression induced by arsenic. The enhancement of adhesion molecule
expression is likely due to the activation of various signaling pathway.
Members of MAPK family that are activated by dual phosphorylation
on both tyrosine and threonine residues have been implicated in the
transduction of a wide variety of extracellular signals. Investigations on
the influence of MAPK pathways on arsenic-induced adhesion mole-
cules expression therefore were included.

MH020
INFLUENCE OF SEX ON SUBCHRONIC TOXICITY OF 
ERYTHROPHLEUM SUAVEOLENS PLANT EXTRACTS IN
RABBITS
WA Abia (1), O Arojo (2), I Nmeka (3), D Mingel (4), A Aliyu (5).
(1) Laboratory of Pharmacology and Toxicology, Department of
Biochemistry, Faculty of Science, University of Yaounde I, Yaounde
Cameroon;  (2) Department of Veterinary Medicine, University of Ibadan,
Nigeria; (3) Institute of Medical Laboratory Sciences, National Veterinary
Research Institute, Vom, Nigeria; (4) Department of Chemical
Engineering, University of Cape Coast, Ghana; (5) Biochemistry
Department, National Veterinary Research Institute, Vom, Nigeria
Email: abiawilfred@yahoo.com

Background/Aims: Erythrophleum suaveolens is an expensive medici-
nal plant of African origin. It is known to be toxic to humans and other
animals. Nonetheless, knowledge on its sub-chronic toxicity is limited.
The research sought to investigate sub chronic toxicity of
Erythrophleum suaveolens plant extract in rabbits at 2.5 and 5.0mg/kg
body weight/day dose levels, and find out the influence of gender on
the toxicity. Methods: The extracts were daily administered orally by

gavage to male and female rabbits for 8 weeks at dose levels of 2.5 and
5.0mg/kg, while control male and female groups took water. During the
test period, mortality, clinical signs and changes in body weight were
recorded. Hematological and serum biochemical parameters were
determined. Furthermore, necropsy and histopathological examinations
were done. Results: Neither mortality nor clinical signs were observed.
A general significant (P < 0.05) increase in body weight was noted in
all groups. Hematological parameters reported significant differences
(P < 0.05) in rabbits in high-dose groups, irrespective of sex.
Biochemical parameters showed no significant differences (P > 0.05).
However, both hematological and biochemical parameters prior and
post experiment, were within reference ranges. Necropsy revealed
lesions in lung, liver, kidney and brain. Histopathological examination
confirmed the observed lesions and further revealed mild cellular hepa-
tocyte infiltration in both control and test rabbits, suggesting that the
lesions are probably not-extract-related. Conclusion: Based on the
aforementioned findings, it is probable that 5.0mg/kg body weight/day
of aqueous extract of fresh leaves of Erythrophleum suaveolens has no
observable toxicity effect in rabbits irrespective of sex. Key words: sex,
sub-chronic toxicity, rabbits, NOAEL, Erythrophleum suaveolens

MH021
EFFECTS OF OPIUM ADDICTION ON SOME SERUM FAC-
TORS OF ALLOXAN-INFUCED DIABETIC RATS.
kM El-Mokadem(1),SM Ahmed(1)
(1) Assiut Lab.of Midico-legal Department, Ministry of Justice, Assuit
Branch, Egypt.
Email: kh_elmo2000@yahoo.com

This study was carried out to determine the effect of opium on bio-
chemical parameters in addicted rats. Traditional opium was given
orally (10mg / kg body weight) to all experimental rats except the con-
trol negative (normal health) group for 30 days. Diabetes mellitus was
induced in adult male albino rats, using intra- peritoneal injection of
120 mg / kg BW. Blood glucose, serum insulin, total protein, urea, cre-
atinine, alanine aminotransferase (ALT), aspartate aminotransferase
(AST), triglycerides (TGs) and total cholesterol were measured in the
serum of rats. Serum total protein, ALT and AST were lower compared
to non-addicted diabetic rats. Cholesterol and triglycerides tend to be
lower in addicted diabetic rats. Creatinine and urea were higher in
addicted diabetic rats compared to non-addicted diabetic rats.
According to our results, opium increases serum insulin and decreases
serum glucose but non-significantly, and thus adds to metabolic disor-
ders in diabetic rats. These results suggest that opium reduces blood
glucose in diabetic rats and the mechanism of this effect is unclear.

MH022
TOXICITY OF CHLORINATED BENZO[A]PYRENE
T Nishimura , K Shimizu , R Kubota , N Sugimoto 
Division of Environmental Chemistry, National Institute of Health
Sciences, Tokyo, Japan
Email: nishimur@nihs.go.jp

Many kinds of polycyclic aromatic hydrocarbons (PAHs) are dis-
charged from various emission sources in air environment and in aque-
ous environment. PAHs discharged in the atmosphere are flowed into
aqueous environment through natural falling or rain water. It seems
PAHs are received the changes (oxidation, reduction, decomposition,
substitution, conjugation etc.) by chemical reaction in the aqueous
environment, photoreaction, metabolism of the aquatic organism and
various treatment processes. Especially, in the case of raw water for
drinking water source, these compounds are exposed chlorine in the
process for the disinfection in drinking water treatment plant and then
are reacted oxidation and/or chlorine displacement. Among disinfec-
tion by products, there are many compounds causing the adverse effect
to the human. It is guessed that PAHs are also similarly changed to var-
ious reaction products by chlorination in the process for the disinfec-
tion. Additionally, it is afraid the reaction products affect on human
health by drinking. However, there is not much information on the
reaction products of PAHs by chlorination in drinking water treatment
plant. Among PAHs, benzo[a]pyrene (B[a]P) is most commonly detect-
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ed in various environmental samples and might play harmful effect on
human and wild lives. We have examined focusing on B[a]P. The chlo-
rinated forms of B[a]P, mono-chlorinated B[a]P and dichlorinated
B[a]P, were identified by gas chromatography with mass spectrometric
detector in selected ion monitoring (SIM) mode in water sample con-
taining B[a]P after chlorination. Now, we have not obtained the high
purity standard materials of chlorinated B[a]P as a commercial product.
So, mono-chlorinated B[a]P and dichlorinated B[a]P were synthesized
and were identified the purity by quantitative NMR method as the stan-
dard for the evaluation of toxicity. We have examined the cytotoxicity
using cultured cells for 24 hours, HepG2 cells and mouse undifferenti-
ated embryonic stem cells. Chlorinated B[a]Ps showed the significant
cytotoxicity highest in comparison with B[a]P in both cells. Both chlo-
rinated B[a]P and dichlorinated B[a]P showed the mutagenicity at less
concentration than original B[a]P both without and with metabolic acti-
vation by the umu test.

MH023
INHIBITORY EFFECTS OF CATECHINS AGAINST THE
WEAK MUTAGENICITY OF (–)-EPIGALLOCATECHIN IN
CHL/IU CELLS
K Wada, K Matsumoto (1)
(1) The Institute of Environmental Toxicology, Ibaraki, Japan.
Email: wada@iet.or.jp

Anticancer and anti-mutagenic effects of tea have been receiving great
attention. (–)-Epigallocatechin-3-O-gallate (EGCG), which is one of
green tea catechins, plays a major role in these beneficial effects.
Recently, we reported (–)-epigallocatechin (EGC) had a weak muta-
genic activity in vitro. Research on an interaction between the weak
mutagenic catechin (EGC) and the other tea catechins ((–)-
Epicatechin-3-O-gallate (ECG), EGCG, (–)-Epicatechin (EC)) is
important for risk assessments of green tea. In this study, we investigat-
ed such interaction by the chromosome aberration test and the comet
assay using Chinese hamster CHL/IU cells. As a result, ECG complete-
ly prevented chromosome aberrations and DNA damage by EGC,
which suggested a strong anti-mutagenic effect. EGCG, which is
known for its high activity of anti-mutagenic effect, prevented DNA
damage but showed no preventive effects against chromosome aberra-
tions. EC showed no anti-mutagenic effects. Hydrogen peroxide
(H2O2) was responsible for the mutagenicity of EGC because catalase,
which decomposes H2O2 into water and oxygen, inhibited chromo-
some aberrations caused by EGC. Therefore, we mixed ECG and
EGCG each with H2O2 to confirm that their mode of action is similar
to catalase. ECG prevented chromosome aberrations and DNA damage
by H2O2 while EGCG did not prevent chromosome aberrations. From
these results we conclude that the mutagenic mechanism of EGC is a
production of hydrogen peroxide of which mutagenicity is prevented
by the catalase-like activity of ECG. The fact that EGCG did not show
catalase-like activities indicated possible different anti-mutagenic
mechanisms against the weak mutagenicity of EGC.

MH024
OXIME REACTIVATORS OF AChE INDUCE DNA DAMAGE
IN HepG2 CELLS
M Pezdirc, J Petkovi�, M Filipi�
National Institute of Biology, Department of Genetic Toxicology and
Cancer Biology, Ljubljana, Slovenia
Email: marko.pezdirc@nib.si

Oximes are nucleophilic substances that reactivate the organophospho-
rus ester inhibited acetylcholinesterase (AChE) by removing the
organo-phosphoryl moiety and thus restoring AChE activity. They are
used for treatment of poisoning with organophosphorus AChE
inhibitors and are currently the only clinically available enzyme reacti-
vators. The antidote properties of oxime reactivators are well explored,
whereas the information on their toxic and genotoxic properties is very
limited. Acute toxicity for rodents is relatively high (LD50 for prali-
doxime (2-PAM) is 263,6 mg/kg and LD50 for obidoxime is 188,4
mg/kg), and seems to be due to their own AChE-inhibiting potency.
There has been also concern regarding possible hepatotoxicity of cer-

tain oximes. We examined cytotoxicity and genotoxicity of prali-
doxime and obidoxime in human hepatoma HepG2 cells. The cells
were exposed to graded doses of reactivators (0.01 – 3 mM) for 24 h,
and then the viability was determined with the MTT assay, and geno-
toxicity with the comet assay. Pralidoxime was not cytotoxic, while
obidoxime reduced viability of HepG2 cells for 32 % only at highest
tested concentration (3 mM). Both reactivators, at doses 0.11 – 3 mM,
induced strong, dose dependent increase in DNA damage, comparable
to that of benzo(a)pyrene, which was used as the positive control. In the
literature survey we found no genotoxicity studies of oxime-reactiva-
tors, and we are the first who showed their genotoxic potential. This
result indicates that further studies are needed to explore the mecha-
nisms of genotoxicity of oxime-reactivators in order to assess their risk
for human health particularly when they are used for prophylaxis.

MH025
EFFECT OF STATIC MAGNETIC FIELDS ON THE 
INDUCTION OF MICRONUCLEI IN MICE.-A POSSIBLE
MECHANISM-
Y Suzuki1), Masateru Ikehata1)2), H Yanagisawa 1)
1)Department of Public Health and Environmental Medicine, Jikei
University School of Medicine, 3-25-8 Nishishinbashi, Minato-ku, Tokyo,
105-8461 Japan +81334331111 ext. 2266 2)Biotechnology Laboratory,
Environmental Engineering Division, Railway Technical Research
Institute
Email: suzuki@jikei.ac.jp

We have previously found that strong static magnetic fields (SMF)
itself induce micronuclei and increase the frequency of micronuclei
induced by several mutagens (Mutagenesis. 2001 and Environ. Health
and Prev. Med. 2006). In the present study, we investigated the effects
of antioxidant chemical (ascorbic acid) on co-mutagenic effect of SMF
and radical-generating chemicals and X-ray using in vivo mouse bone
marrow micronucleus test. Moreover, 8-hydroxy-deoxyguanosine (8-
OHdG) in bone marrow cells was determined to examine the status of
oxidative stress. BALB/c mice were treated with ascorbic acid at a dose
of 200 mg/kg body weight for 20 minutes before injection of doxoru-
bicin (DOX: 6 mg/kg), mitomycin C (MMC: 0.5 mg/kg) or X-ray (0.5-
6 Gy). Mice were then immediately exposed to a 5 T (tesla) SMF for
24 hours. After exposure to the SMF, bone marrow smears were stained
with May-Grünwald Giemsa. The number of micronucleated polychro-
matic erythrocytes in 1000 polychromatic erythrocytes was counted in
each animal under a light microscope. DNA from bone marrow cells
was extracted by NaI method. Extracted DNA was hydrolyzed by
nuclease P1 and alkaline phosphatase, and then did ultrafiltration of the
hydrolyzate with Microcon YM-10 filter. 8-OHdG concentration was
measured by an ELISA Kit. Ascorbic acid itself did not induce
micronuclei. The frequency of micronuclei induced by DOX, MMC or
X-ray was increased by co-exposure to SMFs, but these increases were
inhibited by pretreatment with ascorbic acid. Moreover, 8-OHdG of
bone marrow cells was increased significantly after 24 hours exposure
to 5 T SMF. 8-OHdG concentration in DNA by irradiation to X-ray (0.5
and 1 Gy) increased significantly after 24 hours co-exposure to 5 T
SMF. These increases of 8-OHdG concentration were suppressed by
pretreatment of ascorbic acid. From these results, it is suggested that
SMF exposure would have a potential to enhance micronuclei in mouse
bone marrow cells by affecting on behavior of free radical species pro-
duced within cells.

MH026
UREA, THE MOST ABUNDANT COMPONENT IN URINE,
CROSS-REACTS WITH A COMMERCIAL 
8-HYDROXYDEOXYGUANOSINE ELISA KIT 
K Kawai (1), M-F Song (1), Y-S Li (1), Y Ootsuyama (1), H Kasai (1),
M Ohta (1), Y Eguchi (1), H Yamato (1), Y Matsumoto (2, 3), R
Yoshida (3), Y Ogawa (2, 3) 
(1) University of Occupational and Environmental Health, Kitakyushu,
Japan; (2) Kitasato University, Sagamihara, Japan; (3) National
Institute of Occupational Safety and Health, Kawasaki, Japan
Email: kkawai@med.uoeh-u.ac.jp
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8-Hydroxy-2’-deoxyguanosine (8-OH-dG, also called 7,8-dihydro-8-
oxo-dG) is one of the major types of oxidative DNA damage and is
often analyzed as a marker of physiological and pathological oxidative
stress. 8-OH-dG has been analyzed by ELISA  and LC-MS-MS meth-
ods, in addition to the HPLC-ECD method. Among them, the ELISA
method is most often used for urinary 8-OH-dG analysis. However,
discrepancies have been observed between the data obtained by the
ELISA and HPLC methods. It suggests that the monoclonal antibody
for 8-OH-dG (N45.1) is not sufficiently specific for urinary 8-OH-dG
detection, and may cross-react with other urinary components. If the
ELISA kit recognizes urine components other than 8-OH-dG, it may
yield misleading results, and interrupt scientific progress in the field of
free radical biology. As an approach to clarify above problems, we frac-
tionated a human urine sample by HPLC and examined the urine com-
ponents that cause competitive inhibition in the ELISA. [Results and
Discussion] In addition to the 8-OH-dG fraction, a positive reaction
was observed in the first eluted fraction. The components in this frac-
tion were examined by the ELISA. As a result, urea was found to be the
responsible component in this fraction. Urea is present in high concen-
trations in the urine of mice, rats and humans, and its level is influenced
by many factors. Therefore, certain improvements, such as a correction
based on urea content or urease treatment, are required for the accurate
analysis of urinary 8-OH-dG by the ELISA method. Furthermore, we
found that performing the ELISA at 4 ˚C reduced the recognition of
urea and improved the 8-OH-dG analysis by ELISA. However, at 4 ˚C,
the ribonucleoside 8-OH-G, which has a different source from that of
8-OH-dG, cross-reacted with the ELISA in addition to urea. Therefore,
further improvements are required for the accurate analysis of urinary
8-OH-dG by the ELISA method.

MH027
ANEUPLOIDY INVOLVING CHROMOSOME 1 MAY BE AN
EARLY PREDICTIVE MARKER OF INTESTINAL TYPE
GASTRIC CANCER.
L Williams1, A Somasekar2,3, DJ Davies2, J Cronin2, SH Doak2, R
Alcolado1, JG Williams3, AP Griffiths4, JN Baxter4 and GJS Jenkins2
1)Royal Glamorgan Hospital, Ynysmaerdy, Llantrisant, UK CF72 8XR.
2)Institute of Life Science, Swansea School of Medicine, Swansea
University, Swansea.UK SA28PP. 3) Neath PortTalbot Hospital,
Abertawe Bro Morgannwg University NHS Trust. Baglan Way, Port
Talbot, UK SA12 7BX. 4)Morriston Hospital, Abertawe Bro
Morgannwg University NHS Trust, Morriston, UK SA66NL.
Email: g.j.jenkins@swansea.ac.uk

Intestinal type gastric cancer is still a significant cause of mortality,
therefore a better understanding of its molecular basis is required. In
early gastric carcinogenesis high levels of oxygen free radicals are
known to drive mutation and signalling abnormalities. We assessed if
either aneuploidy or NF-kB activity increased incrementally during
pre-malignant gastric histological progression, if they could be useful
Biomarkers and also if they correlated with each other in patient sam-
ples, as they are both induced by oxygen free radicals. In a prospective
study of 54 (aneuploidy) and 59 (NF-kB) consecutive patients, aneu-
ploidy was assessed by interphase FISH for chromosome 1 using exfo-
liated cells collected by brush cytology during endoscopy. NF-kB was
assessed in gastric biopsies through expression of IL-8 mRNA, and in
a subset, by immunohistochemistry for active NF-kB (p65 subunit).
Aneuploidy levels increased incrementally across the histological
series: 2.76% of exfoliated gastric cells with normal histology (95% CI,
2.14% - 3.38%) showed aneuploidy for chromosome 1, this increased
to averages of 3.78% (95% CI, 3.21% – 4.35%), 5.89% (95% CI,
3.72% – 8.06%) and 7.29% (95% CI, 4.73% - 9.85%) of cells from
patients with gastritis, H. pylori positive gastritis and atrophy/intestinal
metaplasia respectively. In contrast, IL-8 expression was only
increased in patients with current H. pylori infection. NF-kB analysis
showed some increased p65 activity in all inflamed tissue types. IL-8
expression and aneuploidy level were not linked in individual patients.
Aneuploidy levels increased incrementally during histological progres-
sion; were significantly elevated at very early stages of gastric neoplas-
tic progression and could well be linked to cancer development and
hence used to assess cancer risk. Oxygen free radicals induced in early
gastric cancer are presumably responsible for the step wise accumula-

tion of this particular mutation. Hence, aneuploidy measured by FISH
using cells collected by brush cytology, would be worthy of considera-
tion as a predictive marker in gastric cancer and could be clinically use-
ful in pre-malignant disease to stratify patients by their cancer risk.

MH028
EVALUATION OF OXIDATIVE DAMAGE INDUCED BY 
ENVIRONMENTAL CIGARETTE SMOKE (ECS) IN
DROSOPHILA
M Fujiwara(1), Y Hamatake(1), S Arimoto(1), T Suzuki(2), T
Negishi(1)
(1)Graduate School of Medicine, Dentistry and Pharmaceutical
Sciences, Okayama University, Tsushima, Okayama 700-8530;
(2)School of Pharmacy, Shujitsu University, Nishigawara Okayama
703-8516, Japan.
Email: gph20061@cc.okayama-u.ac.jp

Epidemiological evidence indicates that tobacco smoke is harmful for
our health. Although many investigations document the damage induced
by mainstream cigarette smoke, there is less experimental data regarding
the biological effects induced by environmental cigarette smoke (ECS).
In this study, we examined the effect of exposure to ECS on the viabili-
ty of Drosophila using 3 wild-type strains (Oregon-R, Hikone-R and
Canton-S) and two mutant strains (y v ma-l and ry1) that are sensitive to
oxidative stress. Viability was expressed as the ratio of the number of
adult flies coming from exposed larvae to that from unexposed larvae.
When larvae were exposed to ECS for 4 h, the viabilities of mutant
strains (y v ma-l and ry1) were significantly lower than those of Oregon-
R and Hikone-R, and at 6 h of exposure their survivals were 35%, 47%,
73% and 78%, respectively. These mutants lack xanthine oxidase activi-
ty and are therefore urate-null. As uric acid is thought to function as an
important antioxidant in Drosophila, these results suggest that ECS
induces oxidative damage in larvae. We observed that oxidative damage
should also occur in germ cells. When we measured the amount of uric
acid in larval body fluid, the amount of uric acid in Oregon-R increased
significantly and unexpectedly after 6 h of exposure. In y v ma-l and ry1
the amount of precursors of uric acid, such as xanthine and hypoxyan-
thine, increased according to the exposure time. These results suggest
that the synthesis of uric acid is stimulated during exposure to protect the
larva from oxidative stress. However, the survival of Canton-S, a wild-
type strain, decreased to a level similar to the urate-null mutant, despite
an increased amount of uric acid. This suggests that larvae have other
systems against oxidative stress that might be deficient in Canton-S. The
level of glutathione is considered important for regulation of oxido-redox
status in a cell. The amount of glutathione decreased by over 90% and
45% in y v ma-l and the wild-type, respectively, compared to amounts
measured before exposure to ECS. This suggests that glutathione is also
one of the important antioxidants in Drosophila, especially in urate-null
strains.

MH029
ARSENIC LEVEL IN PROSTATE CANCER PATIENTS AND
THE ATTENUATION OF ACCUMULATING MUTATIONS BY
NUTRITIONALLY ESSENTIAL ELEMENTS IN PROSTATE
CARCINOGENESIS
J I Anetor (1, 3) S A Yaqub (1) EO Olapade-Olaopa (2)
1. Micronutrient and Toxicology Unit Department of Chemical Pathology
College of Medicine, University of Ibadan, Nigeria 2. Urology Division
Department of Surgery College of Medicine, University of Ibadan, Nigeria
3. Department of Chemical Pathology School of Clinical Medicine
Igbinedion University, Okada, Nigeria
Email: anetorji @yahoo.com or jnetor@coui.edu.ng

Prostate cancer (PCa) ranks amongst the most common cancers in men.
Arsenic has been implicated in experimental prostate carcinogenesis.
Environmental exposure to arsenic (As) is prevalent in many industria-
lized and industrializing nations. Arsenic is currently one of the highest
priority hazardous substances globally and well recognized for its toxi-
city and carcinogenicity. As with other solid tumors, accumulation of
mutations and decline in DNA repair during aging may lead to PCa
.The extent of involvement and mechanisms of nutritionally essential
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elements is uncertain. Sixty clinically diagnosed PCa patients, mean
age 65.0 ±13.0 with elevated levels of prostate specific antigen (PSA)
and forty apparently healthy men with benign prostate hyperplasia
(BPH), mean age 63.0 ± 10.0 exhibiting PSA levels in the normal range
(0-4µg/l) were selected for the study. Plasma arsenic level (for stoichio-
metry) and those of zinc (Zn), copper (Cu), phosphate and the endoge-
nous antioxidant, uric acid were determined in both patients and con-
trols. Arsenic level in PCa patients and controls were similar (P>0.05).
Inorganic phosphate, an antagonist of As was also similar in both
patients and controls. Zinc level was significantly lower in PCa patients
than in controls (P<0.05). Copper levels were very similar in both
patients and controls. Uric acid level though lower in PCa patients was
not significant. Expectedly PSA was significantly higher in the patients
than in controls (P<0.001); over 60-fold level in controls and was not
significantly correlated with As. Interestingly, Zn that was significantly
lower in PCa patients was significantly positively correlated with As (r
= 0.21; P<0.05) and inversely correlated with PSA but not significan-
tly. Other correlations were not significantly different. These complex
data contribute to and extend the on going debate on the involvement
of arsenic in human prostate carcinogenesis. Zinc is a co-factor in pro-
teins involved in antioxidant defenses, DNA repair and p53 protein
expression. These findings may suggest an attempt by the nutritionally
essential elements particularly Zn to enhance DNA repair, reduce high
error rates in DNA repair and attenuate the accumulating mutations
characteristic of prostate carcinogenesis.

MH030
COMPARATIVE STUDY OF BETA-CAROTENE AND 
BETA-CAROTENE MICROENCAPSULATED. EVALUATION
OF THEIR CYTOTOXIC, MUTAGENIC AND 
ANTIMUTAGENIC EFFECTS
AF Aissa (1), JC Ribeiro (1), AZ Mercadante (2), LMG Antunes (1),
MLP Bianchi (1)
(1) Faculdade de Ciências Farmacêuticas de Ribeirão Preto, Universidade
de São Paulo, Ribeirão Preto, SP, Brazil. (2) Faculdade de Engenharia de
Alimentos, Universidade de Campinas, Campinas, SP, Brazil.
Email: afaissa@fcfrp.usp.br

The great number of food colorants available, both natural and synthet-
ic, has led researches to assess the mutagenic and antimutagenic of
these compounds. Many natural colorants have antimutagenic potential
in at least one test system, but this does not mean that natural colorants
are innocuous. In this context, beta-carotene microencapsuled (BCM)
became a very useful colorant, due to its antioxidant functions.
Therefore, the present study was undertaken to investigate the cytotox-
icity, mutagenicity, and antimutagenicity of beta-carotene pure (BC)
and BCM by a spray drier in Wistar rat bone marrow cells, evaluated
by micronuclei test. The treatment was performed with two doses of
carotenoid (2.5 or 5 mg/kg b.w.) pure or microencapsulated, by gavage
for 14 days; followed by application of saline or the antitumoral dox-
orubicin (DXR, 16 mg/Kg b.w.), used as a mutagenic agent, just after
the last gavage, intraperitoneally. The animals were divided in 14
groups (n=6/group), and were sacrificed 24 h after the intraperitoneal
injection. The results obtained showed lack of cytotoxic or mutagenic
effects in the animals treated with this carotenoid, except BC that
induced micronucleus in bone marrow cells at the highest dose, in com-
parison with negative control (p<0.05). Animals treated with a single
dose of DXR presented a statistically significant increase in the fre-
quency of micronucleus when compared to negative control (p<0.05).
The results indicate that the association between BC or BCM with
DXR could be effective in protecting against DXR-induced micronu-
cleus formation in animals that received the carotenoid. Furthemore,
the association between BCM and DXR was no more effective than BC
and DXR in the inhibition against chromosome damage induced by
DXR. The decrease in the micronucleus formation can be explained by
the antioxidant properties of this carotenoid. Nevertheless, when a
higher dose is administrated, the cleavage products of beta-carotene
could increase the reactive oxygen species, potentializing the micronu-
cleus formation. Due to insufficient published data concerning the
effects of microencapsulated carotenoids on the cellular mechanism,
more studies must be done to evaluate the kinetics of this compound.
Financial Support: FAPESP.

MH031
GENETIC MARKERS OF SUSCEPTIBILITY INVOLVED IN
PROSTATE CANCER
H Kuasne (1), IS Rodrigues (1), R Losi-Guembarovski (1), PE Fuganti (2),
EP Gregório (2), F Libos Junior (2), MAF Rodrigues (4), MO Kishima (3),
MB Reis (1),  SR Rogatto (5), RM Santos (5), IMS Cólus (1)
(1) Department of General Biology, Biological Science Center, Londrina
State University, Londrina, Pr, Brazil; (2) Londrina Hospital of Cancer,
Londrina, Pr, Brazil; (3) Department of Pathology, Health Science Center,
Londrina State University, Londrina, Pr, Brazil; (4) Department de Surgery,
Health Science Center, Londrina, Londrina, Pr, Brazil; (5) Faculty of
Medicine of Botucatu, São Paulo State University “Júlio de Mesquita
Filho”, Botucatu, SP, Brazil
Email: khellenk@yahoo.com.br

The prostate cancer is the second cause of death in Brazilian men. One
relevant factor for this disease is the presence of allelic variants in
genes involved with prostate cancer development. Polymorphisms in
the genes belonging to the androgen pathway, as the Androgen
Receptor (AR) and Prostate Specific Antigen (PSA), DNA repair path-
way (APEX1 and XRCC1) and metabolism of drugs (CYP1A1,
CYP1B1, CYP3A4, GSTM1 and GSTT1) are particularly important
because they may contribute to a higher risk of cancer and tumor pro-
gression. The aim of this study was to analyze the impact of polymor-
phisms in these genes in relation to prostate cancer risk. Blood samples
from 177 patients and 177 matched controls were obtained for DNA
analysis and all genotypes were evaluated by based PCR methods.
Beyond the blood sample, tumors from 60 patients were genotyped by
a fragment analysis on an automated DNA sequencer to verify the
length of the CAG repeats of AR gene. The polymorphisms were cor-
related with clinical and pathological parameters to examine its relation
with aggressiveness. The statistical tests used were OR (Odds Ratio CI
= 95%), Chi-square and ANOVA. The variants of the genes APEX1
(G/G) (OR=1.68, CI95% 1.1-2.58) and PSA(G/G) (OR=1.75, CI95%
1.05-2.92) increased the risk for the development of prostate cancer;
the same was found for the short CAG of AR gene (OR=1.89, CI95%
1.21-2.96). The results obtained to the variants of CYP1B1(T/T)
(OR=1.55, IC 95% 0.98-2.47) and CYP3A4(G/G) (OR=1.51, IC95%
0.97-2.37) were in the limit of the statistical significance. The com-
bined analysis of the genes PSA and AR showed a double risk for the
neoplasia (OR=2.02, CI 95% 1.07-3.82), as well as the combined geno-
types of variants CYP1A1 (G/G), CYP1B1(T/T) and CYP3A4(G/G)
(OR=2.55, IC95% 1.08-5.99). Furthermore, the short repeats of CAG
(OR=8.8, IC95% 1.06-73.05), the genotype G/G of PSA gene
(OR=2.54, IC95% 1.27-5.07) and the variant CYP1A1(G/G) (p=0.038)
were related with high tumoral aggressiveness. The tumoral analysis
showed that 38.3% of the samples had instability of microsatellites. In
conclusion, our results shown that polymorphisms in the genes AR,
PSA, APEX1, CYP1B1, CYP3A4, and CYP1A1 may be indicated as
potential markers of susceptibility and prognostic for prostate cancer. 
Financial Support: Fundação Araucária, CAPES-DS and CNPq-PQ

MH032
N – NITROSODIETHYLAMINE (NDEA) GENOTOXICITY
EVALUATION: A CYTOCHROME  P450 INDUCTION STUDY
IN RAT HEPATOCYTES
CAF Aiub (1), G Gadermaier (2), IO Lira(1), F Ferreira (2), I
Felzenszwalb (1), LF Ribeiro Pinto (3), P Eckl (4)
(1) Department of Biophysics and Biometry Rio de Janeiro State
University, 20551-013, Rio de Janeiro, Brazil (2) Department of
Molecular Biology Salzburg University, A-5020, Salzburg, Austria (3)
Department of Biochemistry, Rio de Janeiro State University, 20551-013,
Rio de Janeiro, Brazil and (4) Department of Cell Biology, Division of
Genetics, Salzburg University, A-5020, Salzburg, Austria
Email: uerj.felzen@gmail.com

Hepatocytes are the most suitable model to investigate CYP induction
and their relation with drug metabolism. In rats N-nitrosodiethylamine
(NDEA) induces tumours mainly in the liver, due to different enzymes
responsible for its metabolic activation. Our goal was to correlate the
NDEA genotoxicity (micronuclei and mitotic index) and cytotoxicity
approaches (survival, apoptosis and necrosis rates) in primary cultures
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of female rat hepatocytes with different CYPs mRNA expression. DNA
fragmentation is a marker for genotoxic effects confirmed by micronu-
clei assay and chromosomal aberration. Single incubation with NaCl
0.9% used as negative control resulted in apoptotic cells of 0.2 % and
twice in the presence of NDEA, at 105 µg/mL. The number of necro-
sis was twice of the control. Beside the cytotoxic effects, a decrease (4
times) on mitotic index and percentage of micronuclei cells (3 times)
was observed. A significant increase on MN cells was detected when
hepatocytes were incubated in the presence of NDEA at 2.1 µg/mL.
Chromosomal aberrations revealed no significant differences on DNA
damage induced by NDEA, although it was observed a discrete dose-
response curve. The NDEA treatment induced an alteration on CYPs
mRNA: an increase on CYP2B2 (1.8 times) and CYP2E1 (1.6 times)
for no cytotoxic NDEA concentrations (0.21-21 µg/mL); for CYP2B1
it was detected an increase on mRNA levels only at 0.21 µg/mL (2.5
times) and 1.3 times for CYP4A3; and an increase of mRNA CYP3A1
(1.9 times), at 2.1 µg/mL. Discrimination of various cumulative effects
in target cells during carcinogenesis is crucial to understand the mode
of action of potential carcinogens and develop comprehensive chemi-
cals toxicity profiles. The metabolic activation can lead to the local for-
mation of DNA adducts, impairment of bases and DNA breaks . The
increase in MN induction became close to the mitotic index suggesting
that the DNA repair can be inactive. NDEA besides being metabolized
to reactive electrophiles, can generate  reactive oxygen species. The
uncoupling of electron transfer and oxygen reduction from monooxy-
genation by CYP2B1, CYP2B2 and CYP2E1 could result in the release
of O2•− and H2O2 and consequently the increase of DNA damage.
Support: OEAD, CAPES, CNPq, Faperj, SR2-Uerj.

MH033
N – NITROSODIETHYLAMINE (NDEA) GENOTOXICITY
EVALUATION: PHENOBARBITAL CYTOCHROME P450
INDUCTION STUDY IN RAT HEPATOCYTES
CAF Aiub (1), G Gadermaier (2), IO Lira(1), F Ferreira (2), I
Felzenszwalb (1), LF Ribeiro Pinto (3), P Eckl (4)
(1) Department of Biophysics and Biometry State University, 20551-013,
Rio de Janeiro, Brazil (2) Department of Molecular Biology Salzburg
University, A-5020, Salzburg, Austria (3) Department of Biochemistry, Rio
de Janeiro State University, 20551-013, Rio de Janeiro, Brazil and (4)
Department of Cell Biology, Division of Genetics, Salzburg University, A-
5020, Salzburg, Austria
Email: uerj.felzen@gmail.com

Nitrosamines are a versatile group of carcinogens that require metabol-
ic activation through P450-catalyzed a-hydroxylation, generating
unstable metabolites. Hepatocytes are the most suitable model to inves-
tigate CYP induction and their relation with drug metabolism. Our goal
was to correlate the N-nitrosodietylamine (NDEA) genotoxicity
(micronuclei and mitotic index) and citotoxicity approaches (survival,
apoptosis and necroses rates) in primary cultures of female rat hepato-
cytes in the presence of CYPs inducers, as phenobarbital. The effect of
PB in the presence of NDEA increase the number of cell death about 2
times for necrosis and 8 times for apoptosis induction beside a decrease
in the number of micronuclei cells and the mitotic index. The levels of
chromosomal breakage of NaCl 0.9% W/o and PB groups were similar
but when NDEA were administered after PB, however, the level of
chromosomal breakage was elevated. The NDEA treatment, without
inducers (W/o),  induced an alteration on CYPs mRNA as an increase
on CYP2B2 (1.8 times) and CYP2E1 (1.6 times) for no cytotoxic
NDEA concentrations (0.21-21 µg/mL). For CYP2B1 it was detected
an increase on mRNA levels only at 0.21 µg/mL (2.5  times) and 1.3
times for CYP4A3. NDEA treatment induces the increase of mRNA
CYP3A1 1.9 times, at 2.1 µg/mL. Only PB treatment induces an
increase on CYP2B1 (8 times) and CYP2B2 (2.3 times) mRNA.
NDEA concentration in the presence of PB does not interfere on CYPs
RNAm analysed. Our data demonstrated that the hepatocytes treated
with NDEA and PB do not present xenobiotic-induced suppression of
apoptosis suggesting an intrinsic mechanism of cells removal with
DNA damage. Support: OEAD, CAPES, CNPq, Faperj, SR2-Uerj.

MH034
EVALUATION OF GENOTOXICITY OF TWO EXTRACTS OF
THE PLANTS FROM INDIGOFERA GENERA AND OF THE
ISATIN, A COMPONENT OF THESE EXTRACTS IN MICE
CELLS
IMS Cólus (1), MB Reis (1), PM Cândido (1), JM Serpeloni (1), PF
Cardoso (1), P Hirawa (1), W Vilegas (2), TR Calvo (2), EA Varanda
(3), AR Agner (4), D Silva (4), LM Picotti (4)
(1) Department of General Biology, Biological Sciences Center, Londrina
State University, Londrina, PR, Brazil. (2) Araraquara Institute of Chemistry,
São Paulo State University, Araraquara, SP, Brazil (3) Department of
Biological Sciences, Araraquara Faculty of Pharmaceutical Sciences, São
Paulo State University, Araraquara, SP, Brazil (4) Department of Biological
Science, Jandaia do Sul College, Jandaia do Sul, PR, Brazil
Email: colus@sercomtel.com.br

Among the several species of Indigofera, the I. suffruticosa Mill. and
the I. truxillensis Kunth have a wide distribution and their isolated
compounds showed remarkable biological activities. Isatin, one of the
substances that can be isolated from these two species, exhibits differ-
ent activities, such as anticholinesterasic, antiinflammatory, antihyper-
tensive and antimicrobial. The objective of this study was to evaluate
in vivo the genotoxic and mutagenic effects of the methanolic and chlo-
roformic extract from I. suffruticosa and I. truxillensis and also the
alcaloid bis-indolic isatin, precursor of others alcaloids in these plants.
The extracts were investigated in three concentrations: 200, 400 and
540mg/kg b.w. For the isatin, only the mutagenic test was performed
and the doses used were: 50, 100 and 150 mg/kg b.w. It were used as
negative and positive controls animals that received, respectively,
water and cyclophosphamide (40mg/kg bw) or doxorubicin (16mg/kg
b.w.). The blood was collected from the animals 4 and 24 hours after
the treatment for the comet assay and 30 hours for the micronucleus
assay. For the cytological analysis, 100 nucleoids were scored in comet
assay and 1000 reticulocytes were analyzed for the micronucleus assay.
The ANOVA and Tukey-Kramer test were performed to compare the
results obtained between the different groups. The average values of
the scores obtained after 4 hours from the treatment only with the
methanolic extract of I. suffruticosa (200 and 400 mg/kg b.w.) were sta-
tistically different from the negative control, indicating genotoxic
activity. For the micronucleus test it was found negative results for all
groups with I. suffruticosa and I. truxillensis. Negative results also
were found for the micronucleus test with animals treated with isatin,
precursor of different compounds in the species studied. The results of
this study indicated a moderate genotoxicity to the methanolic extract
of I. suffruticosa indicating that whereas the extracts of I. truxillenses
and isatin at the concentration assessed showed to be safe for human
use, the methanolic extract of I. suffrutticosa needs more studies before
the use as phytomedicine. Financial Support: Programa Biota-
FAPESP; CNPq/PIBIC-PQ; PROIC/UEL; CAPES/DS

MH035
POLYMORPHISM OF THE ANTIOXIDANT GENE CAT IN
LARYNGEAL CANCER
HS Suzen (1), E Gucyener (1), C Kilic (2), G Kose (1), Y Duydu (1)
(1) Ankara University, Faculty of Pharmacy, Department of Toxicology,
Tandogan, Ankara-Turkey; (2) Department of Otolaryngology/Head and Neck
Surgery, Ankara Oncology Education and Research Hospital, Demetevler,
Ankara-Turkey.
Email: suzen@pharmacy.ankara.edu.tr

Laryngeal cancer (LC) is strongly associated with tobacco smoke, alco-
hol and other possible exogenous risk factors. Cigarette smoke is one
of the major risk sources of free radicals and oxidative stress (OS). OS
is believed to play an important role in the pathogenesis of consider-
able number of complex diseases, including LC. The antioxidant
enzymes catalase (CAT) is one of the prominent components of cell
defense against OS, and polymorphisms in the genes which regulate
their expression may contribute to differences in susceptibility of indi-
viduals to oxidative damage caused by reactive oxygen species. CAT
reacts very efficiently with H2O2 and converts it to water and molecu-
lar oxygen. There is a common polymorphism in the promoter region
of the CAT gene consists of C to T substitution. 
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Because of OS is one of the important mechanisms in carcinogenesis
and importance of biological role of the CAT enzyme against ROS, we
have investigated association of this gene polymorphism and laryngeal
cancer development. CAT C(-262)T polymorphism was analysed in 97
larynx cancer cases and 104 healthy individuals using PCR-RFLP tech-
nique. The CC genotype was found in 63 (60.5%), the heterozygous CT
genotype in 35 (33.7%), and there were 6 (5.8%,) individuals homozy-
gous for mutant T-allele in the control group. The frequencies of the
CAT CC, CT, and TT genotypes were 56.7, 39.2, and 4.1% respective-
ly, in the cases. There was not a significant association in variant alle-
les of CAT (OR= 1.173, 95% CI 0.670-2.054, p= 0.577). Our findings
suggest that the CAT C(-262)T variant allele may not play a major role
in the etiology of laryngeal cancer.

MH036
ACTIVATION OF LCK AND JNK IS CRITICAL FOR THE ION-
IZING RADIATION-INDUCED BRAIN CANCER STEM-LIKE
CELL POPULATION
CH Yoon1, MJ Kim1, K Hwan Hyun1, JH Kim1, MJ Park2, MY
Yoon1, SJ Lee1
1Department of Chemistry, Hanyang University, Seoul 133-791,
Korea, 2Division of Radiation Cancer Biology, Korea Institute of
Radiological & Medical Sciences, Seoul 139-706, Korea
Email: sj0420@hanyang.ac.kr

Ionizing radiation is the most effective treatment for malignant brain
cancer. Brain cancer presents frequently recur or progress after radia-
tion treatment as focal masses, indicating that a crucial subcellular pop-
ulation of radiation resistant tumor cells with potent tumorigenic activ-
ity is responsible for re-growth. However, the mechanisms underlying
repopulation of tumor cells after radiation have remained unclear. In
this study, we show that ionizing radiation enhances cancer stem-like
cell (CSLC) populations in human brain cancer cells. Positive popula-
tions for CD133, Nestin and Musashi-1 possessing tumor-initiating
potential were expanded after radiation in human brain tumor cells.
Ionizing radiation also induced a marked activation of LCK tyrosine
kinase and JNK activation. Inhibition of LCK or JNK with specific
siRNA resulted in suppression of tumorigenic potential in cells treated
with radiation. Moreover, inhibition of LCK or JNK led to a decrease
in expressions of CD133, Nestin and Musashi. The data we elucidated
in this study indicate that radiation enhances CSLC populations in
human brain tumor cells through activation of LCK and JNK signaling
pathway, and may provide pivotal points for therapeutic intervention in
brain cancer treatment with ionizing radiation.

MH037
INDUCTION OF CHROMOSOMAL ABERRATIONS BY CAR-
BON NANOTUBES AND TITANIUM DIOXIDE NANOPARTI-
CLES IN HUMAN LYMPHOCYTES IN VITRO
J Catalán (1,3), H Järventaus (1), M Vippola (2,4), K Savolainen (1), H
Norppa (1)
(1) New Technologies and Risks and (2) Aerosols, Dusts and Metals, Work
Environment Development, Finnish Institute of Occupational Health,
Helsinki, Finland; (3) Department of Anatomy, Embryology and Genetics,
University of Zaragoza, Zaragoza, Spain; (4) Department of Materials
Science, Tampere University of Technology, Tampere, Finland.
Email: jcatalan@unizar.es

Interest in nanotechnology has recently grown tremendously, and the
number of applications and marketed products utilizing nanomaterials
has greatly increased. Although some information exists on the geno-
toxicity of nanomaterials, few data are available about their effects on
chromosomal aberrations (CAs). The CA assay is important in regula-
tory genotoxicity testing, but it is unclear how well the existing test
guidelines are applicable to insoluble nanomaterials. The aim of the
present study was to examine if three commercially available nanoma-
terials - singlewall carbon nanotubes (SWCNTs; length 1-5 um, outer
diameter <2 nm; SES Research), multiwall carbon nanotubes
(MWCNTs; length 1-2 um, outer diameter 10-30 nm; SES Research),
and nanosized titanium (IV) oxide anatase (99.7%, <25 nm) - can
induce CAs in cultures of isolated human lymphocytes. To find a suit-

able sampling time, the cells were treated with various doses (6.25-300
ug/ml) of the nanomaterials for 24, 48 and 72 h, starting 24 h after cul-
ture initiation. The 48-h treatment was the most effective, inducing a
significant increase in both chromatid-type CAs (SWCNTs and
anatase) and chromosome-type CAs (SWCNTs and MWCNTs) at the
highest doses, with clear linear dose-responses. Also the 72-h treatment
yielded similar results with SWCNTs, but MWCNTs and anatase were
negative. In the 24-h treatment, SWCNTs had no influence on CAs, and
anatase and MWCNTs showed only isolated positive effects without a
dose-response. Our results suggest that SWCNTs, MWCNTs, and TiO2
anatase are clastogenic in human lymphocytes in vitro after a continu-
ous treatment for 48 h. (Supported by NMP4-CT-2006-032777)

MH038
COMPARISON OF MN FREQUENCIES IN MOTHERS 
VERSUS NEWBORNS: RESULTS FROM THE RHEA COHORT
IN CRETE
I Decordier (1), K Vande Loock (1), E Fthenou (2), G Chalkiadaki (2),
M Keramarou (2) DF Merlo (3), M Kirsch-Volders (1)
(1) Laboratorium voor Cellulaire Genetica, Vrije Universiteit Brussel, Brussels,
Belgium; (2) Department of Histology, School of Medicine, University of Crete,
Heraklion, Greece; (3) Epidemiology and Biostatistics, National Cancer
Research Institute, Genova, Italy
Email: idecordi@vub.ac.be

Maternal exposure to food and/or environmental contaminants leading
to in utero exposure might contribute a an increased risk of cancer and
immune disorders in childhood. The Newborns and Genotoxic
Exposure risks project (NewGeneris), an integrated project within the
European 6th framework programme focussing on food quality and
safety, aims at investigating the role of early-life exposure to dietary
compounds in the occurrence of early health effects. Within
NewGeneris, our objective is to compare the genotoxic responses in
mothers versus children, using the micronucleus (MN) assay as a vali-
dated biomarker for early genetic effects. Therefore we first developed
an automated image analysis system for scoring of MN and an adapted
protocol for slide preparation. MN are analysed in peripheral blood
samples from mothers and umbilical cord blood samples from new-
borns, collected in different European mother-child cohorts. In addi-
tion, since it is known that deficiencies in folate and vitamine B12 can
contribute to an increased chromosomal damage, plasma vitamine B12
and folate stores in erythrocytes are measured in mothers and new-
borns, and correlated with MN frequencies. Here we present the results
obtained from 150 mother-child pairs for the Rhea cohort in Crete.
Frequencies of MN in binucleated (‰ MNCB) and mononucleated
cells (‰ MNMONO), and cytokinesis-bock proliferation index (CBPI)
were assessed and are compared between mothers and newborns.
Furthermore MN data are correlated with exposure data, folate and vit-
amine B12 concentrations. Future perspectives include the analysis of
MN frequencies in other European mother-child cohorts, allowing
comparison of genotoxic responses between mothers and children and
between children from different countries with similar or different diet
and environment. These data will provide information to define the
positive predictive value of MN frequencies in newborns and children
for a given disease. Acknowledgements: This work was financed by the
EU Integrated Project NewGeneris, 6th Framework Programme,
Priority 5: Food Quality and Safety (Contract no. FOOD-CT-2005-
016320). NewGeneris is the acronym of the project ‘Newborns and
Genotoxic exposure risks’ http://www.newgeneris.org

MH039
TRANSGENIC MICE FOR HUMAN SULFOTRANSFERASES
WITH POLYMORPHIC SULT1A GENES
K Wend (1), G Dobbernack (1), W Meinl (1), H Himmelbauer (2) HR
Glatt (1)
(1) German Institute of Human Nutrition Potsdam-Rehbruecke, Department
of Nutritional Toxicology, Nuthetal, Germany; (2) Max Planck Institute of
Molecular Genetics, Berlin, Germany
Email: korinna.wend@dife.de

Sulfotransferases (SULTs) conjugate nucleophilic groups of small
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endogenous compounds and xenobiotics with a negatively charged
sulfo moiety, thereby facilitating the excretion of these compounds.
However, the sulfate group is a good leaving group in certain chemical
linkages. Cations formed by this cleavage can react with DNA and
other cellular nucleophiles. Therefore, a large number of food-borne
compounds and environmental contaminants can be activated by
SULTs to mutagens. Several epidemiological studies showed associa-
tions between the SULT1A1 genotype and the incidence of various
neoplasias and non-neoplastic chronic diseases. In order to develop an
experimental in vivo model for this polymorphism, transgenic mouse
lines for the human SULT1A1*1 and SULT1A1*2 alleles and the
SULT1A1*1/SULT1A2*1 gene cluster were created using large
genomic DNA constructs. In this model the expression of the trans-
genes is regulated by their genuine human promoter sequences. One
transgenic mouse line for each single construct and four transgenic
mouse lines for the double construct were obtained. Complete integra-
tion of human genes in mouse genome was confirmed by genotyping.
Varying copy numbers of the SULT1A1*1/SULT1A2*1 transgene in
different mouse lines could be detected. They may be used as models
for copy number polymorphisms that have been observed for
SULT1A1 in humans. Expression and tissue distribution of human
SULT1A1 protein in transgenic mice was similar to that in humans.
After oral application of 90 mg/kg body weight of 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine (PhIP), a heterocyclic amine that is
formed during heating of meat and fish, higher DNA adduct levels in
the tissues of  transgenic mice compared to wildtype mice were found.
To realize truly humanized mouse models, the transgenic lines are
being crossbred with a knock-out line for the murine Sult1a1 gene.

MH040
IN VIVO MUTAGENICITY OF STRUCTURAL ISOMERS 
2,4-DAT AND 2,6-DAT IN THE TARGET ORGAN FOR 
CARCINOGENICITY IN F344 GPT DELTA TRANSGENIC RAT
K Masumura (1), N Toyoda (1), T Inoue (2), T Umemura (2), A
Nishikawa (2), T Nohmi (1).
(1) Division of Genetics and Mutagenesis, (2) Division of Pathology,
National Institute of Health Sciences, Tokyo, Japan.
Email: masumura@nihs.go.jp

To evaluate not only sensitivity but also specificity of in vivo muta-
genicity test, it is important to perform a study in a target organ for car-
cinogenicity using carcinogenic and noncarcinogenic substances. The
aromatic amines 2,4-diaminotoluene (2,4-DAT) and 2,6-diamino-
toluene (2,6-DAT) are structural isomers that are genotoxic in the
Ames/Salmonella assay. It is reported that 2,4-DAT induced liver
tumors in rat, whereas 2,6-DAT was found not to be carcinogenic. In
this study, to determine whether the results of in vivo mutagenicity test
correspond to rodent carcinogenicity test, we investigated the mutation
frequencies in male F344 gpt delta rats fed 125, 250 and 500 ppm 2,4-
DAT and 500 ppm 2,6-DAT for 13 weeks. A feature of gpt delta trans-
genic rat is the incorporation of two different positive selection meth-
ods: gpt assay (6-thioguanine selection) using the gpt gene of E. coli
mainly detects point mutations such as base substitutions and
frameshifts. Spi- assay using the red/gam genes of lambda phage
detects deletions including frameshifts. The gpt mutations were signif-
icantly induced in the liver of 2,4-DAT treated groups in a dose-
dependent manner, but not induced by 2,6-DAT. The gpt mutant fre-
quencies were at the background level in the kidney in any group.
Sequencing analysis of the gpt mutants recovered from the liver indi-
cated that the predominant base substitutions induced by 2,4-DAT were
G:C to A:T transitions, G:C to T:A and G:C to C:G transversions. The
Spi- mutant frequency in the liver was significantly increased in 250
and 500 ppm 2,4-DAT treated groups, but not in 2,6-DAT treated
group. PCR analysis indicated that 2,4-DAT preferentially induce small
deletions such as frameshifts rather than larger deletions. The results
showed that in vivo mutagenicity of 2,4-DAT was observed in the tar-
get organ of carcinogenicity in rats. The difference in the mutagenicity
of 2,4-DAT and 2,6-DAT in vivo and in vitro might be due to metabo-
lism and detoxification system. It suggests that in vivo genotoxicity
studies with gpt delta rat models are useful to assess mutagenicity and
carcinogenicity.

MH041
GENOTOXIC EFFECTS OF SINGLEWALL AND MULTIWALL
CARBON NANOTUBES IN HUMAN BRONCHIAL 
EPITHELIAL CELLS AND MESOTHELIAL CELLS IN VITRO
HK Lindberg (1), GC-M Falck (1), S Suhonen (1), H Järventaus (1), J
Catalán (1,3), M Vippola (2,4), E Vanhala (2), K Savolainen (1), H
Norppa (1)
(1) New Technologies and Risks, and (2) Aerosols, Dusts and Metals, Work
Environment Development, Finnish Institute of Occupational Health,
Helsinki, Finland; (3) University of Zaragoza, Zaragoza, Spain; (4) Tampere
University of Technology, Tampere, Finland
Email: hanna.lindberg@ttl.fi

Carbon nanotubes have shown toxic potential in various assays in vitro,
but data on their possible genotoxicity are sparse. Here, we examined
whether short singlewall carbon nanotubes (SWCNTs; <2 nm, 1-5 um)
and multiwall carbon nanotubes (MWCNTs; 10-30 nm, 1-2 um) induce
DNA damage in human bronchial epithelial BEAS-2B cells and
mesothelial MeT-5A cells and micronuclei (MN) in BEAS-2B cells.
Single cell gel electrophoresis (comet) assay was applied to study DNA
damage (24-h and 48-h treatments), and the induction of MN was
examined by the cytokinesis-block method (48-h and 72-h treatments).
In the first series of experiments (doses 5-80 ug/cm²), both SWCNTs
and MWCNTs induced DNA damage in MeT-5A cells in a dose-
dependent manner, but only SWCNTs elevated DNA damage in BEAS-
2B cells. An increase in MN in BEAS-2B cells was seen with the high-
est dose of SWCNTs. Similar results were obtained in the second series
(doses 80-200 ug/cm²), with a dose-dependent increase in DNA dam-
age in MET-5A cells by both SWCNTs and MWCNTs after both treat-
ment times. SWCNTs increased DNA damage also in BEAS-2B cells,
after both the 24-h and 48-h treatments, with a dose-dependent effect
in the longer treatment. No induction of MN was seen in BEAS-2B
cells by either of the carbon nanotubes. Our results show that short
SWCNTs and MWCNTs induce DNA damage in human mesothelial
cells, while only SWCNTs damage DNA in human bronchial epithelial
cells. Neither of the materials shows a clear MN induction in epithelial
cells. [Supported by NMP4-CT-2006-032777]

MH042
MECHANISM OF MICRONUCLEUS INDUCTION BY 
NANOSIZED TITANIUM DIOXIDE ANATASE IN HUMAN
LYMPHOCYTES IN VITRO
K Hannukainen (1), HK Lindberg (1), GC-M Falck (1), H Järventaus
(1), M Vippola (1,2), K Savolainen (1), H Norppa (1)
(1) Finnish Institute of Occupational Health, Helsinki, Finland; (2) Tampere
University of Technology, Tampere, Finland
Email: kati.hannukainen@ttl.fi

We have previously observed that nanosized titanium dioxide (TiO2)
anatase induces micronuclei (MN) in cultured human cells. MN could
arise from chromosomal fragments either through direct interaction with
DNA, which requires that nanoparticles reach the nucleus, or indirectly
via, e.g., oxidative stress. In addition, MN may be formed from whole
chromosomes through an effect on the mitotic apparatus. We used the
cytokinesis-block micronucleus assay and pan-centromeric and pan-
telomeric fluorescence in situ hybridization, to examine what types of MN
TiO2 induces and if this induction depends on possibility to reach the
nucleus during mitosis when the nuclear envelope disappears. 72-h cul-
tures of isolated lymphocytes from two female donors were treated for 48
h with 12.5, 25, or 50 µg/ml of nano-anatase (<25 nm). Binucleate lym-
phocytes with fragment-containing (centromere-negative) MN were
increased at all TiO2 concentrations, when cytochalasin-B was added
simultaneously with TiO2 at 28 h, but not when cytochalasin-B was added
at 52 h. The latter schedule allowed lymphocytes to divide before cytoki-
nesis block. Thus, the formation of fragment-containing MN did not
require a preceding mitosis but seemed to occur during the first 24 h of
the treatment. Centromere-positive MN with whole chromosomes
increased regardless of the cytochalasin-B schedule at one concentration
of TiO2 in both series. In conclusion, TiO2 appeared to induce MN by
both clastogenic and aneugenic mechanisms, the fragment-containing
MN apparently being formed during the first in vitro cell cycle.
[Supported by NANOSH, NMP4-CT-2006-032777]
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MH043
GENOTOXIC DAMAGE AND SUSCEPTIBILITY 
EVALUATION IN PATHOLOGY ANATOMY LABORATORY
WORKERS
S Costa (1), S Silva (1), P Coelho (1), C Costa (1), L Santos (2), J
Gaspar (2), JP Teixeira (1)
(1) National Institute of Health, Environmental Health Department, Porto,
Portugal (2) Faculty of Medical Sciences UNL, Department Genetics,
Lisboa, Portugal.
Email: jpft12@gmail.com

Formaldehyde (FA) is an economically important chemical to which
approximately 900,000 European workers are occupationally exposed.
Classified by IARC, International Agency for Research on Cancer, as a
human carcinogen, FA is a chemical traditionally used in patholo-
gy/anatomy laboratories as a tissue preservative. Biological evidence
of FA-toxicity on distant-site such as peripheral lymphocytes and bone
marrow is insufficient and conflicting, thus remains to be more docu-
mented. To evaluate the genotoxic effect of long-term occupational
exposure to FA a group of 30 pathology/anatomy workers was tested
for a variety of biological endpoints, including cytogenetic tests by
means of micronuclei (MN), sister chromatid exchange (SCE), and
comet assay (comet tail length, TL). In addition, the frequency of poly-
morphic genes of xenobiotic metabolising enzymes (GSTM1, GSTT1)
and DNA repair enzymes (ERCC1, ERCC4, ERCC5-2, ERCC5-5)
were also studied. A non-exposed group (n=30) from the same area and
with same demographic characteristics was also studied and data
obtained from both groups were compared. Controls did not differ from
exposed workers in gender, age and smoking habits. Air sampling was
performed in worker’s breathing zone for representative working peri-
ods, and time weighted average (TWA) level of exposure for each
exposed subject assessed. The TWA mean value for FA exposed work-
ers was 0.44 ± 0.08 ppm. Both MN and SCE frequencies were signifi-
cantly higher in the exposed subjects when compared with controls.
Comet assay data showed significantly increase of TL in FA-exposed
workers with respect to the control group. Gender, age and smoking
habits did not have a significant effect on the frequencies of studied
biomarkers. A positive correlation was found between TWA values and
MN frequency (r=0.384, p=0.001) and TL (r=0. 333, p=0.005). Such
results along with the recent implications of human carcinogenicity,
point out for the need of close monitoring of FA exposures.
Implementation of security and hygiene measures in this sector as well
as good practices campaigns may be crucial to decrease risk. FCT
(SFRH/BD/46929/2008) and Fundação Calouste Gulbenkian (Grant
76436) supports our current research.

MH044
EVALUATION OF GENOTOXIC AND ANTIGENOTOXIC
ACTIVITIES OF Arrabidaea chica
TB Longo, JG Semedo, GR Silva, LR Vieira, VFS Kahl, SE Cappelari,
ABF Ferraz, JN Picada
Laboratory of Toxicological Genetics, Lutheran University of Brazil,
Canoas, RS, Brazil
Email: jnpicada@cpovo.net

The aim of this study was to evaluate the genotoxic/antigenotoxic and
mutagenic activities of crude extract and fractions of the plant
Arrabidaea chica (Bignoniaceae) in mice. This plant is used in folk
medicine due to its anti-inflammatory and astringent properties. Crude
extract (CE) and aqueous (AF), chloroformic (CRF) and butanolic (BF)
fractions from the aerial parts of this plant were prepared. CF-1 mice
were divided in 7 groups with 5 males and 5 females. The negative con-
trol group received NaCl 0.9% solution; three groups received 500,
1000 or 2000mg/kg of the CE; e others three groups received
1000mg/kg of AF, CRF or BF. The administrations were made by gav-
age for three days and the animals were sacrificed on the 4th day.
Samples of peripheral blood were collected 3, 24 and 72h after the first
administration to assess genotoxic activities, using the alkaline comet
assay (pH ³ 13); for the evaluation of the antigenotoxic activity the cells
were treated ex vivo with H2O2 (0.25 mM). The results were expressed
as damage index (DI) and damage frequency (DF). At 72h, bone mar-
row was collected for micronuclei analysis (in 2000 PCE per animal)

and of the PCE/NCE ratio. The data were analyzed by ANOVA/
Dunnett’s test. CE and fractions did not induce DNA damages 3, 24 or
72h after the administrations in any of the experimental groups.
However, there was a significant reduction in DI and DF in blood of
male mice treated with CE, suggesting protection against induced
oxidative damages by H2O2, reaching a percentage of inhibition of DI
(I%) 83.7% at the highest dose. Similar results were observed in sam-
ples of females treated with CE (66.6%). Moreover, there was a reduc-
tion in DI and DF in blood samples of males treated with CRF (79.2%);
however, this fraction did not have any effect in the females. The frac-
tions AF and BF did not decrease DI nor DF. A similar PCE/NCE ratio
was detected in all groups, indicating no toxicity in bone marrow of the
animals. The micronucleus frequency was not altered by the treatment
with CE or fractions, with values similar to those of the negative con-
trol group. In conclusion, no extracts presented mutagenic or genotox-
ic effects. CE showed antigenotoxic effect in a dose-dependent way.
Support: FAPERGS and CNPq.

MH045
INFLUENCE OF GENETIC POLYMORPHISMS ON 
BIOMARKERS OF EXPOSURE AND GENOTOXIC EFFECTS
IN STYRENE-EXPOSED WORKERS
S Silva (1), C Costa (1), P Coelho (1), S Costa (1), J Gaspar (2), J Rueff
(2), JP Teixeira (1)
(1) National Institute of Health, Environmental Health Department,
Porto, Portugal (2) Faculty of Medical Sciences UNL, Department of
Genetics, Lisbon, Portugal
Email: sussusy@gmail.com

Styrene is a commercially important chemical widely used in the man-
ufacture of resins, polyesters, and plastics. The highest levels of human
exposure to styrene occur in occupational settings, especially during
the production of reinforced plastic products, which involve manual
lay-up or spray-up operations. The objective of this work was to study
occupational exposure to styrene in a multistage approach, in order to
integrate the following end-points studied: styrene in workplace air,
mandelic and phenylglyoxylic acids (MA+PGA) in urine, haemoglobin
(Hb) adducts, sister-chromatid exchanges (SCE), micronuclei (MN),
DNA damage (comet assay) and genotypes of polymorphic genes of
some metabolising enzymes. Seventy-five workers from a fibreglass-
reinforced plastics factory and seventy-seven unexposed controls took
part in the study. The mean air concentration of styrene in the breath-
ing zone of workers (30.4ppm) was higher than the threshold limit
value of 20ppm recommended by the ACGIH, and the biological expo-
sure index adopted by the ACGIH for exposure to styrene prior to the
next shift (MA+PGA=400mg/g cr) was exceeded, indicating that
styrene exposure for this group of workers was higher than recom-
mended. The level of Hb adducts and SCE in exposed workers were
significantly increased as compared with controls. The DNA damage
was higher among styrene-exposed workers than in controls. No signif-
icant differences were observed in the MN. Concerning the effect of the
genetic polymorphisms on the different exposure and effect biomark-
ers studied, we observed the effect of microsomal epoxide hydrolase
activity on Hb adducts of highly exposed individuals and on the levels
of SCE of exposed workers. The present results suggest the importance
of individual susceptibility factors in modulating genotoxicity,
although cautious interpretations are required since the size of the study
population limits the power of many of the analyses. Because the
effects of these polymorphisms are relatively subtle, and some impor-
tant alleles are relatively rare, a much larger study population will be
necessary to evaluate their effects on biomarkers, especially when
gene-gene interactions are considered. Fundação Calouste Gulbenkian
(Grant 76436) supports our current research.

MH046
POSSIBLE ROLE OF ENVIRONMENTAL MUTAGENS ON
UNEXPLAINED MALE INFERTILITY IN IRAN: A CASE
CONTROL STUDY ON AHR, ANGIOGENIC MARKERS, SEX
STEROID RECEPTORS AND GLYCODELINE
S Arbabi (1), M Karimi (1), Z Asami (1), M Djamali Zavarhei (2)
(1) Dept. of Toxicology & Pharmacology, Islamic Azad University,

Abstracts of Posters - Mutagenesis and health effects MH001-095

ICEM 2009, August 20-25, Firenze - Italy  243



Pharmaceutical Sciences Branch(IAUPS), Tehran, Iran ;(2) Dept of
Pathology, School of Medicine, Imam Hospital Complex, Tehran University
of Medical Sciences(TUMS)
Email: sepideharbabi@yahoo.com

Background/Aims: Infertility is one of the major health problems
which affect more than 15% of couples by unknown mechanisms.
Approximately one-third of unexplained human infertility has been
attributed to adverse environmental factors, including exposure to haz-
ardous organohalogen pollutants such as dioxins and PAHs. The bio-
logical effects of dioxins result from their binding to aryl hydrocarbon
receptor (AhR) and subsequent activation of the AhR-mediated signal
transduction pathway.  Roles of mentioned toxicants on male unex-
plained infertility phenomenon as well as their role on angiogenic path-
ways, Glycodelin and sex steroid receptors remained unclear which
were considered as the major goals of present study. Methods: Direct
role of PAH exposure on testicular levels of Aryl hydrocarbon receptor
(AhR), its interactions with sex steroid Receptors (ER, PgR, AR),
MMP9 and VEGF as two major biomarkers of angiogenesis and
Glycodeline were studied in mice after subchronic oral regimen with
AhR ligands.  Tissue levels of mentioned proteins in a clinical case-
control study were studied in 30 idiopathic and 30 fertile testicular tis-
sue specimens using immunohistochemal analysis. Results: Higher tis-
sue levels of AhR were found in leydig, sertoli, and spermatid cells of
PAH exposed mice but other cells showed no significant changes after
PAH exposure. A similar pattern was found in infertile males.
Significant association between AhR overexpression and MMP9
expression in leyidig and sertoli cells was one of the major findings of
present study which could be interpreted as possible mechanisms of
unexplained male infertility .ER overexpression, lack of AR expression
in leydig cells and significant association between ER and PgR in ley-
dig cells are other important findings of present research. Conclusion:
Similar expression patterns of AhR in PAH exposed mice and unex-
plained infertile clinical cases suggest the possible role of environmen-
tal mutagens on male infertility .AhR overexpression as a biomarker of
exposure may cause some critical changes on angiogenic pathways,
Glycodeline and testicular levels of sex steroid receptors.

MH047
NICOTINE HAS NO EFFECT ON CELL CYCLE OR 
PROLIFERATION IN H1975 LUNG CANCER CELLS DESPITE
OF INCREASED ERK1/2 PHOSPHORYLATION
J Loikkanen (1,2), S Blek (1), KH Vähäkangas (1), P Hainaut (2)
(1) Department of Pharmacology and Toxicology, University of Kuopio,
Finland; (2) International Agency for Research on Cancer, Molecular
Carcinogenesis and Biomarkers Group, Lyon, France
Email: jarkko.loikkanen@uku.fi

Nicotine may be involved in carcinogenesis by activating nicotinic
acetylcholine receptors (nAChR) in non-neuronal cells, e.g. epithelial
and endothelial cells. Nicotine-induced carcinogenesis-related process-
es include promotion of cell proliferation, angiogenesis and metastasis,
and inhibition of DNA damage –induced apoptosis. Therefore, nicotine
may act as a cancer promoter and also reduce the efficacy of
chemotherapy. Recently, it has been also shown that polymorphisms in
nAChR are risk factors for lung cancer. The aim of this study was to
find out whether mitogen-activated protein kinase (MAPK) pathway is
involved in putative nicotine-induced cell proliferation in human
H1975 epithelial cell line originating from non-small cell lung cancer.
As a marker for the activation of MAPK pathway, effects of nicotine (1
and 10 µM) on phosphorylation of extracellular signal-regulated kinase
(ERK1/2) were studied at several time points (30 min, 6 h and 24 h) by
immunoblotting. Cells exposed to epidermal growth factor (EGF; 100
ng/ml) were used as a positive control. According to immunoblots,
nicotine increased phosphorylation of ERK1/2 at Thr-202/Tyr-204
most clearly at 24 h. In the three experiments carried out so far, the
increase of ERK1/2 phosphorylation (normalized against the amount of
total ERK1/2 protein) was consistent although not statistically signifi-
cant. In addition, nicotine treatment for 30 min activated epidermal
growth factor receptor (EGFR) as shown by nicotine-induced phospho-
rylation of EGFR at Tyr-1068. Nicotine exposure for 24 or 48 h, how-
ever, had no clear effect on cell cycle or proliferation in H1975 cells as

analysed by propidium iodide staining and bromodeoxyuridine (BrdU)
incorporation assay using flow cytometry. Likewise, nicotine had no
clear effect on cell cycle or proliferation in other studied lung cancer
cell lines, i.e. A549, H358 and H1650 cells. As a conclusion, our results
suggest that although nicotine has no clear effects on cell cycle or cell
proliferation at the studied time points, nicotine has the potential to
activate EGFR and MAPK pathway.

MH048
ANTI-GENOTOXICITY OF NATURAL OPCs NEWLY
EXTRACTED FROM THAI RED GRAPE SEEDS BY COMET
ASSAY AND MICRONUCLEUS TEST IN TK6 CELLS 
R Praphasawat (1), P Klungsupya (2), S Laovitthayanggoon (2), Y
Ezure (2), A Suwanagul(2), L Himakhoun (1) and V Arunpairojana (2)
(1) Department of Pathobiology, Faculty of Science. Mahidol University,
Bangkok 10400 (2) Department of Pharmaceutical and Natural Product,
Thailand Institute of  Scientific and Technological Research (TISTR), 35
Moo 3, Techno Polis, Klong Luang, Pathum Thani 12120, Thailand
Email: prapaipat@tistr.or.th

Background: In 2008, Thailand Institute of Scientific and Technological
Research (TISTR) was firstly isolated the natural oligomeric proantho-
cyanidins (OPCs) from Thai red grape seeds. A large number of publi-
cations reported that OPCs have antioxidant potential to protect cellular
damage from reactive oxygen species (ROS). Aim: The aim of our study
was to investigate OPCs anti-genotoxic activity in TK6 human lym-
phoblastoid cell line by comet assay and micronucleus test. Methods:
Comet assay was conducted using the high alkaline version (pH≥13)
and the micronucleus using cytokinesis-block technique. Prior to per-
forming these two tests, cytotoxicity of OPCs was determined in TK6
cells by trypan blue exclusion method. The suitable doses of OPCS were
chosen for each test. Results: Cytotoxicity test revealed the IC50 value
of Thai OPCs was greater than1,000 µg/ml. Comet images of at least 50
cells per slide of each treatment were randomly analysed by Comet
Assay III (Perceptive Instruments, UK). Two major parameters i.e. dis-
tance of DNA migration (tail length; TL) and DNA intensity in comet
tail (tail moment; TM) were used as criteria of damage. Under our test
condition, non-treated TK6 cells exhibited TL value = 59.67±18.83 µm
and TM value = 2.48±1.23 %. A marked increase in DNA damage clear-
ly found in TK6 cells solely treated with H2O2 (TL=139.07±13.25 µm,
TM=20.97±1.67%). Interestingly the dose-dependent reduction in DNA
damage was shown in OPCs-treated cells. We found that pre-treatment
of cells with OPCS at 100, 250, 500 and 1,000 µg/ml could prevent TK6
cells from H2O2-induced DNA damage by 8.21, 30.62, 22.42 and 54.88
%, respectively. The results of mutagenic study revealed no significant
increase in micronucleus formation of all OPCs doses tested and cell
viability were above 70%. Moreover, OPCs exhibited anti-mutagenic
activity indicated by a significant reduction in micronuclei frequencies
by 13.13, 27.05, 36.07, 61.47, 51.64 % when tested at 10, 25, 50, 100
and 200 µg/ml, respectively. Conclusion: The present results suggest
that natural Thai OPCs are non-genotoxin and exert anti-mutagenic
potential over known mutagen MMC. Further genotoxicity studies will
be performed to confirm their beneficial usage.

MH049
ANTI-MUTAGENICITY OF NATURAL OPCs EXTRACTED
FROM THAI RED GRAPE SEEDS BY MICRONUCLEUS
TEST IN TK6 CELLS
P Klungsupya(1), R Praphasawat (2), T Muangman (1), Y Ezure (1), A
Suwanagul (1),  L Himakhoun (2) and V Arunpairojana (1)  
(1) Pharmaceutical and Natural Product Department, Thailand Institute of
Scientific and Technological Research (TISTR), 35 Moo 3, Techno Polis,
Pathum Thani 12120, Thailand: (2) Department of Pathobiology, Faculty of
Science. Mahidol University, Bangkok 10400 Thailand
Email: prapaipat@tistr.or.th

Background: Oligomeric proanthocyanidins (OPCs) are phenolic com-
pounds mostly found in grape seed extract (GSE) especially from red
grapes. A large number of publications have reported that OPCs have
antioxidant potential to protect cellular damage from reactive oxygen
species (ROS) and hence lead to reduce risk of cancer, cardiovascular
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disease and a number of the chronic diseases associated with aging. We
had carried out this study on natural OPCs that just firstly isolated in
2008 from red grape seeds by Thailand Institute of Scientific and
Technological Research (TISTR). Aim: The aim of our study was to
investigate their anti-genotoxic activity in TK6 human lymphoblastoid
cell line (ATCC CRL-8015) by cytochalasin B blockage micronucleus
(CBMN) assay. Methods: Prior to anti-genotoxic experiment, muta-
genicity test of OPCs in TK6 cells was performed at doses 10, 50, 100,
200 µg/ml RPMI for 4 and 24 h. For the anti-genotoxicity assay, five
doses of OPCs (10, 25, 50, 100, 200 �g/ml RPMI) were chosen for
treatment in combination with mitomycin C (MMC ; 1.5 µg/ml) for 4
h at 37°C. Following treatment, cytochalasin B (cyt B ; 3 µg/ml) was
added and cells were further incubated for 18 h. All chemicals were
removed by centrifugation. The cell suspensions were prepared onto
glass slides using Cytospin®. Cells were fixed in methanol and stained
by Geimsa. Micronuclei (MN) formation was scored in 1,000 binucle-
ated cells (BNC) under light microscope (40x). Results: The results of
mutagenic study revealed no significant increase in micronuclei fre-
quencies of all OPCs doses in comparison to negative control cells.
Cell viability of all doses was above 70%. Moreover, we found that
OPCs exhibited anti-genotoxic activity indicated by a significant
reduction in micronuclei frequencies in a dose-respond manner by
13.13, 27.05, 36.07, 61.47, 51.64 % for doses of 10, 25, 50, 100, 200
µg/ml, respectively. Conclusion: The present results suggest that natu-
ral Thai OPCs are non-genotoxin and exert anti-mutagenic potential
over known mutagen MMC. Further genotoxicity studies will be per-
formed to confirm their health beneficial usage.

MH050
DETECTION OF MUTAGENICITY AND ANTIMUTAGENICITY
OF FLAVONOIDS USING AMES TEST AND PLASMID pBSII(-)SK
Z Pavlíčková (1), K Malachová (1), J Červeň (1)
(1) University of Ostrava, Faculty of Science, 30. dubna 22, 70103
Ostrava, Czech Republic
Email: zuzana.pavlickova@osu.cz

Flavonoids are a large group of polyphenolic compounds, occurring in
fruits, vegetables and plant-derived beverages. These compounds have
been shown to exert a wide range of biological actions such as antiox-
idative, antimutagenic, anticancerogenic and antibacterial activities.
Flavonoids and their derivates can act as effective scavengers of oxi-
dizing molecules, including various free radicals and singlet oxygen.
On the other hand some flavonoids have been reported to exhibit muta-
genic effects and so it is important to know the character of possible
genetic damage for the assessment of biological activities of these phe-
nolic compounds. In this study, we have investigated a potential geno-
toxic effect of six flavonoid compounds (quercetin, isoquercitrin, rutin,
silybin AB, DH-silybin and taxifolin). Detection of mutagenicity was
carried out with the standard quantitative Ames test using variants with
and without in vitro metabolic activation by applying the S9 liver
microsomal fraction including a cofactor mixture. In the Ames test, the
auxotrophic strains of Salmonella typhimurium His- TA100, TA98 and
TA102 were used for the detection of mutagenicity of the samples. The
potential antimutagenic activity of flavonoids against DNA damage
induced by reactive oxygen species (ROS) was investigated using the
Salmonella typhimurium His- strain TA102 and plasmid pBSII(-)SK,
hydrogen peroxide as the oxidant mutagen was used. The method using
plasmid DNA was based on the different electrophoretical mobility of
DNA topological forms and the DNA strand breaks were measured by
a conversion of supercoiled form to open circular and linear forms. In
the Ames test, the mutagenic effect was detected in the case of
quercetin (10–300 µg/plate) and taxifolin (50-500 µg/plate). The analy-
sis of DNA strand breaks in plasmid DNA proved that the tested sam-
ples showed protective effects on DNA damage induced in the plasmid
DNA by the presence of hydrogen peroxide and metal ions. The results
indicate that when new compounds with possible antioxidative proper-
ties are developed, it is important to know their potential genotoxic
risks. The work also documents the use of plasmid DNA as a suitable
model system for the detection of compounds with protective effects on
DNA damage.

MH051
LIMITATIONS IN THE GENOTOXICITY TESTING OF
NANOPARTICLES ON PROKARYOTIC CELLS
S Domeneghetti (1), U Rosani (1), E Reddi (1), E Ugabini (2), F
Vianello (3) P Venier (1)
(1) Dept. of Biology; (2) Dept. of Chemical Sciences; (3) Dept. of Biol.
Chemistry  University of Padova, Italy
Email: paola.venier@unipd.it

The rapid development of nanotechnology makes available a variety of
nanomaterials with unique chemico-physical properties. However, lit-
tle toxicological information and controversial data do not allow easy
estimates of the potential risks for the human health. The European
Centre for the Sustainable Impact of Nanotechnology (ECSIN) has
been created to ascertain the biological risks related to the use of
nanoparticles (NPs) by in vitro and in vivo studies. Aiming to evaluate
selected NPs on rfa mutant Salmonella strains, colloidal water-soluble
silica NPs (Ludox® of 13 and 21 nm ø) were tested on S. typhimurium
TA 98, TA 100 (plate and fluctuation test) and TA 1535 pSK1002 (SOS
umu test). Mild cytotoxicity but no mutagenic or genotoxic effects
were detected. Therefore, quantum dots (Qtracker® of 10 nm ø) and
two types of fluorescein-loaded silica NPs (ø~23-25 nm) were incubat-
ed with log-phase TA 100 cells at 37°C in PBS to estimate the intracel-
lular NP uptake by flow cytometry and fluorimetry analysis. The inter-
nalization of electron dense NPs (Qtracker® and maghemite as Fe2O3
of ø~7-10 nm) was also evaluated by TEM imaging. After 3-6 h of con-
tact both the silica NPs slightly increased the fluorescence of the bac-
terial cells compared to the controls, similar evidence was observed for
Qtracker® NPs at 3-11 h. The overall results suggest that even the
smallest tested particles are not able to enter the bacterial cells since, in
the TEM pictures, quantum dots and maghemite aggregates remain
sticked on the outer bacterial surface. These data do not exclude NP-
related oxidative stress and possible indirect alteration of cellular func-
tions. Despite protocols based on prokaryotes do not seem generally
suitable for routine NP testing, the above assays could still be used to
characterize the combined effect of NPs and genotoxic components in
complex environmental mixtures.

MH052
DISTRIBUTION OF PARAOXONASE-1 ENZYME ACTIVITY,
GENETIC POLYMORPHISM AND ITS CORRELATION WITH
DNA DAMAGE IN PESTICIDE EXPOSED WORKERS
S Singh (1), V Kumar (2), S Thakur (1), B D Banerjee (2), S S Grover
(1), D S Rawat (1), S T Pasha (3),   S K Jain (1), S Lal (1), A Rai (1)
(1) National Institute of Communicable Diseases, 22, Sham Nath Marg,
Delhi, India. (2) Environmental Biochemistry laboratory, Department of
Biochemistry, University College of Medical Sciences & GTB Hospital,
University of Delhi, Dilshad Garden, Delhi, India. (3) India National
Vector Borne Disease Control Programme, 22, Sham Nath Marg, Delhi,
India.
Email: satyenders@gmail.com

Human paraoxonase-1 (PON1) is a high density lipoprotein associated
enzyme that has a role in the detoxification of organophosphorous
compounds by hydrolyzing the bioactive oxons. Two major polymor-
phisms have been described in the coding region of the PON1 gene as
PON1 Gln192Arg and PON1 Leu55Met. Polymorphism at these posi-
tions has been found to be responsible for variations in catalytic activ-
ity and gene expression, and have been associated with susceptibility to
organophosphate poisoning. Therefore, the present study was designed,
(i) to evaluate PON1 phenotype and genotype frequency and (ii) to
examine the role of PON1 polymorphisms in paraoxon’s genotoxic
potential in lymphocytes of pesticide exposed occupational workers
(n=50) and control subjects (n=50). The results demonstrated that
AChE activity was found significantly different in the exposed subjects
(410µkat/gHb) as compared to control subjects (635µkat/gHb, p<0.05).
BuChE activity was also found significantly lower in exposed subjects
as compared to control subjects, respectively (64.96µkat/L and
98.05µkat/L, p<0.05). The enzymatic activity towards phenylacetate
and paraoxon was also found significantly varied. The genotype fre-
quency of Arg-Arg mutant was found to be 20.0% and 17.14% in expo-
sed and control subjects (p=0.828), while that of Met-Met mutant was
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7.5% and 5.71%, respectively (p=0.74). PON1 Arg-Arg and Met-Met
showed decrease in paraoxonase activity in occupational workers.
Significantly elevated DNA damage (as measured by comet assay para-
meters: olive tail moment, tail length, % tail DNA and tail extent)
observed in PON1 Gln-Gln, Gln-Arg, Leu-Leu and with low activity of
paraoxonase in pesticide exposed subjects. However, no such alteration
was observed in the control subjects. The result clearly shows that
PON1 Arg/Gln, Gln/Gln and Leu/Leu individuals have higher genoto-
xic effects caused by these pesticides. In conclusion, PON1 unfavora-
ble metabolizing alleles are more susceptible to genotoxic effects than
those with favorable alleles which could be helpful to identify indivi-
dual markers of susceptibility and toxicity toward pesticides. This
would help safeguard the proper care of occupational workers who
might be affected by organophosphate poisoning.

MH053
INTERACTION BETWEEN CYP1A2 POLYMORPHISMS AND
OCCUPATIONAL/ENVIRONMENTAL EXPOSURES IN
BLADDER CANCER.
S  Pavanello (1), G  Mastrangelo (1), M Favaro (1), A Pulliero (1),  S
Porru (2)
(1) Department of Environmental Medicine and Public Health,
Occupational Health Section, University of Padova, Via Giustiniani 2,
35128 Padova (Italy). (2) Department of Experimental and Applied
Medicine - Section of Occupational Medicine and Industrial Hygiene,
University of Brescia, 25125 Brescia, (Italy).
Email: sofia.pavanello@unipd.it

Cytochrome P4501A2 (CYP1A2) is a key enzyme for activation of the
major recognized lung and bladder carcinogens i.e., polycyclic aromat-
ic hydrocarbons(PAHs), aromatic amines(AAs) and nitrosamine(NA).
High CYP1A2 activity was therefore suggested as a susceptibility fac-
tor for lung and bladder cancer(BC). We have previously showed that
polymorphisms, all located in the 5’-noncoding promoter region (main-
ly -2467 T/delT and -163 C/A), are crucial in increased CYP1A2 acti-
vity of smokers and in smoking-raised urinary mutagenicity. Lastly we
found that -2467 T/delT is a significant risk modifier polymorphism of
smoking-induced lung cancer. In this study we investigated whether
–2467 T/delT and -163 C/A variants modulate the relationship between
occupational/environmental exposures and BC risk. The case-control
study included 185 BC cases, 180 non cancer controls, all Caucasian
males. Data were collected on smoking pack years (PY), coffee, diet,
and occupation: exposure to AAs and PAHs with cumulative exposure
(CE), time since first (TSFE) and since last exposure (TSLE). A case-
only design was applied for interaction between CYP1A2 -2467 T/delT
(or -163 C/A) and occupational/environmental factors. At multiple
logistic regression, a significantly increased risk was shown for smo-
kers (especially >50 PY; OR 5.6, 95%CI:2.5-12.5) and for heavy cof-
fee drinkers (>5 cups/day; OR 3.05, 95%CI:1.2-7.9). Exposure to AAs
showed a significant trend of bladder cancer risk with increasing CE
(p=0.03), but in this association PY is a confounder. A decreased risk
was noted for large leaf vegetable (Veg) consumption, with significant
trend from < 1/month to >3 times/week (p=0.01). In case-only analy-
sis, interaction was evident between CYP1A2 -2467 T/delT and tobac-
co consumption (>25PY) among cases (p=0.04) but not controls. No
interaction was detected between polymorphisms and coffee, Veg and
AAs. No effects were shown with -163 C/A genotype. This is the first
study demonstrating that CYP1A2 –2467 T/delT is a significant risk
modifier polymorphism also of smoking-induced BC. The research
confirmed the role of known personal habits and occupational factors
in increasing BC risk and seem to show a protective effect for vegeta-
ble consumption.

MH054
POLYMORPHISMS IN NEP1 IN RELATION TO COLOREC-
TAL CANCER WITH EVOLUTIONARY IMPLICATIONS
S Huhn (1), D Ingelfinger (2), J Lorenzo Bermejo (1, 3), P Vodička (4),
B Pardini (4), A Naccarati (4), L Vodickova (4,5), J Novotny (6),  K
Demir (2), C Cruciat (7), R Renneberg (8), W Huber (9), C Niehrs (7),
M Boutros (2), K Hemminki (1, 10), A Försti (1, 11), German HNPCC
Consortium

(1) Department of Molecular Genetic Epidemiology, German Cancer
Research Center, Heidelberg, Germany; (2) Boveri-Group Signaling
and Functional Genomics, German Cancer Research Center,
Heidelberg, Germany; (3) Institute of Medical Biometry and
Informatics, University of Heidelberg, Germany; (4) Department of
Molecular Biology of Cancer, Institute of Experimental Medicine,
Academy of Sciences of the Czech Republic, Prague, Czech Republic;
(5) National Institute of Public Health, Centre of Occupational Health,
Prague, Czech Republic; (6) Department of Oncology, General
Teaching Hospital, Prague, Czech Republic; (7) Division of Molecular
Embryology, German Cancer Research Center, Heidelberg, Germany;
(8) Graduate School “Human Development in Landscapes”, Institute
of Experimental Medicine, c/o Institute of Legal Medicine, Christian-
Albrechts-University and University Hospital, Kiel, Germany; (9)
EMBL - European Bioinformatics Institute, Cambridge, United
Kingdom; (10) Center for Family and Community Medicine,
Karolinska Institute, Huddinge, Sweden; (11) Center for Primary
Health Care Research, Clinical Research Center, Lund University,
Malmö., Sweden
Email: a.foersti@dkfz.de

By the use of RNAi screening, NEP1 (nuclear enriched protein) was
identified to be a putative regulator of the Wnt signaling pathway.
Dysregulation of the Wnt signaling plays a key role in colorectal car-
cinogenesis. We wanted to investigate whether genetic variation in
NEP1 affects susceptibility to colorectal cancer (CRC). We used a tag-
ging single nucleotide polymorphism (tagSNP) approach and selected
eight tagSNPs, that represent a total of 123 SNPs and cover all the
known common (allele frequency >10%) variation in NEP1 with a
pairwise r² value of linkage disequilibrium >0.8. A case-control study
was carried out using two well-characterized study populations from
the Czech Republic (752 cases, 755 controls) and Germany (692 cases,
644 controls). The TaqMan® allelic discrimination method was used
for genotyping. Odds ratios (OR) and 95% confidence intervals were
calculated for association between genotypes and CRC. The ORs were
calculated for the effect of the ancestral allele. Two of the chosen
tagSNPs were significantly associated with the risk of CRC in the
Czech and German population. For both SNPs, the ancestral allele
showed a significant correlation with an increased risk of CRC. A com-
parison of the allele frequencies of the significantly associated SNPs
among the Caucasian population (CEU), the Sub-Saharan African pop-
ulation (YRI) and the East Asian population (CHB and JPT) analyzed
in the International HapMap Project, showed that the ancestral alleles
decline from the YRI population to the CEU and the CHB/JPT popula-
tions. Considering the worldwide differences in allele distribution and
the significant association of the ancestral allele of SNPs in NEP1 with
a higher risk of CRC, the evolutionary history of the gene might have
been affected by nutrition, environmental and life style factors.
This work was done in collaboration with the German HNPCC
Consortium.

MH055
IN VITRO GENOTOXICITY OF TITANIUM DIOXIDES
GC-M Falck (1), HK Lindberg (1), S Suhonen (1), H Järventaus (1), J
Catalán (1, 2), M Vippola (1, 3), E Vanhala (1), K Savolainen (1), H
Norppa (1). 
(1) Finnish Institute of Occupational Health, Helsinki, Finland; (2)
University of Zaragoza, Zaragoza, Spain; (3) Tampere University of
Technology, Tampere, Finland
Email: ghita.falck@ttl.fi

Titanium dioxide (TiO2) nanoparticles are known to induce oxidative
stress, inflammation, and cytotoxicity in mammalian systems.
However, the toxic mechanisms of nanosized TiO2 are not fully under-
stood, and information on the genotoxicity of TiO2 is still limited. In
our study, we assayed three types of commercial nano-TiO2 (nano-
anatase, <25 nm; silica-coated nano-rutile, 10x40 nm; nano-rutile, 30-
40 nm, with 10% anatase) for their genotoxicity. Two fine-sized forms
of TiO2 (rutile, <5 um; anatase, <170 nm) were assayed for compari-
son. The alkaline single cell electrophoresis (comet) assay was used to
assess DNA strand breaks (DNA damage) and the cytokinesis block
micronucleus (CBMN) assay to detect chromosomal damage. DNA
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damage was examined in cultured human mesothelial (MET5A) and
bronchial epithelial (BEAS 2B) cells treated with the five TiO2 types
for 24, 48 and 72 h. The induction of micronuclei was scored in BEAS
2B cells after 48-h and 72-h treatments. Five doses (10-160 µg/cm2) of
each TiO2 were studied in both assays. Positive and negative controls
were included in all experiments. Our results indicate that nano-
anatase, nano-rutile and silica-coated nano-rutile significantly induced
DNA damage in MET 5A cells at all treatment times. Similarly, fine-
rutile and fine-anatase induced DNA damage in MET5A cells at all
treatment times, except for fine-anatase after the 48-h treatment. In
BEAS 2B cells, DNA damage was increased by nano-anatase after the
48-h and 72-h treatments and by silica-coated nano-rutile and nano-
rutile after the 24-h and 72-h treatments. In the CBMN assay with
BEAS 2B cells, none of the TiO2 nanomaterials (nano-anatase, silica-
coated nano-rutile, nano-rutile) induced micronuclei. Studies are still
going on for micronucleus analysis in BEAS 2B cells treated with fine-
rutile and fine-anatase. In conclusion, our results indicate that all five
TiO2 materials assayed induced DNA damage in human mesothelial
MET5A cells, while their genotoxic effect was not equally strong in
human bronchial epithelial BEAS 2B cells. None of the nanomaterials
induced MN in BEAS 2B cells. [Funded by the European Commission
(NANOSH, NMP4-CT-2006-032777)]

MH056
AUTOMATED CHROMOSOME ABERRATION SCORING
FOR COSMETIC INDUSTRY
M Parmantier§,  N Lagat§, J Sallette*, F Soussaline (1), F Nunzi§
(1) IMSTAR S.A. 60 rue Notre Dame des Champs, 75006 Paris, France
§ IDEA Site Montesquieu, 33650 Martillac, France
Email: js@imstarsa.com

Chromosome aberration scoring is a regulatory genotoxicity test wide-
ly used for compound screening and safety assessment in the cosmetic
industry. Both the ban of animal testing and the empowerment of the
REACH directive dramatically increase the number of tests to be per-
formed. To face this situation, we validated an automated system to
assist expert chromosome aberration scoring in a strongly regulatory
environment. We present here the results of this validation study
regarding time-savings, increase of operator-independence and data
reliability through the implementation of an adapted system for optimal
traceability, audit trail and access rights.

MH057
METHOD COMPARISON FOR AUTOMATED 
HIGH-THROUGHPUT HIGH-CONTENT-SCREENING OF
COMET ASSAY
J Sallette*, A Azqueta-Oscoz§, S Shaposhnikov§, A Collins§, F
Soussaline*
*IMSTAR S.A. 60 rue Notre Dame des Champs, 75006 Paris, FRANCE
§ Department of Nutrition, University of Oslo, PB 1046 Blindern, 0316
Oslo, Norway
Email: js@imstarsa.com

COMICS is a European project (supported as EC STREP, contract
LSHB-CT-2006-037575) aiming at developing new applications of the
comet assay improving both its capacity and versatility to make it a
genuine alternative to animal testing. We are thus designing and testing
new high-throughput high-content imaging tools combined with new
substrate formats. We are validating the new procedure against comets
scored in the conventional way, and will demonstrate the added-value
of high-content screening methods, specifically the Pathfinder™ auto-
mated scoring system, in terms of saving time and, more important,
providing new information for empowered sensitivity and versatility of
the test.

MH058
INDUCED DNA DAMAGE BY DENTAL RESIN MONOMERS
IN SOMATIC CELLS
HHR Andrade (1), M Lehmann (1), RR Dihl (1), ML Reguly (1), GA
Arossi (1)

(1) Programa de Pós-graduação em Genética e Toxicologia Aplicada
(PPGGTA), Universidade Luterana do Brasil (ULBRA), Canoas/RS,
Brazil. Laboratório da Toxicidade Genética (TOXIGEN).
Email: heloisa@ulbra.br

This in vivo study investigated the genotoxicity of four dental resin
monomers: triethyleneglycoldimethacrylate (TEGDMA), hydrox-
yethylmethacrylate (HEMA), urethanedimethacrylate (UDMA) and
bisphenol A-glycidylmethacrylate (BisGMA). The Somatic Mutation
and Recombination Test (SMART) in Drosophila melanogaster was
applied to analyze their genotoxicity expressed as homologous mitotic
recombination, point and chromosomal mutation. SMART detects the
loss of heterozygosity of marker genes expressed phenotypically on the
fly’s wings. This fruit fly has an extensive genetic homology to mam-
malians, which makes it a suitable model organism for genotoxic
investigations. The present findings provide evidence that the mecha-
nistic basis underlying the genotoxicity of UDMA and TEGDMA is
related to homologous recombination and gene/chromosomal muta-
tion. A genotoxic pattern can correspondingly be discerned for both
UDMA and TEGDMA: their genotoxicity is attributed to ~49% of
mitotic recombination and ~51% of mutational events, including point
and chromosomal alterations. The monomer UDMA is 1.6 times more
active than TEGDMA to induce mutant clones per treatment unit.
BisGMA and HEMA had no statistically significant effect on total spot
frequencies suggesting no genotoxic action in the SMART assay. The
clinical significance of these observations has to be interpreted for data
obtained in other bioassays.

MH059
BIOMONITORING OF HUMAN POPULATIONS EXPOSED TO
ARSENIC. ROLE OF GSTs POLYMORPHISMS IN ARSENIC
METABOLISM AND GENOTOXIC DAMAGE.
L Paiva (1), A Hernández(1,3), V Martínez (1), A Creus (1), D
Quinteros (2), R Marcos (1,3)
(1) Departament de Genètica i de Microbiologia, Universitat Autònoma de
Barcelona, Bellaterra, Spain; (2) Departamento de Salud Ocupacional,
División Codelco Norte, Chile; (3) CIBER Epidemiología y Salud Pública,
ISCIII, Spain
Email: ricard.marcos@uab.es

Background/Aims. Chronic arsenic exposure leads to hyperkeratosis,
loss of skin pigmentation, neurotoxicity and hepatic injuries, as well as
to significant increases in cancer incidence, particularly in bladder,
liver, skin and lung. Although people are environmentally exposed to
arsenic mainly via drinking water, copper industry workers, especially
those working at smelting places are considered as a highly arsenic-
exposed group. Arsenic health effects can be genetically modulated
and, as consequence, polymorphisms in such genes are important in
terms of individual risk. This works aims to determine whether poly-
morphisms in GST genes can modulate both the urinary arsenic profile
and the level of genotoxic damage measured as the micronuclei fre-
quency. Methods. 207 men working in a copper industry in the North
of Chile were enrolled in the study. Determination of the levels of total
arsenic, trivalent inorganic arsenic (AsIII), pentavalent inorganic
arsenic (AsV), MMA and DMA were obtained by high-performance
liquid chromatography coupled with mass spectrometry (HPLC-
ICP/MS). Polymorphisms in GSTM1, GSTP1, GSTT1, GSTO1 and
GSTO2 were determined. Genetic damage was detected by using the
micronucleus (MN) assay in both peripheral blood lymphocytes and
buccal cells. Results. In general, the urinary arsenic profiles of the
selected workers were in agreement with the standard profile. Despite
that inter-individual variations in the arsenic excretion profile were
detected, no clear associations between haplotype forms and excreted
percentages of iAs, MMA or DMA were detected. A detailed regression
analysis, adjusted by age and arsenic excretion profiles, was also car-
ried out taking into account separately the possible effect that each
form of excreted arsenic (inorganic, MMA and DMA) could exert on
the MN frequency It should be noted that we did not detect that any
haplotype was significantly associated with MN frequencies.
Conclusions. Our findings suggest that GSTs polymorphisms do not
strong modulate nor urinary excretion profile nor the genetic basal
damage detected by the MN assay in the occupational exposed popula-
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tion. The only exception was a slight correlation between the GSTP1
variant and the increase of MN in lymphocytes.

MH060
TWO NOVEL MUTATIONS IN XPD ASSOCIATED WITH 
TRICHOTHIODYSTROPHY RESULT IN 
TEMPERATURE-DEPENDENT DYSFUNCTION OF THE
TRANSCRIPTION/REPAIR COMPLEX TFIIH
E Botta (1), M Lanzafame (1), T Nardo (1), D Orioli (1), C Pantaleoni
(2), F Stanzial (3), M Stefanini (1)
(1) Istituto di Genetica Molecolare CNR, via Abbiategrasso 207, 27100
Pavia, Italy; (2) Department of Paediatric Neurology, IRCCS Istituto
Neurologico C. Besta, Milan, Italy; (3) Clinical Genetics Service, General
Regional Hospital, Bolzano, Italy
Email: stefanini@igm.cnr.it

Trichothiodystrophy (TTD) is a rare autosomal recessive disorder char-
acterised by hair abnormalities, ichthyosis, growth and mental retarda-
tion and, in many cases, photosensitivity. The majority of sun-sensitive
TTD cases are mutated in XPD, the gene encoding a subunit of TFIIH,
a multi-protein complex involved in RNA polymerase II-mediated
transcription and in repair of DNA lesions induced by ultraviolet light.
We have studied two genetically unrelated families with TTD affected
members (one son and two siblings) showing mild clinical features that
transiently worsen during episodes of fever. As typically observed in
photosensitive TTD cases, patients’ primary skin fibroblasts showed a
partial inability to repair UV-induced DNA damage and a reduced
steady-state level of TFIIH. By genetic analysis the patients were clas-
sified into the XP-D group. Sequence analysis revealed that the TTD
siblings are compound heterozygous for a typical TTD allele
(c.335G>A, p.Arg112His) and for a new XPD allele with a mutation
that partially affects intron 22 splicing. The other patient is functional
hemizygous for a novel mutation in XPD resulting in the Lys692Glu
change. Incubation of patients’ fibroblasts at 41°C resulted in increased
TFIIH instability, aggravation of the DNA repair defect and reduction
of the overall transcription. A similar situation has been previously
described in four TTD patients with fever-dependent deterioration of
clinical features due to the Arg658Cys change in the XPD protein
(Vermeulen et al., 2001, Nat. Genet. 27:299-303). In human, docu-
mented examples of temperature-sensitive mutations with an associat-
ed feverish crisis have been rare. Nevertheless, our study led to the
identification of two additional thermolabile mutations in the XPD
gene associated with TTD. This may reflect the relative tolerance of
TFIIH transcriptional activity toward amino acid changes in the XPD
protein.

MH061
MUTAGENICITY AND DIOXIN-LIKE ACTIVITY OF
BIODIESEL EMISSIONS
ML Charlebois (1), L Graham (2), S Neill (3), PA White, PhD (4).
(1) New Substances Assessment and Control Bureau, HECSB, Health
Canada, Ottawa, Ontario; (2) Emissions Research & Measurement
Division, Environmental Technology Centre, Environment Canada, Ottawa,
Ontario; (3) Institute for Chemical Process and Environmental Technology,
National Research Council Canada, Ottawa, Ontario; (4) Mechanistic
Studies Division, EHSRB, HECSB, Health Canada, Ottawa.
Email: melanie_l_charlebois@hc-sc.gc.ca

Background/Aims: The aim of this study was to assess the toxicologi-
cal properties of the soluble organic fraction of (bio)diesel emissions
generated using various after-treatment technologies (i.e., diesel oxida-
tion catalyst and exhaust gas recirculation) and diesel and biodiesel-
blended fuel formulations (i.e., derived from soy, canola, and animal
fats). Methods: Diesel emissions generated using diesel and biodiesel
fuels were collected on Teflon-coated fiberglass filters and
polyurethane foam plugs via a constant volume dilution tunnel. The
soluble organic fractions were extracted using pressurized fluid extrac-
tion and the adsorbed organics were separated on open silica into polar
aromatics and non-polar neutral compounds.  Mutagenic and dioxin-
like activities (i.e., induction of the aryl-hydrocarbon receptor path-
way) were assessed using the Salmonella mutagenicity assay and the

DR-CALUX assay respectively. Results: Results indicated that organ-
ic extracts of (bio)diesel particulate emissions contain direct- and indi-
rect-acting polar aromatic mutagens as well as polar and non-polar Ah-
receptor agonists. A reduction in the mutagenic activity of direct-acting
compounds was observed for the polar aromatic fraction with increas-
ing biodiesel content in the fuel (e.g., 48% reduction for biodiesel
blend B20 compared to ULSD on Salmonella TA98 without metabolic
activation). Conversely, an increase in dioxin-like activity with increas-
ing biodiesel fuel content was observed for both the polar and non-
polar fractions (e.g., 144% increase for the non-polar fraction and
111% increase for the polar aromatic fraction of biodiesel blend B20
compared to ULSD). Conclusions: The results obtained in this study
support the hypothesis that the use of alternative fuels such as biodiesel
blends and after-treatment devices reduce the risk of adverse health
effects associated with diesel exhaust emissions.  These results will
provide a framework for evaluating the toxicological hazards of
biodiesel emissions, and eventually identify fuel choice and engine
design scenarios that minimize the risks of adverse health effects.

MH062
CYTOGENETIC ANALYSIS OF THE MESENCHYMAL STEM
CELLS DERIVED FROM THE SUBENDOTHELIUM OF THE
UMBILIACAL VEIN HUMAN CRYOPRESERVATED
DM Duarte (1), DA Cornélio (1), SR Batistuzzo de Medeiros (1)
(1) Laboratory of Molecular Biology and Genomics, Universidade
Federal do Rio Grande do Norte, Natal, Brazil
Email: sbatistu@cb.ufrn.br

Mesenchymal stem cells (MSCs) are known as a population of multi-
potent progenitors cells able to proliferate and differentiate into multi-
ple mesodermal tissues. The process of cryopreservation is essential for
the maintenance of cell cultures, since the cell line is frozen, it can be
maintained in liquid nitrogen for an indefinite period and then thawed
for therapeutic or experimental purposes. Furthermore, concerns that
adult human MSCs may be prone to malignant transformation have
been recently raised. The aim of this study was to isolate a population
of MSCs derived from the subendothelium of the umbilical vein human
(MSCs-SUVH) to assess by cytogenetic analysis the possibility of
appearance of chromosomal changes in MSCs-SUVH after the process
of cryopreservation. Human umbilical cords from full-term deliveries
(n=3) were collected after informed consent at the Januário Cicco´s
Hospital (Brazil, Natal). MSCs-SUVH were isolated by using enzy-
matic digestion and cultivated in alfa-MEM supplemented with 10%
FCS. Immunophenotypically, MSCs-SUVH were defined as cells
expressing CD29, CD73 and CD90 and lacking hematopoietic lineage
markers, such as CD14, CD34 and CD45. They also demonstrated
capacity for osteogenic differentiation. The chromosomes obtained
from the primary culture of MSCs-SUVH before and after the cryop-
reservation were analyzed by GTW banding, and results are described
following the guidelines to International System for Human
Cytogenetic Nomenclature (2005). A total of 245 metaphases were ana-
lyzed. There was no emergence of clonal chromosomal aberrations in
the MSCs-SUVH in different situations analyzed. However, only after
the cryopreservation, 14 metaphases showed nonclonal chromosomal
aberrations, including monosomies and structural changes. These find-
ings should be further investigated, since the use of MSCs for clinical
approaches requires that the biosafety of these cells be carefully inves-
tigated through appropriate and sensitive tests.

MH063
MUTAGENIC EVALUATION OF 
3’3-DITRIFLUOROMETHYLDIPHENYL DISELENIDE BY
BONE-MARROW MOUSE MICRONUCLEUS ASSAY
I- MS Machado(1), MIH Mittmann (1), JD Silveira (1), IV Villela (1),
JAP Henriques (1)
(1) GENOTOX-ROYAL - Instituto de Educação para Pesquisa,
Desenvolvimento e Inovação Tecnológica – ROYAL, Centro de Biotecnologia,
UFRGS, Porto Alegre-RS, Brazil
Email: mirianamachado@hotmail.com

3´3-ditrifluormethyldiphenyl diselenide (DFDD) is a novel organose-
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lenium compound which presents antigenotoxic, antimutagenic and
antioxidant properties in bacteria, yeast and V79 mammalian cells. In
addition, DFDD shows antipsychotic activities in mice. The aim of this
work was to evaluate the mutagenic profile of DFDD by bone-marrow
mouse micronucleus assay. Briefly, male CF-1 mice were treated
intraperitoneally (i.p.) in a single dose with DFDD 1, 5, 25, 50 and 150
µmol/kg body weight (BW). Animals were sacrificed by cervical dis-
location 24 h after treatment, and subsequently the femur was dissect-
ed to prepare bone marrow smears for the micronucleus test (MN). The
mutagenicity of de DFDD was evaluated by scoring 2,000 polychro-
matic erythrocytes (PCEs) per animal per treatment group. To avoid
false negative results and as a measure of toxicity of the compounds to
bone marrow, the polychromatic erythrocyte (PCE)/normochromatic
erythrocyte (NCE) ratio was scored in 1,000 erythrocytes. DFDD treat-
ment did not induce neither decrease nor increase of the PCE number
in relation to the NCE number at all doses tested when compared to
negative control. Furthermore, none of the animals demonstrated toxic
signals (such as diarrhea, seizures and ataxy) or have died during the
experiment. In addition, DFDD was not able to increase the micronu-
cleus frequency when compared to the negative control. These data are
in agreement with the negative mutagenic results found in bacteria and
yeast strains. In conclusion, our results suggest that DFDD is not muta-
genic for mice.

MH064
EFFECTS OF AGING AND LONG-TERM OVARIECTOMY
ON AVERSIVE AND RECOGNITION MEMORY AND DNA
DAMAGE IN RAT HIPPOCAMPUS
VM Andrade (1), NP Guerra (1), AA Castro (2), G Chaves (2), M Moretti
(2), AP Damiani (1), GG Silva (1), CR Boeck (2), EC Gavioli (2)
(1) Laboratório de Imunologia e Mutagênese, Programa de Pós-gra-
duação em Ciências da Saúde, Universidade do Extremo Sul
Catarinense (UNESC), Criciúma, Brazil; (2) Laboratório de
Neurociências, Programa de Pós-Graduação em Ciências da Saúde,
Universidade do Extremo Sul Catarinense, Criciúma, Brazil.
Email: vmoraesdeandrade@yahoo.com.br

Background and Aim: Aging is a biological process that results in sev-
eral disorders like a decreased of cognitive functions related to memo-
ry and learning, DNA damage and, in females, decreased of estrogen
levels. In spite of aging be a multifactorial process, decreased of estro-
gen level have been indicated as a responsible for an increase of free
radicals production and to cause injuries in macromolecules like the
DNA. Moreover, some studies suggest that the decreased of estrogen
by short-term ovariectomy impairs memory and reduces spine density
in rats. By contrast, studies with long-term ovariectomy have showed
unexpected results: long-term ovariectomy improves, instead of
impairing, learning and memory process in rats. These controversial
results justify this study for clarify the effects of long-term ovariecto-
my in the cognitive sensibility and in DNA damage induction. Methods
and Results: In the present study we investigated the alterations in
memory storage processes that occur in senescence by subjecting aged
and young female Wistar rats in two distinct animal models of memo-
ry: object recognition task and inhibitory avoidance test. In addition,
investigation of DNA damage in hippocampus by the Comet assay also
was done. Twelve young (6 months) and twenty-four aged (18 months)
female Wistar rats were employed in the present study. The animals
were divided in 3 groups: adult sham, aged sham and long-term
ovariectomized aged rats (ovariectomized 15 months before the test).
The results showed that in the step-down inhibitory avoidance task
aging affects test performance of rats. In the object recognition task
assay our data demonstrated that just aged sham rats were unable to
discriminate between familiar and novel objects. For the comet assay,
sham aged rats showed a significant increase in DNA damage in rela-
tion to the adult group. Conclusion: Our findings demonstrate that aged
sham female rats displayed memory impairments in both behavioral
tests compared to young animals and that long-term ovariectomy can
significantly improve recognition memory, but not aversive memory, in
aged rats. Moreover the aged rats, but not the ovariectomized aged ani-
mals presents more hippocampal DNA damage in agreement with the
recognition index findings.

MH065
INFLUENCE OF CHAMOMILLA RECUTITA AND MIKANIA
LAEVIGATA EXTRACTS OVER THE GENOTOXICITY
INDUCED BY ALKYLATING AGENTS.
VM Andrade (1) ,EC Gomes (1), VR Sebastião (1), D Mazzorana (1),
P Tavares, NC Carvalho, BJP Munhoz, AE Rossato (2)
(1) Laboratório de Imunologia e Mutagênese, Programa de Pós-Graduação
em Ciências da Saúde, Universidade do Extremo Sul Catarinense (UNESC),
Criciúma, SC, Brazil; (2) Grupo de Estudos Etnofarmacológicos visando a
obtenção de substâncias bioativas Universidade do Extremo Sul
Catarinense (UNESC), Criciúma, SC, Brazil
Email: vmoraesdeandrade@yahoo.com.br

Background and Aim: The diversity of plants in Brazil is a potential
source of biological active compounds. The utilization of certain plants
in combating diseases is common practice among the people. Among
various medicinal plants used in folk-medicine in Brazil, Mikania lae-
vigata Sprengel (Asteracea), popularly known as “guaco” is an impor-
tant medicinal species because of its multiple pharmacological proper-
ties, especially anti-inflammatory, anti-allergic, analgesic and antimi-
crobial activities. In addition, Chamomilla recutita (L.) Rauschert,
which also belongs to the Asteracea family, is commonly used as a
medicinal tea to treat inflammatory disorders, fever, menstrual pain and
intestinal and hepatic tumors. However, in the majority of cases, there
is no proof efficacy of treatment in popular use, or there has not been
an adequate evaluation of medicinal plants for possible adverse effects
or protective use. Thus, this work aims to evaluate, in vivo, the effect
of M. laevigata and C. recutita extracts on the genotoxicity of some
mutagens in CF-1 mice. Methods and Results: The animals were divid-
ed into 8 groups with 8 animals each. The treatment groups were:
Group 1 and 2 (negative controls received water and chamomile or
guaco extract, respectively), group 3 and 4 (pre-treatment) receive ini-
tially extract and 24 hours after receiving MMS (40mg/kg) and
cyclophosphamide (CP) (25mg/Kg) intraperitonealy, respectively, and
the groups 5 and 6 (post-treatment) initially received the MMS and CP
respectively and 24 hours after received the chamomile or “guaco”
extract; group 7 and 8 received only the alkylating agents MMS and
CP. The results showed that the pre- and post-treatment with “guaco”
extract could improve the DNA damage in erythrocytes of mice treat-
ed with MMS and CP  reducing the damage in 52% e 34% (MMS, pre-
and pos-treatment) and 60% and 65% (CP, pre- and pos-treatment). The
results for chamomile showed a significant difference in the treatment
with this plant only in relation to MMS in the post-treatment, with a
significant reduction of 69,9% on the damage caused by this alkylating
agent. Conclusion: These results showed that the extracts of both plants
can protect or repair the DNA for damage caused by alkylating agents.

MH066
OXIDATIVE DAMAGE AND TRANSCRIPT 
DOWN-REGULATION OF DNA REPAIR GENES IN LYM-
PHOCYTES FROM PATIENTS WITH ALZHEIMER DISEASE,
FRAILTY SYNDROME AND DIABETES MELLITUS TYPE-2.
DVNP Oliveira(1); DJ Xavier (1); DLA Espósito (1) SS Mello (1); CM
Junta (1); MM Marques (1) CN Barbosa (2); JC Moriguti (2); E Ferrioli
(2); MC Foss (3); MC Foss-Freitas (3); EA Donadi (3); GAS Passos
(4); ET Sakamoto-Hojo (1,5)
(1) Depto. de Genética, Faculdade de Medicina de Ribeira Preto-USP; (2)
Setor de Geriatria, (3) Clínica Médica, HC-FMRP-USP; (4) Depto.
Morfologia-Faculdade de Odontologia-USP, (5) Depto Biologia, Faculdade
de Filosofia, Ciências e Letras de Ribeirão Preto-USP, Campus de Ribeirão
Preto – Universidade de São Paulo, Ribeirão Preto, SP, Brasil.
E-mail: etshojo@usp.br (Corresponding author); Email: etshojo@usp.br

Damage to neurons can reflect both an increase in oxidative processes
and a decrease in antioxidant defenses. Over the past decades, the sci-
entific progress has been occurred to search the involvement of oxida-
tive stress in several diseases, most notably those associated with age.
In the present work, we analyzed the DNA damage by the comet assay
(with or without hOGG1) and transcript profiles for DNA repair genes
for lymphocytes taken from patients with Alzheimer disease (AD),
frailty syndrome (FS) and diabetes mellitus type-2 (DM2), compared
with paired healthy individuals. Inform consents were obtained from
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all individuals (n=12-15 per group), and the research work was
approved by the local Ethics Committee (HC-FMRP-USP).
Lymphocytes from AD and FS were more sensitive to DNA damage
induction compared with controls when treated with hydrogen perox-
ide. Hyperglycemic DM2 patients also showed significant higher lev-
els of DNA damage than matched non-hyperglycemic patients and con-
trols, probably due to the oxidative damage produced by glucosis. In
addition, lymphocytes from DM2 patients also presented a transcrip-
tional down-regulation of DNA repair genes (ATM, ATR, OGG1,
XRCC1, FEN1 and APEX1), as evaluated by the real time PCR (qPCR)
method. Interestingly, for AD patients, 19 genes (ATM, ATR, TREX1,
OGG1, FEN1, FANCG, RAD17, DUSP, ERCC1, ERCC3, ERCC6,
HUS1, RAD9, RAD1, PRKDC, ADAM17, APEX1, APP, and BACE1)
were found repressed by qPCR; most of them play roles in damage
sensing and DNA repair pathways. These results showed that several
signaling pathways associated to oxidative stress responses, including
DNA repair pathways, may be compromised in lymphocytes from
patients with DM2 and AD. Additionally, for patients with AD, tran-
scriptional profiles analyzed by cDNA microarrays showed significant
down-regulation of two genes (TRAP1 and KA35) and an up-regulation
of 39 genes (among them, NOTCH1, MARK3, PAK, SMC1L1, PSMB2,
GLE1L, MPP5, and PBX1) playing roles in several biological process-
es. Thus, altogether, the present data provide a relevant contribution
towards the elucidation of the molecular pathways involved in the pro-
cessing of oxidative damage in human diseases related with ageing. 
[Financial support: FAPESP (Proc. nº 06/01947-8), CNPq, and
CAPES].

MH067
TOXICOLOGICAL EVALUATION ON 
INDOOR-ENVIRONMENTAL EXPOSURE MODEL OF 
BENZENE ON MICE
J Zhang,KH Fan,LH Yin,YP Pu
Department of Occupational and Environmental Health Science,
School of Public Health, Southeast University, Nanjing 210009,
P.R.China
Email: yppu@seu.edu.cn

Background: Benzene is known to cause hematotoxicity and leukemia
in occupational exposure workers. The lowest concentration at which
an increased incidence of leukemia among exposed workers has been
estimated to be in the range of 32–80 mg/m3. In recent years, benzene
pollution emitted indoors from household materials is more serious
with the high rate of new construction in China today. Although the
indoor concentration is lower than potential carcinogen level on occu-
pational exposure, but the indoor-environmental exposure may be more
than 12h one day especially for the seniors and young kids. Methods:
The BALB/C mice were continuously exposed to benzene by inhala-
tion (20 mg/m3, 80 mg/m3) 12 hours a day within 90 days and raised
for another 90 days. The following items were detected: general
growth, micronucleus and comet rates, parameters of peripheral blood,
bone marrow examination and the expression of NF-κB P65 and Bcl-
2. Results: The toxic symptoms as wizened fur and indolence in action
were observed in each treatment group. The micronuclei and comet
rates in each treatment group were increased significantly compared
with controls after 90 days with dose-dependent response. These two
genetoxicity could be still observed lasting 90 days after exposure
treatment finished. The anaemia happened in each exposure group
without dose-dependent and myelodysplastic syndrome (MDS) hap-
pened in benzene (20 mg/m3). NF-κB and Bcl-2 expression increased
significantly in each treatment group compared with controls after 90
days exposure treatment, but without dose-dependent response.
Conclusion: It is suggested that the chromosome and DNA damage
could be induced and hemopoietic function could also be influenced
and malignant cloning disease in hemopoietic system could be induced
by indoor-environmental exposure model at this concentration. The
NF-κB and Bcl-2 anti-apoptosis pathway activation take part in the
toxicity effect. (This work was supported by the National Natural
Science Foundation of China 30671731, the Doctoral Program of
Higher Education of China 20070286069, the Medical Research
Foundation of Jiangsu Province H200538 and Innovation Foundation
for Graduates of Jiangsu Province 2005-89)

MH068
MORTALITY ASSOCIATED WITH LIVER DISEASES IN
EGYPT (1986-2005)
A M Hassan, H A Abouseif, M El Hosseiny,  W A Anwar, M K
Mohamed
Department of Community, Environmental and Occupational
Medicine, Faculty of Medicine, Ain Shams University, Cairo, Egypt.
Email: wagidaanwar@yahoo.com

Background: Hepatitis C Liver diseases are important health problem
in Egypt with a national prevalence of anti-HCV of 12-14%. There is
an evidence of transmission of HCV and HBV resulting in such high
prevalence of HCV and a HBsAg carrier rate of over 4%. This was sug-
gested to be a cohort infection through antischistomiasis campaigns
between 1960 -1985.  There are few studies about liver disease burden
and mortality rates in Egypt. This study addresses the magnitude of
liver diseases in Egypt 20 years after the initiation of the epidemic, over
the period (1986-2005). Methods: All death records of Egypt during the
period (1986-2005) were obtained from Central Agency of Public
Mobilization and Statistics and National Information Center for Health
and Population of Ministry of Health and Population. Data were ana-
lyzed to assess the Years of life lost for causes of death related to liver
diseases (HBV infection, HCV infection, liver cancer and liver cirrho-
sis). Results: Mortality rates and number of YLL due to liver cancer
showed a gradual increase from 1986 to 2005 (from 15 to 65 /100000).
Proportionate Mortality Ratio rose from 1.5 to 10.5 of the total deaths
(8.7 to 12.0 % among females and males respectively). There were no
deaths recorded due to liver cirrhosis in year 1986. Rates due to liver
cirrhosis showed a gradual increase from 1987 to 2005. Males showed
higher mortality from liver diseases than females allover this period.
The mortality was higher in old age groups than young ones.
Conclusion: The study showed that the total mortality rates and YLL
for liver diseases are steadily increasing with time with higher mortal-
ity from liver diseases among males than females all through the study
period. Further modeling is needed to estimate the peak of this epidem-
ic and estimate the therapeutic needs for antiviral therapy and liver
transplant to avoid such an expected high impact during the next years.

MH069
AN ATTEMPT TO IDENTIFY GENES INVOLVED IN 
PROGRESSION OF TOBACCO SMOKE ASSOCIATED 
CANCER
M Jarmuż (1), M Giefing (1), A Abramowska (1), E Baczyńska (1), K
Pelińska (1), M Kostrzewska-Poczekaj (1), R Grenman (2), K Szyfter(
1,3)
(1) Institute of Human Genetics, Polish Academy of Sciences, Poznań,
Poland, (2) Clinic of Otolaryngology, University of Turku, Finland, (3)
Clinic of Otolaryngology, University of medical Sciences, Poznań,
Poland
Email: szyfkris@man.poznan.pl

Tobacco smoking and alcohol abusing are the dominant environmental
causable factors in laryngeal cancer. However, as only a fraction of
exposed persons develops laryngeal cancer, a significance of genetic
factor is to be studied. Further, a progression of cancer also seems to be
associated with expression of specific oncogenes and tumor suppressor
genes. Recently, molecular cytogenetics and biology provide promis-
ing techniques to identify an involvement of particular genes not con-
sidered yet. The study was done on 13 cell lines derived from laryngeal
cancer with variable characteristics concerning TNM, survival time etc.
To get orientation in genome changes related to cancer the cells were
analysed by classical cytogenetics, array-comparative genomic
hybridization, and gene expression. The selected regions were analysed
by FISH using the appropriated probes. A combination of classical
cytogenetics with FISH have shown the intersticial deletion at 8q22.1
present in three cell lines. The detailed analysis of breaking points tar-
geted to PGCP and SDC2, already known as active in other types of
cancer. Next, a frequent amplification of 11q13 region was extended on
an estimation of amplicon size. It contains at least the following onco-
gens: CCND1, FG3 and FG4. An increase of copy number of the men-
tioned genes is currently confronted with mRNA expression studied by
Affymetrix V 133 Plus 2. Another series of experiments concerns glob-
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al genome analysis by CGH-array in laryngeal cancer cell lines.
Several regions with a considerable gain (amplification) or loss (dele-
tion) are at present under analysis. The gained regions potentially con-
tain oncogenes and lost seem to be associated with tumor suppressor
genes. A content of genetic material in the selected regions is being
compared with mRNA expression. Oncogenes identified until now
include: CRKL and MAPK1 present in the highly amplified region
22q11-12. The following tumor suppressor genes have been identified:
GNG7 (19p13.3), CDKN2A (p16, 9p21.3) and STK17A (7p13). Genes
involved in cancer progression could be further studied in respect to
targeted therapy.

MH070
MICRONUCLEI FREQUENCY IN PERIPHERAL BLOOD
LYMPHOCYTES AS BIOMARKER FOR COLORECTAL 
CANCER RISK.
F Maffei (1), F Carbone (1), G Cantelli Forti (1) D Festi (2), A Vestito
(2), P Hrelia (1) 
(1)Department of Pharmacology, University of Bologna, Via Irnerio
48, Bologna Italy; (2)Department of Clinical Medicine, University of
Bologna, Via Massarenti 9, Bologna Italy.
Email: francesca.maffei@unibo.it

Colorectal cancer (CRC) is one of the most frequent neoplastic disea-
ses in human population. Changes in chromosome structure and num-
ber, as well as genomic instability, are major events in the etiological
pathway leading to cancer. Chromosomal instability is the most com-
mon type of genomic instability in CRC and occurs in 80-85% of colo-
rectal tumours. The genome of colon cancer is often marked by chro-
mosome rearrangement and alterations in chromosome number. It has
been demonstrated that the level of genetic damage in peripheral blood
lymphocytes reflects the amount of damage in the precursor cells that
lead to the carcinogenic process in target tissues. In order to study bio-
markers of genetic damage predictive for CRC risk, we have evaluated
Micronuclei (MN) frequency in peripheral blood lymphocytes from
subjects resulted positive to fecal occult blood test (FBT) and examined
by colonoscopy, among the participants of screening program for CRC.
At now, the study population comprise 44 subjects aged between 50-70
years, resulted positive to FBT and classified by histological lesion at
the baseline colonscopy in two groups: normal colon (26 subjects, 10
female and 16 males, mean age: 59,3±6,1) and adenocarcinoma–CRC-
subjects (18 subjects, 7 females and 11 males, mean age: 62,3±7,9). All
the subjects have provided informed consent. Data collection regarding
demographic characteristic, gastrointestinal history, occupational histo-
ry, diet, and lifestyle habits. Interestingly, the frequencies of MN are
significantly increased in CRC-subjects as compared with normal
colon subjects (MN/1000 binucleated (BN) cells: 17,67±6,14 vs
7,66±1,48 P<0.05). Among the study population MN frequency was
not affected by age or gender. Our preliminary results are interesting,
and support the concept that biomarker study can provide new perspec-
tives in prevention program for CRC. This project was supported by a
grant from Fondazione del Monte di Bologna e Ravenna.

MH071
COMBINATION OF ACUTE IN VIVO MICRONUCLEUS AND
COMET ASSAYS: CONSIDERATIONS AND NOVARTIS 
EXPERIENCE
U Plappert-Helbig, A Elhajouji, W Suter, HJ Martus
Novartis Institutes of BioMedical Research, Preclinical Safety, Basel,
Switzerland
Email: ulla.plappert-helbig@novartis.com

Regulatory genotoxicity testing of novel therapeutic molecules consists
of a battery of in vitro tests as the first tier. In the case of positive
results, scientific practice as well as regulatory guidance demands a
clarification of the result, frequently by the conductance of in vivo tests
While the bone marrow micronucleus test has been a standard first test
since long, recently the comet assay has become popular as the second
additional test, mostly due to its ease of conductance and versatility to
analyze different organs. At Novartis, an approach has been used to
combine micronucleus and comet assays into the same animals, using

an acute treatment schedule, which allows an optimal correlation of
both endpoints. Further, a significant saving in laboratory animals can
be achieved by this approach, whereas treatment schedules and positive
controls needed to be adapted in order to find a compromise suitable
for both assay types. Currently, a three-dose design is used, with dos-
ing at 0, 24, 45 hours and sacrifice at 48 hours, with minor modifica-
tions depending on the TK properties of the compound. The study is
done with 7 males or 5 animals per gender per dose group, using three
dose levels plus negative controls. Otherwise, 5 males and 5 females
are used. In addition, a histopathological examination of the target
organs complements the genotoxicity evaluation. Over the last 4 years,
we have conducted 12 combined assays, generally triggered by posi-
tive results in in vitro mammalian tests. This approach is able to save
37% of animals if both genders, and 57% of the animals if only males
are used, versus independent tests. The correlation between bone mar-
row MNT and comet assay, mostly in liver and blood cells, was good,
with negative results in both enpoints in most studies. In summary, the
proposed combination of micronucleus test and comet assay in liver or
blood cells has provided a reliable design to clarify positive in vitro
genotoxicity findings, allowing a significant reduction in animal num-
bers.

MH072
IN VITRO EVALUATION OF MUTAGENIC AND 
PROTECTIVE EFFECTS OF THE ββ-GLUCAN
BOTRYOSPHAERAN IN MAMMAL’S CELLS
IMS Cólus (1), MP Mori (1), LE Kerche (2), AM Barbosa (2), RFH
Dekker (2) 
(1) Department of General Biology, Biological Sciences Center and (2)
Department of Biochemistry and Biotechnology, Exact Sciences Center
- Londrina State University, Londrina, PR, Brazil.
Email: colus@sercomtel.com.br

The increasing of life expectancy has been leaded to a gradual increase
in the prevalence of degenerative diseases which is strongly associated
with mutational process. However, such events can be avoided by
favouring the intake of protective factors and by modulating the body’s
defense mechanisms. Fungi are producers of exopolysaccharides
(EPS), mainly �-D-glucan type that present health beneficial activities.
In this study it were evaluated in human peripheral lymphocytes and
V79 cells the possible citotoxic, mutagenic, protective effects and cell
viability modulation of the EPS botryosphaeran, which consists of a
�(1à3; 1à6)-D-glucan secreted by the ascomycetous fungus
Botryosphaeria rhodina MAMB-5. The protective effect of EPS was
evaluated against DNA damage induced by bleomicin, doxorubicin and
hydrogen peroxide. It were used the cytokinesis-block micronucleus
technique and the acridine orange/ethidium bromide staining using
four treatments protocols. The obtained data showed that botryosphaer-
an itself did not present citotoxic and mutagenic activity in both cellu-
lar types. The three EPS concentrations tested on human lymphocytes
reduced the frequency of micronuclei in the antimutagenicity protocols
during the G1 and G2 cell cycle phase and throughout continuous treat-
ment. In the G2 cell cycle phase there was a tendency of a dose-
response curve indicating a desmutagenic mechanism. However, there
were evidences that the protective effects exerted by this EPS may also
have been related to a bioantimutagenic mechanism. In the V79 cells,
the ten concentrations evaluated in MTT test showed no cell citotoxic-
ity and the three concentrations evaluated on micronucleus test also
reduced the frequency of micronuclei against damages induced by dox-
orubicin and hydrogen peroxide, suggesting some antioxidant action.
Moreover, the botryosphaeran was able to increase cell viability with a
decreasing in the apoptosis index. Among the mechanisms proposed to
explain the observed protective effects, it can be cited the antioxidant
activity, modulation of antioxidant enzymes expression and signals
transduction by receptors coupled kinases with subsequent modulation
of genotoxic stress response. Financial Support: CNPq/UEL
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MH073
CADMIUM EFFECTS ON DNA REPAIR ACTIVITIES:
ANALYSIS ON DEDICATED BIOCHIPS
S Candéias, B Pons, M Viau, S Caillat, S Sauvaigo
CEA, DSM, INAC, SCIB, Laboratoire Lésions des Acides Nucléiques ;
UMR-E3 CEA-Université Joseph Fourier, Grenoble, France.
Email: serge.candeias@cea.fr

Background/aims: Cadmium is known to affect several cellular
processes, including cell cycle progression, proliferation, DNA replica-
tion and some aspects of DNA repair but the molecular mechanisms
underlying its carcinogenicity are not fully identified. We investigated
the direct effects of cadmium exposure on the functionality of proteins
involved in nucleotide and base excision repair using specialized DNA
lesion microarrays. Methods: We used biochips bearing plasmid DNA
or double stranded oligonucleotides carrying series of defined genotox-
ic lesions repaired by BER and/or NER. Upon incubation with a
nuclear extract, these lesions are individually recognized and repaired.
The activity of the enzymes involved in this process is quantified by the
incorporation or the disappearance of fluorescence, according to the
system and protocol used. These microarrays provide information on
activities directed toward several types of DNA damage at the same
time and define a “repair profile” for each sample; they were used to
determine how the presence of cadmium modulates repair of the differ-
ent types of lesions. Results: In a first set of experiments, we analyzed
the repair of thymine glycols (TG), cyclobutane pyrimidine dimers
(CPD-64), 8 oxoguanine (8 oxoG) and alkylated bases (AlkB) on plas-
mid DNA biochips. All activities were affected by cadmium in a dose
dependant manner, but at different levels for each lesion. The recogni-
tion and excision of 8 oxoG and TG were relatively more inhibited by
cadmium than that of CPD-64 and AlkB. Next, we used an oligonu-
cleotide microarray designed specifically to monitor simultaneously
the excision of several lesions. We found that excision of TG and of U
opposite A were inhibited at lower cadmium concentrations than cleav-
age of abasic sites or of U opposite G. Conclusions: Cadmium has a
direct broad inhibitory effect on the repair of damaged bases and
nucleotides when added to acellular extracts. It affects both glycosy-
lases and APE1, and excision by bi-functional glycosylases, which pos-
sess an AP lyase activity, appears to be more sensitive than excision by
glycosylases which require APE1. This general DNA repair suppres-
sion most likely contributes to cadmium carcinogenicity.

MH074
BIOCHEMICAL AND GENOTOXIC EFFECTS IN PESTICIDE
SPRAYERS: PRELIMINARY RESULTS
MF Simoniello (1), EC Kleinsorge (1),  MA Carballo (2).
(1) Cátedra de Toxicología, Farmacología y Bioquímica Legal. Facultad
de Bioquímica y Ciencias Biológicas. Universidad Nacional del Litoral.
Santa Fe, Argentina. (2) CIGETOX-Citogenética Humana y Genética
Toxicológica. INFIBIOC, Departamento Bioquímica Clínica, Facultad de
Farmacia y Bioquímica, Universidad de Buenos Aires, Junín 956, 1113,
Buenos Aires, Argentina.
Email: fersimoniello@gigared.com

In large cultivated areas in Ceres (Argentina), pesticide sprayers are
generally exposed to pesticide mixtures. Oxidative stress and DNA
damage have been proposed as mechanisms linking pesticide exposure
to health effects. We determined biochemical and genotoxic effects in
pesticide sprayers, compared with controls from the same area. Assay
of malondialdehyde levels (MDA), reduced glutathione (GSH) and
oxidized glutathione (GSSG) were estimated in blood samples to deter-
mine pesticides impact on redox potential. Lymphocytes were analyzed
for DNA damage using Damage Index Comet Assay (DICA) and
oxidative DNA damage introducing the modification by adding FPG
protein (DICA FPG). The MN test was applied on buccal cells
(BCMN). An increase in MDA levels were found among sprayers com-
pared to controls (P<0.003). The oxidative stress produced was indicat-
ed by a significant decrease in the GSH/GSSG ratio observed in appli-
cators (P<0.003), as a result of  the decrease in the concentration of
reduced glutathione and the increase of its oxidized form. Both DICA
and FPG DICA as well as BCMN were higher from applicators when
compared to controls (P<0.003). These results demonstrate that lipid

peroxidation enhancement and antioxidant defense system alterations
observed in sprayers correlate with DNA damage in both lymphocytes
and buccal cells. The small sample size analized limits the implications
of this study. However, the fact that these kind of alterations can be eas-
ily linked to the adverse health effects observed in chronic pesticide
toxicity (in which oxidative damage plays a pathophysiological role) is
an attractive hypothesis that justifies further investigation.

MH075
EFFECT OF ILEX PARAGUARIENSIS ON ESOPHAGEAL
CYP EXPRESSION AND IN BACTERIAL CULTURES 
LF Ribeiro-Pinto (1), AR Kaezer (1), CAF Aiub (2), I Felzenszwalb (2).
(1) Departamento de Bioquímica, Instituto de Biologia Roberto Alcantara
Gomes, Universidade do Estado do Rio de Janeiro, Rio de Janeiro, Brazil;
(2) Departamento de Biofísica e Biometria, Instituto de Biologia Roberto
Alcantara Gomes, Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, Brazil.
Email: uerj.felzen@gmail.com

Esophageal cancer is the eighth most common cancer worldwide and
sixth in cause of death from cancer, occurring mainly in developing
countries. Approximately 93% of them are epidermoid carcinoma type
and seems to be primarily caused by environmental factors. In south-
ern Brazil, the incidence is related to the consumption of chimarrão,
beverage ingested at high temperatures and made from the leaves of
Ilex paraguariensis. There are, at least, three possible mechanisms
which the infusion of Ilex paraguariensis (IIp) could increase the risk
of esophageal cancer: (i) the presence of carcinogenic substances in
yerba mate, (ii) the increase of carcinogens esophagus metabolism
through the cytochrome P450 induction in this tissue, and (iii) chronic
thermal injury. In this study, we analyzed first two points. For this, we
evaluated the gene expression (RT-PCR), protein (Western blotting)
and enzyme activities (COH and NDEAd) associated with CYP2A3 in
rats oesophagus treated during 2, 4, 7, 14 and 21 days, with IIp 10%
(w/v). Using the Ames test and SOS cromotest was verified the muta-
genicity of IIp 0.1% (w/v), 1% (w/v) and 10% (w/v) in bacterial sys-
tems. No differences were observed in the expression of mRNA and
apoprotein of CYP2A3 related to the control group, as well as on
enzyme activities, suggesting that IIp 10% (w/v) does not interfere on
the metabolism of carcinogens in the esophagus. Besides, no signifi-
cant mutagenic effect (MI > 2 or p < 0.05) was observed on the stan-
dards strains (TA97, TA98, TA100, TA102) as well as on the more sen-
sitive strains (TA1535, YG7104, YG7108, YG1021, YG1024,
YG1041, TA98NR, TA98DNP-6) to detect nitro-compounds such as
nitrosamines, regardless of metabolic activation. Thus, we observed
that the risk of IIp in the patogenesis of esophagus cancer in southern
Brazil does not involve the modulation of esophageal CYP enzyme or
the presence of mutagenic compounds present in yerba mate. Support:
CNPq, CAPES and FAPERJ.

MH076
MUTAGENIC AND REPROTOXIC ACTIVITY OF LOW 
CONCENTRATIONS OF TAURINE
P Ramos-Morales (1, 2), A Muñoz-Hernandez (1), JA Muñoz-Moya (3)
H Rivas-Martinez (2), BR Hernandez-Bernal (2), CA Castro (1)
(1) Lab. Genetica y Toxicologia Ambiental, Facultad de Ciencias, UNAM,
Mexico, (2) Drosophila Stock Center Mexico, Facultad de Ciencias, UNAM,
Mexico, (3) Colegio de Ciencias y Humanidades, UNAM, Mexico.
Email: myflies2003@hotmail.com

Introduction. The sulphured amino acid Taurine (TA) has been impli-
cated in numerous biological functions based on its unique chemical
structure (Lourenco and Camilo, 2002). TA has a role in bile acid con-
jugation, central nervous system neuromodulation and retinal develop-
ment, among others. The deficiency of this a.a. increases the risk of
patients requiring long-term parenteral nutrition, but also its effect on
metabolism and antioxidant properties have contributed to use TA as
ingredient in commercial beverages although, the effect of excessive
intake on healthy individuals is unknown. The goal of this study is
determine the effect of chronic exposure to TA on toxicity and genotox-
icity parameters from Drosophila melanogaster. Methods. Wild type
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(WT) and SMART standard larvae (SS) were chronically fed with TA.
Fourteen successive dilutions from 50 mM TA [CAS 107-35-7] were
assayed. As solvent and negative control, distilled water was used. For
each concentration, adults recovered were sexed and counted to obtain
the Survival Index (SI) as the fraction of experimental flies recovered
compared with the control flies recovered; in addition, the probability
to recover a male or female (Sx) was obtained for each concentration.
WT males were individually mated with two untreated WT females to
obtain the effect of TA on the fertility. The average of the progeny per
male per concentration was compared to the control average. The geno-
toxic activity of TA was determined by mounting the wings of the SS
adults and scoring the number and type of mutant spots to obtain: the
frequency of mutant spots, the distribution of the size of the spots and
the distribution of the number of spots per fly in experimental and con-
trol series. Results. The SI from WT flies exposed to 1.25 mM and
those from flies treated with concentrations higher to 10 mM of TA was
lower compared to the SI from control flies (p<0.05), and the effect
was similar to females and males. The fertility of experimental males
was lower compared to that from control males. The average of proge-
ny per male increases with the concentration of TA, except al 50 mM
in which was lower to that from control males. TA increases the fre-
quency of spots from experimental flies treated with 10, 0.5 mM or
lower concentrations.

MH077
IN VITRO EVALUATION OF DNA DAMAGE INDUCED BY
LOW DOSES OF X RAYS
LF Olaya (1), L Franco (1), DM Narvaez (1), MC Plazas (2), H Groot
de Restrepo (1).
(1) Laboratorio de Genética Humana, Universidad de los Andes, Bogota,
Colombia. (2) Instituto de Oncología Carlos Ardila Lulle, Fundación
Santa Fe de Bogota, Bogota, Colombia.
Email: di-narva@uniandes.edu.co

X-rays are part of ionizing radiation that can act directly or indirectly
on the genetic material and may cause damage depending on the dose
that it is delivered. Low dose of X-rays have been studied for several
years. It has been used in different treatments, and some of these doses
were considered as non genotoxic in previous studies. The objective of
this work was to evaluate the genotoxic effects by the cytokinesis block
micronucleus test (CBMN) and the comet assay (CA), in human lym-
phocytes, exposed in vitro to low doses of X-rays. Briefly, the blood of
a healthy individual was exposed to three different doses of X-rays:
0.1, 0.2 and 0.3 Gy. The frequency of micronuclei and micronucleated
cells was determined. For the comet assay, DNA damage was measured
by tail length (um), tail moment, and tail intensity (%). Statistical
analyses were performed using the tests of Kruskal-Wallis and Mann-
Whitney. We found that when the dose of X-rays increases, the fre-
quency of micronuclei and micronucleated cells also increases, and
there were significant differences between each of the evaluated doses
compares with the control. For the CA, we found that the damage
increases with the increasing dose. The CA has a lower threshold than
the CBMN (0.1 and 0.2 respectively). This study shows that genotoxic
effects in vitro are highly related to the X-ray dose used. In this work
the best indicator of DNA damage in the CA is the tail intensity. The
frequency of micronuclei and micronucleated cells is very similar at
low doses. In conclusion, X ray causes DNA damage at chromosome
levels with doses higher than 0.2 Gy, and at single strands breaks with
doses higher than 0.1 Gy.

MH078
DNA INTERSTRAND CROSSLINK LESIONS PROMOTE 
AGE-RELATED DEGENERATIVE CHANGES 
AR Robinson (1), DB Stolz (2), M Ross (2), L J Niedernhofer (3)
(1) Graduate School of Public Health, University of Pittsburgh, PA, USA;
(2) Department of Cell Biology and Physiology, University of Pittsburgh,
PA, USA; (3) Department of Microbiology and Molecular Genetics,
University of Pittsburgh, PA, USA.
Email: robinsonar@upmc.edu

Background: The stochastic theory of aging posits that the degenerative

changes associated with aging arise as a consequence of random damage
to cells. Previous work from our lab demonstrated that this includes dam-
age to nuclear DNA. However, what remains unknown is what type of
DNA damage promotes aging? The purpose of this study is to test the
hypothesis that DNA interstrand crosslinks (ICLs), cytotoxic lesions that
block DNA replication, promote aging but that monoadducts, affecting
only one strand of DNA, do not. This is based on the observation that
deficiency of ERCC1-XPF, a DNA repair endonuclease required for the
repair of both ICLs and monoadducts, causes accelerated aging in
humans and mice, but defects in repairing monoadducts alone does not.
Methods: To test this hypothesis, ERCC1-deficient mice, which age rap-
idly and die by 7 mths, are exposed to two structurally related nitrogen
mustards: 2-chloroethylamine (CEA) which is monofunctional and
induces only monoadducts and mechlorethamine (MEC), which is
bifunctional and induces monoadducts and ICLs. The age at onset of
progeroid features and lifespan is recorded. In addition, post-mortem tis-
sues are examined for degenerative changes associated with aging and
markers of apoptosis and cellular senescence. XPA-deficient mice,
defective only in the repair of monoadducts, are used as a control. If our
hypothesis is correct, then chronic exposure of ERCC1-deficient mice to
MEC, but not CEA, will accelerate/exacerbate their progeria, while not
affecting XPA-deficient mice. Results: The age at onset of accelerated
aging symptoms, including dystonia, trembling, kyphosis, ataxia, lethar-
gy, urinary incontinence and muscle wasting were measured. The
ERCC1-deficient mice treated with MEC had a significantly earlier onset
of symptoms compared to ERCC1-deficient mice treated with CEA, and
Xpa-/- mice treated with either drug.  Conclusions: DNA ICLs, but not
monoadducts, promote age-related degenerative changes.  Future studies
will focus on identifying environmental sources of ICLs by exposing the
mice to cadmium chloride and chromium, two industrial contaminants
that cause DNA ICLs. Identifying environmental sources if ICL damage
will offers unique opportunities to prevent age-related degenerative dis-
eases.

MH079
UNRAVELING A DISTINCT GENETIC NATURE IN 
BRAZILIAN XP-G PATIENTS
DT Soltys (1), MG Armelini (1), A Sarasin (2), JB Cabral-Neto (3),
CFM Menck (1)
(1) Department of Microbiology, Institute of Biomedical Sciences, University
of Sâo Paulo, São Paulo, Brazil; (2) Gustave Roussy Institute, Villejuif,
France; (3) Institute of Biophysics Carlos Chagas Filho, University Federal
of Rio de Janeiro, Rio de Janeiro, Brazil.
Email: soltys@usp.br

NER (Nucleotide Excision Repair) is the most flexible of all known
DNA repair mechanisms. XPG is a 3’-endonuclease that participates in
the final steps of NER. Mutations in this gene may result in the group
G form of Xeroderma Pigmentosum (XP) and, in some cases, in the
severe early onset Cockayne Syndrome (CS). We are identifying the
mutation present in two Brazilians patients, siblings and mildly affect-
ed, diagnosed as XP-G by the heterodikaryon complementation test.
The cells from these patients demonstrate the high UV sensibility typ-
ical of this syndrome, but they are not sensitive to Methylene Blue plus
light, an agent that causes oxidative stress. The sequence of both
mRNA and gDNA revealed a mutation in heterozygosis, C(280)A
(A28D). We also found some SNP’s and one of particular interest,
G(3507)C (D1104H), which has been reported as a polymorphism
related to increased predisposition to some types of cancer. Analyzing
the impact of the aminoacid substitution (through the internet tools
SIFT, PMut and PolyPhen) we verified that A28D and D1104H have a
negative impact in the protein function. Thus, apparently only one of
the alleles is functionally affected by a mutation that has never been
reported, while the other one encodes to a polymorphic protein also
found in the DNA repair proficient individuals. The possibility of exon
skipping was discarded by specific mRNA exon analyses. Now, we are
testing if there is differential expression of these two alleles by Real
Time RT-PCR, combining Relative Quantification with Allelic
Discrimination. Although the mild clinical XP phenotype of these
patients can still be due to a low expression of the functional allele, this
may be the first clear example of a heterozygous genotype that leads to
XP syndrome. Supported by FAPESP and CNPQ.
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MH080
GENETIC POLYMORPHISM OF CLOCK GENES IN NURSES
UNDER DIFFERENT WORK SHIFTS – PILOT STUDY
E Reszka (1), B Peplonska (2), J Gromadzinska (1), W Wasowicz (1),
A Bukowska (2), J Marjanska (2), H Kjuus (3), JA Lie (3)
(1) Department of Toxicology, Nofer Institute of Occupational Medicine,
Lodz, Poland; (2) Department of Occupational and Environmental
Epidemiology, Nofer Institute of Occupational Medicine, Lodz, Poland; (3)
National Institute of Occupational Health, Oslo, Norway
Email: edyta@imp.lodz.pl

Background: Night shift work, which affects circadian rhythm has been
indicated as a risk factor of breast cancer. A hypothesis of circadian dis-
ruption is based on observed alterations in melatonin production and
action by exposure to light at night. Genetic polymorphism in circadi-
an genes may have a significant influence of light-modulated carcino-
genesis. The circadian clock is controlled by several genes, including
Bmal1, Clock, Period (Per) and Cryptochrome (Cry). In humans, poly-
morphisms in clock genes have been implicated in sleep disorders,
morning/evening preferences, mental health and probably shift work
tolerance. The aim of this analysis, which is part of an ongoing cross-
sectional study in nurses, is to determine frequency of genetic polymor-
phism of selected clock genes by shift-work pattern. Methods: The
study of 350 nurses currently working rotating shifts night-shifts and
350 working the regular day shift, is being carried out in Lodz, Poland.
The pilot study included 171 nurses (105 day, and 66 nigh-shift). We
selected single nucleotide polymorphisms (SNPs) in hBmal1
(rs2279287), hClock (rs1801260), hPer1 (rs2735611), hPer2
(rs2304672), hPer3 (rs10462020), hCry1 (rs8192440), hCry2
(rs10838527). In the first course of the project we designed RFLP -
PCR methods for hBmal1, Clock, hPer3 and hCry1 genotyping.
Results: In the group of day-shift nurses, 52% of women with Bmal GG
and GA genotype was found, while in the group of night-shift nurses,
we found this genotype in 62% of the women. The frequencies of Clock
TT, TC, CC as well as Cry1 CC, CT, TT genotypes were similar in day
and night-shift nurses. Variant Per3 GG genotype was more frequent in
day-shift nurses (6.7%) than in night-shift nurses (1.5%). Conclusions:
Investigating clock polymorphisms, together with melatonin status in
night- and day-shift women offers a unique opportunity to study mech-
anisms involved in circadian rhythm and to identify susceptible popu-
lations/individuals. Based on the observed differences in the distribu-
tion of the genotypes selected in this pilot study, clock SNPs analysis
merit further investigation in a larger population. Acknowledgments:
This project is supported from Polish-Norwegian Research Fund grant
No. 243-AI-1/07

MH081
DNA DAMAGE IN LYMPHOCYTES OF SHORT BOWEL 
SYNDROME: SPONTANEOUS AND DXR-INDUCED 
CHROMOSOME DAMAGE (IN VITRO) BEFORE AND
AFTER PARENTERAL NUTRITION 
RA Santos (1), LMC Simões-Ambrósio (1), JS Marchini (1), CS
Takahashi (2), H Vannucchi (1)
(1) Department of Internal Medicine, Medical School of Ribeirão Preto,
University of São Paulo, Brazil; (2) Department of Biology, Faculty of
Philosophy, Sciences and Letters of Ribeirão Preto, University of São Paulo,
Brazil.
Email: rasantosgen@gmail.com

Background: Short Bowel Syndrome (SBS) generally results in severe
nutrient, water and electrolyte malabsorption. Parenteral nutrition (PN)
is commonly prescribed to patients with SBS and includes amounts of
essential vitamins assumed to meet metabolic needs but, even under
PN treatment, SBS patients present nutritional deficiencies and exhibit
poor clinical outcomes. It is well known nutritional deficiencies in vita-
mins, minerals and antioxidants, which are common in the population,
could also contribute significantly to DNA damage. The present study
aimed to investigate the levels of DNA damage and the sensibility to in
vitro induced-DNA damage (challenge assay) in lymphocytes of
patients with SBS before and after PN and healthy age-matched con-
trols. Methods: Peripheral blood lymphocytes from eight healthy con-
trols and four SBS patients were collected before and five days after

PN infusion.  Lymphocytes were cultured for 44 h when they were
treated with doxorubicin (DXR) (0.01, 0.02 and 0.03 µg/mL) for DNA
damage induction and with cytochalasin B for cytokinesis inhibition.
Spontaneous and DXR-induced micronuclei (MN) were analyzed in
1000 binucleated cells and nuclear division index (NDI) was counted
in 2000 cells. Results: SBS patients before PN exhibited higher fre-
quencies of MN (2.5/100 cells) than controls (1.1/100 cells) (p<0.01).
Frequencies of MN in SBS patients were similar before (2.5/100 cells)
and after (2.6/100 cells) PN. Frequencies of MN were significantly
increased after DXR treatments in patients as well in controls and
patients response to DXR-induced damage was similar before and after
PN. It was observed that the NDI in patients before PN (1.8±0.01) was
significantly different from controls (2.1±0.02, p<0.05), however, after
PN, the NDI was completely restored in patients (2.2±0.01).
Conclusions: These preliminary results indicate that patients with SBS
exhibit higher levels of chromosome damage than healthy controls and
that DXR-induced damage is not differently modulated by PN treat-
ment in SBS patients. However, the results also point that SBS patients
are under cellular cytotoxic conditions, as demonstrated with NDI,
which can be reduced after treatment with PN. Financial Support:
FAPESP proc. Nº 2007/58409.

MH082
THE ROLES of DNA REPAIR GENE POLYMORPHISMS and
ANTIOXIDANT ACTIVITY in ISCHEMIA – REPERFUSION
STATUS in CLINIC
E Emerce (1), B Karahalil (1), E Kesimci (2), T Gümüş (2), O Kanbak (2)
(1) Department of Toxicology, Faculty of Pharmacy, University of Gazi,
Ankara, Turkey; (2) Ataturk Training and Research Hospital, Ministry of
Health, Ankara, Turkey
Email: esraemerce@gmail.com

Although cardiac coronary artery by-pass grafting (CABG) surgery has
become a routine procedure worldwide, patient morbidity and mortali-
ty due to adverse complications are still unacceptably high. Cardiac
surgery may lead to oxidative stress due to formation of oxidation
products generated during ischemia and reperfusion. From these oxida-
tive products, 8-hydroxy-7, 8-dihydro-2-deoxyguanosine (8-OHdG) is
a mutagenic lesion and can be formed by 8-OHG repair pathway and
also, occurs in the nucleotide pool. This lesion is repaired by both BER
(such as OGG1 and MTH1) and NER enzyme systems.  On the other
hand, antioxidants act as “free radical scavengers” and they prevent
and repair oxidative damage.  The superoxide dismutase (SOD) is a
major enzyme of the antioxidant defense system and catalyzes the dis-
mutation of the superoxide anion into hydrogen peroxide and molecu-
lar oxygen. The aim of the present study was to investigate the roles of
OGG1 and MTH1 gene polymorphisms on ischemia-reperfusion status
and demonstrate their associations with 8-OHdG and SOD activity.
Thus, the serum 8-OHdG levels and SOD activity of patients (n=60)
were measured at five time intervals during CABG operation (before
and after operation; T1 and T5; respectively, after anesthesia, ischemia
and reperfusion; T2, T3 and T4; respectively) and OGG1 Ser326Cys
and MTH1 Val83Met polymorphisms were genotyped by RFLP-PCR.
We found that the frequencies of OGG1 Ser/Ser, Ser/Cys and Cys/Cys
genotypes were 55%, 42% and 3%, respectively; while the frequencies
of MTH1 Val83Val and Val83Met genotypes were 93.3% and 6.7%. We
observed a decrease in the levels of 8-OHdG among time intervals (T2,
T3 and T4) when compared to T1, while the levels of 8-OHdG in T5
was higher than in T4 (p<0.05). There was no significant association
between the variant forms of each gene and serum 8-OHdG levels.
However, SOD activity in T4 significantly increased compare to T1,
T2, T3, but SOD activity in T5 decreased compare to T4. The increased
in T4 suggested that some free radicals occurred during operation
might be scavenged by SOD antioxidant system. This study was sup-
ported by The Scientific & Technological Research Council of Turkey
(Project No:106S176).

MH083
LOOKING FOR NEW MEGAZOL DERIVATIVES AGAINST
TRYPANOSOMA CRUZI (CHAGAS DISEASE)
FVC Mello (1),  CA Aiub (1), N Boechat (2), I Felzenszwalb (1) 
(1) Departamento de Biofísica e Biometria – Instituto de Biologia Roberto
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Alcantara Gomes, Universidade do Estado do Rio de Janeiro, 20551-030,
(2) Instituto de Tecnologia e Farmacos da Fundação Oswaldo Cruz,
22775-903, Rio de Janeiro, Brazil.
Email: uerj.felzen@gmail.com

Chagas disease is an endemic infection disease in Latin America
caused by Trypanosoma cruzi protozoan. There is no efficient drug for
the Chagas disease treatment due to the acquired resistance of the par-
asite and because the drugs in use, as nifurtimox and benznidazol, are
cytotoxic. Derivatives from megazol, a nitroimidazole, could be good
alternative for this purpose. Although megazol presents a high efficien-
cy against T. cruzi it is not clinically available once its mutagenicity
and carcinogenicity is controversial. Positive mutagenic data was
already described without metabolic activation for Salmonella
typhimurium strains TA98 and TA102. In our laboratory, a first inves-
tigation with megazol indicated positive mutagenic response, with no
cytotoxic effects, in TA97, TA98 and TA100 at the tested concentra-
tions (0.05, 0.1, 0.2, 0.5, and 1.0 microg/mL in dimethylsulfoxide),
with or without metabolic activation (S9). No induction was observed
in TA102 (+/-S9). Our results showed that this potential trypanocidal
agent acts as a strong inducer of base-pair substitution and frameshift
mutation. As S. typhimurium expresses high levels of nitroreductase
activity, positive results observed in the Ames test should be interpret-
ed with caution. The presence of a nitro-group could play a key role in
the overall mutagenic activity of megazol. This result has encouraged
us to further explore structurally-related megazol derivatives, in order
to obtain a better understanding of their structural and antiprotozoal
activity relationships. Support: CNPq, FAPERJ and SR2/UERJ.

MH084
OXIDATIVE STRESS, PAH-DNA ADDUCTS AND BREAST
CANCER
KM McCarty (1), RM Santella (2), CB Ambrosone  (3), SM Eng  (4),
SL Teitelbaum (5), AI Neugut (6), MD Gammon (7).
(1) Department of Epidemiology and Public Health, Division of
Environmental Health Sciences, School of Medicine, Yale University, New
Haven, Connecticut, USA. (2) Department of Environmental Health
Sciences, Mailman School of Public Health, Columbia University, New York,
New York, USA. (3) Department of Cancer Prevention and Control, Roswell
Park Cancer Institute, Buffalo, New York, USA. (4) Epidemiologic
Resources, Safety Evaluation, and Epidemiology, Pfizer, Inc., New York, New
York, USA. (5) Department of Community and Preventive Medicine, Mount
Sinai School of Medicine, New York, New York, USA. (6) Department of
Epidemiology, Mailman School of Public Health and Department of
Medicine, College of Physicians and Surgeons, Columbia University, New
York, New York, USA. (7) Department of Epidemiology, University of North
Carolina at Chapel Hill, Chapel   Hill, North Carolina, USA
Email: kathleen.mccarty@yale.edu

Background: Reactive oxygen species (ROS) damage DNA, and may
play a role in the etiology of breast cancer as well as progression and
survival. Tobacco smoking, dietary exposure and environment are
sources of polycyclic aromatic hydrocarbons (PAHs) exposure which
produce ROS and may be associated with breast cancer risk. Objective:
We estimated the breast cancer risk associated with multiple polymor-
phisms in MPO, CAT, MnSOD and the interaction with PAH–DNA
adducts and cigarette smoking. Methods: We conducted unconditional
logistic regression using data from a population-based sample of
women (873 cases/ 941 controls), PAH–DNA adduct blood levels were
measured by competitive enzyme-linked immunosorbent assay (n =
873 of 941), and smoking status was assessed by in-person question-
naires (n = 943 of 973). Results: We did not find evidence for the main
effects of MPO, CAT, or MnSOD on detectable PAH-DNA adducts
among controls. We do not report evidence of interaction between
PAH-DNA adducts and MPO (p=0.62), CAT (p=0.54), and MnSOD
(p=0.59) and risk of breast cancer. Conclusion: We found little statisti-
cal evidence that PAHs interacted with MPO, CAT, MnSOD polymor-
phisms to further increase breast cancer risk.

MH085
THE EXPERIMENTAL STUDY OF
IMMUNOLOREGULATION FUNCTION OF RAT
MESENCHYMAL STEM CELLS ON SPLEEN
MONONUCLEARCELL AND ITS MECHANISM IN VITRO
BE Shan, M Ming, L Wang
Research Center of the Fourth Hospital, Hebei Medical University,
Shijiazhuang, Hebei, 050011, P. R. China
Email:Baoenshan@yahoo.com.cn

Aims: The immunological regulation mechanism of mesenchymal
stem cells (MSCs) was analyzed, and hopeful to provide scientific evi-
dence for clinical application. Methods: MSCs cell cycle distribution
and cell surface markers were detected by flow cytometry (FCM). The
multiple differentiation and proliferation potentials were confirmed by
evaluating cell growth curve. The inhibitory effect on MNC prolifera-
tion stimulated by Con A was evaluated by MTT. CD25, TGF-β1, IL-
2, IL-10 and IFN-γ expression were confirmed. Results: MNC prolife-
ration was inhibited significantly (P<0.01). After treatment with MSCs
or MSCs supernatant by 20µg/ml Con A stimulating for 24h, CD25
expression was lower than that of spleen MNC cultured alone (p<0.01).
MSCs supernatant could inhibit the activation of spleen MNC stimula-
ted by Con A (P<0.01). IL-2 and IFN-γ mRNA expression were lower
than that that without MSCs (p<0.05), while IL-10 mRNA expression
was higher (p<0.05). Spleen MNC stimulated by Con A in the presen-
ce of MSCs was arrested to G0/G1 phase. MSCs could upregulate p27
expression and downregulate cyclinE expression significantly. The
cytotoxcity to inhibit tumor cell decreased significantly after MSCs co-
cultured with spleen MNC for 48h (p<0.05). The proportion of
CD4+CD25+T cells subset and Foxp3 mRNA expression in MNC cul-
tured with MSCs were higher than that without MSCs P<0.01. TGF-β1
and IL-10 level secreted by co-culture group was significantly higher
than that of control (p<0.01). Conclusions: MSCs may promote Th0
cells differentiating into Th2 cells, but supressing into Th1 cells diffe-
rentiation. Upregulation of p27 expression and downregulation cyclin
E expression can result in MNC arresting to G0/G1 phase. MSCs could
not induce MNC apoptosis, which might related to the MNC subsets
changes and improving secretion of inhibitory cytokines by MSCs.

MH086
DO ANTIOXIDANTS PREVENT THE LYMPHOCYTE DNA
DAMAGE INDUCED BY EXHAUSTIVE EXERCISE?
D Beyoglu (1), GZ Omurtag (1), N Topsakal (2), IFC Monteiro (1), HB
Cotuk (3), S Sardas (1)
(1) Faculty of Pharmacy, Department of Toxicology, Marmara University,
Istanbul, Turkey; (2) School of Physical Education and Sports, Marmara
University, Istanbul, Turkey; (3) Research Center for Sport Health Sciences,
Marmara University, Istanbul, Turkey.
Email: direnbeyoglu@gmail.com

The beneficial effects of regular and nonexhaustive exercise have been
well-known for along time. Effectiveness of regular physical exercise
includes reduced risk of various diseases such as cardiovascular disea-
se, diabetes, osteoporosis and cancer. Besides the known benefits of
physical activity, exercise appears to increase ROS, which can result in
damage in all cellular macromolecules such as DNA, lipids, and pro-
teins. Oxidative DNA damage may play an important role in biological
processes such as mutagenesis, carcinogenesis, chronic inflammation
and aging in humans. Antioxidants protect the integrity of DNA from
genotoxicants and are capable of eliminate ROS generated in situations
of oxidative stress. Therefore, the purpose of this study was to investi-
gate the possible protective effect provided by antioxidant supplemen-
tation of vitamin E, by comet assay, before and after an exhaustive phy-
sical activity. The study participants were competitive rowers (CR)
(n=12), sport academy students (SAS) (n=11) and control group (CG)
(n=12). An exhaustive exercise tests were performed by competitive
rowers and sport academy students. Vitamin E supplementation was
given to competitive rowers and sport academy students for 2 months.
At the end of vitamin E consumption, the comet assay was again car-
ried out in all subjects. Mean tail %DNA for each cell was calculated
as 100-Head %DNA. The same application was carried out for CR and
SAS subjects after 2 months of vitamin E supplementation. The preli-
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minary of this study shows that the DNA damage increases after exhau-
stive exercise and vitamin E seems to have slight decrease in the mean
tail %DNA.

MH087
ASSESSMENT OF INTRA-INDIVIDUAL VARIATION IN
MICRONUCLEATED RETICULOCYTES IN HUMANS USING
FLOW CYTOMETRY AND COMPARISON WITH 
CHROMOSOME ABERRATION DATA. A POTENTIAL 
BIOMARKER FOR HUMAN GENOTOXICITY?
C Marchetti, A Giddings, Ni Taylor, M Burman, S Dertinger(2), J
Bemis(2), R W Rees , AM Lynch. 
Genetic Toxicology, Safety Assessment, GlaxoSmithKline, Park Road,
Ware, Hertfordshire, SG12 0DP; (2) - Litron Laboratories, Rochester,
USA
Email: anthony.m.lynch@gsk.com

Cytogenetic endpoints (chromosome aberrations and micronuclei)
have traditionally been used to assess the burden of genetic damage in
animal models and humans. It is well recognized that the sensitivity of
standard microscopy methods is limited by the small numbers of cells
that can be scored routinely. This is particularly true for human popu-
lations, where cytogenetic endpoints have not provided reliable trans-
lational biomarkers of individual genetic damage. The development of
flow cytometry micronucleus assays, therefore, is one of the most
promising new developments for a translational biomarker of individ-
ual human genetic damage. Preliminary data from human clinical stud-
ies have been reported and there appears to be consistency in the mean
spontaneous frequency of micronucleated reticulocytes in normal
human adult, juvenile and paediatric populations. Interestingly, base-
line frequencies are similar to those previously reported for rodents and
dogs. To explore human intra-individual variation in the production of
micronucleated reticulocytes, blood samples from 8 healthy adult vol-
unteers (4 males and 4 females) were collected on 4 occasions over a
period of 3 months (day 1 am and pm, day 3, week 3 and month 3).
Chromosome aberration frequencies were determined at the start and
end of the study. In addition, red blood cell folate and B12 levels were
measured. The results of the study will be presented. These data repre-
sents a step forward for the development of a translational biomarker
of genetic damage from animal models to humans. Although the ‘mem-
ory’ of the biomarker is limited because of the short half-life of reticu-
locytes expressing the CD71 transferrin receptor, such a translational
biomarker could provide a powerful tool for determining genotoxic
risk in humans. 

MH088
SERUM LEPTIN, ESTRADIOL AND TGF-αα LEVEL IN
MALAYSIAN PRE-MENOPAUSAL BREAST CANCER
PATIENTS
S Arunkumar (1),  MA Karami (1), K Menon (2), KNS Sirajudeen (1),
SA Razak (1), ISA Hadi (3), H Jaafar (1), W Manan (1), M
Ravichandran (4), VMK Bhavaraju (1)
(1) School of Medical Sciences, School of Health Sciences, University
Science Malaysia, Kubang Kerian, Kelantan, Malaysia; (2) Dept of
Nutrition, Otago University, Dunedin, New Zealand; (3) Hospital Raja
Perempuan Zainab II, Kota Bharu, Malaysia; (4) Asian Institute of
Medical Sciences, Sungai Petani, Kedah, Malaysia
Email: vsbarun@yahoo.com

Introduction:  Malaysian women of less than 50 years of age have a
higher prevalence of breast cancer (65%). Evidence indicates that apart
from the known risk factors of breast cancer, the emerging role of asso-
ciated risk factors such as leptin and other growth factors remains
uncertain. Therefore the present study is undertaken to measure the lev-
els of serum leptin, TGF-α and estradiol in control and pre-menopausal
breast cancer patients. Methodology: The present case-control study
was conducted in Hospital Universiti Sains Malaysia (HUSM). A total
of 20 controls and 20 newly diagnosed pre-menopausal breast cancer
patients were recruited. After recruitment, age, anthropometrical meas-
urements and fasting venous blood samples were obtained for serum
leptin, estradiol and TGF-α assays. Detailed clinical examinations of

TNM staging, histopathological examination and immuno-histochem-
istry of estrogen receptors (ER), progesterone receptors (PR) and epi-
dermal growth factor (C-erb-2) were performed.  Data were analyzed
using Mann-Whitney U test. Results were expressed as mean ± S.E.M
and a ‘p’ of < 0.05 was considered statistically significant. Results: No
significant difference observed between patients and controls of age
(41±1.9 vs 39±2.0; p=0.383), height (1.55±0.01 vs 1.53±0.01 m;
p=0.379), weight (55±3.0 vs 60±2.4 kg; p=0.173) and body mass index
(23±1.3 vs 26±1.2 kg/m2; p=0.101). Clinical results showed that 80 %
of the patients had locally advanced stages of T4, N1, M1 with ER and
PR positive while C-erb-2 negative receptor status and were of ductal
carcinoma.  Biochemical assays showed a significantly decreased lev-
els of serum leptin (16±4 vs 47±6 ng/mL; p=0.000) and estradiol
(259±66 vs 491±80 pmol/L ; p=0.042) in breast cancer patients com-
pared to controls. Conversely, serum TGF-α level was significantly
higher in patients compared to controls (128±22 vs 33±7 pg/mL;
p=0.000). Conclusion: The increased TGF-α concentration in breast
cancer patients suggest a possible role as a prognostic factor in pre-
menopausal breast cancer.  Further studies are needed to elucidate the
possible role of reduced levels of leptin and estradiol in pre-
menopausal breast cancer.

MH089
ANTIOXIDANT ENZYME ACTIVITIES AND mRNA LEVELS
IN THE KIDNEY OF PRE-HYPERTENSIVE 
SPONTANEOUSLY HYPERTENSIVE RATS (SHR) AND 
WISTAR-KYOTO RATS (WKY)
S Arunkumar (1), SK Lee (1), KNS Sirajudeen (2), HJ Singh (3)
(1) Department of Physiology, School of Medical Sciences, Universiti Sains
Malaysia, Health Campus, 16150 Kubang Kerian, Kelantan, Malaysia. (2)
Department of Chemical Pathology, School of Medical Sciences, Universiti
Sains Malaysia, Health Campus, 16150 Kubang Kerian, Kelantan,
Malaysia. (3) Faculty of Medicine, Universiti Teknologi MARA, 40450 Shah
Alam, Selangor, Malaysia.
Email: vsbarun@yahoo.com

Oxidative stress has been implicated in essential hypertension.
However, the precise status of antioxidant enzyme (AOE) activities and
their expressions during the pre-hypertensive stage remains inconclu-
sive.  This study was therefore undertaken to measure and compare the
AOE activities in the kidney of pre-hypertensive SHR and age-
matched WKY rats. After the measurement of body weight in 2 and 3-
week old, and body weight and blood pressure in 4-week old pre-
hypertensive SHR and age-matched WKY rats, (n = 8 per group), the
rats were sacrificed and their kidneys were harvested for the measure-
ment of mRNA levels and activities of superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx), and activities of
glutathione reductase (GR) and glutathione-S-transferase (GST).  In
addition, the total antioxidant status (TAS) was also estimated.  Data
were analysed using ANOVA, and a ‘p’ of < 0.05 was considered sta-
tistically significant. When compared to age-matched WKY rats, body
weight was significantly lower in 2, 3 and 4-week old pre-hypertensive
SHR (p<0.001).  No significant difference was present in the mean sys-
tolic blood pressure at 4 weeks between the two groups.  CAT activity
was significantly higher at 2, 3, and 4 weeks (p<0.001) but GPx activ-
ity was significantly lower at 3 and 4 weeks (p<0.05) in pre-hyperten-
sive SHR.  GR activity was significantly lower at 2 weeks (p<0.001)
whereas GST activity was lower at 4 weeks (p<0.05) in pre-hyperten-
sive SHR. No significant differences were evident in the SOD activity
at 2, 3 and 4 weeks between the two groups.  CAT mRNA levels were
significantly higher in SHR at 4 weeks (p<0.05) but no significant dif-
ference was evident in mRNA levels of Mn-SOD, CuZn-SOD and GPx
between the two groups.  Interestingly, TAS levels were found to be
significantly higher in the pre-hypertensive SHR at 3 and 4 weeks
(p<0.05). The results indicate that there was an altered pattern of
mRNA expression and activity of some AOE in the kidneys of young
pre-hypertensive SHR and this might have some influence in the patho-
genesis of hypertension in this species.
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MH090
FUNCTIONAL CHARACTERIZATION OF 
LYMPHOBLASTOID CELL LINES DERIVED FROM PATIENTS
AFFECTED BY MUTYH-ASSOCIATED POLYPOSIS 
F Barone (1)*, E Pin (3)*, MT Russo (1), V Ruggieri (1), P Degan (2),
C Pastrello (3), P Pichierri (1), A Viel (3), M Bignami (1)
*These authors equally contributed
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Rome, Italy; (2) Department of Translational
Oncology, Istituto Nazionale per la Ricerca sul Cancro; (3) Unit of
Experimental Oncology 1, Centro di Riferimento Oncologico - IRCCS,
Aviano (PN), Italy.
Email: barone@iss.it

Background The recessively inherited adenomatous polyposis (MAP)
disease is associated with mutations in the DNA base excision repair
(BER) MUTYH gene. MAP patients present multiple colorectal adeno-
mas that can evolve with high probability into colorectal cancer. The
main somatic mutations found in MAP patients are G:C>T:A transver-
sions typically associated with a defective BER pathway. These most
likely derive from one of the major oxidation products, 8-hydroxygua-
nine (8-oxodG), which can easily mispair with adenine and, if unre-
paired, results in G>T transversions at the next round of replication.
Aims To investigate the functional significance of different MUTYH
mutations (Y165C/Y165C, G382D/R231C, G382D/1186-7insGG,
IVS10+3A>C/1105delC), we characterized their biological effects in
lymphoblastoid cell lines derived from MAP patients. Methods
Expression levels of the MUTYH protein were quantitated by Western
blots and transcripts were investigated by RT-PCR. Basal and oxidant-
induced levels of DNA 8-oxodG were measured by HPLC/EC. Co-
immunoprecipitation and subsequent Western Blot analyzed MUTYH
interaction with other proteins involved in the repair of oxidized bases
and/or cell cycle checkpoints. Results A comparison with two inde-
pendent wild-type cell lines indicated that cells expressing an homozy-
gous Y165C mutation show wild-type levels of the MUTYH protein.
In contrast less than 50% of wild type were observed in G382D/R231C
and G382D/1186-7insGG and no expression was detectable in
IVS10+3A>C/1105delC. Significant amounts of aberrantly spliced
out-of-frame transcripts were evidenced by RT-PCR only in the
IVS10+3A>C/1105delC cell line. Basal levels of 8-oxodG were
increased in all MUTYH mutants, when compared to wild-type cells
(1.2-2.3 fold increase).  To confirm a defective repair of 8-oxodG in
these mutants, repair kinetics of the oxidized base following exposure
to the KBrO3 oxidant are currently under investigation. An interaction
of MUTYH with MSH6, RAD9 and PCNA was confirmed by co-
immunoprecipitation experiments. We are currently studying whether
these MUTYH mutations affect these interactions.

MH091
MOLECULAR AND GENETIC FACTORS INFLUENCE ON
DNA REPAIR EFFICIENCY AND HEALTH HAZARD
A Cebulska-Wasilewska 
Environmental and Radiation Biology Department, The H.
Niewodnicza�ski Institute of Nuclear Physics PAN, Kraków, Poland
Epidemiology and Preventive Medicine Department CM UJ, Krakow,
Poland
Email: b7wasile@cyf-kr.edu.pl

The aim of our human monitoring studies performed on subjects from
various cities and countries was to find out if occupational exposures
to genotoxic agents can alter cellular radiosensitivity or alter health
risk. Exposures to pesticides, mercury ions, polycyclic aromatic hydro-
carbons (PAHs) elevated levels of cytogenetic damage and  increased
risk of cancer. Our research also displayed that results of repair compe-
tence assay, applying the challenging dose of X-rays, combined with
the detection of DNA damage by SCGE assay, correlated to the
induced level of cytogenetic damage, so could be used as phenotype
related biomarker of health risk. Observed reduction in cellular capac-
ities were associated to genetic and life styles related factors; smoking
or levels of vitamins. Results from studies on the PAHs influence on
efficiency of repair of the DNA damage induced by radiation, showed
a strong variability between donors. A significant decrease of repair

efficiency in subjects occupationally exposed to PAHs was also
observed when those groups were stratified first according to various
genotypes for genes, encoding enzymes involved in the process of bio-
transformation (CYP1A1(Ile/Val), GSTM1, NAT2) or DNA repair
(EPHX4 or XRCC1)1and then to the occupational exposure. Results of
our studies have also shown that significant reduction of cellular repair
efficacy was observed in a various groups of cancer patients. Presented
results point toward that environmental exposure to genotoxic agents;
via alteration of the DNA repair processes can alter the level of cytoge-
netic damage and result in increased health risk from cancer. Our
results are also indicating that the DNA repair competence assay might
be a sign of the phenotype related cellular susceptibility to various
(environmental, occupational or therapeutic) radiation or chemical
treatments, in addition to significantly reduced or increased the effi-
ciency of DNA repair.
1 Cebulska-Wasilewska, A., Binkova B., Sram R.J., Kalina I., Popov
T., Farmer P. B., (2007).Repair competence assay in studies of the
influence of environmental exposure to c-PAHs on individual suscepti-
bility to induction of DNA damage. Mutat. Res./Fundamental and
Molecular Mechanisms of Mutagenesis .620, 1-2, 1, 155-164.

MH092
BACTERIAL MUTAGENICITY SCREENING: AUTOMATION
OF THE AMES TEST
S Kirchner, W Muster, E Brandt, R Schmitt, F Crameri, L Suter, T
Weiser, P Iaiza, D Voegelin, T Zumstein, T Kissling, R Bosshart, R
Hochstrasser, C Fattinger F. Hoffmann
La Roche Ltd. (Basel, CH)
Email: stephan.kirchner@roche.com

The bacterial reverse mutagenicity test on Salmonella typhimurium,
known as the Ames test, is generaly used to assess the mutagenic
potential of chemicals and is part of standard regulatory testing for non
clinical safety assessment of new pharmaceuticals. As mutagenic activ-
ity is very critical for the development of potentially new drug candi-
dates reliable information on Ames test outcome is needed early on.
Bacterial indicator assays to predict the Ames test have advantages like
very fast performance, higher throughput and the need for only very
small amounts of compound. On the other side such assays are gener-
ally limited by lower predictivity for the outcome of the OECD 471
guideline assay compared to miniaturised versions of the Ames test. In
order to fit the industrial constraint of screening more products at the
low quantities available while keeping excellent predictivity we fully
automated a mini version of the regulatory Ames test protocol that
allows a significant reduction of the quantity of test substance needed
(30 mg) but remains applicable to all Salmonella strains used in the
regulatory protocol. This robot system consists of two integrated mod-
ules processing all five tester strains in parallel and performing for the
first time all steps of a complete Ames test automatically. The plate
preparation module encompasses the preparation of the compound and
bacteria mixtures into 4 microtiter plates including all dispensing and
incubation steps. The overlay module comprises the handling and
manipulation of the Petri dishes and the growth media as well as the
pipetting of the bacterial mixtures onto the pre-cast agar dishes and the
storing of the dishes in easy-to-handle containers for incubation. We
confirmed for accuracy and stability of continuous operation of the sys-
tem and first test results show identical dose relationship curves as the
manual procedure. Despite of increased throughput and replacing long
repetitive working procedures this Ames test robot system might also
enhance assay performance by reducing variabilities caused by manu-
al operation. Adapting the plate preparation module to the handling of
larger volumes would also allow to apply the robot to the OECD 471
guideline protocol used for regulatory testing.

MH093
RESPONSE KINETICS OF PIGA and  LACZ MUTATIONS,
AND MICRONUCLEOUS INDUCTION BY BENZO(A)PYRENE
IN MUTA™MOUSE HAEMATOPOIETIC CELLS
GR Douglas (1), CL Lemieux (1), JD Gingerich (1), LM Soper  (1), S
Phonethepswath  (2), D Torous  (2), S Dertinger  (2), PA White (1)
(1) Mechanistic Studies Division, Environmental Health Sciences and
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Research Bureau, Health Canada, Ottawa, ON, Canada, K1A 0K9; (2)
Litron Laboratories, 200 Canal View Blvd, Rochester, NY, USA, 14623.
Email: george_douglas@hc-sc.gc.ca

While there is great interest in pigA as a new mutation marker, there is
little data showing how it relates to established mutagenicity endpoints.
In order to provide insight into this issue, we have conducted a com-
parative investigation of pigA mutation response with lacZ mutation
and micronucleus induction in MutatmMouse. 25-week old male trans-
genic mice, (i.e, Muta™Mouse, strain 40.6) were dosed daily for 28
days with benzo[a]pyrene (0, 25, 50 and 75 mg/kg/day by gavage).
Following a subsequent 72h sampling period, mice were sacrificed,
and tissues and blood were collected. The lacZ transgene mutant fre-
quency (MF) was determined by PGal positive selection in DNA iso-
lated from bone marrow. pigA mutants were measured by antiCD59
flow cytometry of reticulocytes (RET). Micronucleus frequencies were
also measured in RETs and normochromatic erythrocytes (NCE) by
flow cytometry. A significant dose-dependent increase in pigA pheno-
types were observed in RET. Matched samples from the same animals
showed a significant dose-related increase in lacZ MF in the bone mar-
row, which was approximately 25x higher than that observed for pigA.
This difference could be due to factors such as the greater target size of
lacZ and/or differences in the optimal sampling time for these end-
points.  Significant dose-related increases in the % micronuclei were
also observed for NCE and RET in these same animals. The dose
responses of all three endpoints followed virtually the same linear
kinetics, suggesting that similar mechanisms were at play in their
induction. Furthermore, the similarity in the response of pigA and lacZ
provides evidence that pigA mutant phenotypes likely result from
mutant genotypes, since there is ample evidence for the gene mutation
origin of lacZ mutant phenotypes.

MH094
GENOTOXIC EVALUATION OF PIPER ELONGATUM
EXTRACT AND AMPHOTERICIN B IN THE SOMATIC
MUTATION AND RECOMBINATION TEST
AP Jiménez (1), C Godoy (1), N Flores (1), E Gonzáles (1), A Pillco (2)*
(1) Instituto de Investigaciones Fármaco- Bioquímicas, Universidad
Mayor de San Andrés, La Paz, Bolivia. (2) Departamento de
Mutagénesis, Centro de Ciencias Medioambientales (CCMA), Consejo
Superior de Investigaciones Científicas (CSIC), Serrano 115, 28006
Madrid, Spain.
Email: celyarita@ccma.csic.es

In Bolivia parasitic diseases are very frequent, especially the leishma-
niasis is considered as neglected disease. Nowadays new anti-parasitic
agents from medicinal plants are showing effective response against
leishmaniasis. The present work studies the genotoxicity level of two
anti-parasitic therapeutic alternatives. As drug we evaluated
Amphotericin B and as natural therapeutic alternative we selected
Piper elongatum Vahl commonly called “matico”. Biological activity
of hydroalcoholic extract  has demonstrated an interesting anti-para-
sitic activity against Leishmania. The genotoxic evaluation was done
using the Somatic Mutation and Recombination Test (SMART), which
uses Drosophila melanogaster as experimental organism to determine
recombinogenic and mutagenic activity for plant extracts and drugs.
Mitomycin C was used as positive control. Two types of crossing were
used: standard (ST) and high bioactivation crosses (HB). Larvaes of
third instar coming from both crossings were treated with sub-toxic
concentrations, for each one of tested compounds. The results in the
experimental conditions of the present work suggest that the hydroal-
coholic extract of Piper elongatum Vahl at concentrations well below
100mg/mL and Amphotericin B at 200 uM, do not show genotoxic
activity. * Acknowledge: MAEC-AECID

MH095
MITOCHONDRIAL DNA HAPLOGROUPS AND ETHNICAL
ORIGINS IN PATIENTS WITH MULTIPLE SCLEROSIS 
H Groot (1), MC Lattig (1), MM Torres (1), W Cárdenas (1), C Perea
(1), JM Gonzalez (2), D Vela-Duarte(3), J Toro (3)
(1) Laboratorio de Genética Humana, Universidad de los Andes,

Bogotá, Colombia; (2) Facultad de Medicina, Universidad de los
Andes, Bogotá, Colombia; (3) Grupo de Neurología, Fundación Santa
Fe de Bogotá, Bogotá, Colombia.
Email: hgroot@uniandes.edu.co

Multiple sclerosis (MS) is a chronic inflammatory disease of the cen-
tral nervous system in which complex genetic factors exert influence
on susceptibility. It is a multifocal  demyelinating central nervous sys-
tem disorder in which interplay between genes and the environment are
supposed to be involved. Mitochondrial DNA (mtDNA) has the none-
coding regions at the displacement loop (D-loop) region that contains
two hypervariable segments (HVS-I and HVS-II) with high polymor-
phism. Several authors have mentioned increased prevalence of multi-
ple sclerosis (MS) in some ethnical groups. To asses the relantionship
between mtDNA haplogroups and MS, we sequenced the hypervariable
segments in 52 patients and 50 control subjects to determine their eth-
nic origin in an heterogeneous population in Bogotá, Colombia. The
haplogroups found in the subjects (102) were: A (35.3%); B (26.5%),
C (15.6%); D (8.8%); L (5.8%); T (2%); and J (4%). No differences
were found in the prevalence of EM between patients and controls.
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PD001
PHENOTYPIC REVERSION OF HUMAN KERATINOCYTES
FROM A PATIENT SUFFERING FROM COCKAYNE 
SYNDROME
S Cordisco (1), R Maurelli (1), S Bondanza (1), T Nardo (2), P Degan
(3), L Panacchia (1), M Stefanini (2), L Guerra (1), E Dellambra (1).
(1)Laboratory of Tissue Engineering and Cutaneous Physiopathology,
I.D.I. - IRCCS, Rome; (2) Istituto di Genetica Molecolare CNR, Pavia;
(3) Italian National Cancer Institute, IST, Genoa; Italy.
Email: e.dellambra@idi.it

As cellular DNA is under constant challenge by genotoxic stress, all
cells are equipped with DNA damage response pathways that trigger
DNA repair, cell cycle arrest, and apoptosis, to eliminate damaged
cells. The consequences for stem cells (SC) is diminution in SC pools
or increase of  SC differentiation /malignant transformation. A number
of  DNA repair abnormalities are linked to premature aging syndromes,
and these are associated with defects in the SC population. Our studies
are focused on recessive autosomal syndromes, such as Xeroderma
Pigmentosum (XP), Cockayne syndrome (CS) and Tricho -
thiodystrophy (TTD), caused by defects in nucleotide excision repair
mechanisms and characterized by skin premature aging. Self-renewal
of epidermis relies on the presence of SCs and transient amplifying
(TA) cells. Transition from SCs to TA cells, named clonal evolution, is
a process that occurs during natural aging and keratinocyte subcultiva-
tion. Replicative senescence, considered the cellular counterpart of in
vivo aging, occurs when all SCs have completed their clonal evolution. 
We have stably transduced CS-A deficient keratinocytes with a trans-
duction efficiency near to 100%, using a retroviral infection method. In
order to study defects in replicative senescence, CS-A-transduced ker-
atinocyte cultures were serially passaged and showed a proliferative
potential similar to normal keratinocytes, different from patient and
empty vector-transduced cultures. Exogenous protein was translocated
into the nucleus and its expression was maintained during serial pas-
sages. Moreover, CS-A-transduced keratinocyte cultures were able to
survive and to recover RNA synthesis after UVC irradiation such as
normal keratinocytes, different from defective keratinocytes. CS-A
protein was able to restore 8-oxo-guanine levels, physiologic clonal
evolution and a normal ratio of proliferation/differentiation markers in
deficient keratinocytes. Further functional studies will let us to obtain
new knowledge about a link between DNA repair systems and SC
maintenance.

PD002
PHARMACOLOGICAL ANTIOXIDANTS PROTECT FROM
RADIATION INDUCED DNA DAMAGE AS WELL AS
GENETIC INSTABILITY AND LYMPHOMA IN ATM 
DEFICIENT MICE
R Reliene, R H Schiestl
Department of Pathology, University of California Los Angeles
Email: rschiestl@mednet.ucla.edu

We examined the role of N-acetyl-L-cysteine (NAC), a clinically
proven safe agent, for it’s ability to protect against γ-ray-induced DNA
strand breaks in human cells and in mice as well as against DNA dam-
age and lymphoma in Atm deficient mice. Human lymphoblastoid cells
were examined for the frequency of γ-H2AX foci formation, indicative
of DNA double strand break formation. DNA strand breaks were also
measured in mouse peripheral blood by the alkaline comet assay. NAC
reduced γ-H2AX foci formation in human lymphoblastoid cells but had
no protective effect in the colony survival assay. NAC administration
via drinking water fully protected against DNA strand breaks in mice
whole-body irradiated with 1 Gy. Ataxia Telangiectasia (AT) is an auto-
somal recessive disorder characterized by motor dysfunction, chromo-
somal instability, radiosensitivity, oxidatively stressed phenotype and

high incidence of cancer. We measured deletion events occurring in
somatic cells in pun/pun mouse embryos caused by reversion of the
pun mutation to wildtype p gene and resulting in the assembly of a
black pigment melanin complex in melanocytes. These deletion events
result in black spots on the gray fur and patches of black cells (eye
spots) on the transparent retinal pigment epithelium (RPE) and are sig-
nificantly elevated in Atm deficient mice. We hypothesized that dietary
intake of antioxidants may eliminate oxidative stress in AT and thereby
reduce the frequency of DNA deletions and oxidative DNA damage. To
test our hypothesis we crossed Atm+/- pun/pun mice with each other
and the dams were treated with NAC in drinking water during pregnan-
cy. The frequency of DNA deletions and oxidative DNA damage was
determined in the offspring. NAC treatment reduced the levels of DNA
deletions as well as oxidative DNA damage in Atm-/- mice to the wild-
type level. Furthermore, continuous NAC treatment significantly pro-
longed the life of and reduced the frequency of lymphomas in Atm-/-
mice. This finding suggests that NAC is a prospective nutritional
antioxidant to counteract DNA damage, DNA instability and cancer in
AT and it may be useful in radiation therapy to prevent radiation-medi-
ated genotoxicity, but does not interfere with efficient cancer cell
killing.

PD003
EVALUATION OF AGARICUS BLAZEI IN VIVO FOR
ANTIGENOTOXIC, ANTICARCINOGENIC, PHAGOCYTIC
AND IMMUNOMODULATORY ACTIVITIES. 
P Ishii (1), C Prado (1), M Mauro (1); R Oliveira (1,2,3), M Mantovani
(2), L Ribeiro (3,4). 
(1) Nutrition and Genetic Toxicology Study Center, Nutrition Departament,
Filadélfia University Center – UniFil, Londrina, PR, Bazil (2) Departament
of Biology, Center of Biological Sciences, Londrina State University,
Londrina, PR, Brazil; (3) Celular and Molecular Biology Póst –Graduation
Program,Departament of Biology, Staty University of São Paulo, UNESP,
Rio Claro, SP, Brazil (4) Patology Post-Graduation Program,  Faculty of
Medicine of Botucatu,– Staty University of São Paulo,UNESP, Botucatu, SP,
Brazil.
Email: lribeiro@fmb.unesp.br

In Brazil, cancer represents the second leading cause of death in the
adult population.  The development of various more common forms
result from the interation among  endogenous, environmental and hor-
monal factors, where the most notable of these factors is diet. The aim
of the present study was to determine the antigenotoxic, anticarcino-
genic, phagocytic and immunomodulatory activities of Agaricus blazei.
Supplementation with the mushroom was carried out under pre-treat-
ment, simultaneous treatment, post-treatment and pre-treat-
ment+continuous conditions. Statistical analysis demonstrated that the
mushroom did not have genotoxic activity but showed antigenotoxic
activity. Supplementation caused an increase in the number of mono-
cytes and in phagocytic activity, suggesting that supplementation
increases a proliferation of monocytes, consequently increasing phago-
cytic capacity especially in the groups pre-treatment, simultaneous and
pre-treatment+continuous. The data suggest that Agaricus blazei could
act as a functional food capable of promoting immunomodulation
which can account for the destruction of cells with DNA alterations that
correlate with the development of cancer, since this mushroom was
demonstrated to have a preventive effect against pre-neoplastic col-
orectal lesions evaluated by the aberrant crypt foci assay. According to
these results and the literature, it is believed that supplementation with
Agaricus blazei can be an efficient method for the prevention of cancer
as well as possibly being an important coadjuvant treatment in
chemotherapy, which could improve quality of life in both the healthy
population and patients on chemotherapy. Supported by CNPq and
CAPES.

PD004
ANTIMUTAGENIC AND ANTICARCINOGENIC EFFECT OF
OLIGOSACCHARIDE INULIN IN VIVO.
M Mauro (1), R Oliveira (1,2,3), M T Silva (1), M Mantovani (2), L
Ribeiro (3,4).
(1) Nutrition and Genetic Toxicology Study Center, Nutrition Departament,
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Filadélfia University Center – UniFil, Londrina, PR, Bazil (2) Departament
of Biology, Center of Biological Sciences, Londrina State University,
Londrina, PR, Brazil; (3) Celular and Molecular Biology Póst –Graduation
Program,Departament of Biology, Staty University of São Paulo, UNESP,
Rio Claro, SP, Brazil (4) Patology Post-Graduation Program,  Faculty of
Medicine of Botucatu,– Staty University of São Paulo,UNESP, Botucatu, SP,
Brazil.
Email: lribeiro@fmb.unesp.br

This study evaluated the antimutagenic and anticarcinogenic action of
inulin by means of testing the comet, micronucleus and aberrant crypt
foci in vivo.  The experiment was conducted with Swiss adult males
mice, which received administration 1,2-dimethylhydrazine (DMH),
for two weeks in four doses of 20mg/kg of body weight (b.w), the
inulin was administered orally daily at a concentration of 50 mg/kg
b.w, beyond the control groups. The collection of peripheral blood for
the testing of micronucleus occurred 24 (T1) and 48 (T2) hours after
the last administration of DMH, the collection for testing the comet
occurred in T1. On the other hand there was a high potential antimuta-
genic in all protocols in the micronucleus test. The rate of reduction of
damages in T1 were: 47.25% for post-treatment, 111.45% for pre-treat-
ment, and simultaneously to 118.67% 103.80% to pre+continuous. In
T2 the reduction of damage is 141.75%, 108.21%, 121.93% and
77.46%. The anticarcinogenic activity was observed in all protocols
and the percentages of reduction of neoplastic lesions were 69.12%,
87.56%, 55.78%, 72.89% for the same protocols above. Thus, further
studies may investigate the potential of this compound in the preven-
tion of damage related to the initiation and/or promotion of cancer. 
Supported by CNPq

PD005
CHEMOPREVENTION OF DNA DAMAGE IN 
BRONCHOALVEOLAR LAVAGE CELLS OF MICE EXPOSED
TO CIGARETTE SMOKE
R T Micale (1), F D’Agostini (1), V E Steele (2), S La Maestra (1), A
Battistella (1), S De Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy. (2)
National Cancer Institute, Rockville, MD.
Email: rosannamicale@yahoo.it

Cigarette smoke is the major risk factor for lung cancer and a variety
of chronic degenerative diseases. We tested the ability of the glucocor-
ticoid budesonide and of the natural agent phenethyl isothiocyanate
(PEITC) to inhibit DNA damage in bronchoalveolar lavage cells
(BAL) of CD–1 mice exposed to environmental cigarette smoke
(ECS). A total of 197 mice were divided into following experimental
groups: (A) untreated (sham); (B) ECS; (C) ECS +PEITC; (D) ECS +
budesonide. Exposure to ECS started within 12 h after birth and con-
tinued throughout the weaning period and for 2 additional weeks after
weaning, for a total of 7 weeks. After treatment, the mice were sacri-
ficed and subjected to BAL in order to evaluate DNA damage in BAL
cells by using the alkaline–halo test. DNA damage was significantly
increased in ECS exposed mice vs. Sham (3.3-fold). Both PEITC (2.4-
fold) and budesonide (2.0-fold) significantly attenuated ECS-induced
DNA damage. In conclusion, the analysis of sentinel cells collected by
BAL showed that the investigated agents, which are among the most
promising chemopreventive agents, are able to revert the DNA damage
produced by passive exposure to cigarette smoke.

PD006
MOLECULAR AND CYTOGENETIC ALTERATIONS
INDUCED BY CIGARETTE SMOKE IN MICE AND THEIR
MODULATION BY DIETARY AND PHARMACOLOGICAL
AGENTS
A Izzotti (1), F D’Agostini (1), C Bennicelli (1), VE Steele (2), S De
Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy (2)
National Cancer Institute, Rockville, Maryland, USA
Email: bennicelli@unige.it

Tobacco smoke is the major risk factor for human cancer, being respon-

sible for the 85–90% of lung cancer, and for cancers in several other
anatomic sites. Environmental cigarette smoke (ECS), which is inhaled
by involuntary smokers (or passive smokers), is composed of side-
stream smoke (SCS), released from the smoldering distal part of the
cigarette, and, in minor proportion, of that portion of mainstream ciga-
rette smoke (MCS) exhaled by active smokers. ECS is classified as a
lung carcinogen to humans. In the present study we evaluated the pro-
tective effects of the glucocorticoid budesonide and of the dietary agent
phenethyl isothiocyanate (PEITC) in CD-1 neonatal mice exposed to
ECS for 4 weeks. The mice exposed to ECS since birth underwent a
variety of alterations of molecular and cytogenetic end-points. In par-
ticular, a diagonal radioactive zone appeared in 32P postlabeling
autoradiographs of lung DNA from ECS–exposed mice, with a
3.7–fold increase of the signal as compared with sham–exposed mice.
Similarly, there was a 2.2–fold increase of 8–oxodGuo levels, showing
induction by ECS of oxidative DNA damage in the lung. In addition,
ECS produced a systemic cytogenetic damage.  In fact, there was a
2.1–fold increase of MN frequency in bone marrow PCE, accompanied
by a significant decrease of the PCE/NCE ratio. Cytogenetic damage
was also detected in peripheral blood, with a 2.2–fold increase of MN
frequency in the NCE from ECS–exposed mice. Both PEITC and
budesonide, administered daily with the diet after weanling, decreased
these alterations. In particular, budesonide had a quite powerful effect
in protecting the lung from the oxidative DNA damage generated by
ECS. This finding is likely to be related to the anti–inflammatory prop-
erties of this glucocorticoid, which by attenuating inflammation blocks
a major source of oxidative damage.  In addition, budesonide signifi-
cantly attenuated ECS–related cytogenetic damage in bone marrow and
peripheral blood. The major protective effects of PEITC were a reduc-
tion of bulky DNA adducts and 8–oxodGuo. Inhibition of
ECS–induced bulky DNA adducts by PEITC is likely to be related to
the ability of this chemopreventive agent to stimulate the metabolic
activation of smoke components.

PD007
CHEMOPREVENTION OF CIGARETTE SMOKE-INDUCED
ALTERATIONS OF microRNA EXPRESSION IN RAT LUNG
A Izzotti (1), GA Calin (2), VE Steele (3), C Cartiglia (1), M
Longobardi (1), CM Croce (4), 
S De Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy (2) M.
D. Anderson Cancer Center, University of Texas, Houston, TX, USA (3)
National Cancer Institute, Rockville, MD, USA (4) Comprehensive
Cancer Center, Ohio State University, Columbus, OH, USA
Email: c.cartiglia@unige.it

We previously showed that exposure of rats to environmental cigarette
smoke (ECS), for 28 days, causes extensive downregulation of
microRNA expression in the lung, resulting in overexpression of mul-
tiple genes and proteins.  In the present study, we evaluated by microar-
ray the expression of 484 microRNAs in the lung of rats, either ECS-
free or ECS-exposed, which were treated orally with chemopreventive
agents, including N-acetylcysteine, oltipraz, indole-3-carbinol, 5,6-
benzoflavone and phenethyl isothiocyanate, or combinations thereof.
Scatterplot, hierarchical cluster, and principal component analyses of
microarray and qPCR data showed that none of the above chemopre-
ventive regimens appreciably affected the baseline microRNA expres-
sion. On the other hand, all of them were successful in attenuating
ECS-induced alterations but to a variable extent and with different pat-
terns. The main ECS-altered functions that were modulated by chemo-
preventive agents included cell proliferation, apoptosis, differentiation,
Ras activation, P53 functions, NF-κB pathway, TGF-related stress
response, and angiogenesis. Some microRNAs known to be polymor-
phic in humans were downregulated by ECS and protected by chemo-
preventive agents.  Thus, microRNA analysis provides a new tool for
predicting both safety and efficacy of cancer chemopreventive agents
at early carcinogenesis stages.
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PD008
MODULATION OF PROLIFERATION, APOPTOSIS AND
HISTOPATHOLOGICAL ALTERATIONS INDUCED BY CIGA-
RETTE SMOKE IN MOUSE LUNG
F D’Agostini (1), L Mastracci (2),  R Balansky (1, 3), VE Steele (4), 
S De Flora (1)
(1) Department of Health Sciences, University of Genoa, Italy (2)
Department of Surgical and Morphological Sciences, University of Genoa,
Italy (3) National Center of Oncology, Sofia, Bulgaria (4) National Cancer
Institute, Rockville, Maryland, USA
Email: fda@unige.it

We previously demonstrated that mainstream cigarette smoke (MCS) is
a quite potent carcinogen in neonatal mice.  Further on, we showed that
exposure of mice to environmental cigarette smoke (ECS), starting at
birth, results in alterations of a variety of intermediate biomarkers.  In the
present study we evaluated the protective effects of the glucocorticoid
budesonide and of the dietary agent phenethyl isothiocyanate (PEITC) in
CD-1 mice exposed to ECS for 9 months, followed by 2 months of
recovery.  ECS stimulated the proliferation of bronchial epithelial cells,
as shown by an 8–fold increase of PCNA.  In parallel, there was a
5.5–fold increase of the apoptotic index, as evaluated by TUNEL method
in the same cells. Eleven months after birth, these animals exhibited sig-
nificant histopathological changes, such as pulmonary anthracosis,
emphysema, hemorrhagic areas, alveolar bronchiolarization, bronchial
hyperplasia, and tumors, both benign and malignant.  The carcinogenic
response was less evident in dams exposed to ECS under identical con-
ditions. The two chemopreventive agents under investigation, adminis-
tered daily with the diet after weanling, modulated ECS–related early
biomarkers and medium-term damages to a variable extent. In particular,
the ECS–induced hyperproliferation of bronchial epithelial cells was
slightly but significantly attenuated by budesonide. Both PEITC and
budesonide were able to inhibit the ECS–induced increase of the apop-
totic index in the same cells. Furthermore, they moderately protected the
lungs from histopathological alterations, including tumors.  Thus,
although not as efficiently as the bioassay in MCS–exposed mice, the
model in neonatal mice is suitable to evaluate both ECS carcinogenicity
and its modulation by chemopreventive agents.

PD009
ANTIMUTAGENIC EFFECTS OF WATER-SOLUBLE 
CHITOSAN
K Yoshikawa
KINKI UNIVERSITY, Nakamachi, Nara. Japan
Email: ken_yoshikawa@nara.kindai.ac.jp

Chitosan is derived from chitin by deacetylation in the presence of
alkali. Chitin is usually prepared from the shells of crabs and shrimps.
Chitosan has been reported to have antitumor and anticancer activities
although those details have not been clarified yet. In this experiment
using the Ames test, there was antimutagenic effect by the water-
soluble chitosan (WSC). For this study, WSC was supplied by Chitosan
Food Industry, Ltd. The Ames test was performed using Salmonella
typhimurium TA98 and TA100. For the  antimutagenic test, and the
desmutagenic and bioantimutagenic tests, Trp-P-2, 2AA and AF-2 were
used as mutagens. Tests for spontaneous mutation rate without
mutagens were performed using Salmonella typhimurium TA98 and
TA100. When several concentrations of WSC were directly added to
Minimal Glucose Plates, there were no changes in the number of His+
revertants of TA98 and TA100. In desmutagenic and bioantimutagenic
tests, the number of His+ revertants of TA98 and TA100 decreased. In
the test for spontaneous mutation rate, the number of His+ revertants of
TA98 and TA100 decreased slightly. When a concentration of WSC
was added to examine for antimutagenic effects, there was no change
in the viable cell count of TA98 and TA100. From these results, AF-2
that is a direct mutagen may combine with WSC, and that may also be
carrying out the inactivation. WSC possibly acts directly on the DNA
by decreasing the rate at which mutation is caused to the strain’s
promutagens Trp-P-2 and 2AA. This is evident from the decreased
spontaneous mutation rate without a decreased viable cell count. For
the above-mentioned reasons, WSC is suggested as a possible preven-
tive medicine for carcinogenesis.

PD010
POTENTIAL PREVENTIVE ROLE OF MONTMORILLONI-
ATE CLAY AGAINST CLASTOGENICITY AND GENOTOXIC-
ITY PRODUCED BY ZEARALENONE MYCOTOXIN 
S Abbès (1), J Ben Salah-Abbès (1), R Oueslati (1)
(1) Laboratoy of Environnemental Immunology, Microbiology and can-
cerology, Faculty of Sciences Bizerte, 7021, Tunisia. 
Email: abb_samir@yahoo.fr

Zearalenone (ZEN) is a potent estrogenic metabolite produced by some
Fusarium species. No treatment has been successfully employed to get
rid of the ZEN contained in foods. This study was conducted to evalu-
ate the ability of Tunisian montmorillonite (TM) to protect Balb/c mice
against cytotoxicity and genotoxicity induced by ZEN. TM was added
alone or simultaneously with a toxic intragastric ZEN dose by orally
route. The experimental approach consisted of 7 mice treatments. The
first three groups received 400, 600, 800 mg/kg bw of TM. Two exper-
imental groups received respectively ZEN alone (40 mg/kg represent-
ing 8% of LD50) and ZEN with the lowest dose of TM (400 mg/kg
bw). The two control groups received respectively distilled water and
olive oil. The positive control groups received Colchicin (4 mg/kg bw)
for the micronucleus assay and mitomycin C (1 mg/kg bw) for the
chromosome aberrations assay. 48 h after treatment, the femur and tibia
are dissected out. The results show that ZEN was cytotoxic and geno-
toxic to Balb/c mice as indicated by the increase in frequencies of poly-
chromatic erythrocytes micronucleated (PCEMN) and chromosomal
aberrations in bone marrow cells. The simultaneous intragastric admin-
istration of TM with ZEN resulted in a decrease of PCEMN number
and chromosomal aberrations frequency and in an increase of poly-
chromatic erythrocytes (PCE) in bone marrow cells compared with the
group treated with ZEN alone. It could be concluded that TM itself was
safe and efficient in the prevention of ZEN toxic effects in gastro-intes-
tinal tract.

PD011
IN VITRO AND IN VIVO GENOTOXICITY INDUCED BY
ZEARALENONE: POSSIBLE PROTECTIVE EFFECTS BY
ISOTHIOCYANATES EXTRACTED FROM TUNISIAN
RAPHANUS SATIVUS
J Ben Salah-Abbès (1)*, Samir Abbès (1), Mosaad A. Abdel-Wahhab
(2), Ridha Oueslati (1)
(1) Laboratory of Environmental Immunology, Microbiology and
Cancerology, Faculty of Sciences Bizerte, 7021 Zarzouna, Tunisia. (2) Food
Toxicology & Contaminants Dept. National Research Centre, Dokki, Cairo,
Egypt.
Email: jalila.bensalah@yahoo.fr

Zearalenone (ZEN), is a naturally occurring contaminant of animal
feed, that has been implicated in several mycotoxicoses in farm live-
stock. Recently, there is little information indicating that ZEN caused
cancer or at least increases its prevalence, although the mechanism of
action is unknown. Many papers mentioned that exposure to ZEN
results in oxidative stress, genotoxicity and DNA damage. Therefore,
we investigated the chemopreventive role of 4-(Methylthio)-3-butenyl
isothiocyanate (MTBITC) extracted from Tunisian Raphanus sativus
(radish) on the cytogenetic effect of ZEN in Balb/c mice and in vitro
cultures of mouse lymphocytes. We determined chromosome aberra-
tions and micronuclei as well as the mitotic index and DNA fragmen-
tation following ZEN treatment alone or in combination with
MTBITC. This report is the first to provide evidence of a statistically-
significant decrease of structural chromosome aberrations and
micronuclei associated with an augmentation of the mitotic index and
inhibition of DNA fragmentation in all ZEN-MTBITC treated mice or
mouse lymphocyte cultures. The MTBITC alone was safe and succeed-
ed to inhibit the availability of ZEN by counteracting the oxidative
stress and protect against the genotoxicity resulting from ZEN.
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PD012
SPECTRUM OF SOMATIC KRAS MUTATIONS ASSOCIATED
WITH CONSTITUTIONAL BIALLELIC MUTATIONS OF THE
HUMAN BASE EXCISION REPAIR GENE MUTYH.
R Tricarico (1), B Ciambotti (1), M Genuardi (1).
(1) Medical Genetics Unit Department of Clinical Pathophysiology
University of Florence, Florence, Italy.
Email: rotrica@tin.it

Background: Biallelic mutations in the BER gene MUTYH cause
MUTYH-associated polyposis (MAP), a condition  predisposing to
colorectal cancer. A few studies have provided evidence for an excess
of somatic G>T transversions in the APC and KRAS genes, as expec-
ted with defective BER function, in colorectal tumors from biallelic
MUTYH mutation carriers. Moreover, a specific KRAS G>T substitu-
tion (c.34G>T) is characteristically associated with MAP. To date, the
clinical phenotype of MAP is not yet fully established. Few extra-
colonic manifestations have been observed in MAP patients, but it is
not yet clear if they are related to MUTYH deficiency. Aim: To inves-
tigate the frequency and type of KRAS somatic mutations in tumors
from patients with biallelic MUTYH mutations. We report 5 cases with
a typical MAP intestinal phenotype. 3 cases presented with different
extracolonic manifestations (breast, endometrial cancer and pilomatri-
comas). Methods: Tumor samples were obtained from 5 patients diag-
nosed with MAP based on the presence of biallelic MUTYH mutations
in constitutional DNA. KRAS codon 12 mutation analysis was per-
formed by direct sequencing and RFLP-PCR on genomic DNA sam-
ples from colorectal tumors (n=6), endometrial carcinomas (n=2),
breast carcinoma (n=1) and pilomatricoma (n=1). In 2 patients with
endometrial cancer, the possibility of Lynch syndrome was originally
considered, and subsequently ruled out by the results of immunohisto-
chemical analysis of mismatch repair proteins and/or microsatellite
instability testing. Results: Somatic mutation analysis revealed the
presence of KRAS mutations in 2 of 5 MAP patients. The specific
molecular signature of MUTYH inactivation (the KRAS c.34G>T
transversion) was identified in both colorectal and endometrial tumor
tissue from the same patient.  Another patient with colorectal tumor
associated with pilomatricomas showed the same c.35G>A transition
(p.Gly12Asp), in both tumour types. No mutations were found in the
other tumors investigated. Conclusion: The occurrence of the same
KRAS alteration in different tumors from the same patient suggests
that other factors, in addition to BER deficiency, may be involved in
determining the spectrum of and type of somatic mutations and the
phenotypic manifestations in MAP patients. 

PD013
KAHWEOL INHIBITS STAT3 SIGNALING ASSOCIATED
GROWTH ARREST AND APOPTOSIS IN HUMAN LUNG 
ADENOCARCINOMA A549 CELLS
H-G Kim (1), H-G Jeong (1) 
(1) BK21 Project Team, Department of Pharmacy, College of
Pharmacy, Research Center for Proteineous Materials, Chosun
University, Gwangju, South Korea
Email: hgjeong@chosun.ac.kr

Kahweol, the coffee-specific diterpene, has been reported to have anti-
carcinogenic properties. Animal data support such a chemopreventive
effect of coffee. However, the precise underlying protective mecha-
nisms are poorly understood. In this study, the apoptotic effect of kah-
weol in human lung adenocarcinoma A549 cells was investigated. In
cell viability assays and cell proliferation assays, kahweol exhibited
anti-proliferative and pro-apoptotic effects on A549 cells in a time- and
dose-dependent manner. Kahweol considerably inhibited the expres-
sion of Bcl-2 but increased that of Bax; it also stimulated the cleavage
of caspase-3 and PARP (poly ADP-ribose polymerase). In addition,
kahweol-induced apoptosis was confirmed by TUNEL assays.
Furthermore, kahweol inhibited dose-dependent phosphorylation of
signal transducer and activator of transcription 3 (STAT3). An overex-
pression in STAT3 led to resistance to kahweol-induced apoptosis, sug-
gesting that STAT3 was a critical target of kahweol. These findings
suggest that kahweol inhibited A549 cell growth and induced apopto-
sis via down-regulation of STAT3 signaling pathway.

PD014
PROTECTIVE EFFECT STUDIES OF POLYSACCHARIDES
FROM TREMELLA FUCIFORMIS ON HEMATOPOIETIC
FUNCTION IN CHEMICAL INJURED MICE AND ITS 
TOXICITY
W Xu, X Shen, F Yang, Y She
Institute of Radiation Medicine, Chinese Academy of Medical
Sciences,Tianjin, 300192, China
Email: xuwenqing67@yahoo.com.cn

Objective: Tremella Fuciformis Berk belongs to tremellaceae of
Heterobasidiomycetae, it is known as nutritious mushroom and impor-
tant medicine by people all over the world. Polysaccharide is one of the
main bioactive components of Tremella fuciformis Berk. Our aim in
this paper is to study the protective effects of polysaccharides from
Tremella fuciformis on hematopoietic function in chemical injured
mice and its toxicity.  Method: Number of white blood cell, quantity of
DNA in bone marrow and spleen index were used to investigate the
effect on hematopoietic function of mice treated with cyclophos-
phamide and cytarabine hydrochloride. The maximum single dosage
was adopted to exam acute toxicity of polysaccharides on mice.
Results:  Compared with administered cyclophosphamid and cytara-
bine hydrochloride groups , the number of white blood cell of mice
treated with polysaccharides administered 24 mg/kg ip increased
markedly. Toxicity on mice weren’t found at 2000mg/Kg ip.
Conclusion: polysaccharides from Tremella fuciformis have protective
effect on hematopoietic function of injured mice by chemicals. It is safe
and effective. [Key words] polysaccharide;Tremella fuciformis;
cyclophosphamide; cytarabine hydrochloride; hematopoietic, toxicity

PD015
ANTIMUTAGENIC COMPONENTS IN THE EDIBLE MUSH-
ROOM AGROCYBE CYLINDRACEA
K Yoneda, A Shiozawa, A Kitahara, S Arimoto, K Okamoto, T Negishi
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences,
Okayama University, Tsushima, Kita-ku, Okayama 700-8530, Japan
Email: gph20062@s.okayama-u.ac.jp

There are many investigations showing that antigenotoxic ingredients
are contained in our daily foods, including a variety of mushrooms.
Identification of antigenotoxic factors is expected to lead to the devel-
opment of cancer-preventing agents. Recently, we demonstrated heat-
unstable antimutagenic activity in a water-soluble extract of Agrocybe
cylindracea, and active components were precipitated in 30-40, 40-50
and 50-60% ammonium sulfate fractions. Precipitates at 30-40 and 40-
50% saturation fractions were thought to contain the same substances
and showed strong antimutagenic activity against MeIQx and NDMA
in the Ames test, but not in the Drosophila in vivo DNA repair test. In
contrast, the 50-60% precipitated fraction showed antigenotoxic activ-
ity against MeIQx in Drosophila but not in bacteria. In this study, we
attempted to purify the antimutagenic components contained in each
ammonium sulfate fraction. Each 30-50 and 50-60% fraction was
loaded onto a DEAE-Sepharose column, equilibrated with 20 mM
Tris–HCl buffer (pH 8.8), and eluted by the same buffer containing 0
to 1 M NaCl in liner gradient. Antimutagenic activity in the 30-50%
ammonium sulfate fraction was detected in a non-adsorbed fraction
eluted just after the void volume. When this fraction was analyzed by
electrophoresis with 15% SDS-polyacrylamide gels, only a single band
was detected at around 25 kDa using CBB-staining. In addition, this
peptide was also detected as one spot of neutral peptide using 2D-gel
electrophoresis. Separation using gel filtration chromatography
(Sephadex G-100) revealed that the molecular weight of this compo-
nent was 12–30 kDa. On the other hand, antimutagenic component(s)
in the 50-60% ammonium sulfate fraction were eluted in fractions con-
taining 0.5 M NaCl. As several bands were observed following SDS-
PAGE analysis, we could not identify the number of active components
in this fraction. Taken together, A. cylindracea contains at least two
unique antimutagenic components that could be separated by ammoni-
um sulfate precipitation and DEAE-Sepharose chromatography, and
one component responsible for antimutagenicity as shown in the Ames
test may be a peptide with a molecular weight of around 20 kDa.
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PD016
ANTIGENOTOXIC EFFECTS OF LIPOIC ACID AGAINST
MITOMYCIN-C ON HUMAN LYMPHOCYTE CULTURES
G Taner (1), F Ünal (1), D Yüzbaşıoğlu (1), S Yılmaz (2)
(1) Gazi University, Art and Science Faculty, Department of Biology,
Ankara, Türkiye; (2) Osmaniye Korkut Ata University, Osmaniye
Vocational High School, Department of Technical Programs, 80000,
Osmaniye, Türkiye.
Email: gtaner@gazi.edu.tr

Lipoic acid (LA) is known as one of the most powerful antioxidants. In
this study, antigenotoxic effects of lipoic acid on mitomycin-C (MMC)
induced chromosomal aberrations (CA), sister chromatid exchanges
(SCE) and micronucleus (MN) in human lymphocytes were investigat-
ed. All cultures were treated with 0.2 µg/ml MMC for 48 hours. Three
different concentrations (0.5, 1, 2 µg/ml) of LA were added to the
MMC induced cultures for three treatment times; 1 hour pre-treatment,
simultaneous treatment and 1 hour post-treatment. A negative control,
a positive control and a solvent control were also included. In all the
cultures treated with MMC and LA in combination, the frequency of
abnormal cells and CA/cell significantly reduced compared with the
culture treated with MMC alone. Statistically significant reduction was
also observed in SCE/cell and MN frequencies in all treatment times.
These results show anticlastogenic and antimutagenic effects of LA
against MMC induced genetic damage. On the other hand, LA treat-
ments induced significant reduction in the mitotic index in all the treat-
ments. These results indicate that this antioxidant have antimitotic
effects in human lymphocyte culture.

PD017
GENOTOXIC EFFECT OF QUERCETIN/LANTHNUM COM-
PLEX ON HUMAN CERVICAL CARCINOMA CELLS
K Durgo (1), N Kopjar,(2), I Halec, (1), G Rusak, (3), J Franekić Čolić (1)
(1) Faculty of Food Technology and Biotechnology, Pierottijeva 6,
10000 Zagreb, Croatia (2) nstitute for Medical Research and
Occupational Health, Ksaverska 2, 10000 Zagreb, Croatia (3) Faculty
of Natural Science, University of Zagreb, Rooseveltov trg 6, 10000
Zagreb, Croatia
Email: kdurgo@pbf.hr

Abstract: Quercetin is the main flavonoid present in our diet. Because
of its specific chemical and biological properties, quercetin has been
one of the most studied flavonoids for potential cardiovascular, neu-
rodegenerative diseases and cancer treatments. Quercetin readily forms
chelates with metal ions as a result of specific chemical structure. The
aim of this study was to evaluate potential genotoxic effect of
quercetin/lanthanum complex on human cervical carcinoma cells. First
the influence of physiological solution on cells viability was investigat-
ed due to it’s instability in physiological conditions and stability in iso-
tonic solution of sodium chloride. Investigated complex showed con-
siderable cytotoxicity within 100-1000 µM concentration during 3
hours of the cells exposure. Also, complex showed dose/response
depended prooxidant activity and induction of single strand and double
strand breaks of DNA. If future experiments show selectively effects of
quercetin/lanthanum complex to cancer cells and it’s stability in phys-
iological conditions, it can be used in treating patients. 

PD018
EXTRACTS OF EGYPTIAN FLORA ACTIVE AS ANTIOXI-
DANTS AND ANTICANCERS
AM Aboul-Enein1, KM Aboul-Enein2 , AA Nassr-Allah1 , DA
Lightfoot3 and HA El-Shemy1
1 Faculty of Agriculture Research Park (FARP) and Biochemistry
Department, Faculty of Agriculture, Cairo University, 12613 Giza,
Egypt 2 Department of Clinical Pathology, National Cancer Institute,
Cairo University, Cairo, Egypt 3 Department of Plant, Soil, and
Agricultural Systems, Southern Illinois University at Carbondale,
Carbondale, IL 62901-4415, USA
Email: aboul_enein1@yahoo.com

Natural products from plants are rich sources of chemical diversity.

Mixtures of natural products were used historically for treating several
diseases instead of single chemical therapy. Many of the pharmacolog-
ical principles currently used as anticancer agents were first isolated
from plants. Especially abundant resources come from plants that grow
in semi arid regions, like most of Egypt. Here the aim was to examine
extracts from  some Egyptian flora for antioxidant and anticancer
agents. Used were leaves of Luffa aegyptiaca (sponge gourd),
Solenostemma arghe(argel), Cassia italica (senegal senna), Ocimum
basillcum(basil), Colocasia antiguorum(taro), Beta vulgaris(beet) and
fruit of Capsicum frutescens(chili pepper). Antioxidant activity was
assayed using the 2,2’-diphenylpicrylhydrazyl (DPPH) radical method.
Anticancer activity was assayed against both acute myeloid leukemia
(AML) and  acute lymphocyte leukemia (ALL) in-vitro); and Ehrlich
ascites carcinoma cells (EACC, In-vivo study). The results showed that
in the DPPH assay most of extracts showed significant antioxidant
activity. Further, EACC derived tumor growth was most significantly
reduced by the Solenostemma arghel  hot water extract. Death of tumor
transplanted animals was delayed by about 29 days. In in-vitro experi-
ments all the plant extracts could kill the majority (66-90%) of abnor-
mal cells among primary cells harvested from patients with ALL and
AML, but most significantly by the hot water extract from
Solenostemma arghel. DNA fragmentation patterns within treated cells
inferred targeted cell death by apoptosis was altered. Therefore, the
effects of plant extracts on tumor cells may due to the promotion of
apoptosis, reduced oxidative DNA damage, and/or a reduction in  pro-
tein denaturation by oxidation.. In conclusion, natural products from
Egyptian flora may have potential for use as sources of therapies for
diseases such cancer. Keywords: Natural products, Anticancers,
Antioxidants, Acute myeloid leukemia, Ehrlich Ascites Carcinoma
Cells.

PD019
ANTICANCER EFFECT OF CURCUPHENOL: AN
SESQUITERPEN PHENOL
G Rodrigo (1,2), G Almanza (1), Y Cheng (2), M Hamann (3), RD
Duan (2),  B Akesson (2)
(1) Molecular Biology and Biotechnology Institute, University Major
of San Andres, La Paz, Bolivia; (2) Biomedical Nutrition and Section
of Gastroenterology, Lund University, Lund, Sweden; (3) M Hamann,
Department of Pharmacognosy, University of Mississippi, U.S.A.
Email: gloria.rodrigo@tbiokem.lth.se

Background: Chemical and pharmacological investigations have indi-
cated that sesquiterpene phenols are important bioactive components in
several plants. Curcuphenol, isolated from the sponges Myr -
mekioderma and plants such as Baccharis genistelloides, has been
reported to have antifungal and antimalarial activity and preliminary
data indicate an antitumor activity in murine leukaemia, lung, mamma-
ry and colon cells. In this work we investigated if curcuphenol had any
effect on cell proliferation and also the possible mechanisms of its
antiproliferative activity by measurement of DNA synthesis, apoptosis
and caspase-3 activity. Methods and Results: Cell proliferation was
evaluated in cultured CaCo2 human colon cancer cells by use of the
reagent WST-1. It was demonstrated that curcuphenol in the concentra-
tion range 29-116 µg/ml inhibited cell proliferation and induced cell
death. DNA synthesis as measured by the amount of [3H]thymidine
incorporation, was inhibited by curcuphenol treatment (29-116 µg/ml)
in a dose-dependent manner with an IC50 of 43 µg/ml. Apoptosis was
assayed by a Cell Death Detection ELISAPLUS kit. At curcuphenol
concentrations between 14.5-116 µg/ml, the rate of apoptosis increased
significantly from 14.5 to 58 µg/ml (2.6-, 3.3- and 3.0- fold increase as
compared to untreated cells at 29, 58 and 116 µg/ml respectively).  The
activity of caspase-3 was measured by the proteolytic cleavage of Ac-
DEVD-pNA. After treatment for 6 h with curcuphenol (14.5-58 µg/ml)
we found a dose-dependent increase in the caspase-3 activity at 30 min
of incubation, 6.6- and 8-fold increase as compared to untreated cells
at 29 and 58µg/ml, respectively. Conclusion: The findings presented
here suggest that curcuphenol induces cell death in CaCo2 colon can-
cer cells which can be at least partly explained by a stimulation of
apoptosis.
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PD020
PROMOTER METHYLATION OF METABOLISM AND DNA
REPAIR GENES IN PLASMA AS ONE OF MARKS THE EARLY
DETECTION OF ESOPHAGEAL CANCER IN HUAIAN 
POPULATION, CHINA
R Liu (1), L Yin (1), Y Pu (1), Y Wang (2), E Pan (2)
(1) School of Public Health, Southeast University, Nanjing, China; (2)
Huaian Center for Disease Control and Prevention, Huaian, China.
Email: lhyin@seu.edu.cn

Background: Huaian county is a high-risk area for esophageal cancer
in southern China. The study was performed to evaluate whether pro-
moter methylation profile of metabolism gene GSTP1, NQO1 and
DNA repair gene MGMT associated with the risk for esophageal can-
cer in plasma could be used for the early detection of esophageal can-
cer in Huaian population. Methods: 95 patients with newly diagnosed,
untreated esophageal cancer from Huaian county were recruited.
Esophageal cancer tissues, tissues adjacent to the tumors and plasma
from peripheral blood were collected to determine CpG island hyper-
methylation of promoter of GSTP1, NQO1 and MGMT genes with
nest-methylation-specific PCR. Results: The results showed that the
methylation rates of GSTP1, NQO1, MGMT genes in tumor tissue
were significantly different from that in tissues adjacent to the tumors
(χ2=13.37, 18.24, 25.0 respectively; P<0.01). The conditional logistic
regression analysis exhibited the significant association between the
risk for esophageal cancer and aberrant hypermethylation of GSTP1
(OR=5.75, 95%CI: 1.99~16.63), NQO1 (OR=8.67, 95%CI:
2.62~28.63) or MGMT (OR=11.0, 95%CI: 3.37~35.86). The methyla-
tion of one and above genes increased the risk for esophageal cancer
rapidly (OR=14.99, 95%CI: 3.58~62.72).The sensitivity and specifici-
ty with combined three markers were 90.5% and 38.9% in tissue sam-
ples. Promoter hypermethylation of GSTP1, NQO1, or MGMT gene in
circulating DNA from plasma was demonstrated to be significant cor-
relation with that in tumor tissue (χ2=16.83, 25.03, 46.75, P<0.001).
The promoter hypermethylation of GSTP1, NQO1, or MGMT genes in
plasma was accordant with that in tumor tissue (κ=0.33, 0.51, 0.66,
P<0.01). Conclusion: The results suggest that aberrant methylation of
GSTP1, NQO1, or MGMT genes increase the risk for esophageal can-
cer significantly, which could be taken as a potential biomarker for the
screening of the early carcinoma. As a surrogate for target tissues, the
plasma of peripheral blood provides a noninvasive method for epige-
netic markers detection related with esophageal cancer. (This work was
supported by the National Natural Science Foundation of China
(No.30571540, 30671732, 30800891).

PD021
EFFECT OF AFOBAZOLE ON DNA DAMAGE IN SLE
PATIENTS
AK Zhanataev (1), TA Lisitsina (2), AD Durnev (1), SB Seredenin (1)
(1)Zakusov`s State Research Institute of Pharmacology of RAMS,
Moscow, Russia; (2) State Research Institute of Rheumatology of
RAMS, Moscow, Russia
Email: azhanataev@yandex.ru

OBJECTIVE: The purpose of this study was to evaluate the effects of
afobazole (anxiolityc drug with antimutagenic activity) on DNA break-
age and oxidative DNA damage in nucleated peripheral blood cells of
60 patients with systemic lupus erythematosus. METHODS: Patients
were randomized to receive either placebo or afobazole for 30 days in
addition to standard therapy. The levels of DNA damage in fresh iso-
lated blood were evaluated using the alkaline comet assay. A modified
version of comet assay (8-oxoguanine Comet FLARE) was used to
quantify oxidative DNA damage. Also, we exanimate susceptibility of
blood cells to ex vivo H2O2-induced DNA breakage before and after
therapy. RESULTS: Before therapy SLE patients had significantly
increased background levels of 8-oxoguanine in peripheral blood cells
as compared to healthy subjects (3.2±1.2 vs. 1.6±0.4 a.u., respective-
ly).  After treatment, 8-oxoguanine levels remained unchanged in both
patient groups. Surprisingly, the mean basal DNA damage, estimated as
%DNA in tail, in SLE patients was lower in comparison with controls
(4.9±0.9 and 6.4±0.6 %DNA, respectively), but varied widely from 0.4
to 24.2 %DNA. After therapy mean DNA damage were significantly

decreased in the afobazole-treated group, mainly in patients with an
initial high level of DNA damage. No changes were found in the place-
bo group. Blood cells of SLE patients demonstrated increased ex vivo
sensitivity to H2O2-induced DNA damage in comparison with control
subjects (11.1±6.8 vs. 2.8±1.1 ∆%DNA tail, respectively). After treat-
ment, decreasing in sensitivity to H2O2 was observed in cells from
patients of afobazole-treated group, as estimated by decreasing in
∆%DNA in tail after H2O2 exposure (12.9±1.7 before and 6.5±1.4
after). Patients receiving placebo showed no a statistically significant
differences. CONCLUSION: Afobazole treatment was associated with
decreased basal DNA damage and decreased sensitivity of blood cells
to ROS-mediated DNA-damage in patients with SLE. However,
afobazole treatment, as well as standard therapy no affects oxidative
DNA-damage. This is evidence that increased levels of 8-oxoguanine
in SLE caused primarily by its disturbed repair.

PD022
GENOTYPE AND HAPLOTYPE ANALYSIS OF TP53 IN
PATIENTS WITH PANCREATIC CANCER FROM THE
CZECH REPUBLIC.
A Naccarati (1), B Pardini (1) , V Polakova (1), L Vodickova (1,2), D
Vrana (2,3), P Soucek (2), I Holcatova (4) and P Vodicka (1)
(1) Institute of Experimental Medicine, Academy of Sciences of Czech
Republic, Prague, Czech Republic; (2) National Institute of Public
Health, Prague, Czech Republic; (3) General Teaching Hospital, 1st
Faculty of Medicine, Charles University, Prague, Czech Republic; (4)
Charles University in Prague, 1st Faculty of Medicine, Institute of
Hygiene and Epidemiology, Prague, Czech Republic
Email: naccarati@biomed.cas.cz

Background: Pancreatic carcinoma is the fourth leading cause of cancer-
related deaths in the Czech Republic, with only a minimum of patients
surviving 5 years. The etiology and molecular pathogenesis is still weak-
ly understood. Alterations in cell cycle regulation genes are commonly
found in many cancers, including pancreatic. TP53 has a fundamental
role in cell cycle and apoptosis and is frequently somatically mutated in
solid tumors and particularly in pancreatic cancer. Based on the assump-
tion that genetic variation may affect susceptibility to cancer, the role of
polymorphisms in TP53 in modulating the risk of pancreatic cancer
development is of major importance, although scarcely investigated so
far. Aims/Methods: In a recent association study we have found a signif-
icant association between specific haplotypes constructed on TP53 poly-
morphisms and colorectal cancer risk in a population of the Czech
Republic (Polakova et al, 2009). Thus, we have decided to further inves-
tigate the possible role of the same genotypes and haplotypes in modu-
lating the risk of pancreatic cancer. The selected four polymorphisms in
TP53 (PIN3, Arg72Pro, Int7 +72C>T, and Ex11 -363G>A), for which
haplotype is constructed, are assayed for in association with pancreatic
cancer risk in a case-control association study including 235 cancer cases
and three different population of controls (a total of 1791 individuals)
from the same country. Results and Conclusions: Preliminary results
show that carriers of the variant allele of TP53 Arg72Pro polymorphism
are at a moderate increased risk of pancreatic cancer (OR 1.47, 95% CI
1.09-1.98, P<0.05). Haplotype analysis is currently ongoing in concomi-
tance with investigation on the possible role of main confounders.
Genetic variants of TP53 gene may contribute alone or in concert with
other risk factors on modifying a patient’s risk for pancreatic cancer. The
severity of this cancer and the difficulty to analyze, for the moment, large
sample size cohorts represents a challenge for a combined epidemiolog-
ical and biological approach in understanding the individual susceptibil-
ity to this cancer. Acknowledgements This work was supported by the
Grant Agency of Czech Rep. Ministry of Health, grants No.
9422–3/2007 and 8563-5/2005.

PD023
XPC ALTERATION AND HEAD AND NECK CANCER
M Yang(1), MY Pyo(1), K Tae(2)
(1) College of Pharmacy, sookmyung Women’s University;(2)
Department of Otolaryngology, Hanyang University, Seoul, South
Korea.
Email: myang@sm.ac.kr
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Background: Xeroderma pigmentosum group C (XPC) participates in
the DNA nucleotide excision repair in global genomic repair. We pre-
viously reported that loss of XPC expression as a risk for squamous cell
carcinoma of the head and neck (SCCHN) in Korean population.
Considering complexity and multiple steps of cancer, full genome wide
studies are necessary to clarify etiology of SCCHN. Recently, chromo-
somal comparative genomic hybridization (CGH) is developed to eval-
uate the entire tumor genome. Aim: we performed CGH analyses to
confirm our previous result, i.e. effects of XPC, and finally, to clarify
the etiology of SCCHN. Methods: Following IRB, we newly recruited
16 subjects who were firstly diagnosed to SCCHN in Hanyang
University Hospital at Seoul, Korea (Male,15;age, 42-73yrs). DNA
was extracted from tissue samples, which were residues of biopsy,
using the PureGene kit and applied to the MacArray™ Karyo1400
(Macrogen, Inc., Seoul). Macrogen’s MacViewer™, a CGH analysis
software, was used for quantification and image analysis of array CGH
data. Results: we found multiple genetic aberrations in them through-
out the genome including gains at 7q35, 8q24.12, and losses at 1p21.1,
3p22.1, 3p22.2, 3p22.3, 3p25.1, 3q25.2 and 3q26.3. The XPC is locat-
ed at 3p25.1 with loss of gene expression. Conclusions: we confirmed
that XPC is involved in SCCHN through genome wide analyses.
Recently, XPC has been also emphasized for susceptibility to
chemotherapy. In the near future, XPC should be further studied for its
applications of SCCHN prevention and therapy.

PD024
ASSOCIATION OF POLYMORPHISMS WITH BACTERIAL
AND ASEPTIC MENINGITIS.
T A da Silva  (1), F R Soares (1), L M Coutinho (1) , S Leib (2), L F

Agnez-Lima (1)
(1)Laboratory of Molecular Biology and Genomics, Department of
Cell Biology and Genetics, UFRN – Natal, Brazil; (2) Institute for
Infectious Diseases, University of Bern, Friedbuehlstrasse 51, CH-
3010 Bern, Switzerland.
Email: lfagnez@ufrnet.br

Background/Aims: Bacterial meningitis (BM) is still an important
infectious disease causing death and disabilities. As part of the host
inflammatory response to the pathogen invasion, factors such as reac-
tive oxygen species are generated, which may damage DNA and trig-
ger DNA repair mechanisms. Furthermore, Kynurenine (KYN) path-
way is also associated to oxidative stress and has been shown to be
altered in several diseases which compromise the CNS including infec-
tious diseases such as BM. Methods: In this work, we investigated the
association of SNPs APE1/Ref-1Asn148Glu, OGG1Ser326Cys, PARP-
1Val762Ala, KYNU+715G/A and KATII+401C/T with meningitis in
81 patients with BM, chronic meningitis (CM), aseptic meningitis
(AM) and not infected using PIRA-PCR and PCR-RFLP. The allelic
and genotypic frequency was also associated with levels of the main
chemo/cytokines and immunoglobulins during the meningitis. Results:
A major incidence of polymorphic alleles and combined SNPs was
found in BM and AM patients, giving evidences that these SNPs may
be related to increased susceptibility to these diseases. Levels of IgG
and IgA  was altered in the presence of  APE1/Ref-1Asn148Glu and
OGG1Ser326Cys. In the presence of APE1/Ref-1Asn148Glu the levels
of CCL2/MCP-1 and CXCL8/IL-8 decreased in patients with BM. To
KYN pathway genes, the analysis also identified a prevalent frequency
of the variant allele of SNP KATII+401C/T in patients with BM and
AM. In BM group, a decrease of TNF-α and IL-6 levels was observed
in patients that are homozygous (TT) to the SNP KATII+401C/T. A
reduction of IL-1β, CCL3/MIP-1α and CCL4/MIP-1β was also
observed in this group. This genotype was also associated to the
increase of IgG level. The variant allele for KYNU+715G/A was only
found in the control group of patients (without infection in CNS) and
may have a protective role. Conclusions: Our current data demonstrate
that SNPs in DNA repair and KYN pathway genes seem to regulate
important chemo/cytokines to BM and AM inflammatory response and
affect the imunoglobulins production, suggesting a immune regulation
during meningitis in the presence of the analyzed SNPs.

PD025
HUMAN PAPILLOMA VIRUS IN BARRETT’S OESOPHAGUS
S Rajendra (1,2),ET Snow (2), HJ Lai(2),MJ Ball(2), IK Robertson (2)
(1) Department of Health & Hunan Services, Tasmania; (2) School of
Human Life Sciences, University of Tasmania, Launceston TAS 7250.
Email: elizabeth.snow@utas.edu.au

Oesophageal adenocarcinoma and its precursor condition, Barrett’s
oesophagus (BE), are strongly associated with gastroesophageal reflux
disease (GERD). Oesophageal adenocarcinoma shares a number of fea-
tures of its appearance and behaviour with cervical cancer. We hypoth-
esized that HPV, the primary causative agent for cervical cancer, might
also play a role in the development of Barrett’s oesophagus and
oesophageal adenocarcinoma. This initial study aims to determine
whether HPV infection is more common in Barrett’s oesophagus than
in gastroesophageal control tissue. Tissue samples were obtained dur-
ing standard endoscopy from a consecutive series of consenting
patients aged between 18 and 80 years who were undergoing routine
upper intestinal endoscopy for investigation of heartburn and similar
symptoms. The biopsy samples were taken from the squamous colum-
nar (SC) junction and from the Barrett’s lesions or for control samples
from 2 cm above the SC junction. Patients being investigated for major
stomach bleeding and those for whom biopsy would be dangerous were
excluded from the study. Tissue biopsies were tested for the presence
of HPV DNA by PCR using two established primer sets: MY09/MY11
and GP5/GP6+. HeLa cells were used as a positive control for HPV-18.
A high HPV detection rate was observed in all patient groups with a
statistically significant decreasing trend in HPV prevalence with
increasing disease progression to BE (p = 0.045). A total of 7/11 (82%)
of the control samples, 6/9 (67%) of the GERD controls and 14/29
(48%) of the Barrett’s oesophagus samples tested positive for HPV
with one or both of the primer sets. The number of samples in all
groups positive for the internal primer set (GP5/GP6+) was smaller, but
the trend was similar. The observed decrease in prevalence with pro-
gression may be due to a number of factors, none of which can be ruled
out as yet. In summary, further research needs to be conducted with
inclusion of oesophageal adenocarcinoma patient samples and larger
sample sizes to gain a better understanding of the association between
HPV and progression of oesophageal disease. This full study is ongo-
ing and additional samples, including biopsies of gastroesophageal
adeneocarcinoma, will be sought.

PD026
SIMULTANEOUS QUANTIFICATION OF 
N-ACETYL-S-(2-CYANOETHYL)CYSTEINE (CEMA) AND
COTININE IN URINE OF ACRYLONITRILE-EXPOSED 
WORKERS USING ISOTOPE-DILUTION ON-LINE LC-MS/MS
CF Wu (1), WC Shih (1), SN Uang (2), KY Wu (1)
(1) Institute of Occupational Medicine and Industrial Hygiene,
National Taiwan University, Taipei, Taiwan; (2) Institute of
Occupational Safety and Health, Taipei, Taiwan.
Email: kuenyuhwu@ntu.edu.tw

Acrylonitrile (AN) has been classified as a probable human carcinogen
(Group 2B) by IARC in 1999. AN is an important industrial chemical
for the production of artificial fibers, household articles, and resins.
Occupational exposures have been of great concerns. It is also present
in tobacco smoke, about 1-2 µg/cigarette. AN can be detoxified by
glutathione transferase by direct conjugation with glutathione. The
conjugates can be further metabolized to N-acetyl-S-(2-
cyanoethyl)cysteine (CEMA).  The objective of this study was to
develop an isotope-dilution on-line solid-phase-extraction high
performance liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) method to quantify urinary CEMA and
cotinine for AN-exposed workers to validate CEMA as a biomarker for
AN exposure. Personal sampling was conducted to assess AN personal
exposure. Quantification of CEMA and cotinine was by monitoring
m/z = 218 → 165 and 177 → 80, respectively. The limits of
quantification (LOQs) for CEMA and cotinine in urine were 4.6 µg/L
and 1.0 µg/L, respectively. Thirty eight samples were analyzed. The
results show that this method could simultaneously analyze CEMA and
cotinine in urine and validate CEMA as a biomarker for AN exposure
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successfully. It also demonstrates the high-throughput capacity of this
method for future molecular epidemiology studies on the potential
health effects resulting from the AN exposure.

PD027
THE REDOX MODULATION OF TUMOR SUPPRESSOR P53
IN METHYL METHANE-SULFONATE (MMS)-INDUCED
BASE EXCISION REPAIR (BER) UNDER
SELENOMETHIONINE (SEMET)
H J Jung (1,2), Y R Seo (1,2)
(1) Department of Pharmacology, (2) Institute for Basic Medical
Science (IBMS), School of Medicine, Kyung Hee University, Seoul,
Republic of Korea
Email: dream21@khu.ac.kr

Selenium has been known as an important component of selenoprotein
modulating reduction/oxidation (redox) status in organisms. Recently,
selenium has been also reported to prevent cancer in variety of animal
studies. Furthermore, the Selenium and Vitamin E Cancer Prevention
Trial (SELECT) project has been in force from 2002 to a national can-
cer institute (NCI). However, chemopreventive mechanism of selenium
was understudied yet. We investigated that in here the effect of seleni-
um on p53-dependent base excision repair (BER). Our data showed
that the enhancement of BER activity and decrease of DNA damaging
sites, apurinic/apyrimidinic sites (AP sites) were induced by pretreated
selenomethionine against base damaging agent MMS in p53 wild-type
human cells, implying that selenium might induce p53-dependent
BER. We suggest the first time that the activation of p53 and Gadd45a
in response to selenium might provide a novel chemopreventive mech-
anism of selenium protecting cells from the oxidative DNA damage
under the presence of environmental mutagenic stresses.

PD028
SACCHAROMYCES CERVISIAE AND PROBIOTEC BACTE-
RIA POTENTIALLY INHIBIT AFLATOXINS PRODUCTION
IN VITRO AND IN VIVO STUDIES
S A Nada (1), H A Amra (2),  A Omara (3) , A G Radwan (4),  E M. EL
–Damaty (5), G H. Rowayshed (6), M M. Y. Deabes (2)
1Pharmacology Dept.; 2Food Toxicology and Contaminant Dept.,
3Pathology Dept., National Research Center., Dokki, Cairo, Egyp.4
Pharmacology Dept.,Fac. Medicine, Al -Azhar Univ. and 6Food Sci.
and Technol. Dept., Fac. of Agric., Al -Azhar Univ. Cairo, Egypt.
Email: somaianada@yahoo.com

Saccharomyces cervisiae (SC) and Lactic acid bacteria ( Lactobacillus
rhamnosus GG and Lactobacillus rhamnosus LC705) potentially inhib-
ited Aspegillus flavus growth and aflatoxins production in YES liquid
media. Six groups of rats orally administrated SC (1011 CFU ml-1) and
LGG & LC705 (109 CFU ml-1) daily for 15 days alone or with 2 mg
ml-1 aflatoxin B1 (AFB1) in corn oil, significantly reduced  serum
ALT, AST, GGT, creatinin, and BUN compared with AFB1-tereated
group. No deaths occurred in any combined treatment with AFB1,
while 30% of mortality rate was recorded in AFB1-treated group.
Blood glutathione (GSH) level significantly increased in groups treat-
ed with single-treatment of SC, LGG & LC705 or concomitant with
AFB1; However, AFB1-treatment severely depleted GSH level than
other treatments. Histopathological examination of liver and kidney in
rats treated with AFB1 showed necrosis, vacuolar degeneration and
fatty changes in hepatocytes; cellular swelling and pyknotic nuclei of
proximal convoluted tubules in renal tissue.  DNA content decreased
significantly in liver and kidney tissues by AFB1-administration, these
findings were ameliorated by probiotec bacteria and S. cervisiae treat-
ment. Conclusion: These probiotec are safely to be food additives or
preservative due to their antioxidant activities. Our study needs further
continuation in this respect.

PD029
PHYTOCHEMICAL AND ANTIOXIDANT PROPERTIES OF
CERTAIN PLANTS BELONGING TO ASTERACEAE FAMILY
IN ALBINO RAT
S A Nada(1), H A Amra (2), M A Abdel-Wahaab2 , 
and Awatef A. Khattab3 
1 Pharmacology Dep. ,  2Food Toxicology and Contaminant Dept., and
3Chemistry of Natural Compounds Dept. ,National Research Centre,
Dokki, Cairo, Egypt
Email: somaianada@yahoo.com

Phytochemical investigation was performed to aerial parts of three
herbal plants belonging to Family Asteraceae. Phytochemicals isolated
from Inula crithmoides were: isopimpinellin (I), Scoparone (II),
Psoralene (III), Kaempferol-3-O-α-L-rhamnopyranoside (IV),
Kaempferol - 3 ,7- di- O- α- L- rhamnopyranoside (V), Kaempferol- 3-
O-β- D- glucopyranoside -7 – O -α- L- rhamnopyranoside (VI) and
isorhamnetin-3-O-β-D-glucopyrano-side-7-O-α-L-rhamnopyranoside
(VII). While the isolated phytochemical compounds from Iphiona
scarab were umbelliferone (VIII), xanthotoxol (IX), marmesin (X), α-
amyrin (XI), stigmasterol (XII) and β-sitosterol (XIII). Moreover,
Jasonia montana were found to contain 7-hydroxy-3, 5, 6, 3`, 4`-penta
methoxyflavone (XV) and 5,7-dimethoxy-3,3`,4`-trimethoxyflavone
(XVI) In addition to ferulic acid, caffeic acid, chrorogenic acid, α-
amyrin (XI), stigmasterol (XII) and β-sitosterol (XIII). Inula crith-
moides aqueous methanolic extract showed significant inhibitory effect
on mouse lymphoma (Cell line L1210 ) in vitro study in concentration
dependant manner starting from 12.5 up to 250 µg/ml  (20 – 100 %
inhibition), respectively . In vivo study, the results indicated that Inula
crithmoides methanolic extract had significant antioxidant effect
against mycotoxin (Ochratoxin A)–induced oxidative stress in rat.
Iphiona scarab and Jasonia montana ethanolic extracts showed potent
acute antiinflammatory, anticoagulant and hypotenssive activities com-
paring to the standard drugs (indomethacine).

PD030
INFLUENCE OF DIETARY FACTORS ON RADIATION 
SENSITIVITY AND TELOMERE LENGTH.
F Marcon (1), D Palli (2), E Siniscalchi (1), C Saieva (2), R Crebelli (1)
(1) Dept. Environment and Primary Prevention, National Health
Institute, Rome, Italy; (2) Molecular and Nutritional Epidemiology
Unit, Cancer Research and Prevention Institute-ISPO- Florence, Italy.
Email: francesca.marcon@iss.it

Extensive evidence highlighted the pivotal role of micronutrients in the
maintenance of genome stability: dietary micronutrients provide pro-
tection from oxidative DNA damage, and contribute to genomic stabil-
ity as cofactors or structural components of enzymes involved in DNA
metabolism and repair. Much less is known about the influence of
unbalanced micronutrient intake on the susceptibility to induced DNA
damage. To this aim, a study involving 82 healthy volunteers was per-
formed to investigate whether dietary intake of micronutrients,
assessed by a food frequency questionnaire, could affect individual
response to γ-ray-induced chromosomal damage, evaluated by the
cytokinesis-block micronucleus assay. The results obtained did not
show a significantly influence of diet on the frequency of radiation-
induced micronuclei (Mn), confirming the prevailing role of hereditary
factors on individual sensitivity to ionising radiation. Interestingly, a
clear effect of aging on radiation-induced Mn was observed, older indi-
viduals (>55 y) having higher frequency of Mn than younger ones
(250.8±54.1 vs 192.8±73.4 Mn‰, respectively; p<0.001). In agree-
ment with previous findings, a low intake of vitamins B turned out to
be associated with higher baseline incidences of Mn, possibly related
to the important role of folic acid metabolism in the preservation of
genome stability. The well known effects of aging and gender on spon-
taneous Mn frequency were confirmed. This study also highlighted an
influence of dietary factors on telomeres, the terminal chromosome
regions controlling chromosomal stability. Telomere length was evalu-
ated in a subgroup of 56 individuals, applying the terminal restriction
fragment analysis by Southern hybridisation. Data indicated that telom-
ere shortening was significantly modulated by the deficiency of dietary
antioxidants and by aging. In view of the high incidence of guanine
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residues in telomeric DNA (TTAGGG) that should make telomeres
particularly sensitive to oxidative damage, it is plausible that an age-
related increase of oxidative damage as well as a dietary antioxidant
deficiency may lead to telomere dysfunction. To our knowledge this is
the first report showing an impact of micronutrients on telomere main-
tenance, which confirms the pivotal influence of dietary habits on
genome stability.

PD031
VIRGIN COCONUT OIL IS NONMUTAGENIC AND 
ANTIMUTAGENIC: RESULTS OF AMES TEST AND COMET
ASSAY
MFA Buenafe (1), N Cabrera (1), J Calderon (1), EM Campos (1), IC
Canoy (1), C Capili (1), MAA Carasco (1), PM Cielo (1), ML Co (1),
PA Collantes (1), FA Concepcion (1), JS Concha (1), RA de la Cruz (1),
G Delgado (1), N Nicodemus (1), E Amor (2)
(1) Department of Biochemistry and Molecular Biology, College of
Medicine, University of the Philippines Manila, Manila, Philippines;
(2) Institute of Chemistry, College of Science, University of the
Philippines Diliman, Quezon City, Philippines
Email: jeremiah.calderon@up.edu.ph

Background/Objectives: Virgin coconut oil (VCO) is one of the most
popular and widely used natural oils here in the Philippines because of
its purported benefit as energy supplement, anti-microbial agent, HIV
treatment, etc. However, assessment of its safety is still very limited.
This study aims to investigate the safety profile of VCO in terms of its
mutagenicity.  Anti-mutagenic property was also studied, due to VCO’s
claims of anti-carcinogenicity. Methods: This is a randomized-con-
trolled study using the (1) Ames Salmonella mutagenicity assay on S.
typhimurium TA98 and S. typhimurium TA100 (in vitro) and (2) alka-
line single-cell gel electrophoresis (comet) assay using Swiss Webster
ICR mice (in vivo). The dosages of VCO used were 54 µL (No Adverse
Effect Level, or NOAEL) and 168 µL (equivalent to the usual human
dietary consumption dose), based on a previous study on the toxicity of
VCO. Methyl methanesulfonate was used as the reference mutagen.
Results: Ames test showed that VCO does not cause frameshift muta-
tion in S. typhimurium TA98, or base-pair substitution in S. typhimuri-
um TA100. Comet assay results showed that VCO does not cause dam-
age to the DNA at both doses. In the anti-mutagenicity arm of the study,
VCO appeared to be anti-mutagenic at the usual dose in both Ames test
and comet assay. NOAEL dose of VCO exhibited anti-mutagenic effect
in Ames test TA98 and comet assay. Based on statistical analysis, there
was a trend of increasing anti-mutagenic potential at increasing dose of
VCO on TA100. This dose dependence was also observed in vivo using
the comet assay. Conclusion: Based on the Ames test and the comet
assay, VCO is non-mutagenic and is even anti-mutagenic at the
NOAEL and usual human dietary consumption dose.

PD032
MECHANISTIC ASPECTS OF GENOTOXICITY OF FURAN
AND ITS KEY METABOLITE CIS-2-BUTENE-1,4-DIAL IN
MAMMALIAN CELLS IN VITRO
P Mosesso (1), G Pepe (1), R Bellacima (1), M Fiore (2), S Cinelli (3)
(1) Università degli Studi della Tuscia, Dipartimento di Agrobiologia e
Agrochimica, Via San Camillo de Lellis s.n.c. 01100 Viterbo, Italy; (2)
Università degli Studi di Roma “La Sapienza”, Dipartimento di
Genetica e Biologia Cellulare, Via degli Apuli 4, 00100 Roma, Italy;
(3) Research Toxicology Centre, Dept. of Genetic Toxicology and Cell
Biology, Via Tito Speri 14, 00040 Pomezia (Roma), Italy,
Email: mosesso@unitus.it

Furan, a possible human carcinogen present in a wide variety of human
foods is formed during its processing results in widespread human
exposure. It is a potent carcinogen in rats and mice showing a dose-
dependent increase in hepatocellular adenomas and carcinomas. The
mechanism for carcinogenicity of furan is not well understood. Furan
is metabolized by cytochrome P450 2E1 to a bifunctional electrophilic
metabolite, cis-2-butene-1,4-dial a DNA cross-linking agent which
could probably be responsible for its carcinogenic properties. However,
available data on the genotoxicity of furan are highly inconsistent and

controversial both in vivo and in vitro due also its elevated volatility. In
the present study we evaluated cytogenetic effects of furan and cis-2-
butene-1,4-dial in human lymphocytes cultured in vitro and in two
Fanconi’s Anemia lymphoblastoid cell lines hypersensitive to DNA
cross-linking agents. For furan, treatments in the presence of rat liver
S9 metabolism (CYP 450, 2E1) were also performed. In the presence
of S9 metabolism furan proved to be clastogenic only in Fanconi’s
Anemia cell lines while in its absence showed cytogenetic activity only
in the prolonged treatment time at the highest dose-level (10mM)
allowed in vitro. On the other hand, cis-2-butene-1,4-dial proved to be
highly clastogenic in the short treatment time in Fanconi’s Anemia cell
lines and hardly positive in human lymphocytes but only in the pro-
longed treatment time.This outcome indicates that furan is a subtle
clastogenic agent which cannot be detected with conventional short
term genotoxicity assays. Acknowledgements:The work is financially
supported by European Commission, call FP6-2005-SSP-5A (contract
no. SSPE-CT-2006-44393, Specific Targeted Research Project) “Role
of genetic and non-mechanisms in furan risk.

PD033
THAI OOLONG TEAS : PREVENTION OF MUTATION AND
CANCER 
S Sookkhee (1), P Temcharoen (2), P Picha (3), M Chulasiri (1)
(1) Faculty of Pharmacy, Mahidol University, Bangkok, Thailand; (2)
Faculty of  Science, Mahidol University, Bangkok, Thailand; (3)
Research Division, National Cancer Institute, Bangkok, Thailand
Email: pymcl@mahidol.ac.th

The role of dietary factors in prevention of major chronic diseases, can-
cer in particular, has been under intensive investigation. Evidences
from epidemiological studies and tests in laboratory animals suggested
a number of compounds found in foods and drinks may play roles in
reduction the risk of cancers. Among the drinks, Japanese green tea and
Chinese oolong tea are popularly studied. They have been found to
have the appreciably antimutagenic and anticarcinogenic potentials.
The present investigation was carried out on Thai oolong tea produced
from tea grown in northern Thailand. The preliminary study on antimu-
tagenicity under Ames test using Salmonella typhimurium TA 98 as the
tester strain and 2-(2-furyl)-3-(5-nitro-2-furyl) acrylamide (AF2) as the
tested mutagen showed the boiled water extracts from oolong teas of 5
marketed brands had similar antimutagenic potentials in reducing the
mutagenicity induced by AF2. One branded Thai oolong tea was then
selected for further antimutagenicity evaluation by which was revealed
to have the appreciable activity. This tea was able to inhibit the muta-
genic induction of 2-aminoanthracene (2AA), aflatoxin B1 (AFB1),
benzo(a)pyrene (BP), cyclophosphamide (CP), 4-nitro-o-phenylenedi-
amine (NPD) and 4-nitroquinoline-1-oxide (4NQO) in S. typhimurium
strains TA98 and TA100, and mitomycin C (MC) in Bacillus subtilis
H17 and M45 tested by Rec assay.  The antimutagenic activity of Thai
oolong tea was found to be better if added before the application of
mutagens. This tea was also found to be effective in reducing the
micronucleus formation in mouse polychromatic erythrocytes induced
by AFB1, BP, CP and MC. Again, the oral administration of tea before
the intraperitoneal injection of mutagens to mice provided better pro-
tection than after administration. The tested Thai oolong tea was final-
ly evaluated for cytotoxicity on P388 cells (mouse lymphocytic
leukemia cells) and demonstrated to have the appreciable cytotoxic
potential.

PD034
CHEMOPREVENTIVE EFFECT OF GLUTATHIONE 
S-TRANSFERASE ISOZYMES AGAINST AFB1-8, 9-EPOXIDE
IN ALPHA MOUSE LIVER 12CELLS
SS Gao (1), BM Choi (1), XY Chen (1), RZ Zhu (1), BR Kim (1)
(1) Vestibulocochlear Research Center and Department of Biochemistry,
School of Medicine, Wonkwang University, Chonbuk, Republic of Korea
Email: bokim@wonkwang.ac.kr

Background/Aims: The AFB1-8, 9-epoxide is the ultimate hepatocar-
cinogenic intermediate of AFB1 which is formed by Aspergillus flavus
and detoxified by glutathione S-transferase (GST). The aim of this
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study was to propose a possibility method, which could detect GST
activities through conjugation of AFB1-8, 9-epoxide with glutathione
(GSH) and to examine which GST isoform could decompose the ulti-
mate intermediate. The sulforaphane (SFN) and phloretin were used to
induce GST isozymes in AML 12 cells and their chemopreventive
effect have been evaluated. Methods: AFB1-8, 9-epoxide was formed
by human liver microsomal CYP activities and the GSH conjugated
form of the epoxide was detected by HPLC with UV detector. The
expression of major GST isozymes and glutamate-cysteine ligase cat-
alytic subunit (GCLC) were demonstrated by RT-PCR respectively and
the expression of each GST isozymes was blocked by a transfection
with its siRNA respectively.  Results: We detected GST activities using
conjugation of AFB1-8, 9-epoxide with GSH. The conjugation poten-
tial was proved to be correlated with the activities of GST because the
formation was inhibited with curcumin, an inhibitor of GSTs, in a dose
dependent manner. SNF and phloretin induced the expression of GST
A3, A4, T1, P1, M1 and GCLC respectively. The cell lysates increased
the conjugation potential of AFB1-8, 9-epoxide up to 35 fold at 10 µM
SFN and 40 fold at 10 µM phloretin compared with vehicle-treated cell
lysate. The conjugation potential was blocked partially in the presences
of each GST isozyme siRNA. GST A3, T1 and P1 were proved to be
powerful to conjugate the epoxide with GSH in SFN treated cells,
whereas GST P1, M1 and T1 were observed in phloretin-treated cells.
However, SFN and phloretin treatment did not increase the total GST
activities significantly which were detected with CDNB. Conclusions:
The chemopreventive effects of SFN and phloretin on decomposition
of AFB1-8, 9-epoxide are related with the up-regulation of several GST
isozymes genes. The increase of GST activities by SFN and phloretin
were extremely specific toward the conjugation step of AFB1-8, 9-
epoxide and this detecting system of GST activity seems to be excel-
lent to screen chemopreventive compounds toward AFB1 toxicity.

PD035
MOLECULAR EPIDEMIOLOGY OF GASTROINTESTINAL
STROMAL TUMORS (GISTS) IN PATIENTS FROM 
COLOMBIA FOCUSED ON THE PRESENCE OF KIT AND
PDGFRA MUTATIONS
MM Torres (1,4), S Serrano (1), M Palau (2,3), R  Lopez (2,3),S
Yepes(2), RE Andrade (2,3,4)
(1) Laboratorio de Genética Humana, Universidad de los Andes,
Bogotá, Colombia; (2) Departamento de Patología y Laboratorios,
Fundación Santa Fe de Bogotá, Bogotá, Colombia; (3) Facultad de
Medicina, Universidad de los Andes, Bogotá, Colombia; (4) Facultad
de Medicina Universidad Nacional de Colombia.
Email: randrade@uniandes.edu.co

Background: Most GISTs contain activating mutations of KIT or less
frequently the PDGFRA gene. These mutations result in constitutively
phosphorylated and activated receptors and are found in 80-90%
tumors in studies from developed countries; very few studies had
reported the molecular composition of these tumors from countries
composed by a heterogeneous genetic background (Native American,
European, and African ancestries) like Colombia. Objective: To evalu-
ated the status of KIT and PDGFRA genes of (GIST) in Colombian
patients and to compare with other Latin American studies. Methods:
100 cases of GIST were selected. DNA was successfully extracted
from paraffin blocks in 58 cases and evaluated for the presence of
Exon 9, 11 and 13 mutation of  KIT and  exon 12, 18 of the PDGFRA
were analyzed by direct sequencing. Results: GIST mutation were
found in 70% (40/58) cases; 70% (28 /40) of the mutations involved
exon 11; 12.5 %( 5/40) exon 9 and 5% (2/40) in exon13 of the KIT
gene. Mutations in the exon 11 were heterogeneous including deletions
57.2% (16/28), point mutations 17.8% (5/28), internal tandem duplica-
tion (ITD)  17.8% (5/28), deletion-insertion  3.6% (1/28)  and deletion-
inversion 3.6% (1/28). Mutation involving PDGFRA were found
exclusively in exon 18 (D842V) in 12.5% (5/40). The wild-type (WT)
GIST comprised 18 cases (31%). KIT mutations in Colombia (COL)
were similar to Brazil, 72.7% and 70% respectively. Exon 11 in
69.1%(BZ) and 70% (COL) and exón 9  3,6%(BZ) and 5%(COL).
Regarding the PDGRFA, we found 7% mutation compared with7.3
%(BZ) , in contrast with that series our mutations were exclusively
found in exón 18 instead of the exón 12 predominantly  reported in

Brazil, we confirmed the gastric location in all of the cases studied.
KIT and PDGRFA mutations  in Argentinian cases (ARG) were simi-
lar, 72% and 70% respectively for the KIT and 10.5% (ARG) and
12.5% (COL). We found a increase number of WT cases 30% (COL)
compared with 17.5% (ARG). Conclusion: The molecular epidemiolo-
gy of GIST appears to be similar in the Latin American series regard-
less of the heterogeneous genetic background. In Colombia Wild Type
GIST exceeds what was reported elsewhere, however before making
definitive conclusions a large amount of cases should be evaluated.

PD036
EFFECT OF TOCOTRIENOL SUPPLEMENTATION ON THE
RENAL OXIDANT-ANTIOXIDANT STATUS IN SPONTA-
NEOUSLY HYPERTENSIVE RATS (SHR)
S Arunkumar (1), SK Lee (1), KNS Sirajudeen (2), HJ Singh (3)
(1)  Department of Physiology, School of Medical Sciences, Universiti
Sains Malaysia, Health Campus, 16150 Kubang Kerian, Kelantan,
Malaysia. (2) Department of Chemical Pathology, School of Medical
Sciences, Universiti Sains Malaysia, Health Campus, 16150 Kubang
Kerian, Kelantan, Malaysia. (3) Faculty of Medicine, Universiti
Teknologi MARA, 40450 Shah Alam, Selangor, Malaysia.
Email: vsbarun@yahoo.com

Studies assessing the effect of antioxidant supplementation on the
activities of antioxidant enzyme (AOE) during the development of
hypertension in SHR are limited. This study therefore investigates the
effects of supplementation of Tocomin® 50%, a tocotrienol rich com-
pound (TRF), on renal oxidant-antioxidant status during the develop-
ment of hypertension in SHR. Four-week old SHR were given a daily
oral dose of Tocomin® 50% (100 mg/kg body weight) dissolved in
oleic acid for either 2 or 4 or 6 weeks.   Controls (SHR) were given an
equal volume of oleic acid.  Systolic blood pressure and body weight
were measured at the end of each treatment period.  Groups of rats
(n=6) were then sacrificed at 4, 6, 8 and 10 weeks and their kidneys
were collected for the measurement of activities of superoxide dismu-
tase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione
reductase (GR) and glutathione-S-transferase (GST), and for estima-
tion of total antioxidant status (TAS) and lipid peroxidation marker
(MDA. Data were analyzed using ANOVA and a ‘p’ of < 0.05 was con-
sidered statistically significant. Compared to age-matched controls,
mean body weight was significantly higher in all Tocomin supplement-
ed animals. Systolic blood pressure was significantly lower only fol-
lowing two weeks (p<0.05) of Tocomin supplementation to SHR but
not after 4 and 6 weeks.  GR activity was significantly higher follow-
ing Tocomin supplementation in all groups (p<0.01), while GST activ-
ity was significantly higher after 6 weeks of Tocomin supplementation
(p<0.05). No significant changes were observed in the activities of
SOD, CAT, GPx and TAS levels between the treated and age-matched
SHR controls. MDA levels were lower following 4 and 6 weeks of
weeks of Tocomin treatment, although statistical significance was only
evident after 4 weeks of treatment (p<0.001). In conclusion it appears
that supplementation of Tocomin, a tocotrienol rich compound, delays
slightly but does not completely ameliorate the rise in blood pressure
or significantly affect the activities of primary AOE in the kidneys of
young SHR. However, changes observed in the levels of MDA, GR and
GST activities indicate the need for further studies with perhaps high-
er doses and a longer duration of TRF administration.

PD037
GENOTOXIC AND ANTIGENOTOXIC EFFECTS OF 
(-)-EPIGALLOCATECHINE GALLATE (EGCG) AGAINST
MITOMYCIN-C INDUCED CHROMOSOMAL ABERRATIONS
AND SISTER CHROMATID EXCHANGES IN HUMAN 
LYMPHOCYTES IN VITRO
Ö Sarac (1), F Filiz (1), F Unal (1), D Yuzbasioglu (1), G Taner (1), H
Aksoy (2), S Yilmaz (3) 
(1)Gazi University, Art and Science Faculty, Department of Biology,
Ankara, Turkiye. (2)Sakarya University, Art and Science Faculty,
Department of Biology, Sakarya, Turkiye. (3)Osmaniye Korkut Ata
University, Department of Technical Programs, Osmaniye, Turkiye
Email: funal@gazi.edu.tr
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The chemical composition of green tea contains many polyphenolic
compounds, generally known as catechins. (-)-epigallocatechine gallate
(EGCG) is the most active polyphenol of green tea and primarily respon-
sible for the green tea effect. Plant polyphenols are naturally occuring
antioxidants but they also have prooxidant properties. In this study, the
genotoxic effects of EGCG as well as its possible antigenotoxic effects
against mitomycin-C (MMC) induced chromosomal aberrations (CA’s)
and sister chromatid exchanges (SCE’s) in human lymphocytes were
investigated. Human peripheral lymphocytes were treated with four dif-
ferent concentrations of EGCG (0.01, 0.05, 0.1, 0.5 µg/ml) alone and in
combination with 0.2 µg/ml MMC for 24h. A negative control, a solvent
control and a positive control were also included. EGCG significantly
increased the frequency of CA’s in all concentrations compared to the
negative control. When compared to solvent control, the variations in
CA’s were not significant (except the highest concentration; 0.5 µg/ml)
in EGCG treatment alone. On the other hand, MMC+EGCG treatments
increased the frequency of CA’s in human lymphocytes. This increase
was not significant compared to the positive control (except the lowest
concentration; 0.01 µg/ml ) but it was highly significant compared to the
negative and solvent controls. In SCE induction, EGCG caused signifi-
cant increase at all concentrations except the lowest dose (0.01 µg/ml)
compared to the negative control. When compared to solvent control,
only the highest (0.5 µg/ml) concentration caused significant increase.
On the other hand, MMC+EGCG treatments decreased SCE/cell com-
pared to MMC treatment alone. These results show that EGCG prevents
SCE induced by MMC alone, however, EGCG potentiates CA’s when
used together with MMC.

PD038
THE PROTECTIVE EFFECT OF THE FLAVONOIDS ON
FOOD MUTAGEN INDUCED-DNA DAMAGE IN HUMAN
LYMPHOCYTES FROM COLON CANCER PATIENTS
M Kurzawa-Zegota (1), PD Reynolds (2), M Najafzadeh (1), D
Anderson (1)
(1) Genetic and Reproductive Toxicology Group, Division of Biomedical
Sciences, University of Bradford, Bradford, BD7 1DP, UK; (2) Department
of Gastroenterology, Bradford Royal Infirmary, Bradford, BD9 6RJ, UK.
Email: d.anderson1@bradford.ac.uk

The heterocyclic amines 2-amino-1-methyl-6-phenylimidazo[4,5-
b]pyridine (PhIP) and 2-amino-3-methylimidazo[4,5-f]quinoline (IQ)
formed during cooking procedures are associated with a Western diet
and increased risk of colon cancer. Flavonoids – polyphenolic com-
pounds widely present in foods of plant origin are known to have bio-
logical effects, among which anti-inflammatory and anti-oxidant activ-
ity seem to be the most important. The aim of this study was to inves-
tigate the response of lymphocytes isolated from healthy individuals
and colon cancer patients to food mutagens in the presence of the
flavonoids, rutin and quercetin. A constant dose was used of 75 µM of
PhIP and 150 µM of IQ, to treat lymphocytes from both groups of par-
ticipants in the presence of variable doses of flavonoids of 100 (50 for
rutin), 250 and 500 µM. DNA damage has been examined with the
Comet assay. Both quercetin and rutin in combination with the food
mutagens, IQ and PhIP, were shown to reduce DNA damage caused by
HCAs. There was a statistically significant reduction of damage which
appeared to be dose-dependent: at higher doses of flavonoids the
response was almost decreased to control levels.  DNA damage
observed in healthy individuals was lowered as evident from a
decreased Olive Ttail moment and % Tail DNA when compared with
colon cancer patientscontrols. Factors such as gender, general diet,
smoking and drinking habits did not interfere with the responses
observed. This study has shown that peripheral lymphocytes can be
used satisfactorily as surrogates for colon cancer cells.

PD039
PLANT EXTRACTS – A TOOL FOR GENOTOXIC REPAIR
Nandjee Kumar (1), Vishnu Shankar Sinha (2) and V K Prabhat (1)
(1) Department of Botany, Magadh University, Bodhgaya- 824234,
(India); (2) Department of Botany, Tata College, Chaibasa,
Jharkhand-833202, (India)
Email: kumarnandjee@rediffmail.com; kumarnandjee@gmail.com

There has been extensive use of chemical pesticides in order to enhance
the agricultural yields. The present paper deals with the antimutagenic
potential of the plant extracts viz. Azardiractha indica A Juss
(A),Chrysanthemum cinerarifolium Vis (C) and Blumea lacera L (B)
along with chemical pesticides in the meristematic root tips cells of
Vicia faba L. Seeds of Vicia faba L were treated with different concen-
trations (0.12%,0.25%,0.50%,1.00% and 2.00%)of the three pesticides
viz. Rogor (R), Endosulphan (E) and Dichlorovos (D) separately  for
four hrs at room temperature. The Vicia faba L root tips assay is a well
recognized system for detection of chromosomal aberrations due to
environmental chemicals (Ma, 1982). The pretreated root tips were
squashed and stained in 2% acetocarmine solution. The results showed
that1.00 %concentration of chemical pesticides reduced the mitotic
index but induced the chromosomal abnormalities significantly. The
type and degree of chromosomal abnormalities were noted as
Stickiness>Fragment >Disturbed metaphase/anaphase > Brid ges > Lag -
gards >Micronuclei. However, the synergistic effect of chemical pesti-
cides and plant extract significantly amplified the mitotic index and
depressed the chromosomal abnormalities as compared with the chem-
ical pesticides alone. The gradation of synergistic effect was noted as
N+D > N+E > N+R > B+D > B+E > B+R > C+D > C+E > C+R. It is
clear that the plant extracts repair the damages caused by chemical pes-
ticides to a significant level. Obviously, the plant extracts with the com-
mercial chemical pesticides may be better substitutes in ordered to
reduce the risk of genotoxic hazards to agriculturally important plants.
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RA001
DIFFERENTIAL RESPONSE RELATED TO GENOTOXICITY
IN MULTIPLE ORGANS OF CIRRHOTIC RATS
DA Ribeiro (1), MR Nagaoka (1), LL Maluf (1), OA Jr (1), CT
Bergamaschi (1)
(1) Department of Biosciences, Federal University of Sao Paulo,
UNIFESP, SP, Brazil
Email: daribeiro@unifesp.br

The aim of this study was to investigate whether blood, liver, heart,
kidney and brain are particularly sensitive organs for DNA damaging
in cirrhotic rats by the single cell gel (comet) assay in order to predict
genetic instability induced by this pathological condition.  A total of 16
male Wistar rats were divided into two groups: negative control (n=8)
and experimental (n=8), in which was submitted to bile duct ligation
during 28 days. The results showed that cirrhosis was able to induce
genetic damage in liver, and brain cells as depicted by the mean tail
moment. No genetic damage was induced in blood, heart or kidney
cells, i.e. no significant statistically differences (p>0.05) were noticed
when compared to negative control. In conclusion, our results suggest
that cirrhosis could contribute to the damage of DNA in liver and brain
cells. Since DNA damage is an important step in events leading to
some degenerative diseases, as for example, cancer, this study repre-
sents a relevant contribution to the correct evaluation of the potential
health risks associated with cirrhosis.

RA002
COCAINE OR ECSTASY INDUCE DNA DAMAGE IN MICE
PERIPHERAL BLOOD CELLS: AS ASSESSED BY SINGLE
CELL GEL (COMET) ASSAY
DA Ribeiro (1), TA Alvarenga (2), ML Andersen (2) JL Costa (3), ON

Neto (3), MC Batisti (2), S Tufik (2) 
(1) Department of Biosciences (1) and Psychobiology (2) - Universidade
Federal de São Paulo (UNIFESP) and  (3) Instrumental Analysis Labo -
ratory, Criminalistic Institute, São Paulo, Brazil
Email: daribeiro@unifesp.br

Cocaine and ecstasy abuse is a serious and socially damaging illegal
drug problem. Different doses of administration are associated with a
specific progression of effects and propensity for dependence.
However, the effects of first exposure of drugs on DNA damage are still
unknown. Thus, the study aimed to evaluate the overall genetic dam-
age in peripheral blood cells induced by different doses of cocaine or
ecstasy in male mice. After one hour after the administration (cocaine:
1.75, 3.5 and 7 mg/kg, and ecstasy: 1.25, 2.5 and 5 mg/kg, ip), all
C57BL/6J mice were euthanized and peripheral blood was collected
and the cellular suspensions were used for the single cell gel (comet)
assay. The results pointed out that cocaine or ecstasy were able induce
DNA damage in blood cells for all concentrations evaluated in a dose
related-fashion being the strong effect encountered for cocaine as
depicted by the tail moment data. Taken together, such findings demon-
strate that cocaine or ecstasy are potent genotoxins.  Since DNA dam-
age is an important step in events leading to genomic instability, in so
far as tumorigenesis process this study represents a relevant contribu-
tion to the understanding of the potential health risks associated with
users of some illicit drugs.

RA003
IN VITRO EVALUATION OF GENETIC DAMAGE INDUCED
BY THREE RADIOPACIFIERS USED IN CLINICAL 
PRACTICE
DA Ribeiro (1), LM Oyama (1), JPC Marcondes (2), DC de Almeida
(2), DMF Salvadori (2)
(1) Department of Biosciences, Federal University of Sao Paulo,

UNIFESP, Santos, SP, Brazil; (2) Department of Pathology, Botucatu
Medical School, UNEsP, SP, Brazil
Email: daribeiro@unifesp.br

The aim of the present study was to evaluate the capacity of radiopaci-
fiers to induce genetic damage in vitro. Chinese hamster ovary cells or
murine fibroblasts cells were exposed to calcium tungstate, lead oxide
or calcium carbonate, at final concentrations ranging from 10 to 1000
ug/mL for 1 hour at 37 oC. The negative control group was treated with
vehicle control (phosphate buffer solution - PBS) for 1 hour at 37°C,
and the positive control group was treated with methylmetanesulfonate
(at 1 uM) for 1 hour at 37°C . Genotoxicity was assessed by the single
cell gel (comet) assay. The results pointed out that radiopacifiers did
not induce DNA breakage in all tested cells as depicted by the mean tail
moment in all concentrations. In summary, our results indicate that
exposure of mammalian cells to these radiopacifiers may not be a fac-
tor that increases the level of DNA lesions.

RA004
CHARACTERISTICS AND PERFORMANCE OF A BHAS 42
CELL TRANSFORMATION ASSAY FOR PREDICTION OF
CHEMICAL CARCINOGENICITY
A Sakai, K Sasaki, D Muramatsu, S Arai, N Endo, S Kuroda, K
Hayashi, Y Lim, S Yamazaki, M Umeda, N Tanaka
Laboratory of Cell Carcinogenesis, Hatano Research Institute, Food
and Drug Safety Center, Hadano, Kanagawa 257-0025, Japan
Email: sakai.a@fdsc.or.jp

The carcinogenicity of chemicals has been predicted with genotoxicity
assays. Cell transformation assays can also detect chemical carcino-
gens, but are classified into a category different from genotoxicity
assays. The BALB/c 3T3 is one of cell lines which have been used for
cell transformation assays. The Bhas 42 cells were established from the
BALB/c 3T3 cells through transfection of an oncogenic murine ras
gene and regarded as initiated cells in the two-stage carcinogenesis the-
ory. Using the Bhas 42 cells, a short-term cell transformation assay was
developed. The Bhas 42 cell transformation assay is superior to con-
ventional cell transformation assays in cost and labor performance. The
Bhas 42 cell transformation assay has previously been reported to be
capable of detecting initiating and promoting activities of carcinogens
and consists of an initiation assay and a promotion assay to detect ini-
tiating activity and promoting activity, respectively. In the promotion
assay, the initiating treatment with a known carcinogen is not required
to detect promoting activity of test chemicals. We applied this short-
term assay to almost 100 chemicals to characterize the assay and eval-
uate its performance for the prediction of chemical carcinogenicity. The
promotion assay could detect a considerable number of Ames-negative
carcinogens, confirming that Bhas 42 cells act as initiated cells in the
cell transformation assay. The concordance, sensitivity, specificity,
positive predictivity, negative predictivity, false positives and false
negatives were calculated from the assay results for known carcinogens
and non-carcinogens. Among the performance characteristics, the
specificity and positive predictivity were high and the specificity was
superior to those of genotoxicity tests. As overall evaluation, the other
performance characteristics were equivalent to those of genotoxicity
tests and conventional transformation assays. From these results, we
concluded that the accuracy of prediction for chemical carcinogenicity
would be increased by including the Bhas 42 cell transformation assay
in the battery of in vitro assays. [This work was supported by the New
Energy and Industrial Technology Development Organization/the
Ministry of Economy, Trade and Industry of Japan.]

RA005
ASSESSMENT OF GENOMIC INSTABILITY IN NORMAL
AND DIABETIC RATS TREATED WITH METFORMIN
SM Attia, GK Helal, AA Alhaider.
Department of Pharmacology, College of Pharmacy, King Saud
University, Riyadh, Saudi Arabia
Email: attiasm@yahoo.com

To examine if a single or multiple oral administration of motorman, a

Abstracts of Posters - Risk assessment RA001-113

270 ICEM 2009, August 20-25, Firenze - Italy

Risk assessment



Abstracts of Posters - Risk assessment RA001-113

ICEM 2009, August 20-25, Firenze - Italy  271

member of the iguanid class of anti-diabetic agents, has any geotaxis
and catatonic potential in normal and diabetic rats, a mammalian
model, cytogenesis assays through several endpoints such as induction
of micronuclei, chromosome aberrations, mitotic activity of bone mar-
row cells, sperm-head anomaly and assays of some oxidative stress
markers have been conducted by the use of standard techniques.
Diabetes was induced by streptozotocin injection. Metformin was
administrated to both diabetic and non-diabetic rats in single doses of
100, 500 or 2500 mg/kg along with vehicle control groups for diabetic
and non-diabetic rats. The animals were killed by cervical dislocation
at 24 h after treatment, and then bone marrow cells were sampled. Also,
a multiple dose study has done in which diabetic and non-diabetic ani-
mals were treated with 100 or 500 mg/kg of metformin daily for 4 or 8
weeks after which the animals were killed by cervical dislocation, and
then bone marrow and sperm cells were collected. Concurrent control
groups were also included in each experiment. The obtained results
revealed that metformin was neither genotoxic nor cytotoxic for the
rats in all groups at all tested doses. Moreover, metformin significant-
ly reduced the diabetes-induced genomic instability and cell prolifera-
tion changes in somatic and germinal cells in a dose-dependent manner
(2500, 500, >100 mg/kg). In addition, diabetes induced marked bio-
chemical alterations characteristic of oxidative stress including,
enhanced lipid peroxidation and reduction in the reduced glutathione
level. Treatment with metformin ameliorated these biochemical mark-
ers. In conclusion, metformin is a non genotoxic or cytotoxic com-
pound and may protect from genomic instability induced by hyper-
glycemia. Apart from its well-known anti-diabetic effect, the anti-geno-
toxic effect of metformin could be possibly ascribed to its radical scav-
enger effect that modulated the genomic instability responses and cell
proliferation changes induced by hyperglycemia. Other anti-genotoxic
mechanisms such as DNA repair and increasing in apoptotic elimina-
tion of heavily-damaged cells are in progress. The results of this part
will be finished in the upcoming weeks.

RA006
THE IMPACT OF SURFACE MODIFICATIONS ON CYTO-
TOXIC AND GENOTOXIC EFFECTS OF 
SUPERPARAMAGNETIC MAGNETITE NANOPARTICLES 
M Mészárosová (1), V Závišová (2), M Koneracká (2), M Timko (2),
A Džarová (2), P Kopčanský (2), A Gábelová (1)
(1) Cancer Research Institute, Slovak Academy of Sciences, Bratislava,
Slovak Republic; (2) Institute of Experimental Physics, Slovak Aca -
demy of Sciences, Košice, Slovak Republic
Email: monika.meszarosova@savba.sk

Magnetite nanoparticles (MNPs) are used for in vivo biomedical appli-
cation including magnetic resonance, magnetically controlled transport
of anticancer drugs as well as hyperthermia generation. In order to pre-
vent aggregation and to increasing the circulation time in the blood
stream, the surface of MNPs must be modified with various surfactants
to make them more stable, biodegradable and non-toxic. Multiply func-
tionalized MNPs, prepared by loading of specific ligands, antibodies,
peptides and drugs may offer an exciting tool to make MNPs target-
specific and increase their therapeutic benefit. The objective of this
study was to investigate the biological activity of nanospheric super-
paramagnetic magnetite particles (Fe3O4, 10 nm in diameter) in
dependence on surface modifications. MNPs were prepared by the
coprecipitation method of ferric and ferrous salts in an alkali aqueous
medium. X-ray diffraction measurement was performed to identify the
crystallographic structure of prepared MNPs and the magnetic proper-
ties were characterized by SQUID magnetometer at room temperature.
Two surfactans - sodium oleate (C17H33COONa) and polyethylene
glycol (PEG Mw=1000) were used for coating of MNPs (10 nm). The
biological activity of sodium oleate-coated MNPs (SO-MNPs) and
sodium oleate- plus PEG-coated MNPs (SO-PEG-MNPs) was investi-
gated using the human alveolar epithelial carcinoma cell line A549.
Three approaches were applied to evaluate the cytotoxicity of particu-
lar MNPs and individual surfactants, MTT assay, trypan blue staining
and assessment of proliferating activity. The ability of particular MNPs
to produce DNA strand breaks was measured using the alkaline single
cell gel electrophoresis. The effects of MNPs were analyzed after short-
term (4h) and long-term (24h) exposure.

Our preliminary results have shown differences in both cytotoxic and
genotoxic effects of nanosphered magnetite particles in dependence on
surface coating. This study was supported by grants: VEGA 2/0051/09,
APVV 99-026505 and CEX SAS NANOFLUID.

RA007
CHARACTERIZATION OF INDUCED RAT S9 FOR AN 
APPROPRIATE EXTRAPOLATION FROM IN VITRO TO IN
VIVO IN GENOTOXICITY STUDIES
Y Kishino, T Hasegawa, S Arakawa, Y Shibaya, W Takasaki, T
Yamoto, A. Sanbuissho, S Manabe
Daiichi Sankyo Co., Ltd., Japan
Email: watanabe.yuki.w5@daiichisankyo.co.jp

There are some discrepancies in genotoxic responses between in vitro
and in vivo genotoxicity studies. However the mechanisms of these
discrepancies are unknown and this makes the extrapolation from in
vitro to in vivo study difficult. To examine one of the mechanisms, we
focused on the induced rat S9 generally utilized in vitro studies, and
evaluated its characteristic and impact on the interpretation of in vitro
studies. Enzyme activities and expression levels of cytochrome P450
(CYP) isozymes in rat S9 induced with phenobarbital and 5,6-ben-
zoflavone were compared to those of untreated rat S9, and both S9s
were subjected to in vitro micronucleus tests for 8 compounds which
were selected as indirect genotoxicans. The P450 content and MCD,
ECD and PCD activities in induced rat S9 were higher than those in
untreated rat S9. In terms of protein expression, induced S9 showed
higher levels of CYP1A1, 1A2, 2B1/2, 2C6, 3A1 and 3A2, and lower
levels of CYP2C11 and CYP2E1 compared with untreated rat S9. In
vitro micronucleus tests with induced rat S9, no differences in the
intensity of micronucleated cells induction or cytotoxicity were
observed between induced rat S9 and untreated rat S9 in 3 diclophenac,
piroxicam and lansoprazole. On the other hand, stronger inductions of
micronucleated cells and cytotoxicity than untreated S9 were observed
in benzo[a]pyrene, cyclophosphamide, PhIP, coumarin and chlorpheni-
ramine. In the cases of coumarin and chlorpheniramine, the metabolites
which are not typically seen in vivo were produced by induced S9. And
also negative results have been reported in in vivo micronucleus stud-
ies. Therefore, in these 2 cases, it is considered that the judgment of
genotoxicity by induced rat S9 could not be extrapolated to in vivo sit-
uations. This study demonstrates that the use of induced rat S9 caused
discrepancies of the genotoxic responses between in vitro and in vivo
studies in the case of the generation of untypical metabolites in vitro.
Consequently, when induced S9 is used it is necessary to consider the
characteristics of this S9, and when these characteristics are not consis-
tent with those of in vivo studies, another genotoxicity studies should
be conducted with more appropriate metabolic activation systems.

RA008
MOBILE PHONE AS A RISK FACTOR FOR EARLY BRAIN
CHANGES IN CHILDREN
S M Elserougy (1), N Khattab (2), R Abdel Hakeem (3), N Amer (1)
(1)Department of Environmental and Occupational Medicine, National
Research Centre, Egypt. (2) Departments of Pediatrics and (3) Neuro -
psychiatry, El–Sahel Teaching Hospital, Egypt.
Corresponding author: Ass. Prof. Safaa M. Elserougy
Email: safaaser@hotmail.com

During the last decade there has been a steep increase in the number of
mobile phone (MP) users that invaded the world of children. Aim of the
study:  to detect the early effects of MP use on the electrical activity of
the brain in children. Subjects and methods: cross-sectional study
recruiting school-aged children attending a Teaching Hospital for mild
illness. MP users and non-users were given appointments after recov-
ery to participate (30 and 40 respectively). In their second visit, filling
psychiatric questionnaire and recording electroencephalographic
waves (EEG) after 5 minutes of MP use were done. Results: The fre-
quency of the psychiatric symptoms and EEG changes were signifi-
cantly higher in the MP users than in non-users (p <0.05 & 0.01 respec-
tively). Recommendations: the hazardous effect of MP use alarms the
restriction of MP use by children.



RA009
CARDIOVASCULAR DISEASE PREDICTORS IN RELATION
TO SMOKING IN EGYPTIAN MEN 
KS Ibrahim (1), EM El-Sayed (2),HM Aziz (1)
(1) Department of Environmental and Occupational Medicine, and (2)
Department of Food Science and Nutrition, National Research Centre,
Egypt.
Email: myazizhma@yahoo.com

Cigarette smoking increases the risk of coronary heart disease (CHD).
The aim of the present study was designed to compare the influence of
smoking on novel CHD predictors with the traditional predictors.
Methodology: Estimation of the levels of novel CHD predictors sush as
serum albumin, bilirubin, lipid peroxides and free fatty acid (FFA) pat-
tern, in addition to traditional predictors such as blood pressure, body
mass index (BMI), serum total cholesterol, triglycerides, high density
lipoprotein cholesterol (HDL-C) and iron between smokers and non-
smokers. The results of this work revealed that the prevalence of car-
diac arrhythmias was higher in smokers than in non- smokera. Both of
BMI and blood pressure were not significantly changed between the
two groups. Biochemical parameters showed an extreme increase of
serum lipid peroxides, triglycerides and cholesterol / HDL-C ratio in
smokers relative to non- smokers. On the other hand, smokers had sev-
erly reduced  HDL-C levels and slight decreased total cholesterol / total
bilirubin as compared to those of non- smokers. Serum albumin and
iron levels showed non-significant changes between smokers and non-
smokers. FFA pattern demonstrated a marked reduction in oleic acid
level and a significant increase in euric acid concentration in smokers
regarding to those of non- smokers. Each of palmitic, stearic and
arachidonic acids decrease in smokers than in non-smokers. Younger
smokers had extremerly higher levels of serum lipid peroxides, total
cholesterol, triglycerides and total cholesterol / HDL-C ratio than their
aged matched controls. Serum HDL-C levels were severly reduced in
younger smokers as compared with their corresponding controls. Older
smokers showed a significant decrease in HDL-C level and a marked
increase in its ratio with cholesterol regarding to non-smokers who had
the same age.

RA010
PREDICTION OF BLADDER CANCER IN EGYPTIAN TANNERY
WORKERS
ASA Hussein, S Beshir
Department of Environmental and Occupational Medicine, National
Research Centre, Egypt.
Email: amel_h3@yahoo.com

Carcinoma of urinary bladder is the fifth commonest form of cancer all
over the world. In Egypt, bladder carcinoma is the most common solid
tumor in men. The aim of the present study was evaluation of the car-
cinogenic effect of tannic on the urinary bladder of tannery workers,
and comparison of the diagnostic value of urinary cytology, nuclear
matrix protein (NMP) and Kontron Image Analysis System for the
detection of occult bladder cancer. Methodology: The study included
38 tannery workers and 40 unexposed subjects. Urine samples were
tested for abnormal cells through cytopathological examination and
DNA image analysis for any abnormality in the cell life cycle, in addi-
tion to NMP, a tumor marker specific for bladder cancer, to detect sus-
pected bladder lesions. Results: Statistical analyses found that there
were significant differences between the examined groups according to
the cytopathological examination of the urine samples and DNA
images. In smoking tannery workers, 4C and S phase were significant-
ly higher and 2C was significantly lower compared to those not smok-
ing. There was no significant difference between the two groups
according to NMP. But, the percent of positive NMP in smoking work-
ers was higher compared to non-smokers in both groups. Conclusion:
Tannery workers were at high risk for bladder pre-cancerous lesions.
Smoking increases this risk. Urinary cytology as well as NMP can pro-
vide useful excluding information, and can be used in screening for
bladder cancer in the population at risk to exclude the presence of the
condition, but not as a diagnostic methods.

RA011
ASSESSMENT OF RESPIRATORY HEALTH PROBLEMS DUE TO
EXPOSURE TO AIRBORNE FUNGI IN CERAMICS INDUSTRY
ASA Hussein (1), H M Aziz (1), AA Awad (2)
(1) Department of Environmental and Occupational Medicine, and (2)
Department of Air Pollution Research, National Research Centre,
Egypt.
Email: amel_h3@yahoo.com

Ceramics industry needs constant humidity and high temperature,
which creates conditions for microbial growth. Aim: The study aimed
to assess the role of humidifiers in ceramics industry as a microbial
source, and to assess respiratory health problems secondary to the
microbial exposure among ceramics workers. Methodology: Air sam-
ples were collected from the different departments for counting of air-
borne microorganisms. Medical and occupational questionnaire, clini-
cal examination, ventilatory functions (VFT) and sputum culture were
done for ceramics workers (30 from compressors, 26 from mills, and
14 from quarrying departments) and compared with 29 non-exposed
workers. Skin prick tests (SPT) of Penicillium spp., Asp. fumigatus,
and Asp. niger were done for ceramics workers. Results revealed that
indoor airborne microorganisms were at higher levels in comparison to
outdoor samples. Penicillium was the most dominant indoor fungi
spores followed by Asp. fumigatus and Asp. niger. Prevalence of
chronic respiratory symptoms and clinical signs were significantly
higher in exposed workers than in their controls. FEV1 and FEV1/FVC
ratios of the compressors workers were significantly lower compared
to their controls. Prevalence of positive SPT in ceramics workers was
8.6% to Penicillium spp, 4.3% to Asp. fumigatus and 2.9% to Asp.
niger. Sputum cultures of the ceramics workers revealed that 34.3%
were positive for Penicillium spp, 5.7% for Asp. fumigatus and 5.7%
for Asp. niger. Prevalence of SPT reactivity and positive sputum cul-
tures were not influenced by the duration of exposure. There were no
significant differences in VFT of the workers concerning the results of
SPT and of sputum cultures. Conclusion: Ceramics workers found to
be at risk to develop respiratory problems not only due to their expo-
sure to dusty environment, but also due to their exposure to airborne
fungi, and this risk was not influenced by the duration of exposure. It
was recommended to consider fungal exposure in ceramics industry as
a risk factor for increasing chest problem.

RA012
RESPIRATORY HAZARDS, GENOTOXICITY, AND 
CARCINOGENICITY OF OCCUPATIONAL EXPOSURE TO
FORMALDEHYDE IN MEDICAL LABORATORIES
S Bechir Ahmed (1), A Saad ElDin Hussein(1), S Baathallah (2).
(1) Department of Environmental and Occupational Medicine,
National Research Center, Cairo, Egypt
(2) Genetic Unit Child  Hospital Cairo University, Cairo, Egypt  
Email: safiabeshir123@yahoo.com

A relatively large number of workers are being exposed to formalde-
hyde because of its wide spread use. Aim of work: The present study
aimed to reveal whether prolonged or repeated formaldehyde exposure
can induce human health hazards. Methodology: A study of 48 exposed
employees (pathology laboratories) was undertaken using the yield of
ventilatory pulmonary function tests, specific IgE to formaldehyde-
human serum albumin (HSA), chromosomal aberrations, DNA-protein
cross links in peripheral blood lymphocytes and serum p53. Results:
Chronic occupational formaldehyde exposure appeared to be associat-
ed with an increase in the prevalence of the respiratory and eye symp-
toms. The mean values of FEV1, and FVC in percent of the predicted
values were significantly lower in the exposed workers than in the con-
trols. At the same time, the mean levels of DNA-protein crosslinks and
the mean frequency of mitomycin C induced chromosomal breakage
were significantly higher in the exposed group compared to the con-
trols. There was no significant difference between the both groups in
the mean values of PEFR%, specific IgE to formaldehyde-HSA, serum
p53, and the mean frequency of spontaneous chromosomal breakage.
Unexpectedly, no obvious correlation was seen between either the
duration of employment, smoking index, or other parameters analysed.
Conclusion: The study confirms the allergenic and genotoxic haz-
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ardous effects of formaldehyde vapor on the health of exposed workers
and calls for establishing protective measures for them.

RA013
EFFECT OF  MDI EXPOSURE ON THE LIVER: 
EVALUATION OF ALPHA-FUCOSIDASE AS A USEFUL
MARKER FOR HCC DETECTION
S Beshir Ahmed(1), G EL-Dessouky (2), A SAAD ElDin Hussein (1),
S Abd EL-Azim (3), O Abbas (4).
(1) Department of Environmental and Occupational Medicine, National
Research Centre, Egypt; (2) Department of Biochemistry, National Cancer
Institute, Cairo University, Egypt; (3) Department of Biochemistry, Faculty
of Pharmacy, Cairo University, Egypt (4) Department of Clinical Pathology,
National Liver Institute, Menofeya University, Egypt.
Email: safiabeshir123@yahoo.com

Aim: The study was aimed to investigate the hepatotoxicity of methyl-
ene diphenyl diisocynate (MDI) and its metabolite methylene dianiline
(MDA) in a group of workers occupationally exposed to polyurethane
thermal degradation compounds in the flexible packing industry.
Evaluation of serum AFU activity as a useful marker for early detec-
tion of HCC was also done. Methodology: The study was carried on 45
workers exposed to MDI, 34 controls who have never been exposed to
chemicals (negative controls), and 25 hepatocellular carcinoma
patients (HCC) as a positive controls. Results: The levels of serum
ALT, alkaline phosphatase (ALP) and total bilirubin were statistically
significantly elevated in the exposed workers compared to the normal
controls. On the other hand, the levels of serum total protein, albumin,
and A/G ratio of the workers were significantly lower compared to the
normal controls. There was no significant difference in serum AST and
liver tumor markers alpha-fetoprotein (AFP) and alpha fucosidase
(AFU) levels between the workers and their normal controls. However,
with 10.5 Umol/L/min (mean value of controls+3.0 SD) considered as
the cut-off point, about 29% of exposed workers had higher AFU val-
ues than the cut-off points. Whereas, none of our workers had higher
than normal AFP levels. The mean levels of liver function tests and the
tumor markers used in this study were significantly different in the
HCC patients (positive group) compared with those of workers except
for the albumin level. In the HCC group, AFU did not correlate with
with AFP, suggesting that the positive detection rate can be increased
when these 2 markers are used in conjunction. Whereas, AFP positive-
ly correlated with serum ALT and tumor size. AFU did not, suggesting
that AFU can be used as a useful marker for detecting small HCC par-
ticularly in cirrhotic patients. Conclusion: It is apparent from this work
that MDI exposure has an adverse effect on human hepatic function.
Regular screening program among this high risk population, using
ultrasonography, liver function tests including prothrombin time and
serum tumor markers (AFP and AFU) are highly recommended.

RA014
A PROPOSAL METHODOLOGY TO CANCER RISK 
ASSESSMENT TO FORMALDEHYDE OCCUPATIONAL
EXPOSURE
S Viegas(1,2), C Ladeira (1),  J Vacas (1), M Gomes (1), Mi Brito (1),
J Prista (2)
(1) Escola Superior de Tecnologia da Saúde de Lisboa - ESTeSL (Higher
School of Health Technologies of Lisbon) - Polytechnic Institute of Lisbon;
(2) CIESP, Centro de Investigação e Estudos em Saúde Pública, Escola
Nacional de Saúde Pública - ENSP (National School of Public Health – New
University of Lisbon) 1600 – 500 Lisboa
Email: susana.viegas@estesl.ipl.pt

Background: Very recently, the International Programme on Chemical
Safety has convened a working group to promote harmonisation of
approaches to the assessment of cancer risk from exposure to chemi-
cals. For chemicals that promote local genotoxicity, similar to
formaldehyde, it’s accepted a practical threshold supported by toxico-
kinetics and experimental studies that can be used to developed cancer
risk assessment. Nowadays, formaldehyde is classified as a human car-
cinogen by the International Agency for Research on Cancer and has
determined that there is “sufficient evidence” that occupational expo-

sure to formaldehyde causes nasopharyngeal cancer in humans. It’s
also considered an important genotoxic occupational agent. The aim of
this studied was too developed and applied a cancer risk assessment
methodology that can be useful in cases of formaldehyde occupational
exposure. Methods: It was developed a methodology to assess the can-
cer risk of workers exposed to formaldehyde. It was used the results
from environmental monitoring and data about biologic adverse events
caused by formaldehyde exposure. The methodology was applied in 88
work activities from 11 anatomy and pathology laboratories and 46
work activities from 5 industrial units from Portugal. Results: In the 46
work activities evaluated from industrial units only 2% have high can-
cer risk and all the others activities have low risk. With regard to labo-
ratories activities, 14,7% have high cancer risk, 20,45% medium risk
and 50% low cancer risk. These results are in line with other studies
that point workers from anatomy and pathology laboratories with the
highest cancer risk from occupational exposure to formaldehyde.
Conclusions: While industrial production processes are currently auto-
mated, anatomy and pathology laboratories activities require a great
proximity to anatomical species and frequent handling of solution
based on formaldehyde. The obtained data draw attention to the impor-
tance for risk assessment be performed for each effect to health caused
by exposure to a specific chemical agent and to the value of existing
data about biologic adverse events from experimental and epidemio-
logical studies to permit define and applied a cancer risk assessment
methodology.

RA015
CYTOTOXICITY AND GENOTOXICITY INDUCED IN
HUMAN CELLS INCUBATED WITH COMMERCIAL 
NANOMATERIALS
C Fede (1), M Mognato (1), F Mancin (2), El Reddi (1), L Celotti (1)
(1)  Department of Biology, University of Padova, via U. Bassi 58 B,
35131 Padova, Italy; (2)  Department of Chemical Sciences, University
of Padova, via Marzolo 1, 35131 Padova, Italy
Email: lucia.celotti@unipd.it

The environmental and health impact associated with exposure to
nanomaterials is an emerging area in toxicology and health risk assess-
ment. In fact, the same properties which make nanoparticles so attrac-
tive in industry and medicine, such as small size, chemical composi-
tion, structure, large surface area and shape, may contribute to the tox-
icological profile in biological systems. In this work we investigated
about the cytotoxicity and the mechanisms of action of two industrial
nanostructures, purified and characterized at the Department of
Chemical Sciences (University of Padova): Elicarb® single-wall car-
bon nanotubes (SWCNTs) and Ludox® nanoparticles (commercial col-
loidal silica nanoparticles in aqueous phase) with two different diame-
ters (20 nm and 7 nm). Various cell lines were treated with these differ-
ent nanostructures: fibrosarcomeric cells HT-1080, lung cancer cells A-
549 and normal human lung fibroblasts, CCD-34Lu. At the end of
treatments performed with increasing concentration of nanomaterials
in culture medium with or without foetal calf serum (FCS) for different
incubation times, we measured cell viability with MTS (CellTiter 96®
AQueous One Solution Cell Proliferation Assay, Promega) and clono-
genic assays. Our results show that: 1) the toxicity of Elicarb®
SWCNTs solubilized in water increases for long incubation time (48 h
and 72 h); 2) smaller Ludox® (SM30, 7 nm) are more toxic than
Ludox® AS30 (20 nm); 3) A-549 e CCD-34Lu cell lines are the more
sensitive cells. Moreover, the presence of FCS in the culture medium
during the treatments with Ludox® reduces cell toxicity, by promoting
nanoparticle aggregation. In A-549 and HT-1080 cells was measured
apoptotic index by DAPI staining and caspase-3 activity to investigate
the mechanism of cell death induced by Ludox® nanoparticles: apop-
tosis induction was higher in HT-1080 after treatment with Ludox®
SM30 nanoparticles. Finally, we analysed DNA damage induction by
the immunofluorescence of the phosphorylated form of the histone
H2AX (�H2AX), the production of reactive oxygen species (ROS) in
cells treated with Ludox® and gene expression alteration through
microarray analysis after treatment with Ludox® AS30 and SM30.
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RA016
MORPHOLOGY AND DNA DAMAGE OF SPERMATOZOA OF
ADULT MEN EXPOSED TO THE PROCESSING OF 
ELECTRONICS WASTE
Q Liu (1), J Cao (1), KQ Li (2), XH Miao (2), H Zhao (3), J Li (2), G
Li (2), YY Wang (1), FY Fan (1)
(1) Institute of Radiation Medicine, Chinese Academy of Medical
Sciences & Peking Union Medical College, Tianjin Key Laboratory of
Molecular Nuclear Medicine; (2) Department of Biology of Tianjin
Medical University; (3) Biopharmaceutical Laboratory, School of
Chemical Engineering and Technology, Tianjin University
Email: faithyfan@yahoo.cn dr.qiangliu@yahoo.com.cn

Background Electronic wastes (e-wastes) are being the fastest growing
type of solid waste. Most of them were exported to Asia and Africa. It
has become a major global environmental problem to manage and recy-
cle the e-wastes. E-wastes were widely processed by manually disas-
sembling or burning in Jinghai, a county of China, which has become
the largest disposal centre in northern China in recent years. This study
analyzed the potential damaging effects of pollutants generated by the
electronic waste disposal process on human reproductive function,
especially to the spermatozoa of adult men. Methods Sixty-six couples
were randomly selected as exposed group from permanent residents in
the local area, where there was massive disposal of electronic waste.
Fifty couples were recruited from the neighboring areas that were not
exposed to electronic waste as control group. Routine semen analysis,
spermatozoa motility and morphology were performed to detect the
cytotoxic effect. DNA damage was detected using comet assay, the
DNA percentage in the comet tail (TDNA%), tail moment (TM) and
Olive tail moment (OTM) were recorded to describe DNA damage to
spermatozoa. Results The volume of semen in exposure group was less
than that of control (P=0.039), but the sperm concentration didn’t show
statistical significance between the two groups (P=0.693). Remarkably,
the sperm motility and abnormity rate showed significant statistical dif-
ference, which demonstrated that the quality of spermatozoa in expo-
sure group was worse than that of control group. The parameters
detected by comet assay didn’t show significant difference between the
two groups. The gender ratio (boys : girls) of exposure group is less
than that of population in the local area. Conclusions The toxic sub-
stances that released during the process of e-waste recycling by inap-
propriate ways can have harmful effects to the quality of spermatozoa
and reduced consequence on sperm counts. Further study about the
recycling of e-wastes should be performed and further follow-up inves-
tigation on the growth and development of the offspring and the gen-
der ratio of newborn in the exposure area should be performed urgent-
ly according to the discovery of this study.

RA017
CYTOTOXICITY AND GENOTOXICITY OF PALYTOXIN-
LIKE COMPOUNDS FROM OSTREOPSIS SPECIES.
S Volpi1, A Sciutto1,  P Roggieri1, (L) Masiello2, Barbara Vivaldi (2),
C Bolognesi1. 
1)Environmental Carcinogenesis Unit, National Institute for Research
on Cancer  and  2)Istituto Zooprofilattico Sperimentale del Piemonte
Liguria e Valle d’Aosta, Genoa, Italy
Email: samantha_volpi@hotmail.com

During the last decade, the occurrence of harmful algal blooms has
increased both in frequency and in geographic distribution in many
regions of the world. Benthic dinoflagellates of the genus Ostreopsis
have expanded their distribution from tropical–subtropical to temperate
waters, such as the Mediterranean Sea.  Among the thousands of
species of microscopic algae at the base of the marine food chain, there
are a few dozen which produce potent toxins that impact human health
through the consumption of contaminated fish  or shellfish, or through
water or aerosol exposure. Palytoxin (PLT) is one of the most potent
marine biotoxins known to date, exhibiting extreme toxicity in mam-
mals.  Analyses of plankton samples collected along the Ligurian
coasts (Italy) during a massive bloom of the tropical microalga
Ostreopsis ovata  indicated the presence of putative palytoxin  (p-PLT)
together with a palytoxin-like molecule which was named ovatoxin-a.
The aim of our study was to characterize the toxic and  potential geno-

toxic  properties of  algan toxins accumulated in shellfish tissues. A
number of  extracts from mussel samples, collected in the framework
of a specific monitoring program for marine biotoxins in Liguria, were
tested in vitro in human hepatoma HepG2 cells. Genotoxicity was eval-
uated using the comet assay and micronucleus test. A dose-response
curve for cell-death was observed for 1 and 3 hours of exposure with
100% of mortality at the concentration  20 ng/ml p-PLT. Preliminary
data revealed an increase of DNA fragmentation index and of micronu-
clei frequency starting from 0.01 ng/ml p-PLT.

RA018
MICRONUCLEUS FREQUENCY IN BUCCAL MUCOSA
CELLS OF MOBILE PHONE USERS
H Hintzsche, H Stopper
Department of Toxicology, University of Wuerzburg, Germany
Hintzsche@toxi.uni-wuerzburg.de

Mobile phone use is still increasing throughout the whole world.
Currently there are more than three billion subscribers. In Western
Europe the penetration rate (subscribers / person) exceeds 110 %.
Health effects of the transmitting radiation (≈900 MHz and ≈1800
MHz) have been discussed and investigated for a long time.
Nevertheless there has not been a final answer because researchers
found diverse and even contradictory results. This study was carried
out to examine the in-vivo effect of mobile phone use on genetic sta-
bility in the oral mucosa of humans. More than 100 samples of buccal
mucosa cells of young adults (including non-users) were taken using a
wooden stick with some cotton attached to it. The cells were washed,
brought onto microscopy slides and fixed with methanol. For evalua-
tion cells were stained using chromomycin A3 and α-tubulin antibody.
For each sample 2000 cells were scored counting binucleated cells,
micronuclei and other nuclear anomalies. In questionnaires information
on the mode of use of mobile phones was requested from each study
participant. Questions included average daily duration of use, overall
time of using a mobile phone and whether head-sets are used.
Furthermore drinking and smoking habits, diseases, medication and
special nutrition were registered. Results are presented in relation to
those parameters.

RA019
CHANGES IN ANTIOXIDANT DEFENSE SYSTEMS INDUCED
BY DIETHYLDITHIOCARBAMATE (DETC) IN V79 CHINESE
HAMSTER FIBROBLASTS
D Kurpios-Piec, E Grosicka-Maciąg, M Skrzycki, H Czeczot, M
Szumiło, I Rahden-Staroń
Department of Biochemistry, Medical University of Warsaw, Warsaw,
Poland
Email: iwonna.rahden-staron@wum.edu.pl

Diethyldithiocarbamate (ditiocarb, DETC) is a first mammalian
metabolite of disulfiram. DETC and its analogs are compounds with
diverse applications, both as an important class of agricultural pesti-
cides and as pharmacological agent - cancer chemo-preventive agent,
potential adjuncts to traditional oncological chemotherapy, along with
protection against tissue toxicity of cisplatin treatment. Although
dithiocarbamates display low acute and chronic toxicities in human and
experimental animals, the extreme reactivity mainly related to their
metal-chelating ability, and high affinity for –SH group containing pro-
teins, underlies the wide range of their adverse effects. We have cur-
rently explored the effect of DETC on antioxidant enzymes activity and
intracellular glutathione in vitro to elucidate their role in cellular dam-
age and molecular mechanism responsible for drug-induced cytotoxic-
ity. Chinese hamster fibroblast (V79) cells were treated with 100-200
µM DETC for 1h. Activities of catalase, superoxide dismutases (SOD1
and SOD2) glutathione peroxidase, and glutathione reductase, ratio of
GSH/GSSG, level of protein carbonyl groups (PC), and lipid peroxida-
tion (TBARS) have been determined. DETC increases GSH level.
However, the ratio of GSH/GSSG in treated cells was reduced compar-
ing to the control, due to significant increase of GSSG level, which is
harmful to cells. GSH is considered to be an important mediator of can-
cer cell resistance to anticancer agent-based chemotherapy. Oxidative
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damage via GSH/GSSG depletion might affect many important biolog-
ical molecules, e.g. proteins and lipids. To test whether oxidatively
modified proteins and lipids appeared in the course of the tested com-
pound exposure we measured the amount of PC and TBARS as bio-
markers of the oxidative stress. DETC resulted in increase in protein
oxidation and in lipid peroxidation. Analysis of GSH related enzymes
showed a significant decrease in glutathione peroxidase and an increase
in glutathione reductase as well as catalase activity. We have also
shown decrease in both SOD1 and SOD2 activities as compared to
those in the controls. Presented data show that DETC induced cytotox-
icity occurred via an oxidative shift in the intracellular redox state.

RA020
DISULFIRAM-INDUCED CYTOTOXICITY IN V79 CHINESE
HAMSTER FIBROBLASTS
E Grosicka-Maciąg, D Kurpios-Piec, M Skrzycki, H Czeczot, M
Szumiło, I Rahden-Staroń
Department of Biochemistry, Medical University of Warsaw, Warsaw,
Poland
Email: iwonna.rahden-staron@wum.edu.pl

Disulfiram (DSF) (thiuram disulfide of diethyldithiocarbamate) has
been used clinically in alcohol aversion therapy for nearly 60 years. As
a member of dithiocarbamates it shows high reactivity with strong
metal-binding characteristics, and is capable of interacting with protein
and nonprotein thiol groups. Despite many in vivo and in vitro studies
considering dithiocarbamate toxic, mutagenic and genotoxic activities,
few investigations have been performed to evaluate the cellular dam-
age and molecular mechanisms responsible for drug-induced cytotoxi-
city. Glutathione (GSH) has a central role in the maintenance of the
thiol-disulfide redox state in mammalian cells. The purpose of this
study was to determine the effect of Disulfiram on the redox state of
GSH/glutathione disulfide (GSSG) pool and antioxidant enzymatic
defense in Chinese hamster fibroblasts (V79 cells). Cells were cultured
without or with N-acetyl-L-cysteine (NAC) - the GSH biosynthesis
precursor, or L-buthionine sulfoximine (L-BSO) - the GSH synthesis
inhibitor. A significant increase in oxidative stress was observed, evi-
denced by decreased GSH/GSSG ratio, elevated total protein carbonyl
content, but no change in lipid peroxidation (measured as TBARS) in
cells treated with 100-200 µM DSF. Disulfiram increased both intracel-
lular GSH and GSSG levels. Disulfiram increased catalase activity but
did not change SOD1 and SOD2 activities. Analysis of GSH related
enzymes showed a significant increase in glutathione reductase, and no
change in glutathione peroxidase (H2O2 as a substrate) with concomi-
nant significant decrease of GSH peroxidase (cumene peroxide as a
substrate) activity. In addition, modulation of intracellular GSH level
with NAC pretreatment altered DSF-mediated changes both in protein
oxidation and in antioxidative enzyme activities. NAC pretreatment
protected V79 cells against oxidative damage of proteins induced by
Disulfiram. Data show that oxidative properties are at least partially
attributable to cytotoxic effects of the drug. Disulfiram affects both cel-
lular nonenzymatic and enzymatic antioxidant defense systems.

RA021
ENVIRONMENTAL RISK INDEX (ERI) : A NEW PROPOSAL
FOR RISK ASSESSMENT INTEGRATING IN VITRO TOOLS.
D. Baderna (1), E. Boriani (1), A. Mariani (1), C. Moretti (1), E.
Benfenati (1), M. Lodi (1), A. Boxall (2).
(1) Environmental Chemistry and Toxicology Lab, Istituto di Ricerche
Famacologiche “Mario Negri”, Milan, Italy. (2) Environmental
Department, University of York, Heslington, York.
Email: baderna@marionegri.it

A balanced and reliable index for environmental and health risk assess-
ment might be a valid tool to evaluate and compare potentially critical
sites like areas surrounding incinerators, landfill or industries. We elab-
orated Environmental Risk Index (ERI), a multiparametric tool to
quantify the global risk posed by diverse hazardous chemicals distrib-
uted in the investigated area focusing on both human and ecosystem
targets. The risk assessment strategy behind ERI comprehends three
main parts: human toxicology, ecotoxicology, environmental fate and

distribution. A database containing 186 chemicals (e.g. PCDD/F, PCBs,
PAHs, VOC, metals, etc.) was assembled and each class of compound
was investigated starting from chemical structures, physico-chemical
properties, toxicological and ecotoxicological data and distribution pre-
dictions. Even innovative instruments to calculate the indicators now
offered by regulators and research activities (i.e. EU projects CAESAR
and OSIRIS) were included, when necessary, on the basis of reliability
and uncertainty of data. 16 priority compounds are the minimum
required set to calculate the index on the basis of the relative knowl-
edge of their toxicological profiling, environmental distribution and
anthropic emissions. We are now further improving the main index
structure with the information coming from in vitro experiments that
allow evaluating the synergic or addictive effects due to hazardous
chemicals on target cells. Particularly we focus on human health,
selecting a test battery on A549 and HepG2 cell lines, used as in vitro
models for respiratory tract and the epatic tissue respectively. Assay-
based results will be integrated into ERI main structure using a scoring
system set on the statistical differences between exposed and control
cells. The proposed index, enriched with the in vitro information,
allows considering the risk of the single compound in a broader way
and also the site specific chemical charges and its global effect on pos-
sible target cells. ERI index should be considered an innovative diag-
nostic/screening method to get a comprehensible picture of the global
situation of a critical area. This will be an useful tool for detailed risk
analysis and also for comparison along time and space dimensions.

RA022
NEROLIDOL CAUSES GENOTOXICITY IN DIFFERENT
CELLS OF MICE BY COMET ASSAY AND MICRONUCLEUS
TEST
EL Maistro(1), F Piculo (1), CG Macedo(1), SF Andrade(2).
(1) Universidade Estadual Paulista – UNESP – Faculdade de Filosofia
e Ciências, Departamento de Fonoaudiologia. Marília, SP, Brazil.
17525-900; (2) Núcleo de Investigações Químico-Farmacêuticas
(NIQFAR), Universidade do Vale do Itajaí – UNIVALI, Itajaí, Santa
Catarina, Brazil.
Email: maistroedson@yahoo.com.br

Nerolidol is a sesquiterpenoid component of essential oil used to
enhance flavor and aroma, has been studied as a topical skin penetra-
tion enhancer, has inhibitory activities against S. aureus and E. coli,
among others activities. The objective of this study was to evaluate the
ability of acute treatment of nerolidol to induce DNA damage in
peripheral blood and liver cells of mice and micronuclei in polychro-
matic erythrocytes (PCEs) in bone marrow cells. In the dose range-
finding assays, the maximum tolerated dose was superior than 2000
mg/kg. The doses used in the experiments were 250, 500 and 2000
mg/kg. At least 100 nucleoids per cell type/animal were analyzed for
determine DNA damage scores and 2000 PCEs per animal for micronu-
clei in PCEs. The positive control was N-Nitroso-N-Ethylurea 50
mg/kg. Cytotoxicity was assessed by scoring a 200 consecutive total
polychromatic (PCE) and normochromatic (NCE) erythrocytes
(PCE/NCE ratio). The results showed that nerolidol induced signifi-
cantly elevated dose-dependent cell DNA damage in both type of cells
analyzed and enhanced the average number of micronucleated cells in
the two high tested doses. PCE/NCE ratio showed cytotoxicity for the
two lower doses of the compound. The data obtained provide support
to the view that nerolidol induces genotoxicity and clatogenicity in the
mice cells tested. Hence, great care should be taken while using its as
a therapeutic agent or to enhance foods flavor.

RA023
eRF3A/GSPT1 (GGC)N ALLELES AS GENETIC 
SUSCEPTIBILITY MARKERS FOR CANCER DEVELOPMENT
Mi Brito (1) J Malta-Vacas(1), P Ferreira(1), A Rita Conde (1,2) C
Monteiro(2), 
(1) Escola Superior de Tecnologia da Saúde de Lisboa (2) Faculdade
de Farmácia da Universidade de Lisboa
Email: miguel.brito@estesl.ipl.pt

The human eukaryotic release factor 3a (eRF3a), encoded by
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eRF3a/GSPT1 gene, is up-regulated in various human cancers.
However, the mechanism responsible of transcription enhancement in
cancer tissues is still not understood. eRF3a/GSPT1 contains a (GGC)n
polymorphism in exon 1, encoding a polyglycine expansion in the N-
terminal of the protein. The longer allele was associated with some can-
cer. Here we show that the longer allele (12GGC) is present in colorec-
tal cancer patients (F=1.09%) but not in Crohn Disease patients and the
control population. Using real time quantitative RT-PCR we show that
the longer alleles present higher transcription levels both in primary
lymphocyte cultures from the patients (p<0.001) and in Jurkat-trans-
fected cell lines (p<0.0001). However, no eRF3a/GSPT1 amplifica-
tions were detected. The methylation levels of the CpG sites inside the
GGC expansion were analysed by pyrosequencing and were totally
unmethylated regardless of the length of the alleles. Using flow citom-
etry, we compared the levels of apoptosis and the proliferation rates
between cell lines with different genotypes, but no significant differ-
ences were detected between them. Finally, we used a cytokinesis-
block micronucleos assay (CBMN) to evaluate the frequency of MN in
the same cell lines. Our results show that cell lines with the longer alle-
les have higher frequencies of MN in binucleated cells, which is prob-
ably a result of defects in mitotic spindle formation. We discuss how
eRF3a could affect the spindle formation, and its impact in cancer
development/progression. Taken together, our results show that eRF3a
should be considered as a potential proto-oncogene.

RA024
AN IN VITRO MICRONUCLEUS ASSAY WITH SIZE-CLASSI-
FIED MICRONUCLEUS COUNTING TO DISCRIMINATE
ANEUGENS FROM CLASTOGENS
K Hashimoto (1), Y Nakajima (1), S Matsumura (1), F Chatani (1),
(1) Development Research Center, Pharmaceutical Research Division,
Takeda Pharmaceutical Company Limited, Osaka, Japan
Email: hashimoto_kiyohiro@takeda.co.jp

In the in vitro micronucleus (MN) assay, genotoxic chemicals can be
characterized as aneugens and clastogens by the presence and absence
of kinetochore protein or centromere regions in the micronuclei,
respectively. Aneugens preferentially induce kinetochore- or cen-
tromere-positive micronuclei which can be detected by the immunoflu-
orescence staining method or the fluorescence in situ hybridization
(FISH) method. Both methods are robust and reliable; however, these
assays require a considerable time and cost to obtain a result that sug-
gests that the genotoxic chemicals cause aneuploidy. This is why these
methods are not adequate to evaluate dozens of chemicals which are
mixtures of aneugens and clastogens. To evaluate a batch of chemicals,
a quicker and more convenient assay is desirable. In the present study,
we examined whether the size-classified counting of MN is as effective
as FISH method to characterize aneuploidy in the in vitro MN assay
using Chinese hamster lung (CHL) cells. As aneugens, 9 substances
(colcemid, vincristine sulfate, paclitaxel, thiabendazole, diethylstilbe-
strol, griseofulvin, bisphenol A, fisetin and okadaic acid) were used; as
clastogens 6 substances (methylmethane sulfonate, N-methyl-N’-nitro-
N-nitroso-guanidine, etoposide, mitomycin C, hydroxyurea and actino-
mycin D) were used. The size-classified counting revealed that all the
9 aneugens increased both the frequency and proportion of large-size
MN as compared with the vehicle control. Although N-methyl-N’-
nitro-N-nitroso-guanidine, etoposide and mitomycin C increased the
frequency, no increase was observed in the proportion. Meanwhile,
with the FISH method, all the aneugens induced centromere-positive
micronuclei but the clastogens did not. Based on these results, it is con-
sidered that the frequency of large-size MN in the in vitro MN assay is
an alerting index for aneugenic effects and that its proportion is a sim-
ple and reliable index which is as effective as the FISH analysis for dis-
crimination of aneugens from clastogens.

RA025
PRACTICAL DECISION TREE FOR GERM CELL MUTA-
GENS IN GHS CLASSIFICATION
T Morita (1), M Hayashi (2), M Nakajima (2), N Tanaka (3), DJ Tweats
(4), K Morikawa (1), T Sofuni (5)
(1) National Institute of Health Sciences, Tokyo, Japan; (2) Biosafety

Research Center, Foods, Drugs and Pesticides, Shizuoka, Japan; (3)
Hatano Research Institute, Food and Drug Safety Center, Kanagawa,
Japan; (4) The School of Medicine, University of Swansea, Swansea,
UK; (5) Formerly National Institute of Health Sciences, Tokyo, Japan.
Email: morita-tk@nihs.go.jp

The Globally Harmonized System of Classification and Labelling of
Chemicals (GHS) requires the classification of chemicals for germ cell
mutagenicity. Simple decision logic for germ cell mutagens (GCM) has
been devised within the GHS, but expert judgment on a weight of evi-
dence approach is always needed for application of the GHS criteria. It
is difficult for users of the GHS, who are not expert in this field, to clas-
sify chemicals without additional guidance if they apply it in combina-
tion with criteria of the hazard categories detailed in the GHS text.
Therefore, a practical decision tree for classification of GCM has been
developed. The judgment in the tree flows from upstream (i.e.,
Category 1A as “Human heritable germ cell mutagen”) to downstream
(i.e., Category 1B as “Mammalian germ cell mutagen”, Category 2 as
“Mammalian somatic cell mutagen”, or Not yet classified as genotox-
ic [as Not classified in the GHS] as “Not likely to be mammalian muta-
gen”) as well as the original tree given in the GHS. The basic concept
of the tree is that positive results outweigh negative results in each test
because, when conflicting results were obtained, negative results some-
times arise from inadequate experiments. Judgment of accuracy of the
negative results will be difficult for non-expert classifiers. While a sin-
gle positive result can sometimes be pivotal to a decision about a clas-
sification, such findings should be considered on a case-by-case basis.
Therefore, expert judgment is required in some cases in applying the
tree. The usefulness of the tree for GCM classification has been inves-
tigated with some chemicals including “problematic” examples (acry-
lonitrile, phenol, nitrilotriacetic acid, ethanol, etc) for non-expert clas-
sifiers. As positive findings are given more weight than negative ones
for decision making, there is a danger of overestimating risk categories
without expert judgment. For example, the positive findings of a dom-
inant lethal test had an impact in the classification of ethanol despite a
lack of clear supportive evidence in other in vivo and in vitro tests.
Therefore, the decision tree including expert judgment is useful for
GCM classification in GHS.

RA026
TOXICITY ASSESSMENT OF THE AQUEOUS EXTRACT OF
CALOTROPIS PROCERA IN RABBITS
(1) DM Jato, (2) A Zainab, (2) KA Jacob, (3) D Shamaki, (3) A Atiku
(1) Department of Biochemistry, University of Yaoundé I, Cameroon,
(2) Department of Pharmacy, Amadou Bello University, Zaria –
Nigeria,  (2) Department of Animal Science, University of Ghana,
Legon,  (3) Biochemistry Department, National Veterinary Research
Institute – NVRI Vom, Nigeria.
Email: denison767@yahoo.co.uk

Background: Calotropis procera is an evergreen tree belonging to the
category of spreading shrubs and exudes copious milky sap when cut.
C. procera has been reported to possess medicinal properties but equal-
ly pose deleterious effect on animals. To investigate the extent of dam-
age, a toxicological evaluation of the aqueous extract of fresh leaves of
the plant was conducted. Methods: Crude extract was prepared from
3.5kg of the fresh leaves of the plant by crushing, diluting with water,
filtering using a wire filter paper and dried at 500C in a Gallenkamp
300. Phytochemical Screening of Alkaloids, Saponins, Tannins,
Cardiac glycosides, and Flavonoids was conducted on the crude
extract. Acute toxicity study was carried out with oral administration of
200, 400, 800, and 1600mg/kg of the extract once to groups I, II, III and
IV respectively within a 24 hours observation period. Four rabbits died
within 24 hours and LD50 was estimated (940mg/kg). 80, 40 and
20mg/kg of the extract were administered daily to groups I, II, and III
respectively during sub-acute toxicity study for 14 days. Results:
Phytochemical Screening revealed the presence of alkaloids, saponins,
tannins, cardiac glycosides, and flavonoids while elemental analysis
showed traces of iron, lead, sodium, and potassium in concentrations of
0.23, 0.03, 0.82 and 9.5 mg/g respectively. Statistical analysis of
Aspartate Amino Transferase (AST), Alanine Amino Transferase
(ALT), Alkaline Phosphatase (ALP), Albumin and protein showed no
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significant changes at P<0.05. Changes in Packed Cell Volume (PCV),
White Blood Cells (WBC), Haemoglobin (Hb), Platelets, and
Differential Leucocyte Count (Lymphocytes, Monocytes, Eosinophils,
Heterophils/Neutrophils and Basophils) were equally statistically
insignificant at P<0.05. However, gross and histopathological exami-
nation of some organs and tissues (heart, liver, kidney, small intestine
and lungs) revealed lesions. Conclusion: It was concluded that the
extract had no significant effect on blood parameters when adminis-
tered orally at tolerable doses since controls were also affected but have
lethal effects at higher doses since the effect was found to be dose-
dependent.

RA027
DIFFERENTIAL GENE EXPRESSION AND GENE 
NETWORKS INDUCED WITH GENOTOXIC AND 
NON-GENOTOXIC HEPATOCARCINOGENS IN MOUSE
LIVER EXAMINED BY QUANTITATIVE REAL-TIME PCR
C Furihata (1),  T Watanabe (1), A Tadakuma (1), M Kido (1), Y
Ishikawa (1), M Natsume (2), M Nakajima (2), T Suzuki (3), S Hamada
(4), A Koeda (5), K Narumi (4), K Oshida (6), A Maeda (6), M
Hirayama (7), T Sakuma (8), H Sanada (9), I Hanahara (1), M Sakurai
(1), W Ohyama (10), E Okada (1), H Honda (11), S Sutou (12)
(JEMS/MMS/Toxicogenomics collaborative study)
(1) School of Science and Engineering, Aoyama Gakuin University,
Kanagawa, Japan; (2) Biosafety Research Center, Foods, Drugs, and
Pesticides, Shizuoka; (3) National Institute of Health Sciences, Tokyo;
(4) Mitsubishi Chemical Medience Corporation, Ibaraki; (5) Ina
Research Inc., Nagano; (6) Toray Industries Inc., Kanagawa; (7) Fuji
Photo Film Co., Ltd., Kanagawa; (8) Japan Food Research
Laboratories, Tokyo; (9) Kaken Pharmaceutical Co., Ltd., Shizuoka;
(10) Yakult Central Institute, Tokyo; (11) Kao Corporation, Tochigi;
(12) Shujitsu University, Okayama, Japan.
Email: chiefurihata@gmail.com

It would be invaluable to determine whether toxicogenomics is useful
to examine the carcinogenic potential of chemicals. In the present
study, we examined the patterns of gene expression by quantitative
real-time PCR (qPCR) in liver in 8 genotoxic hepatocarcinogens (GT),
5 non-genotoxic hepatocarcinogens (NGT) and a non-carcinogenic
hepatotoxin 4 and 48 h after their administration to B6C3F1 mouse.
Firstly 4 GT [2,4-diaminotoluene (DAT), 4-dimethyl(amino) azo -
benzene (DMAA), N-nitrosomorpholine (NNM) and quinoline (QN)]
and 2 NGT [1,4-dichlolobenzene (DCB) and clofibrate (CL)] as a test
set were given intraperitoneally to groups of five 9-week-old male
mice.  Total RNA from each individual liver was reverse-transcribed to
cDNA and the levels of 40 genes selected based on our previous DNA
microarray study were quantified by qPCR. The results were analyzed
by Dunnett’s test, hierarchical cluster analysis (HCA), principal com-
ponent analysis (PCA), and Ingenuity Pathways Analysis (IPA) for
gene networks.  The gene expression was classified into groups with or
without increase or decrease at 4 and 48 h compared to control animals.
At 4 and 48 h, 4 GT exhibited differential gene expression compared to
2 NGT by HCA and PCA. Three gene networks related to cancer, cell
cycle and cell death were extracted by IPA. Secondly 4 GT [2-acety-
laminofluorene (2AAF), diisopropanolnitrosamine (DIPN), 4-(methyl-
nitrosamino)-1-(3-pyridyl)-1-butanone (NKK), urethane (U)], 3 NGT
[dichloro-diphenyl-trichloroethane (DDT), di(2-ethylhexyl)phthalate
(DEHP), furan]  and a hepatotoxin [phenacetin (PNT)] as a validation
set were examined similarly for 32 genes among 40 aforementioned
genes. At 4 and 48 h, 4 GT exhibited differential gene expression com-
pared to 3 NGT and a hepatotoxin by HCA and PCA. Similar three
gene networks as in test set chemicals related to cancer, cell cycle and
cell death were extracted by IPA. Five genes (Ccng1, Hspb1, Jun, Ly6a
and Plk2) exhibited great effect to PCA at 4 h in both test and valida-
tion sets. Hmox1 showed high effect to PCA at 48 h in both test and
validation sets. As a conclusion the present results suggest that qPCR
analysis in dozens of selected genes 4 and 48 h after administration is
useful to examine the carcinogenic potential of chemicals.

RA028
XRCC1 AND XRCC3 VARIANTS AND RISK OF GLIOMA AND 
MENINGIOMA
A Kiuru (1), C Lindholm (1), Si Heinävaara (1), T Ilus (1), P Jokinen
(1), H Haapasalo (2), Ti Salminen (3), H Collatz Christensen (4), M
Feychting (5), C Johansen (4), S Lönn (5), B Malmer (6), M-N J
Schoemaker (7), A J Swerdlow (7), A Auvinen (1, 3)
(1) Department of Research and Environmental Surveillance, STUK-
Radiation and Nu-clear Safety Authority, Box 14, 00881 Helsinki,
Finland (2) Department of Pathology, Centre for Laboratory Medicine,
Tampere University Hospi-tal, Box 2000, 33520 Tampere, Finland (3)
Department of Epidemiology, Tampere School of Public Health, 33014
University of Tampere, Finland (4) Department of Psychosocial
Cancer Research, Institute of Cancer Epidemiology, Dan-ish Cancer
Society, Strandboulevarden 49, 2100 Copenhagen, Denmark (5)
Division of Work Environment Toxicology, Institute of Environmental
Medicine, Karolinska Institutet, Box 210, 17177 Stockholm, Sweden (6)
Department of Radiation Sciences, Oncology, Umeå University
Hospital, 90185 Umeå, Sweden (7) Section of Epidemiology, Institute
of Cancer Research, 15 Cotswold Rd, Sutton, Surrey SM2 5NG, UK
Email: anne.kiuru@stuk.fi

Background: Despite decades of research, the etiology of human brain
tumors is poorly understood. In recent years, it has been shown that vari-
ability in DNA repair capacity plays a role as a modifier of cancer risk.
Increased risks of various cancer types have been asso-ciated with sin-
gle nucleotide polymorphisms (SNPs) within the DNA repair genes.
There-fore, we evaluated the association of SNPs in the DNA repair
genes with the risk of pri-mary adult brain tumors. Methods: Our
Caucasian study population consisted of 701 glioma (including 320
glioblastoma) cases, 524 meningioma cases, and 1,560 controls in a
prospective popula-tion-based case-control study conducted in
Denmark, Finland, Sweden, and the UK. The investigations were con-
ducted on SNPs that have been associated with cancer predisposi-tion in
the X-ray cross-complementing group 1 (XRCC1) and X-ray cross-
complementing group 3 (XRCC3) genes. We included SNPs Arg194Trp
(rs1799782), Arg280His (rs25489), and Arg399Gln (rs25487) in the
XRCC1 and Thr241Met (rs861539) in the XRCC3. The chosen SNPs
were examined in a 96-well format using a polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) based method.
Results: The studied SNPs were not significantly associated with the
risk of brain tumors. The highest odds ratios (ORs) for the associations
were observed between the homozygous variant genotype XRCC1
Gln399Gln and the risk of glioma (OR = 1.32; 95% confidence interval,
CI, 0.97-1.81), glioblastoma (OR = 1.48; 95% CI, 0.98-2.24), and
meningioma (OR =1.34; 95% CI, 0.96-1.86). However, in pair-wise
comparisons a few SNP combina-tions were associated with the risk of
brain tumors: Among others, carriers of both homo-zygous variant
genotypes, i.e., XRCC1 Gln399Gln and XRCC3 Met241Met, were
associ-ated with a three-fold increased risk of glioma (OR = 3.18; 95%
CI, 1.26-8.04) and men-ingioma (OR = 2.99; 95% CI, 1.16-7.72).
Conclusions: No significant association with brain tumors was found for
any of the poly-morphisms, when examined one by one. However, our
results indicated possible associa-tions between combinations of
XRCC1 and XRCC3 SNPs and the risk of brain tumors.

RA029
REDUCTION OF MISLEADING (”FALSE”) POSITIVE
RESULTS IN MAMMALIAN CELL GENOTOXICITY ASSAYS.
I: CHOICE OF CELL TYPE
P Fowler (1), K Williams (1), L Jeffrey (1), J Young (1), P Carmichael
(2), M Aardema (3), W Diembeck (4), R Fautz (5), J Harvey (6), N
Hewitt (7), A Latil (8), S Pfuhler (9), G Quedraogo (10), K Reisinger
(11), M Fairley (12), D Kirkland (1).
1Covance Laboratories, Harrogate, UK; 2Unilever, Sharnbrook, UK;
3The Procter & Gamble Co., Cincinnati, OH, USA; 4Beiersdorf AG,
Hamburg, Germany; 5KPSS, Darmstadt, Germany; 6GSK, Ware, UK;
7Erzhausen, Germany; 8Pierre Fabre, France; 9Procter & Gamble -
Cosmital SA, Marly, Switzerland ; 10L’Oreal Life Sciences Research,
Aulnay sous Bois, France; 11Henkel AG & Co KGaA, Duesseldorf,
Germany; 12COLIPA, Brussels, Belgium.
Email: paul.fowler@covance.com
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Current in vitro genetic toxicology assays have a high rate of reported
positive results, when compared with negative rodent carcinogenicity
data.  Moreover, the rate of misleading positive results with a combina-
tion of assays was found to be at least 80%1. Poor predictivity was
expected to be worst in p53-deficient cell lines of rodent origin, partic-
ularly long established and widely used Chinese hamster cell lines.
Since in vivo models have been banned by the EU Cosmetics Directive
since March 2009, in vitro models need to be more predictive for the
risk assessment of cosmetic ingredients. As part of a larger framework
for improvement of in vitro genetic toxicology assays the performance
of currently used cell lines is being investigated and compared with p53-
competent cells2. Comparisons have been made between Chinese ham-
ster Lung, Chinese hamster Ovary, V79, TK6, HepG2 and Human
peripheral blood lymphocytes. These comparisons were made using the
in vitro micronucleus assay to evaluate clastogenic potential and high-
light any differences in sensitivity between cell lines, with a selection of
compounds that are accepted as producing misleading positive results in
in vitro clastogenicity assays3. Micronucleus assay data from these
comparisons show similar patterns of responses between different cell
lines; however sensitivity differs markedly particularly when comparing
levels of toxicity and when compared with p53-competent cells.
1Kirkland et al. Mutat. Res. 2005, 584(1-2):1-256; 2Kirkland et al.
Mutat Res. 2007, 628(1):31-55; 3Kirkland et al. Mutat. Res. 2008,
653(1-2):99-108.
This work is funded by the European Cosmetic Industry Association
COLIPA, ECVAM and NC3Rs.

RA030
REDUCTION OF MISLEADING (“FALSE”) POSITIVE
RESULTS IN MAMMALIAN CELL GENOTOXICITY ASSAYS.
II: IMPORTANCE OF ACCURATE TOXICITY 
MEASUREMENT.
P Fowler (1), K Williams (1), L Jeffrey (1), J Young (1), P Carmichael
(2), M Aardema (3), W Diembeck (4), R Fautz (5), J Harvey (6), N
Hewitt (7), A Latil (8), S Pfuhler (9), G Quedraogo (10), K Reisinger
(11), M Marrec-Fairley (12), D Kirkland  (1).
1Covance Laboratories, Harrogate, UK; 2Unilever, Sharnbrook, UK;
3The Procter & Gamble Co., Cincinnati, OH, USA; 4Beiersdorf AG,
Hamburg, Germany; 5KPSS, Darmstadt, Germany; 6GSK, Ware, UK;
7Erzhausen, Germany; 8Pierre Fabre, France; 9Procter & Gamble -
Cosmital SA, Marly, Switzerland ; 10L’Oreal Life Sciences Research,
Aulnay sous Bois, France; 11Henkel AG & Co KGaA, Duesseldorf,
Germany; 12COLIPA, Brussels, Belgium.
Email: paul.fowler@covance.com

Current in vitro genetic toxicology assays have a high rate of reported
positive results, when compared with negative rodent carcinogenicity
data. A recent analysis of published data highlighted the inaccuracy of
current in vitro assays, the rate of misleading positive results with a
combination of assays was found to be at least 80%1. As a result of the
7th Amendment to the Cosmetics Directive which came into force in
March, positive results for cosmetic ingredients can no longer be fol-
lowed-up by in vivo testing. Therefore, in vitro assays must be more
predictive in order to avoid attrition of promising chemicals. One focus
of a European funded project is to determine the optimal measurement
of cytotoxicity used alongside measurements of genotoxicity.
Comparisons have been made between different measures of toxicity
after exposure to previously identified chemicals giving rise to mis-
leading positive results in the in vitro micronucleus assay. Emphasis
has been placed on chemicals that have a steep toxicity profile and a
maximum testing concentration limited by toxicity. Comparisons were
performed between cell counts, mitotic index and replication index
measurements, intracellular toxicity endpoints were also investigated,
including apoptosis. Our results demonstrate that certain measures
have the potential to seriously overestimate toxicity, the implication of
which is a higher maximum testing concentration which may con-
tribute to the generation of misleading positive results with in vitro
genotoxicity assays. 
1Kirkland et al. Mutat. Res. 2005, 584(1-2):1-256.
This work is funded by the European Cosmetic Industry Association
COLIPA, ECVAM and NC3Rs.

RA031
POLYMORPHIC MICRO-RNA TARGETS WITHIN CD86 AND
INSR AND RISK OF COLORECTAL CANCER.
D Landi (1), F Gemignani (1), A Naccarati (2), B Pardini (2) , P
Vodicka (2), F Canzian (3), A Försti (3), K Hemminki (3), R Barale (1)
and S Landi (1)
1Department of Biology, Genetic, University of Pisa (Pisa, Italy) 2
Department of Molecular Biology of Cancer, Institute of Experimental
Medicine, Videnska 1083, 14220 Prague 4, Czech Republic 3 Genomic
Epidemiology Group, German Cancer Research Center
(DKFZ),Heidelberg.
Email: dlandi@biologia.unipi.it

Recent evidence indicate that small non-coding RNA molecules, called
micro-RNAs (miRNA), can bind to the 3’UTRs of mRNAs and affect
with their translation, thereby regulating cell growth, differentiation,
apoptosis, and tumorigenesis. Genetic polymorphisms (SNPs) can
reside on miRNA binding sites. Thus, miRNA regulation may be
affected by SNPs on the 3’ UTRs. Since gene de-regulation is one of
the key mechanisms by which cells can progress to cancer, we hypoth-
esized that common polymorphisms within miRNA target binding sites
could play a role in the individual risk of cancer. In the present study,
we selected the 3’UTR regions of 129 genes candidate for colorectal
cancer (CRC) and we identified putative miRNA binding sites by spe-
cialized algorithms (PicTar, DianaMicroT, miRBase, miRanda,
TargetScan, and microInspector). We evaluated the SNPs for their abil-
ity to affect the binding of the miRNA with its target, by assessing the
variation of Gibbs free energy between the two alleles of each SNP. We
found 15 common polymorphisms. We added to this list 8 SNPs in
miRNA sequences. All the polymorphisms were further investigated by
a case-control association studies. The study was carried out on a series
of cases and controls from Czech Republic, a population with the high-
est worldwide incidence of CRC. We found statistically significant
associations between risk of CRC and variant alleles of CD86
(OR=2.74 95%CI=1.24-6.04, for the variant homozygotes) and INSR
genes (OR=1.94; 95%CI=1.03-3.66, for the variant homozygotes).
Then, these two polymorphisms were genotyped in three different pop-
ulations: Spanish, Italians, and Germans. The statistical analyses for all
the samples (Czech, Spanish, Italian, and German) confirmed the asso-
ciation between risk of CRC and the SNPs in CD86 and INSR. These
results are the first reporting positive association between miRNA-
binding SNPs sequences and cancer risk. We are undertaking the
cloning of the 3′-UTR of the target gene downstream of the luciferase
(with the wild type allele and with the variant allele in the polymorphic
site) and transfected these recombinant plasmids and a miRNA of inter-
est into a host cell.

RA032
ENVIRONMENTAL PROTEOMICS ASSESSMENT AROUND
DOÑANA NATIONAL PARK (SW SPAIN)
J López-Barea, J Alhama, R Montes, C Pueyo, A Romero, A Vioque
Department of Biochemistry and Molecular Biology, Córdoba
University, Spain
Email: bb1lobaj@uco.es

The utility of the Environmental Proteomic approach was assessed by
comparing protein expression in organisms from sites within Doñana
National Park (DNP, SW Spain) with those from Doñana surroundings,
exposed to metals and pesticides of agricultural origin, and animals
from the Domingo Rubio Stream, exposed to pyritic metals, contami-
nants fromHuelva Industrial Area, and agrochemicals. A bivalve mol-
lusk (Scrobicularia plana), two decapod crustaceans (Carcinus maenas,
Procambarus clarkii), and a free-living rodent (Mus spretus) were used
as bioindicator organisms in different habitats. Proteins significantly
altered were identified by de novo nESI-MS/MS sequencing in C. mae-
nas and S. plana, and by MALDI-TOF-PMF in M. spretus, due to its
homology to model M. musculus species, fully sequenced. They per-
tained to cytosqueletal dynamics, membrane transport , proteolysis,
biotransformation, oxidative stress adaptation , metabolism, and tran-
scription. The utility of a quantitative Protein Expression Signature
(PES) approach was also shown in non-model species from different
sites of DNP and its surroundings. In P. clarkii, four protein expression
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patterns were established based in the fold-number of up-/down regu-
lation of 35 differentially expressed proteins. Sites located within
Doñana Biological Reserve (DBR) were essentially free of contami-
nants and those near DNP limits were only slightly polluted. The high-
er proteomic responses found at the upper “Rocina” and “Partido”
courses indicate that non-persistent agrochemicals are mainly used in
Doñana surroundings. The highest responses corresponded to rice
growing areas placed between the Guadiamar stream and the
Guadalquivir River, according to the extended and intensive use of
agrochemicals in such areas. In M. musculus, again, DBR sites were
essentially clean, while the more altered PES were found at the lower
“Rocina” and “Partido” courses and at the rice growing areas placed
East of Guadiamar stream. Grants CTM2006-08960 (Spanish Ministry
of Education and Science), RNM-523 and P08-CVI-03829
(Andalusian Agency of Innovation and Science)

RA033
EFFECTS OF pH ON BACTERIAL REVERSE MUTATION
ASSAY – POSSIBLE FEASIBILITY ON MUTAGENESIS STUD-
IES OF ACID AND BASIC COMPOUNDS
FVC Mello (1), VM Corrêa (2), JL Mazzei (1), I Felzenszwalb (1)
(1) Departamento de Biofísica e Biometria, Instituto de Biologia Roberto
Alcantara Gomes, Universidade do Estado do Rio de Janeiro, Rio de
Janeiro, Brazil; (2) Instituto de Química, Universidade do Estado do Rio de
Janeiro, Rio de Janeiro, Brazil.
Email: uerj.felzen@gmail.com

Genotoxic responses of chemical compounds containing acidic or basic
functional groups can be affected by pH even on the well-standardized
assays. As example the mutagenesis of several polyphenols are inhibit-
ed in acidic pH when detected by mitotic gene conversion and chromo-
somal aberrations assays. Usually mutagenesis is evaluated using
Salmonella/microsome assay at pH 7.2. This assay is widely recog-
nized to evaluate mutagenesis of several environmental or consumer
compounds. We propose that a systematical evaluation of the pH
effects on its response would be recommendable to evaluate the muta-
genesis mechanisms of several acidic or basic compounds. In the pres-
ent work, Salmonella/microsome assay using Salmonella typhimurium
TA98 and TA100 strains and plate incorporation procedure were per-
formed for negative and positive controls in triplicate following OECD
protocol without exogenous metabolizing system. However, the pH
buffers of the bacterial suspension were varied at 3.5, 4.5, 7.4 (stan-
dard) and 8.5, prior procedures of pre-incubation and plate pouring.
Negative and positive (at 0.5 microg/assay) controls were, respective-
ly, dimethyl sulfoxide and 4-nitroquinoline 1-oxide for TA98 and water
and sodium azide for TA100. Concomitantly to evaluate cell viability,
aliquots (10 microL) of the bacterial suspension were diluted and fur-
ther poured and incubated in nutrient media plates. Data were analyzed
by two-way ANOVA. Independently of pH, positive controls did not
differ significantly (P > 0.05) and their mutation induction indexes
were higher than 2, as expected. Independently of the pH, the sponta-
neous reversions of the negative controls were found among the histor-
ical registrations. The preliminary results reported herein indicate a
possible feasibility of the Salmonella/microsome assay at pH range
from 3.5 to 8.5 allowing to improve mutagenesis risk evaluations of
several products formulated at unphysiological pH, such some cosmet-
ic and food products. Support: CNPq, SR2-Uerj, FAPERJ.

RA034
BIODISTRIBUTION AND SUB-CHRONIC TOXICITY OF
MULTI-WALLED CARBON NANOTUBES
GY Liang(1), YP Pu(1), LH Yin(1), J Zhang(1), R Liu(1), T Zhang(2),
B Ye(1)
(1)School of Public Health, Southeast University, Nanjing, P.R. China.
(2)Department of Material Science and Engineering, National Key
Laboratory of Solid State Microstructures, Nanjing University,
Nanjing, P.R. China
Email: lianggeyu@yahoo.com.cn

Background:Multi-walled carbon nanotubes (MWNTs) have attracted
great attention not only in electrical, optical and mechanical applica-

tions but also in biological and pharmaceutical applications. Thus, it is
important to examine the biodistribution and potential toxicity of
MWNTs when they are introduced into living systems. Methods:The
biodistribution of MWNTs in mice were investigated following three
different administrations by 125I labeled radioisotope tracing method.
Then, acute and sub-chronic toxicity of phosphoryl choline-grafted
multi-walled carbon nanotubes (MWNTs-PC) were detected. Mice
were treated with daily injection of MWNTs-PC for 28 days at 10, 50,
and 250 mg/kg by the intraperitoneal administration. Furthermore, the
cellular bioeffects of MWNTs-PC were evaluated. 16-HBE cells were
incubated with various concentrations of MWNTs-PC, the effects of
cell proliferation, cell apoptosis, cell cycle and DNA damage were
detected by methyl thiazolyl tetrazolium assay, flow cytometry, single
cell gel electrophoresis assay and micronucleus assay, respectively.
Results:MWNTs was quickly delivered around the whole mice body
and accumulated mainly in lung and also slightly in spleen and liver
after mice were exposed by intravenous injection for 24h. Repeat expo-
sure of MWNTs-PC did not lead to obvious systemic toxicity effects in
mice. The body weight of high-dose group was significantly lower than
that of the control group during the period of initial 3 weeks in male
mice. The tissue coefficients of liver, spleen and lung rose obviously
with the increase of exposure dose of MWNTs-PC and there were sig-
nificantly different between high-dose exposure group and control
group. Accumulation of carbon nanotubes and gentle inflammation
response in liver, spleen and lung were observed in high-dose exposure
group. No systemic toxicity and histopathological changes were
induced in low-dose exposure group. Compared with the control group,
there were no significant differences in the changes of cell prolifera-
tion, cell apoptosis, cell cycle and DNA damage. Conclusions:The date
supports the low toxicity of the MWNTs in vivo and in vitro, but
MWNTs accumulate easily in liver, spleen and lung. The long-term
deposit effects must be carefully considered in further research.

RA035
DETECTION OF HERBICIDE IN ENVIRONMENTAL SAMPLES
MK Rai, S Ghose
School of Studies in Chemistry, Pt. Ravishankar Shukla University,
Raipur-492010, CG, India
Email: analrsu@sify.com

Paraquat (1,1’-ethylene-2,2’-bypyridylium ion) is widely used as her-
bicide in India. It is toxic to human, animals and others. A new spec-
trophotmetric method for rapid detection of paraquat has been devel-
oped. It is based on alkaline hydrolysis of paraquat, and subsequent
reduction with ferrous ions. The blue colored species formed exhibit
absorption maximum at 500 nm. The value of molar absorptivity of the
species is (4.00)x104 l mole-1 cm-1.  The method followed Beer’s law
up to 7.0 mg l-1 paraquat. The absorbance of the species is stable at
room temperature (30±2 oC) for > 24 hrs. The interferences of other
inorganic and organic species present in environmental samples are
discussed. The method was tested for the detection of paraquat in a
variety of environmental samples.

RA036
SENSITIVE DETECTION OF INSECTICIDE IN 
AGRICULTURAL SAMPLES
JK Rai(1), A Sahu(1), E Jangha(l, 2)
(1) Chhattisgarh Council of Science and Technology, Lokash Plaza,
Sankar Nagar, Raipur-492001, CG, India (2) School of Studies in
Chemistry, Pt. Ravishankar Shukla University, Raipur-492010, CG,
India
Email: patelsing@satyam.net.in

Insecticide such as cypermethrine {(2, 2’-dichlorovinyl)-2,2-dimethyl-
cyclopropanecar boxylate} is frequently used to control pests in a vari-
ety of agricultural crops. A new and sensitive spectrophotmetric
method for rapid detection of cypermethrine, based on alkaline hydrol-
ysis into cyanide ions and subsequent condensation with p-aminoace-
tophenone to produce azo dye, crystal violet (CV) is described.  The
value of molar absorptivity of the CV in the term of cypermethrine is
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(6.10)x105 l mole-1 cm-1 at lmax, 400 nm. The calibration curve fol-
lowed Beer’s law up to 2.4 mg l-1 cypermethrine.  The interferences of
common ions and compound present in environmental samples are dis-
cussed.  The method was tested for the detection of  cypermethrine in
a variety of agricultural samples.

RA037
INVESTIGATING THE GENOTOXICITY AND 
DOSE-RESPONSE CURVES OF THE AZO DYES SUDAN-1
AND PARA RED 
GE Johnson (1), EL Quick and JM Parry
(1) DNA Damage Group, Institute of Life Science, Swansea University,
Swansea, Wales, UK.
Email: G.Johnson@swansea.ac.uk

Background: Sudan-I and para red are industrial dyes that have been
illegally added to some foodstuffs, leading to withdrawal of the adulter-
ated products throughout the UK since 2003. This resulted in interna-
tional concern that arose because Sudan-1 is classified by IARC as a
category 3 carcinogen. However, little is known about the dose-
response of this chemical at low, more biologically relevant, doses.
Aims: The study therefore aimed to characterise the dose-response for
gene mutation and chromosomal damage induced by two azo dyes,
namely Sudan-1 and para red. Methods: Gene mutations were analysed
using the HPRT forward mutation assay and chromosomal damage was
measured using the cytokinesis-blocked micronucleus assay. Two cell
lines were used in these investigations. These were the AHH-1 cell line
which inducibly expresses CYP1A1, and also the MCL-5 cell line that
is derived from a subpopulation of AHH-1 cells and expresses a partic-
ularly high level of CYP1A1 activity. The MCL-5 cell line has also been
transfected with 2 plasmids that stably express CYP1A2, CYP2A6 and
CYP3A4 and all four of these CYP enzymes are known to metabolical-
ly activate Sudan-I. AHH-1 cells were used to investigate the dose
response of the azo dyes, and MCL-5 cells were used to see if the dose
response changed with increased metabolism. Results: Sudan-I induced
a non-linear dose response curve for gene mutation (NOEL, 1.5µg/ml)
and chromosomal damage (NOEL, 2.5µg/ml) in AHH-1 cells. The
genotoxic activity of Sudan-1 was greatly increased in MCL-5 cells
(NOELs, 0.5µg/ml and 1.25µg/ml respectively). This indicated that the
oxidation metabolites from Sudan-I were both more mutagenic and
more clastogenic than the parent compound. Para red also demonstrat-
ed a non-linear dose response for both gene mutation (NOEL, 6µg/ml)
and chromosome mutation (NOEL, 7.5µg/ml) in AHH-1 cells, and an
increase in MN induction was observed after increased oxidative metab-
olism in MCL-5 cells (NOEL, 2.5µg/ml). Conclusions: Sudan-I and
para red are genotoxic chemicals with non-linear dose responses, and
oxidative metabolism increases the genotoxic effect of both compounds.
However, the data are not yet clarified as to the mechanisms of interac-
tion with the genetic material and further data are necessary.

RA038
IMPACT OF CIGARETTE AND WATER PIPE SMOKING ON
ADULT MORTALITIES IN EGYPT
MK Mohamed (1,2), M El-H Moustafa (1) , SM Sabbour (1), N
Elsayed (3)
(1) Department of Community, Environmental and Occupational
Medicine, Faculty of Medicine Ain Shams University, Cairo, EGYPT;
(2) Egyptian Smoking Prevention Research Institute (ESPRI); (3)
Ministry of Health and Population, Cairo, EGYPT
Email: sabbour_s@hotmail.com

Background Smoking is associated with an increased risk of total and
cause-specific death rates. Prevalence of cigarette and water pipe
smoking is progressing in Egypt. Objectives To measure the mortality
risks of cigarette smokers and water pipe smokers versus non smokers.
Methods Death certificates of 38,918 males (according to ICD-10)
whose smoking status was reported during 2003-2005 were analyzed.
The excess risk of dying due to smoking for smoking-related diseases
and smoking-related cancers were compared with the non-smokers’
risk of dying by calculating the proportionate mortality ratio (PMRi),

and the mortality odds ratio (MORi). Results Cigarette smokers had a
significantly increased risk of dying from all smoking related diseases
(MORi =1.25,CI=1.21,1.44), and from all cancers (MORi=1.31,
CI=1.21,1.46) compared to non-smokers. Water pipe smokers had a
significantly increased risk of dying from all smoking related diseases
(MORi=1.11,CI=1.02,1.32) but not all cancers compared to non-smok-
ers. Cigarette smoking compared to non-smoking increases the risk of
dying almost 7 times from tuberculous (TB) lung, 4 times from lung
cancer, 2 times from laryngeal cancer or stomach cancer, 1.7 times
from coronary heart disease, 1.5 times from chronic obstructive pul-
monary disease (COPD) and liver cancer, and 1.3 times from pneumo-
nia, other neoplasm and cerberovascular diseases. Water pipe smoking
compared to non-smoking increases the risk of dying from TB lung
(not confirmed bacteriological) by 3.7 times, from stomach cancer by
nearly 3 times, and from cerebrovascular diseases by 1.3 times. The
mortality risk for stomach cancer was higher among water-pipe smok-
ers than cigarette smokers. No significant increased risk of mortality
among either types of smokers (cigarettes or water pipe) compared to
non-smokers were observed for atherosclerosis, hypertension, bladder
cancer, esophageal cancer, kidney cancer, leukemia, oral cancer, and
pancreatic cancer. Conclusion Smoking makes a significant contribu-
tion to the mortality experienced among Egyptians for many diseases
and reflects the excess mortality attributable to smoking. Continuous
reporting of the deceased individual’s smoking status in the death cer-
tificate is essential for quantifying the mortality risks

RA039
GENETIC BIOMONITORING OF INHABITANTS EXPOSED
TO URANIUM IN THE MUNICIPALITIES OF MONTE 
ALEGRE, PRAINHA AND ALENQUER IN THE STATE OF
PARÁ, BRAZIL
CML Sombra (1), BC Cavalcanti (1), MO Moraes (1), AKR Santos (2),
RR Burbano (2), C Pessoa (1)
(1) Department of Physiology and Pharmacology, School of Medicine,
Federal University of Ceará, Fortaleza, Brazil; (2) Institute of
Biological Sciences, Federal University of Pará, Belém, Brazil.
Email: carlasombra@hotmail.com

Uranium is a natural radioactive metal, whose effects in organisms are
cumulative and chronic exposition to this element may induce carcino-
genesis. Three cities of the Amazon region – Monte Alegre, Prainha
and Alenquer – in the north of Brazil are located in one of the world’s
largest uranium mineralization area. The aim of this study was to assess
the exposed populations’ susceptibility to ionizing radiation emitted
from uranium, evaluating the frequencies of mutations in the DNA
repair genes XRCC1 and XRCC3 and in the metabolic gene GSTM1.
The XRCC1 allele frequencies for the 194Trp polymorphism in Monte
Alegre, Prainha and Alenquer were 0.12, 0.13 and 0.07, and for 399Gln
polymorphism were 0.28, 0.30 and 0.32, respectively. These frequen-
cies were comparable with those described for Brazilian individuals
from other regions of the country. The allele frequencies of the XRCC3
241Met polymorphism were 0.28 and 0.33, respectively to Monte
Alegre and Alenquer populations and were comparable to allelic fre-
quencies in Brazilian subjects. The 241Met allele frequency for
Prainha population was 0.13 and differed statistically from Monte
Alegre and Alenquer (p < 0.05). The population frequencies of the
GSTM1 gene deletion homozygotes were 0.36, 0.31 and 0.40, respec-
tively to Monte Alegre, Prainha and Alenquer and were also similar to
those previously obtained for Brazilian individuals. These results for
the polymorphic allelic frequencies in XRCC1 and XRCC3 genes and
for the GSTM1 gene deletion frequencies sum with our research
group’s previous results concerning the assessment of genotoxic and
carcinogenic effects due to uranium exposition in these same popula-
tions, in which DNA damage and micronuclei and chromosomal aber-
rations frequencies were not increased in those three populations com-
pared to the negative control group. Both cytogenetic biomonitoring
and assessment of polymorphisms in DNA repair and metabolizing
genes in Monte Alegre, Prainha and Alenquer populations indicate that
the emission of uranium in the studied region is probably not sufficient
to induce genetic alterations and that the frequencies of important poly-
morphic features of cellular DNA repair and metabolic apparatus are
not different from populations from other regions of Brazil.
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RA040
CORRELATION BETWEEN THE RESULTS OF IN VITRO
AND IN VIVO CHROMOSOME DAMAGE TESTS
C Aruga, S Muto, E Yamamura, Y Uno 
Mitsubishi Tanabe Pharma Corporation, Safety Research Laboratory,
Chiba, Japan.
Email: aruga.chinami@mr.mt-pharma.co.jp

In vitro chromosomal aberration and in vitro micronucleus tests are
widely used for genotoxicity assessment of chemicals. However, it was
recently reported that these tests induce a remarkably high rate of
“irrelevant” positive results when compared with in vivo tests. In this
study, we examined the correlation of results between in vitro and in
vivo chromosome damage tests using in-house data, and quantitatively
compared the lowest effective concentration (LEC) in in vitro test with
the plasma concentration in in vivo test. Furthermore, in order to
explore the factors involved in “irrelevant” positive results, several
parameters in the in vivo and in vitro tests were analyzed. Of 33 com-
pounds showing in vitro positive results, 5 compounds were positive in
vivo. For all of these 5 compounds, the maximum plasma concentra-
tions (Cmax) on in vivo tests were almost equal or higher than the LEC
on in vitro tests. In 28 compounds that were negative in in vivo, Cmaxs
of 9 compounds were higher than the in vitro LECs. These cases that
were negative in in vivo even at exposure levels higher than the LEC
are considered to show “irrelevant” positive results on in vitro tests.
There were no obvious differences in plasma protein binding and the
fold increase of the chromosomal damage between cases showing
“irrelevant” and relevant positive findings. However, AUC, the treat-
ment method on in vitro test, and the cell survival ratio at LEC on in
vitro test might be factors that cause irrelevant positive findings in
vitro. These results suggest that in vivo positive results require expo-
sure levels comparable to those in the in vitro positive condition, and
excess cytotoxicity and continuous exposure in in vitro might be fac-
tors associated with irrelevant positive results.

RA041
EXPLORATION OF STUDENT’S OPINION ON ANTICIPATED
PENALTIES TO REDUCE SMOKING INSIDE AIN SHAMS
UNIVERSITY CAMPUS
K M Abd Elaziz, M M Elgaafary
Department of Community, Environmental and Occupational Medicine
Faculty of Medicine- Ain Shams University Cairo-Egypt
Email: khaledabdu2@gmail.com

Background: Smoke free policy inside universities is very important to
ban smoking. The prevalence of smoking in Egypt is very high.
Smoking among adult males in Egypt was estimated from a national
survey in 2002 focusing on hypertension, obesity and diabetes preva-
lence to be 47%. This epidemic is reaching pre adolescent students in
schools where the prevalence reached 19% in some areas in Cairo.
Smoking inside medical campus reached 31% in previous studies.
Aim: This study aimed at measuring the prevalence of smoking inside
Ain Shams University. Also to explore the student’s opinion on the
anticipated penalties that should be applied to ban smoking in the
University campus. Subjects and methods: 400 Medical and non med-
ical students were randomly selected. A self administered questionnaire
was distributed to the students. It consisted of three sections Section A:
smoking status of the student with previous history of his smoking
habit. Section B explored the student’s opinion on the penalties to ban
smoking inside the university. Section C was designed to identify the
antismoking health education activities given to students inside the uni-
versity Results: This study revealed a higher prevalence of smoking
among non medical students 30.7% compared to 17.8% and the differ-
ence is highly significant statistically. Male students had a significant
higher prevalence rate of smoking compared to female students.
Almost 50% of the students foresee application of the fine penalty on
smoker students is an effective method of banning smoking. The study
showed that only 28% of the students attended antismoking workshops
inside the university.  Conclusion: Urgent law enforcement of banning
of smoking should be strictly applied inside University campus. The
proposed penalties of this study should be integrated in the policies of
the university to ban smoking. Also improvement and increase of the

health education campaigns and activities to ban smoking should be
considered.

RA042
QUANTITATIVE ANALYSIS OF Nεε-ETHYLLYSINE IN
HUMAN PLASMA PROTEINS BY NCI-GC/MS AS A BIO-
MARKER FOR ACETALDEHYDE EXPOSURE
R Mabuchi, A Kurita, N Miyoshi, T Kan, T Amagai, Hi Ohshima,
Department of Food and Nutritional Sciences, Graduate School of
Environmental and Nutritional Sciences, University of Shizuoka
Email: p7118@u-shizuoka-ken.ac.jp

Worldwide, approximately 3.6% of all cancer cases are related to alco-
hol consumption. Acetaldehyde, the first metabolite of ethanol, may
mediate alcohol-induced carcinogenesis. It is also one of the most
prevalent carcinogens in cigarette smoke and is found widely in the
environment. Nε-Ethyllysine (NEL) has been reported to be one of the
major products formed by the reaction of acetaldehyde with proteins,
although its role in carcinogenesis is not fully evaluated due to lack of
analytical methods. For these reasons, we have developed a sensitive
and specific method to determine NEL in human plasma proteins by
negative ion chemical ionization gas chromatography-mass spectrom-
etry (NCI-GC/MS). Proteins were separated from free amino acid by
gel filtration using Sephadex G-15 and hydrolyzed with pronase E.
NEL and lysine in the hydrolysates, after adding corresponding inter-
nal standards containing stable isotopes, were derivatized with penta-
fluorobenzyl (PFB) bromide to form PFB derivatives, which were then
quantified by NCI-GC/MS. The detection limit for PFB-NEL was 30
fmol/injection. The mean and SD of recovery rates of NEL added into
protein samples was 110.4 ± 3.6%. Using this method, we analyzed
NEL in human plasma from 20 healthy volunteers. NEL was detected
in all samples with the mean ± SD being 0.235 ± 0.06 NEL/103 lysines.
However, the levels of NEL in human plasma proteins were not signif-
icantly correlated with smoking or drinking habits. We are currently
investigating possible associations between levels of NEL and poly-
morphisms of the genes encoding for alcohol dehydrogenase (ADH)
and aldehyde dehyderogenase2 (ALDH2).

RA043
DEVELOPMENT OF A MONONUCLEATE IN VITRO
MICRONUCLEUS SCREENING METHOD USING THE 
CELLOMICS ARRAYSCAN VTI HIGH CONTENT 
SCREENING (HCS) READER
S Windebank, B Cochrane, S Malcomber, C Moore, S Scott, A Scott 
Safety and Environmental Assurance Centre (SEAC), Unilever,
Colworth Science Park, Sharnbrook, Bedfordshire, MK44 1LQ, UK.
Email: sam.windebank@unilever.com

The Micronucleus Bioapplication for the Cellomics ArrayScan VTI
HCS Reader is a multichannel High Content Screening software mod-
ule that enables automated scoring of micronucleus formation in single
cells in a multiwell plate format. It has advantages over conventional
techniques for quantifying micronucleus formation by reducing com-
pound requirements and analysis times. The Cellomics Micronucleus
reagent kit utilises the cytokinesis-block method of measuring
micronucleus induction in binucleate cells. However the assay can be
adjusted to enable mononucleated cells to be assessed for micronuclei,
eliminating the requirement for cytochalasin B within the assay. The
aim of this study was to develop and validate a mononucleate in vitro
micronucleus method based on the Cellomics Micronucleus Bio -
application to enable rapid screening of test compounds. CHO-K1 cells
were treated with ten chemicals with a range of known mechanisms of
action (3 non-genotoxins, 5 direct acting genotoxins and 2 pro-muta-
gens). Two exposure protocols were employed; a 4 hour treatment in
the presence and absence of metabolic activation followed by 24 hours
recovery, and a 20 hour treatment in the absence of metabolic activa-
tion followed by 28 hours recovery. Duplicate wells were prepared for
each treatment condition. Positive and negative controls were included
in each experiment. Cytotoxicity was assessed based on the percentage
of cells present following treatment compared to concurrent controls.
The highest scoreable dose did not exceed 60% cytotoxicity. A test
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chemical was considered positive if it induced a biologically signifi-
cant increase in the proportion of cells with micronuclei, i.e. at least 2-
fold higher than concurrent negative controls at one or more concentra-
tions. The results for each of the ten chemicals correlated with their
expected result but with two exceptions; the non-genotoxin sodium
chloride gave a weakly positive response, possibly due to osmotic
effects, and the promutagen benzo[a]pyrene was positive only in the
absence of S9. We found that S9-related cytotoxicity appeared to
reduce the sensitivity when detecting pro-mutagens. Overall the assay
was an effective in vitro micronucleus screen, providing that the exper-
imental conditions were closely monitored.

RA044
EVALUATION OF THE GREENSCREEN HC (HUMAN CELLS)
ASSAY USING 40 CODED CHEMICALS
C Moore (1), L Birrell (2), P Cahill (2), C Hughes (2), R Walmsley, S
Windebank (1), P Carmichael (1), A Scott (1)
(1)  Safety and Environmental Assurance Centre (SEAC), Unilever,
Colworth Science Park, Sharnbrook, Bedfordshire, MK44 1LQ, UK;
(2)  Gentronix Limited, CTF Building, 46 Grafton Street, Manchester.
M13 9NT, UK
Email: claire.moore@unilever.com

The GreenScreen HC assay was developed by Gentronix as a high
throughput screen for genotoxicity.  The assay employs TK6 human
lymphoblastoid cells that are modified to incorporate a green fluores-
cent protein (GFP) reporter system linked to the GADD45a gene. The
GADD45a gene mediates the adaptive response to genotoxic stress,
therefore exposure to genotoxic chemicals results in the expression of
GFP, which is measured by increased cellular fluorescence.  The assay
is conducted in multi-well plate format and the GFP fluorescence is
detected using a microplate reader.  Until recently, there were difficul-
ties in incorporating an S9 fraction into the assay to provide metabolic
activation of pro-mutagens due to interference with the GFP signal.
This has been overcome by adapting the methodology to measure the
GFP fluorescence by flow cytometry. The performance of the Green -
Screen HC assay using the microplate reader in the absence of S9 and
flow cytometry in the presence of S9 was evaluated in a blind study
using 40 coded compounds. The chemicals, selected by Unilever, com-
prised of direct and indirect acting rodent carcinogens, non-carcino-
gens that were negative in standard in vitro genotoxicity assays and
non-carcinogens that have produced irrelevant positive responses in
standard in vitro genotoxicity assays. The experimental work was car-
ried out by Gentronix. When the results for the chemicals were asses -
sed up to a maximum concentration of 10 mM, 18/21 carcinogens were
positive, 11/12 non-carcinogens and 5/7 ‘irrelevant positive’ non-car-
cinogens were negative in the GreenScreen HC assay.  Four of the ten
direct acting carcinogens were positive in the flow cytometry assay but
negative when using the microplate reader.  This suggests that the flow
cytometric method of detecting the GFP signal may be more sensitive
than the microplate reader method, probably because it is less prone to
interference from intense auto-fluorescence, high colouration or pre-
cipitation of the test chemicals.  Overall the results showed good per-
formance of the GreenScreen HC assay in predicting rodent genotoxic
carcinogens / non-carcinogens and suggest that incorporation of flow
cytometric detection may improve performance.

RA045
DEVELOPMENT OF AN ASSAY FOR DETECTING PIG-A
GENE MUTATION IN HUMAN RED BLOOD CELLS 
VN Dobrovolsky(1), CAH Bigger(2), RK Elespuru(3), TW
Robison(2), RH Heflich(1)  
(1) Division of Genetic and Reproductive Toxicology, NCTR/FDA,
Jefferson, AR USA; (2) CDER/FDA, White Oak, MD USA; (3)
CDRH/FDA, Silver Spring, MD USA
Email: robert.heflich@fda.hhs.gov

The endogenous X-linked PIG-A gene is involved in the synthesis of
glycosyl phosphatidyl inositol (GPI) anchors that tether specific pro-
tein markers to the exterior of mammalian cell cytoplasmic mem-
branes. A single inactivating mutation in the PIG-A gene can result in

the disruption of GPI synthesis and a deficiency in multiple GPI-
anchored proteins (GPI-APs) at the cell surface. In humans, peripheral
blood mononuclear cells and red blood cells (RBCs) may become GPI-
AP deficient due to PIG-A mutation in bone marrow precursors, as
occurs in the rare acquired hematologic disorder, paroxysmal nocturnal
hemaglobinuria (PNH). Earlier studies in rodent models indicate that
Pig-A mutant lymphocytes and RBCs can be induced in animals treat-
ed with genotoxic agents, and that high throughput flow cytometry can
be used to identify RBCs deficient in the GPI-AP, CD59, as a marker
of Pig-A mutation. We are investigating if a similar approach can be
used for monitoring genotoxicity in humans, especially during clinical
trials of new drugs. In this initial study, we determined the frequency
of spontaneous CD59-deficient RBCs (presumed PIG-A mutants) in
approx. 75 healthy volunteers, recruited through a donor services
agency. For most subjects, the frequency of CD59-deficient RBCs was
low (5.1+/-4.9×10(-6)) and displayed no correlation with the age, gen-
der, ethnic origin, or smoking status of the subject. Two individuals,
however, had markedly increased CD59-deficient RBC frequencies of
~300 and ~100×10(-6); correspondingly elevated frequencies of PIG-
A mutant T-cells also were detected for one of these subjects. In addi-
tion, the high frequencies of PIG-A mutant RBCs in these donors were
confirmed in repeat assays on blood samples collected at least 1 month
apart. These results indicate that the RBC PIG-A assay may be useful
for monitoring genotoxicity in humans, especially if a baseline (pre-
exposure) mutant frequency can be established. The following stage of
the study will involve monitoring mutation in human oncology patients
undergoing chemotherapy with DNA-reactive antineoplastic drugs.

RA046
REGULATORY AUTOMATED MICRONUCLEUS ASSAY
SCORING FOR COMPOUND SCREENING IN 
PHARMACEUTICAL INDUSTRY
E Lorge (1), J Dumont (1), J Sallette*, A Papine*, F SoussalineE* , N
Becourt-Lhote (1), JL Delongeas (1), N Claude (1)
*IMSTAR S.A. 60 rue Notre Dame des Champs, 75006 Paris, FRANCE
§ SERVIER Group, France
Email: js@imstarsa.com

The micronucleus assay scoring demands both time and expertise. To
increase the scoring throughput and decrease operator-dependence of
results, we implemented an automated scoring process using the auto-
mated IMSTAR PathfinderTM imaging system to be used in further
regulatory in vitro micronucleus studies  compliant with Good
Laboratory Practice1. We present here the validation work designed to
assess the capability of the automated imaging system to detect
micronucleated cells as accurately as visual scoring. Mouse lymphoma
L5178Y cells were exposed to known genotoxic compounds at various
concentrations according to different treatments conditions (short and
long treatments, with or without metabolic activation). The scores of
micronucleated cells were compared between visual and automated
scoring in terms of time-saving, repeatability, reproducibility and accu-
racy. The results showed that, despite minor explainable differences,
the IMSTAR PathfinderTM imaging system was concluded to be able
to detect micronucleated cells in the in vitro micronucleus assay using
L5178Y cells as accurately as visual scoring. 1: OECD Principles of
Good Laboratory Practice [C(97)186/Final].

RA047
ASSOCIATION BETWEEN GENETIC POLYMORPHISMS IN
THE CYP3A4, CYP3A5 AND GSTO GENES AND BREAST
CANCER SUSCEPTIBILITY
A Poersch (1), AC Teixeira (1), MB Mayorano (1), RA Santos (1),
HHA Carrara (2); JM Andrade (2); CS Takahashi (1,3) 
(1)Department of Genetics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil; (2)Department of
Gynecology and Obstetrics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil; (3)Department of
Biology, Faculty of Philosophy, Sciences and Letters of Ribeirão Preto,
University of São Paulo, Ribeirão Preto, SP, Brazil.
Email: alinepoersch@hotmail.com
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Individual differences in susceptibility to carcinogens play an essential
role in the development of sporadic tumors. The biochemical basis for
this susceptibility is related to genetic polymorphisms that normally
occur in the general population regarding genes involved in predispo-
sition to a specific cancer, in the metabolic activation or detoxification
of environmental genotoxins, and in controlling DNA repair or cellular
damage. The aim of this study was to determine the frequency of the
CYP3A4*1B, CYP3A5*1 e GSTO1*A140D polymorphisms in the
Brazilian population and to assess the relationship between this poly-
morphisms and its possible role in the development of breast cancer.
Polymorphisms were determined in 75 women with breast cancer diag-
nosed between 25 and 70 years and 88 age-matched healthy controls.
DNA was obtained from blood samples and was genotyped by PCR-
RFLP. The variant allele frequencies for patients with breast cancer and
healthy controls, respectively, were: CYP3A4*1B, 0% and 0% (P =
1.00); CYP3A5*3, 25% and 21% (P = 0.61), GSTO*A140D, 19% and
32% (P = 0.05). Therefore, only GSTO variant frequencies differ
between breast cancer patients and healthy controls. No differences
between variant alleles were observed with regard to age, age at menar-
che, age at menopause, hormone use (contraceptive, hormone therapy),
number of gestations, family history of cancer and tumor characteris-
tics. This study suggests that CYP3A4*1B, CYP3A5*1 e
GSTO1*A140D polymorphisms is not associated with breast cancer
risk in Brazilian population.

RA048
XRCC3241 POLYMORPHISM INFLUENCE ON MICRONU-
CLEI FREQUENCY IN WORKERS OCCUPATIONALLY
EXPOSED TO FORMALDEHYDE
C Ladeira (1,2), MC Gomes (3), S Viegas (1, 2), J Prista (2), P
Mendoça (1), M Brito (1)
(1) Escola Superior de Tecnologia da Saúde de Lisboa (Higher School
of Health Technologies of Lisbon) - Polytechnic Higher Education
Institution (2) CIESP Centro de Investigação e Estudos em Saúde
Pública, Escola Nacional de Saúde Pública (National School of Public
Health), Universidade Nova de Lisboa (3) Faculty of Sciences of the
University of Lisbon
Email: carina.ladeira@estesl.ipl.pt

Formaldehyde (FA) has been deemed carcinogenic to humans on the
basis of manifold in vitro studies that indicated that FA is genotoxic.
The most sensitive genetic endpoints for the detection of FA muta-
genicity appear to be chromosomal aberrations and micronucleus
(MN). The goal of this study is to determine whether there is an in vivo
association between genetic polymorphism of the enzyme XRCC3 and
the frequency of MN in occupationally workers exposed to formalde-
hyde. XRCC3 is involved in the homologous recombination repair of
cross-links and chromosomal double-strand breaks and at least one
polymorphism has been reported in codon 241 of XRCC3. We compare
a sample of 56 workers exposed to FA in pathological anatomy labora-
tories with 85 controls, in order to investigate whether exposure to FA
and of genetic polymorphism of XRCC3 is associated with the frequen-
cy of MN in human peripheral blood lymphocytes, as measured by
cytokinesis-block micronucleus assay.The mean of micronucleated bin-
ucleated lymphocytes in the occupationally exposed workers was 3,96,
which compares with 0,81 in the controls, a statistically significant dif-
ference (Mann-Whitney test, p<0.001). The exposed workers carrying
the Thr/Met XRCC3241 genotype were found to have higher MN mean
(5,05) than Met/Met (2,92) and Thr/Thr (3,72) XRCC3 241 genotypes.
Moreover, the values were higher when compared with their control
counterparts (0,73; 1,15 and 0,75 respectively). Multiple regression
analysis indicated that the exposure to formaldehyde was an important
variable affecting the genotoxic response, but the polymorphisms of
XRCC3 at codon 241 were not found statistically significant.
Understanding the complexity of the relationships between exposure,
DNA repair and MN frequencies probably require larger scale studies
and complementary biomarkers.

RA049
NUCLEOPLASMIC BRIDGES AND NUCLEAR BUDS 
FREQUENCIES IN HUMAN LYMPHOCYTES IN VIVO
C Ladeira (1, 2), MC Gomes (3), M Brito (1)
(1) Escola Superior de Tecnologia da Saúde de Lisboa (Higher School
of Health Technologies of Lisbon) Polytechnic Higher Education
Institution (2) CIESP Centro de Investigação e Estudos em Saúde
Pública, Escola Nacional de Saúde Pública (National School of Public
Health), Universidade Nova de Lisboa (3) Faculty of Sciences of the
University of Lisbon
Email: carina.ladeira@estesl.ipl.pt

The cytokinesis-block micronucleus (CBMN) assay was originally
developed as an ideal system for measuring micronucleus (MN), how-
ever it can also be used to measure nucleoplasmic bridges (NBP) and
nuclear buds (NBUD). NBPs are originate from dicentric chromo-
somes in which the centromeres have been pulled to the opposite poles
of the cell at anaphase and are therefore indicative of DNA mis-repair,
chromosomes rearrangement or telomere end-fusions. NBUDS is con-
sidered as a marker of gene amplification and/or altered gene dosage
because the nuclear budding process is the mechanism by which cells
removed amplified and/excess DNA. The International Agency for
Research on Cancer (IARC) classifies FA as carcinogenic to humans
(group 1), on the basis of sufficient evidence in humans and sufficient
evidence in experimental animals. Manifold in vitro studies clearly
indicated that FA is genotoxic. FA induced various genotoxic effects in
proliferating cultured mammalian cells. The aim of this study is to
determine the association between NPB and NBUDs frequencies and
formaldehyde exposure in peripheral blood lymphocytes. A study on 56
workers exposed to formaldehyde and 85 referents was performed in
order to examine the influence of the exposure to formaldehyde and the
frequency of NPB and NBUDS in human peripheral blood lympho-
cytes, as measured by CBMN.The mean of NPB in exposed was 3,04
and of NBUDS was 0,98 and in the referents 0,18 and 0,07 respective-
ly. Differences between means of NPB and NBUDS and the exposition
to formaldehyde in the two groups were Z = 6,637 (p<0,001) to NPB
and Z = 4,882 (p<0,001), both evaluated using Mann-Whitney U test.
The importance of scoring NPBs should not be underestimated because
it provides direct evidence of genome damage resulting from mis-
repaired DNA breaks which is otherwise not possible to deduce by
scoring MN only which could originate from acentric fragments or
chromosome loss. NBUDs should be considered as a genotoxic bio-
marker, with an origin comparable to that of MN. It appears to origi-
nate from interstitial or terminal acentric fragments, possibly represent-
ing nuclear membrane entrapment of DNA that has been left in cyto-
plasm after nuclear division, or excess of DNA that is being extruded
from the nucleus.

RA050
PERFORMANCE VALIDATION OF THE PERIPHERAL
BLOOD HUMAN LYMPHOCYTE MICRONUCLEUS ASSAY
USING THE DRAFT OECD 487 GUIDELINE REFERENCE
CHEMICAL LIST
J Whitwell., R Smith. S .Allars, M Lloyd
Genetic and Molecular Toxicology, Covance Laboratories, Otley Road,
Harrogate, HG31PY, UK.
Email: james.whitwell@covance.com

Following issue of the latest draft OECD test guideline (487 – February
2008) on the conduct of the in vitro Mammalian Cell Micronucleus
Test we have assessed the performance of the assay in human periph-
eral blood lymphocytes using the reference chemicals (as listed in
Annex 3 of the test guideline). These included a total of ten chemicals,
of which six are active via a variety of differing modes of action
(including clastogens requiring metabolic activation, direct acting clas-
togens and aneugenic agents). Four negative compounds (known to be
non-DNA reactive) were also included. All compounds were tested
using the standard recommended two experiment design and included
both possible options (A and B) for extended exposure in the absence
of S-9 (treatment for 1.5-2.0 normal cell cycles with either zero recov-
ery or a further 1.5-2.0 cell cycles recovery - as detailed in OECD 487)
to allow comparison and possible recommendation as to which could
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be the most suitable. All compounds were treated up to 10 mM or 5000
µg/mL (whichever was the lower), unless limited by cytotoxicity or
precipitation. The results confirmed the acceptable performance of the
assay using the reference chemicals. Furthermore, from this limited
data set we would recommend the use of Option B for the continuous
treatment in the absence of S-9 as being the more sensitive (treatment
for 1.5-2.0 normal cell cycles in the absence of Cyto-B with recovery
with Cyto-B for a further 1.5-2.0 cell cycles). This was the only treat-
ment regime where the clastogenic agent Cytosine arabinoside was
found positive and which also provided a more consistent response
with the aneugenic compound vinblastine.

RA051
CUMULATIVE PATIENT EFFECTIVE DOSE AND ACUTE
RADIATION-INDUCED CHROMOSOMAL DNA DAMAGE IN
CHILDREN WITH CONGENITAL HEART DISEASE 
N Botto (1), L Ait-Ali (2), I Foffa (1,3), I Spadoni (1), E Vano (4), E
Picano (2), MG Andreassi(2)
(1) G. Monasterio Foundation, G. Pasquinucci Hospital, Massa Italy;
(2) CNR-Institute of Clinical Physiology, Pisa, Italy; (3) The
Sant’Anna School of Advanced Studies, Pisa, Italy; (4) Radiology
Department, Complutense University and San Carlos Hospital, 28040,
Madrid, Spain.
Email: andreas@ifc.cnr.it

BACKGROUND: The seventh Biologic Effects of Ionizing Radiation
(BEIR VII) report underlines “the need of studies of infants who are
exposed to diagnostic radiation because catheters have been placed in
their hearts”. The aim was to determine the Lifetime Attributable Risk
(LAR) of cancer associated with the cumulative medical radiation
exposure, and to assess acute chromosomal DNA damage after cardiac
catheterization procedures. METHODS: We calculated the cumulative
effective dose in milliSievert (mSv) in 59 children (42 males,
age=2.8±3.2 years) with congenital heart disease (CHD). LAR cancer
was determined in accordance with BEIR VII estimates. In a subset of
18 patients, micronucleus (MN), biomarker of DNA damage and long-
term risk predictor of cancer, was assayed before and 2 hours after pro-
cedures. Dose–area product (DAP; Gy cm2) was assessed as measure
of patient dose. RESULTS: Median cumulative effective dose was 7.7
mSv per patient (range 4.6-41.2 mSv).  For a 1-year-old child, the LAR
cancer was 1 in 382 (25th-75th percentiles 1 in 531-1 in 187) and 1 in
156 (25th-75th percentiles 1 in 239-1 in 83) for male and female
patients, respectively. The median of DAP values was 20 Gy cm2
(range of 1-277 Gy cm2). MN levels increased significantly when com-
pared to baseline (pre= 7.4±5.4‰ vs post=10.5±5.3, p=0.02). CON-
CLUSION: CHD children are exposed to a significant cumulative
dose.  Both indirect cancer risk estimations and direct DNA data
emphasize the need for strict radiation dose optimization in children.

RA052
MATERNAL TOXICANT EXPOSURE, GLUTATHIONE S-
TRANSFERASE GENETIC POLYMORPHISMS AND RISK
FOR CONGENITAL HEART DEFECTS
N Botto (1), M Cresci (2), S Manfredi (2), MG Colombo (1), S
Vittorini (1), L Ait-Ali (2), VS Luisi (1), MG Andreassi (2)
(1) G. Monasterio Foundation, G. Pasquinucci Hospital, Massa Italy;
(2) CNR-Institute of Clinical Physiology, Pisa, Italy.
Email: andreas@ifc.cnr.it

Background. Congenital heart defects (CHD) result from a combina-
tion of genetic predisposition and environmental factors. Genetic vari-
ations in the Glutathione S-transferases (GST) detoxification enzymes
(GSTM1 and GSTT1) may modify the teratogenicity of maternal toxi-
cant exposure. The aim was to investigate whether the CHD risk is
greater among offspring who lack the genetic capacity to produce
GSTM1 and GSTT1 relevant to detoxification of toxicant agents.
Methods. Using a case-only design, we genotyped 121 children (75
male; age=6.5±7.5 years) with CHD for null variants of the GSTT1 and
GSTM1 genes. A detailed questionnaire was used to collect data from
mothers during interviews at the hospital about their demographics,
peri-conceptional and lifestyle exposures, including items concerning

smoking habits, environmental and occupational exposure, and other
potential harmful exposures (e.g. radiation diagnostic exposure).
Genetic polymorphisms were analyzed by PCR/RFLP analysis.
Results.  Maternal smoking tended to increase CHD risk in children
carrying GSTM1 null genotype (OR=1.3, 95% CI=0.6-2.9). Maternal
exposure to environmental and occupational exposure among the off-
spring with absence of GSTM1 was associated with a 2.4-fold
increased CHD risk (95% CI=1.1-5.2). No significant interactions were
observed for absence of GSTT1. Conclusions. These results suggest
significant joint effects of the GSTM1 deletion and maternal exposure
on CHD risk.

RA053
ASSESSMENT OF DAMAGE INDUCED IN MOUSE LIVER BY
ORAL EXPOSURE TO FURAN 
P Villani (1), P Leopardi (2), E Cordelli (1), C Macrì (2), S Caiola (2),
P Eleuteri (1), F Malchiodi-Albedi (2) and R Crebelli (2)
(1) Section of Toxicology and Biomedical Sciences, ENEA – CR
Casaccia, Rome (Italy) (2) Istituto Superiore di Sanità, Rome (Italy)
E-mail: paola.leopardi@iss.it

Furan is highly toxic and carcinogenic in rodents liver. The mecha-
nisms behind furan hepatocarcinogenicity is not well understood, and
both genotoxic and non-genotoxic processes have been hypothesized.
In this study the effects induced in mouse liver by oral exposure to
furan were investigated. The compound was given by daily gavage for
4 weeks to male B6C3F1 mice, at dose levels carcinogenic in long-
term bioassays (2, 4, 8 or 15 mg/kg b.w.). Twenty-four hrs after the last
administration animals were sacrificed, liver excised and the following
parameters evaluated: induction of hystological alterations, apoptosis,
cell proliferation, polyploidy, changes in overall DNA methylation, and
genotoxicity by alkaline comet assay. Furthermore, as furan metabo-
lites include multifunctional electrophilic intermediates, a modified
comet protocol was also applied to specifically detect the presence of
DNA cross-links by evaluating the decrease of gamma rays induced
DNA migration. The results obtained indicate that, at the dose levels
applied, repeated oral administration of furan was moderately toxic to
liver, which showed mild hystological alterations with necrotic figures,
apoptosis and regenerative cell proliferation at the highest doses. A pre-
liminary evaluation of overall DNA methylation did not show treat-
ment related changes. The flow cytometric analysis of DNA content
revealed a low but statistically significant increase of the fraction of 8N
nuclei at 15 mg/kg b.w. Comet assay did not highlight the presence of
DNA strand breaks or cross-links after four weeks of oral exposure to
furan. However, since comet assay could fail to detect furan induced
short-lived lesions, which could be quickly repaired and not accumu-
late during the 4 weeks of exposure, a further experiment was carried
out administering furan as single high dose (15, 100 or 250 mg/kg b.w.)
three hours before sacrifice. The analysis of DNA damage by alkaline
comet assay showed a significant increase of comet parameters in liver
of animals treated with the highest dose, which was associated with
evident cellular toxicity. In the same animals, a distinct decrease of
gamma ray-induced DNA migration was observed when applying the
modified comet protocol. These results suggests that DNA cross-links
may play a major role in furan induced (geno)toxicity in mouse liver.
Acknowledgements: European Commission 6thFP, project SSPE-CT-
2006-44393

RA054
GENOTOXIC EFFECT OF REPEATED ORAL ADMINISTRA-
TION OF FURAN IN MOUSE SPLEEN
P Leopardi (1), E Cordelli (2), P Villani (2), TP Cremona (1), L Conti
(1), G De Luca (1), C Macrì (1) and R Crebelli (1)
(1) Department of Environment and Primary Prevention, Istituto
Superiore di Sanità, Rome (Italy) (2) Section of Toxicology and
Biomedical Scienes, ENEA – CR Casaccia, Rome (Italy)
E-mail: paola.leopardi@iss.it

Furan, a liver toxicant and carcinogen in laboratory mice and rats,
occurs in a broad variety of heat-processed foods. The health risk posed
by the presence of low doses of furan in food is not elucidated. To this
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aim, further data on exposure and toxicity, particularly on the mecha-
nism of tumor induction, have been considered necessary (EFSA,
2004). Furan oxidization by cytochrome P4502E1 leads to cis
2–butene-1,4-dial, a a,b-unsaturated dialdeyde. DNA-protein and
DNA-DNA cross-links can be formed as consequence of the direct
reaction of cis 2–butene-1,4-dial, or from secondary etheno adducts.
Despite so, contradictory data on the genotoxicity of furan have been
reported. In this study the genotoxic activity of furan in vivo has been
investigated in B6C3F1 mice under the same exposure conditions
applied in the NTP long term study, viz. daily gavage of furan dissolved
in corn oil at 2, 4, 8, and 15 mg/kg b.w. After four weeks of treatment,
DNA damage was evaluated in splenocytes, selected as a suitable cel-
lular target for the detection of cumulative damage. The following bio-
markers were investigated: a) micronuclei in cytokinesis-blocked cells
stimulated with concavalin A; b) foci of phosphorylated histone γ-
H2AX, in both quiescent and proliferating cells; c) DNA strand breaks,
detected by the standard alkaline comet assay in quiescent cells, and d)
cross-links, using a gamma radiation-modified comet protocol. The
results obtained show a dose related, statistically significant increases
of micronucleated splenocytes (p<0.001 Mann-Whitney U test) in
furan treated mice. The immunohistochemical detection of g-H2AX
highlighted a significant increase of foci in mitogen stimulated spleno-
cytes of animals treated with 8 and 15 mg furan/kg b.w., while no
increase over control was observed in freshly isolated, resting cells. In
these cells no treatment related increase in DNA strand breaks was
shown by the standard alkaline comet assay, nor a modification of
gamma radiation-induced DNA migration was observed with the mod-
ified comet protocol. These results indicate that the in vivo exposure to
furan may give rise to premutagenic DNA damage in resting spleno-
cytes which is converted in frank lesions during the S-phase upon mito-
gen stimulation. The resulting DNA strand breaks are visualized by the
increase in g-H2AX signals in interphase, and may originate micronu-
clei at the subsequent mitosis. Acknowledgements: European
Commission 6thFP, project SSPE-CT-2006-44393

RA055
FURTHER EVALUATION OF A FLOW CYTOMETRIC IN
VITRO MICRONUCLEUS ASSAY IN CHO-K1 CELLS: A 
RELIABLE PLATFORM THAT DETECTS MICRONUCLEUS
AND DISCRIMINATES APOPTOTIC BODIES
J Shi, R Bezabhie, A Szkudlinska  
Genetic Toxicology BioReliance Corporation 14920 Broschart Road,
Rockville, MD, 22850 USA
Email: jing.shi@bioreliance.com

The in vitro micronucleus (MN) assay has been widely used as an alter-
native/replacement of the in vitro chromosome aberration (CA) assay as
part of several recommended regulatory test batteries for genotoxicity
testing. Traditionally, evaluation of MN events has been conducted
using microscopy. In recent years, a flow cytometric method for enu-
meration of micronuclei in mammalian cell culture has been developed,
which allows automated scoring thus greatly shortens analysis time and
enhances assay throughput. However, there has been a concern that the
MN results obtained from flow cytometry can be impacted by chromatin
bodies produced during apoptosis or necrosis. In this work, we further
evaluated this flow cytometry based in vitro MN assay with CHO-K1
cells in a 24-well platform. A total of 21 compounds were used in this
evaluation, including direct- or indirect-clastogens, aneugens and non-
genotoxic chemicals. More importantly, several apoptosis inducers or
cytotoxins which have been previously reported to produce “artificial
positives” in various in vitro genotoxicity tests were also evaluated in
this system. The results showed that the MN ratio determined using the
flow cytometric method was highly correlated with the microscopy
results. A sensitivity of 83.3% and a specificity of 100% were obtained
from the 21 compounds we tested. Moreover, the apoptosis-inducers
such as staurosporine, dexamethasone did not produce “false positive”
results in the flow cytometric system with CHO-K1 cells when cytotox-
icity is above 50 ± 10%. Finally, significant increase of incidents in the
hipodiploid region, an aneugenic signature, was confirmed in our eval-
uation. In conclusion, the flow cytometric in vitro MN assay is a reliable
method that can be used to detect clastogenic or aneugenic potentials of
the test substances in CHO-K1 cells.

RA056
WHAT MAKES AN IN VITRO POSITIVE GENETIC TOXICI-
TY RESULT IRRELEVANT? A CASE STUDY WITH EUGENOL
AND THE ALLYL BENZENES
D. D. Levy
US FDA Center for Food Safety and Applied Nutrition; College Park,
MD USA.
Email: dan.levy@fda.hhs.gov

In a three test battery of short term genetic toxicity tests, many com-
pounds are found positive only in the mammalian cell assays but not in
the in vivo micronucleus or bacterial mutagenesis assays. Because
many of these compounds are not rodent carcinogens, they are some-
times labeled “irrelevant” positives. Eugenol was recently classified as
an “irrelevant positive” at a workshop sponsored by the European
Centre for the Validation of Alternate Methods. Eugenol,
methyleugenol, isoeugenol, safrole, and estragol are allyl benzenes, a
class of compounds found in many plants used for food.
All are positive or equivocal carcinogens in rodent bioassays, although
eugenol and isoeugenol were negative in early, short-exposure assays.
They are generally Ames negative and positive or equivocal in mam-
malian in vitro assays. The detection of unscheduled DNA synthesis or
adducts in liver tends to correlate with carcinogenic potency.  Allyl
benzenes form mutagenic DNA adducts via a multistep metabolic acti-
vation starting with cytochrome P450 oxidation followed by conjuga-
tion by sulfate which in turn leaves resulting in a DNA-reactive carbo-
nium intermediate. Thus, atypically, “phase II” metabolism is respon-
sible for activation to the mutagenic intermediate.  Elimination of these
compounds in vivo is relatively rapid. Addition of sulfate or glu-
curonate to the free hydroxyl group on eugenol tends to accelerate
elimination via non-mutagenic metabolites. Published risk assessments
of allyl benzenes rely heavily on low carcinogenic potency, low levels
of exposure and the quantitative and qualitative metabolism deter-
mined in humans and in rodents.  Detection of genetic damage by
eugenol in vitro, rather than being “irrelevant”, is a useful signal of
genetic hazard which can be addressed using the appropriate in vivo
assays.

RA057
DNA REPAIR GENE XRCC1 AND hOGG1 POLYMORPHISMS
AND RISK OF PROSTATE CANCER IN A COLOMBIAN 
POPULATION
A Mora (1), R Andrade (2,4), F Gómez (3,4), H Groot de Restrepo (1),
N Ospina (1), MM Torres (1).
(1) Laboratorio de Genética Humana, Universidad de los Andes,
Bogotá, Colombia; (2) Departamento de Patología y Laboratorios,
Fundación Santa Fe de Bogotá, Bogotá, Colombia, (3) Sección de
Urología, Clínica de la Próstata, Fundación Santa Fe de Bogotá,
Bogotá, Colombia, (4) Facultad de Medicina, Universidad de los
Andes, Bogotá, Colombia.
Email: maritorr@uniandes.edu.co

X-ray cross-complementing group1 (XRCC1) and human oxoguanine
glycosylase 1 (hOGG1) genes are involved in DNA base excision
repair (BER) pathway. Numerous SNPs in different DNA repair genes
have been related with human cancer susceptibility. Polymorphisms in
XRCC1 and hOGG1 genes have been associated with prostate cancer
risk. To determine whether the XRCC1 (codon Arg194Trp, Arg399Gln)
or hOGG1 (codon Ser326Cys) polymorphisms are associated with
prostate cancer susceptibility, we genotyped these polymorphisms in
310 prostate cancer patients and 153 healthy donors. Subjects were
genotyped with a PCR-RFLP assay. For statistical analysis a chi-square
test was used to determine if the control population was in Hardy-
Weinberg Equilibrium for the polymorphisms studied. Odds ratios
were estimated by logistic regression model and adjusted for age and
prostate specific antigen (PSA) level. XRCC1 (codon Arg399Gln) and
hOGG1 (codon Ser326Cys) were associated with an increased risk of
prostate cancer (OR ad= 1.52; 95 CI= 3.18-6.67 and OR ad= 1.98; 95
CI= 1.03-3.81 respectively). The variant at codon 194 was not associ-
ated with prostate cancer risk (OR ad= 0.3; 95 CI= 0.07-1.36). In sum-
mary, our results suggest that the XRCC1 (codon Arg399Gln), and
hOGG1 (codon Ser326Cys) genotypes have a positive effect on
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prostate cancer risk, presumably through a defective function of the
XRCC1 and hOGG1 DNA repair genes.

RA058
GSTM1 AND GSTT1 POLYMORPHISMS AND THE RISK OF
PROSTATE CANCER IN A COLOMBIAN POPULATION.
N Ospina (1), F Gomez (2,4), R Andrade (3,4), H Groot de Restrepo
(1), A Mora (1), and MM Torres (1).
(1) Laboratorio de Genética Humana, Universidad de los Andes, Bogotá,
Colombia; (2) Sección de Urología, Clínica de la próstata, Fundación Santa
Fe de Bogotá, Bogotá, Colombia; (3) Departamento de Patología y
Laboratorios, Fundación Santa Fe de Bogotá, Bogotá, Colombia.(4)
Facultad de Medicina, Universidad de los Andes, Bogotá, Colombia.
Email: maritorr@uniandes.edu.co

Prostate cancer is the most common cancer among men in many coun-
tries. The etiology of prostate cancer is not clear, both genetic and envi-
ronmental factors may be involved. Age, androgen metabolism, ethnic-
ity, and genetic background have been reported as possible risk factors.
Glutathione-S-transferases (GSTs) are detoxification enzymes of a wide
variety of endogenous or exogenous carcinogens. The genetic polymor-
phisms of GSTM1 and GSTT1 genes have been studied to evaluate the
prostate cancer risk. In the present study, we examined the association
of the GSTM1 and GSTT1 gene polymorphisms with sporadic prostate
cancer patients in a Colombian population. It was a case control study
including 310 prostate cancer patients and 153 controls. The GSTM1
and GSTT1 genotypes were identified by multiplex PCR in peripheral
blood DNA samples. Odds ratios were estimated by logistic regression
model and adjusted for patient’s age and Prostate Specific Antigen
(PSA) level. Frequencies of null genotypes for GSTM1 and GSTT1
genes in prostate cancer patients were 39.7% (123/310) and 19%
(59/310) respectively. The frequencies in control group for GSTM1 and
GSTT1 null genotypes were 49% (75/153) and 25.5% (39/153) respec-
tively. No association between null genotype and prostate cancer risk for
GSTM1 (OR ad= 0.48; 95% CI = 0.25- 0.92), and for GSTT1 (OR ad=
0.68; 95% CI = 0.46- 1.01) was observed. The frequency of non-delet-
ed GSTM1 genotype in the case group was 60.3% (187/310) and 51%
(78/110) in control group. The non-deleted GSTM1 genotype was asso-
ciated with an increased risk of prostate cancer (OR ad= 2.07; 95% CI
= 1.08- 3.98). Genetic risk has been associated with the null genotype
GSTM1, in several studies. In contrast our results suggest the impor-
tance of considering GSTM1 non deleted genotype as a biomarker for
risk of prostate cancer in Colombia.

RA059
OCCUPATIONAL RISK ASSESSMENT OF BRAZIL PAINT
INDUSTRY WORKERS
VM Andrade (1), F Balbinot (1), GP Dagostim (1), AS Mota (1), P
Tavares (1), HM Oliveira (1), LAZC Rosa (1), VD Heuser (2)
(1) Laboratório de Imunologia e Mutagênese, Programa de Pós-graduação
em Ciências da Saúde, Universidade do Extremo Sul Catarinense (UNESC),
Criciúma, Brazil; (2) Institute of Environmental Medicine, Division of
Biochemical Toxicology, Karolinska Institute (KI), Stockholm, Sweden.
Email: vmoraesdeandrade@yahoo.com.br

Background and Aim: Thousands of chemical compounds are used in
paint products as pigments, extenders, binders, additives and solvents.
Workers in paint manufacture are potentially exposed to the chemicals
that are found in paint products, although the patterns and levels of
exposure to individual agents may differ from those of painters.
Considering that, to our knowledge, there is no published cytogenetic
data concern paint-industry workers in Brazil, the objective of this
study was to evaluate the genotoxic risk of these workers using the
Comet assay in peripheral blood leukocytes and oral mucosa cells and
the MN test in oral mucosa cells. Methods and Results: The study
involved 58 male paint-industry workers who were employed in the
sectors where they were occupationally exposed to solutions contain-
ing organic mixtures. The control group consisted of 17 healthy males
with no occupational exposure that worked at administrative section of
the industry. Blood and urine samples were obtained from individuals
in the two groups on the same day. As a biomarker of toluene exposure,

50mL of urine samples were collected in the end of the working day
and analyzed for hippuric acid (HA). The alkaline Comet assay in
blood lymphocytes and mucosa oral cells and the Micronucleus test in
mucosa oral cells were employed for genotoxicity evaluations. The
comparison of the mean values of urine HA level of the control and
exposed group show a significant increase in HA levels observed in the
exposed group relative to the controls (P≤0.05, Mann–Whitney U-test).
For the micronucleus test in buccal exfoliated cells, no significant dif-
ference was detected between the control and paint industry workers.
The Comet assay in epithelia buccal cells showed that the Damage
Index (DI) and Damage Frequency (DF) observed in the exposed group
were significantly higher relative to the control group (P≤0.05,
Mann–Whitney U-test). In the same way, the Comet assay data in
peripheral blood leukocytes showed that both analysis parameters of
this assay (DI and DF) were significantly greater than that for the con-
trol group (P≤0.05, Mann–Whitney U-test). Conclusion: Chronic occu-
pational exposure to paints may lead to a slightly increased risk of
genetic damage among paint industry workers.

RA060
INTERNATIONAL VALIDATION STUDY OF THE IN VITRO
ALKALINE COMET ASSAY
M Honma (1), K Yamakage (2), B Burlinson (3), P Escobar (4),  K Pant
(5),  A  Kraynak (6), M Hayashi (7), M Nakajima (7), M Suzuki (7), R
Corvi (8), Y Uno (9), L Schechtman (10), R Tice (11),  H Kojima (1)
(1) National Institute of Health Sciences, Japan;  (2) Food and Drug
Safety Center, Japan; (3) Huntingdon Life Science, UK; (4)
Boehringer-Ingelheim, USA; (5) Bio-Reliance, USA; (6) Merck, USA;
(7) Biosafety Research Center, Japan; (8) ECVAM, Italy; (9)
Mitsubishi Tanabe Pharm, Japan; (10) Innovative Toxicology
Consulting, USA; (11) NIEHS/ICCVAM/NICEATM, USA
Email: honma@nihs.go.jp

The Comet assay is widely used for detecting initial DNA damage in
individual cells. The in vitro alkaline Comet assay, especially, might
serve as a simple and sensitive test for identifying the genotoxic hazard
of chemicals. The performance of this assay, however, depends on the
procedures used and published results for the same chemical greatly
vary. To develop a standardized protocol for the in vitro alkaline Comet
assay and to evaluate assay reliability and relevance, JaCVAM is sup-
porting an international validation study. In this study, TK6 human
lymphoblastoid cells are treated with a chemical for 4 h with or with-
out metabolic activation (i.e., S9 mix). As cytotoxicity parameters, try-
pan blue dye exclusion (TBDE), non-detectable cell nuclei (NDCN;
hedgehog), and cell growth after the treatment are measured. The rec-
ommended top concentration is one with 80% TBDE, 20% NDCN, or
no cell growth. To date, 5 laboratories have examined 11 genotoxic or
non-genotoxic chemicals using a standardized protocol. In the absence
of S9, appropriate positive responses for ethylmethanesulfonate, 9-
aminoacridine, camptothecin, and etoposide were obtained, while a
significant increase in DNA migration was not detected for mitomycin
C, a cross-linking agent. Also, the non-genotoxic chemicals (cyclohex-
imide, triton-X, mannitol) were appropriately negative. However, the
results from S9 studies with genotoxic chemicals requiring metabolic
activation (2-aminoanthracene, cyclophosphamide, diethylnitro -
samine) were inconsistent, indicating that additional optimization of
the protocol is needed. The results from the completed phases and the
overall design of the validation study are presented. According to the
validation study, we would like to propose a standard protocol, criteria
for data acceptance, and a statistical method to judge the results in the
in vitro Comet assay for regulatory use.

RA061
CURRENT PROGRESS ON A NOVEL IN VIVO GENE 
MUTATION ASSAY USING THE PIG-A GENE AS AN
ENDOGENOUS REPORTER
T Kimoto (1), K Suzuki (1), S Kobayashi (1), VN Dobrovolsky (2), RH
Heflich (2), D Miura (1), Y Kasahara (1),
(1) Teijin Pharma Limited, Tokyo, Japan; (2) National Center for
Toxicological Research U.S. F.D.A, Arkansas USA.
Email: t.kimoto@teijin.co.jp
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The phosphatidylinositol glycan complementation group A gene (Pig-
A), which is located on the X chromosome, codes for an enzyme
involved in the synthesis of glycosylphosphatidylinositol (GPI) cell-
surface anchors. Mutation in Pig-A could abolish GPI synthesis, which,
in turn, would cause a deficiency in GPI anchored protein markers
(e.g., CD59 or CD24) on the cell surface. We have used this reasoning
to develop a rapid in vivo gene mutation assay. In our studies, SD rats
or CD-1 mice were treated with genotoxic chemicals, and peripheral
blood (PB) samples were collected from rats and mice or bone marrow
(BM) samples from mice. The samples were stained with antibodies
that react with a marker of white blood cells (e.g., CD45), an erythroid
marker, or a GPI-anchored protein, and analyzed by flow cytometry
(FCM). Pig-A mutant frequencies were calculated as the ratio of red
blood cells (RBCs) negative for the GPI-linked marker (CD59 for rats,
CD24 for mice) to total RBCs. In studies conducted with rats, we are
evaluating the sensitivity of the assay to relatively weak in vivo muta-
gens, like ethylmethanesulfonate (EMS). To reduce the background
Pig-A mutant frequency, we developed a new assay employing anti-
body clone HIS49, which binds to rat erythroid cells, Data from this
HIS49/CD59 assay was compared to that of our conventional
CD45/CD59 method (Miura et al., Environ Mol. Mutagen 49:614). We
found that the HIS49/CD59 method produces lower background fre-
quencies than the CD45/CD59 assay. In addition, the HIS49/CD59
method detected weak, but positive increases in CD59-negative RBCs
in rats treated with EMS. In studies conducted with mice, we compared
the time courses for CD24-negative RBC manifestation in PB and bone
marrow from mice treated with N-ethyl-N-nitosourea (ENU). While
the Pig-A mutant frequency (MF) in PB was increased at 2- and 4-
weeks after ENU dosing, the MF in BM was increased starting at 1-
week, with the elevated MF persisting for at least 4 weeks after dosing.
These data suggest that Pig-A mutants are fixed, proliferate, and differ-
entiate in the BM, and that erythrocytes derived from these BM Pig-A
mutants may transit from the BM and accumulate in PB. Sequencing of
the Pig-A gene from CD24-negative nucleated erythroids is ongoing.

RA062
IN VITRO EVALUATION OF PROPOXUR INDUCED OXIDA-
TIVE STRESS, IMMUNOSUPPRESSION AND APOPTOSIS IN
AVAIN LYMPHOCYTES
S Ambwani, T Kumar Ambwani, GK Singh, RS Chauhan
G.B.Pant University of Agriculture & Technology, Pantnagar  263145,
India
E-mail: sonuambwani@yahoo.co.in,

Today chemical pesticides are playing vital role in controlling agricultur-
al, industrial, home garden and public health pests globally. At the same
time these pesticides are constantly contaminating environment and
adversely affecting animal and human health. Several studies have
reported immunosuppressive effects of carbamate group of pesticides in
animals. But few such reports are available employing in vitro system of
avian splenocytes. Propoxur (2-isopropoxyphenyl N-methylcarbamate)
is a carbamate insecticide of moderate mammalian toxicity. It is used in
homes, hospitals, factories and stables as potent insecticide. Present com-
munication reports propoxur induced immunosuppression, oxidative
stress and apoptosis in avian lymphocyte cell culture system employing
cytokine assay, annexin V assay, oxidative stress assay, DNA fragmenta-
tion assay and electron microscopy. Cytokine assay revealed significant
reduction in IL1 and IL2 levels. There was significant increase in oxida-
tive stress in propoxur treated cells as compared to controls cells as
revealed by nitric oxide estimation. Annexin V assay showed increased
number of cells under going apoptosis which was further confirmed by
DNA agarose gel electrophoresis. Both TEM and SEM showed promi-
nent ultrastructural changes in the cells exposed to propoxur which
showed distinct features of apoptosis, further strengthening the evidence
of propoxur induced immunotoxicity in avian lymphocytes. Thus, from
our findings it is revealed that low level dose of propoxur induces signif-
icant immunosuppressive effects, higher oxidative stress and apoptosis in
avian lymphocytes. Further, it is suggested that in vitro lymphocytes cell
culture system can prove helpful in preliminary screening of low level
pesticide exposure and reduce experimental animal testing. Key Words:
propoxur; immunosupression; oxidative stress; apoptosis; cytokines;
avian lymphocytes; electron microscopy.

RA063
INHIBITORY EFFECT OF DIMETHYL SULFOXIDE ON THE
MUTAGENICITY OF PROMUTAGENS IN THE AMES TEST 
A Hakura (1), Y Hori (2), K Uchida (3), S Sawada (3), A Suganuma (1),
T Aoki (3), K Tsukidate (4)
(1) Drug Safety Research Laboratories, Eisai Co.Ltd., Tsukuba, Japan; (2)
Drug Safety Department, Sunplanet Co.Ltd., Kakamigahara, Japan; (3)
Drug Safety Research Laboratories, Eisai Co.Ltd., Kakamigahara, Japan;
(4) Drug Safety and Disposition, Eisai Co.Ltd., Tsukuba, Japan.
Email: a-hakura@hhc.eisai.co.jp

The preincubation version of the Ames test (preincubation test) is often
used to detect the mutagenicity of chemicals. Although dimethyl sul-
foxide (DMSO) is believed to be a superior organic solvent for the
Ames test due to its relatively low cytotoxicity and high ability to dis-
solve many test articles, it has been reported to inhibit CYP enzymes,
which are involved in metabolic activation or detoxification of chemi-
cals. In this study, we examined the effect of DMSO concentration on
the mutagenicity of 14 promutagens that require metabolic activation
in the preincubation test. Fourteen promutagens that require CYP
enzymes or nitroreductase for metabolic activation were examined for
mutagenicity in the TA100 or WP2uvrA(pKM101) strains at 1% and
14% DMSO (corresponding to the concentration often used; the pres-
ence of 0.1 mL DMSO in 0.7 mL of reaction mixture) in the presence
(for 12 promutagens that require CYP enzymes, benzo[a]pyrene, 3-
methylchoranthrene, quinoline, 2-aminoanthracene, 2-aminofluorene,
2-acetylaminofluorene, 4-acetylaminofluorene, N,N’-dimethyl-4-
aminoazobenzene, TrpP-2, N-nitrosodimethylamine, N-nitrosopyrolli-
dine and cyclophosphamide) or absence (for 2 promutagens that
require nitroreductase, 4-nitroquinoline-N-oxide and AF-2) of S9 mix
in the preincubation test. Many of the promutagens (10 chemicals)
showed more potent mutagenicity (2- to 5-fold increases with 9 chem-
icals, 10-fold increase with N-nitrosodimethylamine) in 1 % DMSO
compared to 14% DMSO. Four chemicals had equal mutagenicity in
1% DMSO compared to that found in 14% DMSO. The dose showing
the highest revertant colonies per plate and the appearance of bacterial
background lawn, the two markers of lethality, demonstrated an equal
or slightly stronger effect at 1% DMSO compared to that found at 14%
DMSO. The reduction in the yield of revertant colonies at the 14%
DMSO concentration was confirmed not to be derived from higher
cytotoxicity at the 14% compared to the 1% DMSO concentrations in
other experiments. These findings suggest that DMSO has an inhibito-
ry effect on the drug metabolizing enzymes and/or alters the balance
between metabolic activation and detoxification (preference for detox-
ification over activation).

RA064
EVALUATION OF GENOTOXIC EFFECTS OF OCCUPATION-
AL EXPOSURE TO LEAD BY MEANS OF THE COMET ASSAY
J García-Lestón (1,2), B Laffon (1), J Roma-Torres (3), JP Teixeira (3),
C Costa (3), P Coelho (3), S Monteiro (3), O Mayan (3), V Valdiglesias
(1,2), E Pásaro (1), J Méndez (2)
(1) Toxicology Unit, Dept. Psychobiology, University of A Coruña, A
Coruña, Spain; (2) Dept. Cell and Molecular Biology, University of A
Coruña, A Coruña, Spain; (3)Dept. of Environmental Health, National
Institute of Health, Rua Alexandre Herculano 321, 4000-055, Porto,
Portugal
Email: jgarciale@udc.es

Lead and lead compounds are still present in many industrial proce-
dures. Although many studies have pointed out the interaction of lead
with biological processes that result in DNA damage, literature data
with regard to its genotoxic properties are contradictory and biochem-
ical and molecular mechanisms still remain poorly understood. The
aim of this study was to evaluate the genotoxic effects of occupational
exposure to lead in 98 males from two different factories, in relation to
35 male controls. Lead content in whole blood was estimated using
atomic absorption spectroscopy. Comet assay was used in order to
evaluate the DNA strand breaks, whereas a modified protocol which
introduces an incubation step with hOGG1 enzyme was applied to
detect the oxidative DNA damage. Exposed individuals showed signif-
icantly higher blood lead levels (BLL) than the controls whereas no
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significant differences were detected in the DNA and oxidative damage
between these two groups. Individuals from factory 2 had significantly
lower BLL but higher oxidative damage than those from factory 2, sug-
gesting that chemicals other than lead are related to the higher oxida-
tive damage observed. A positive correlation was obtained between age
and BLL in control and exposed individuals, and also increase in the
time of exposure was related to higher BLL. Data analysis according to
tobacco consumption showed significantly lower DNA damage in the
group of exposed smokers with regard to exposed non-smokers and
control smokers, pointing to a lower susceptibility of that group as a
consequence of the strengthening of repair mechanisms by the chronic
contact with tobacco compounds and the occupational environment.
The results obtained showed that, although occupational exposure is
related to higher BLL, no increase in the genotoxic parameters
analysed could be observed in the exposed individuals. Further
research including other genotoxic parameters and a larger control
group is being undertaken. Research partly supported by Xunta de
Galicia (INCITE08PXIB106155PR) and Portuguese Fundação da
Ciência e Tecnologia (PDCT/SAU-OBS/59821/2004).

RA065
A STEP FORWARD ON THE ROAD TO PREVENTING 
CERVICAL CARCINOMA: A NUTRIGENETIC APPROACH
A. Agodi (1), M. Barchitta (1), R Marzagalli (1), G Valenti (1), N La
Rosa (1), AE Marchese (2)
(1) Department of Biomedical Sciences, University of Catania, Via S.
Sofia, 87, Catania, Italy (2) Laboratory of the S. Bambino Hospital,
A.O. Vittorio Emanuele, Ferrarotto, S. Bambino, Catania, Italy.
Email: agodia@unict.it

BACKGROUND/AIMS Population studies have described the fre-
quency of common MTHFR SNPs in many populations and conditions.
Controversy exists as to their role in cervical neoplasia (CIN). Aim of
our research was to investigate the role of MTHFR SNPs on CIN risk
and the nutritional status of women of childbearing age, particularly
folate intake, in relation to SNPs, adopting a nutrigenetic approach.
METHODS Two cross sectional surveys were designed: in the cancer
survey 232 cervical swabs were collected from women referred to a
Service of Colposcopy; and in the nutritional survey 204 blood samples
were collected from healthy women of childbearing age in Catania,
Italy. Folate intake was estimated by a validated semiquantitative food
frequency questionnaire. Determination of C677T and A1298C poly-
morphisms was performed using the TaqMan allelic discrimination
Assay. RESULTS A decreased risk of CIN for individuals homozygous
for the T-allele was shown (OR 0.221; CI95%: 0.055 – 0.880). After
multiple logistic analysis, the presence of the T-allele was the best
explaining protective factor against cervical carcinogenesis. In the
nutritional survey, the mean folate intakes were 212.0 �g/d, 222.5
�g/d and 197.9 �g/d, respectively for the overall sample, for pregnant
and non-pregnant women. Inadequate folate intake was shown in
94.6%, 97.4% and 90.8%, respectively of the overall sample, of preg-
nant and non-pregnant women. A higher TT genotype frequency was
observed in 24-28 years group of women when compared with older
groups. The allelic distribution followed the Hardy-Weinberg equilib-
rium expectations. CONCLUSIONS Data generated by observational
and metabolic studies suggest that women with the 677TT genotype
have higher folate requirements than the others. It has been reported a
diminished DNA methylation in TT women but only when folate sta-
tus is low. Thus, given the high prevalence of the 677TT genotype,
women in Catania may have higher folate requirements and increased
susceptibility to cervical cancer as well as obstetric complications
under conditions of folate inadequacy compared with other population
groups. Cancer prevention strategies should take into account such epi-
demiologic scenario in order to identify priorities and address nutri-
tional interventions.

RA066 
AN ALTERNATIVE LINEAR TREND ANALYSIS IN 
ASSESSING BIOLOGICAL SIGNIFICANCE OF THE MOUSE
LYMPHOMA ASSAY RESULTS 
S Hou (1), Ni Sjögren (2) 

(1) Genetic Toxicology, Safety Assessment and (2) Global Clinical
Development, AstraZeneca R&D Södertälje, S-151 85 Södertälje, Sweden
Email: saimei.hou@astrazeneca.com

According to the recommendations of the Mouse Lymphoma Assay
(MLA) Workgroup of the International Workshop on Genotoxicity
Testing (2005), a trend test should be performed if an induced mutant
frequency (IMF) of at least 126 x 10-6 (the global evaluation factor,
GEF, based on historical control data from a number of laboratories,
corresponding to a 2-3 fold increase in MF) is achieved at one or more
test concentrations. Only those responses positive for both the GEF and
the trend analysis are biologically relevant. In the UKEMS recommend-
ed trend test (1989, applied in Mutant V2.40), MF averaged (pooled)
from replicate cultures following a consistency test are used in a vari-
ance-weighted least-squares linear regression (with χ2 model). It
returns significant results in virtually all cases positive for the GEF,
including those with no apparent dose-response. We have proposed an
alternative method where log-transformed MF and its variance are esti-
mated for each culture separately and all individual replicate ln(MF) are
used in an ordinary weighted least-squares linear regression (F model).
A log transformation of MF is preferred as the variance is estimated for
ln(MF), not for MF, and it tends to normalize the distribution of MF. The
heterogeneity between replicates is taken into account in the linear
regression as each dose now has more than one outcome value.
Ordinary weighted linear regression is chosen due to the sensitivity of t-
test to the number of data points. Using different reference cases, all
positive for the GEF, our method is shown to be sensitive to changes in
the number of replicates, the shape and magnitude of mutant induction,
in contrast to Mutant V2.40. Cases with no apparent dose-response and
thereby questionable biological significance are tested positive by
Mutant V2.40, but negative by our method. It is concluded that the ordi-
nary weighted linear regression of log-transformed replicate MFs pro-
vides a meaningful complement to the GEF in assessing the biological
significance of the MLA results. The method has been implemented in
an in-house developed program (MoLy) with great success.

RA067
USE OF GENETIC TOXICITY TEST BATTERY IN HAZARD
IDENTIFICATION FOR POTENTIAL CARCINOGENICITY
OF VETERINARY DRUGS AND FEED INGREDIENTS.
D R Jagannath (1), T Zhou (1), Kevin Greenlees (2)
(1) Division of Human Food Safety, Office of New Animal Drug
Evaluation, (2) Office of New Animal Drug Evaluation, Center for
Veterinary Medicine, US Food and Drug Administration, Rockville,
MD 20855
Email: devaraya.jagannath@fda.hhs.gov

The DES (diethylstilbestrol) proviso of the Delaney Clause of the
FFD&C prohibits the use in food-producing animals of any compound
that induces cancer in animals or humans unless it can be determined
by an FDA approved analytical method that no residue of that com-
pound will be found in edible tissues of these animals (21 CFR 500.80).
Therefore, carcinogenicty assessment is one of the key areas in the
human food safety assessment of veterinary drug residues.  The need
for chronic cancer bioassay to address carcinogenicity of veterinary
drugs or feed ingredients is determined by threshold assessment, in
which the results of three standard genotoxicity tests (VICH Guideline
23) are used for predicting carcinogenic potential. Authors are present-
ing a draft decision tree for using genotoxicity testing in cancinogenic-
ity risk assessment of veterinary drugs or feed ingredients.  In general,
chronic bioassays are recommended if a feed ingredient or a veterinary
drug induces positive response in any one of the three genetic toxicol-
ogy test battery or in any combination of the test battery. In situations
where an equivocal result is obtained, authors propose that a second in
vivo test be conducted in a different species and tissue, to determine the
genotoxicity of that veterinary drug or feed additive. Authors also pro-
pose that a positive response in an in vitro mammalian cell assay be
evaluated, on a case by case basis, to determine whether a second in
vivo test needs to be conducted before recommending a cancer bioas-
say. The second in vivo test, if recommended, may be conducted along
with the VICH-recommended one year chronic toxicity study. CVM
regulates both genotoxic and non-genotoxic carcinogens using sensi-
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tivity-of-method (SOM) procedures. For a genotoxic carcinogen, a
default 1-in-1-million linear low dose extrapolation approach is used to
determine acceptable tissue residues in food-producing animals. For a
non-genotoxic carcinogen, alternative approaches or the default
approach may be used in deriving the acceptable tissue residues.
Disclaimer: The opinions and information in this poster are those of the
authors, and do not represent the views and/or policies of the U.S. Food
and Drug Administration.

RA068
MICRONUCLEUS  INDUCTION IN THE BONE-MARROW OF
RATS AFTER ACUTE AND 28 DAY DOSING WITH
CYCLOPHOPHAMIDE, HEXAMETHYLPHOSPHORAMIDE
AND GEMIFLOXACIN
A T Doherty, J Hayes, J Molloy, S Evans, K Wood, M O’Donovan.
Safety Assessment, AstraZeneca R&D, Alderley Park, Macclesfield,
Cheshire, SK10 4TG, UK.
Email: ann.doherty@astrazeneca.com

The Step 2 revision of the ICH S2 guidelines for genotoxicity testing
allows integration of the in vivo micronucleus test into toxicology stud-
ies. Whilst investigating the practicability of integrated studies for rou-
tine use at AstraZeneca, the humerus was found to be a suitable source
of bone-marrow that did not interfere with the requirements for the
histopathological and clinical pathological examinations also required
in these studies. Therefore, to establish historical control ranges,
micronucleus frequencies were measured in the humeri from control
animals from 9 28-day studies performed from 2008 to 2009. The mean
and reference limits were found to be directly comparable with those
for the acute studies performed in this laboratory with the same strain
of rat. In addition, to compare the sensitivity of the integrated method,
3 studies were performed using positive control compounds,
cyclophosphamide (CPA), hexamethylphosphoramide (HMPA) and
gemifloxacin (GF), in which groups 7 Han Wistar rats orally adminis-
tered for 1 or 2 days and 28 days. CPA was given at 0.5, 1.67, 5, 10 &
20 mg/kg as a single dose and 0.5, 1.67 and 5 mg/kg/day for 28 days.
Statistically significant results were seen at 5, 10 and 20 mg/kg follow-
ing a single dose and at 0.5, 1.67 and 5 mg/kg/day following 28 days
of dosing. HMPA was given at 120 and 240 mg/kg/day for 14 days and
at doses and doses of 50, 100 and 200 mg/kg/day for 28 days.
Statistically significant results were seen at 240 mg/kg following 14
days exposure and 100 mg/kg/day following 28 days dosing. GF was
given at doses of 160, 600, and 1200 mg/kg/day for 2 days and doses
of 160, 300 and 600 mg/kg/day for 28 days. Statistically significant
results were seen at 160 and 600 mg/kg/day following two doses but
were not seen following 28 days of dosing.

RA069
CHROMOSOME ABERRATIONS IN PERIPHERAL LYMPHO-
CYTES FROM RATS DOSED FOR 28 DAYS WITH HEXAM-
ETHYLPHOSPHORAMIDE (HMPA)
J Hayes, AT Doherty, J Molloy, S Evans, K Wood, M O’Donovan.
Safety Assessment, AstraZeneca R&D, Alderley Park, Macclesfield,
Cheshire, SK10 4TG, UK.
Email: julie.hayes@astrazeneca.com

The FDA Guidance on the Recommended Approaches to Integration of
Genetic Toxicology Study Results (FDA 2006) identifies metaphase
analysis of peripheral blood lymphocytes from repeat-dose studies in
rats as an additional in vivo assay that can be useful in clarifying in
vitro positive results. The premise of the assay is that peripheral lym-
phocytes are exposed to blood levels of drug and metabolites and, as
they are not dividing and have limited repair capacity, any genetic dam-
age incurred may be accumulated and expressed in the first metaphase
when they are stimulated to divide ex vivo. In this study, hexam-
ethylphosphoramide (HMPA) was used to investigate sensitivity of the
assay with increased duration of treatment.  HMPA was orally admin-
istered to groups of 7 male Han Wistar rats at doses of 50, 100 and 200
mg/kg/day for 28 days.  Blood samples were taken from the tail vein
pre-dose and on days 2, 15 and 29 of treatment. Duplicate cultures were
initiated for each animal in RPMI 1640 and stimulated with con-

canavalin A and PHA and incubated for 72 hours.  Metaphase slides
were prepared and 700 cells per dose group were analysed for chromo-
some aberrations. At doses of 50 and 100 mg/kg/day of HMPA, no
increases in chromosome aberrations were seen after 2 days of dosing.
However, statistically significant increases were observed in the sam-
ples following 15 and 28 days of dosing. At a dose of 200 mg/kg/day
of HMPA, statistically significant increases in chromosome aberrations
were observed after 2 days of dosing.  This dose was reduced to 150
mg/kg/day on day 16, due to toxicity, and the group taken off dose
completely on day 19 and maintained until day 29.  Blood samples
taken from this group on day 29 showed statistically significant
increases in chromosome aberrations. In conclusion, statistically sig-
nificant increases in chromosome aberrations were observed in ex vivo
cultured rat lymphocytes following doses of 50 and 100 mg/kg/day of
HMPA after 15 and 28 days, showing that damage had accumulated
over this time, as it was not seen at day 2.  Animals previously given
200 mg/kg/day for up to 15 days expressed significant levels of chro-
mosome aberrations after 29 days, demonstrating that damage incurred
during exposure to HMPA had persisted.

RA070
IDENTIFICATION OF MIRNA WITH TOXICOLOGICAL
POTENTIAL AFTER BENZO[a]PYRENE EXPOSITION
D Lizarraga(1), S Gaj (1), K Brauers(1), J Pothof(2), B van der
Horst(2), J C Kleinjans(1),  JHM van Delft(1).
(1) Department of Health Risk Analysis and Toxicology, Maastricht
University, PO Box 616, 6200 MD Maastricht, The Netherlands. (2)
Department of Cell Biology and Genetics, Center for Biomedical
Genetics, Erasmus Medical Center, PO Box 1738, 3000 DR Rotterdam,
The Netherlands.
Email: d.lizarraga@grat.unimaas.nl

Benzo[a]pyrene is one of the Polycyclic Aromatic Hydrocarbons
(PAH) compounds. PAHs are chemicals with carcinogenic and muta-
genic potential and are mainly derived from incomplete combustion
processes from industries, incineration, heating and vehicular emis-
sions. Importantly, PAHs are associated with increased incidence of
several human cancers. Toxicological studies designed to assess safety
and possible toxicity of compounds in human populations frequently
rely on the use of in vitro systems. The application of in vitro models
and microarrays technology to toxicology has spawned the discipline
of toxicogenomics. Although much useful data from studies of gene
expression profiling in response to toxins and toxicants has been per-
formed, the understanding of these responses is limited. Profiling
microRNA in response to toxic compounds may increase our under-
standing of toxicant-induced effects at the cellular level. MicroRNAs
are short non-coding RNAs, approximately 22 nucleotides in length
MicroRNAs which have emerged as powerful negative regulators of
mRNA levels could be responsible for mRNA downregulation or
upregulation of important genes implicated in PAHs toxicity. The aim
of this study is to obtain microRNA profiles as a signature of PAH tox-
icity in humans. In order to reveal which part of the transcriptomic
changes may be due to miRNA regulation, we study in HepG2 cells (a
liver cell line competent in biotransformation of BaP) the effects of
BaP on miRNA profiles. Eventually, the microRNA-mRNA signatures
following BaP exposure may contribute to enhanced risk assessments
and chemical safety predictions in humans for PAHs.

RA071
MOLECULAR GENETIC ANALYSIS OF C677T AND A1298C
POLYMORPHISMS OF THE GENE OF METHYL TETRA
HYDRO FOLATE REDUCTASE AS A RISK FACTOR FOR
DEVELOPMENT OF CHRONIC MALNUTRITION IN 
CHILDREN UNDER 3 YEARS OF THE MUNICIPALITY OF
LURIBAY, EXPOSED TO PESTICIDES.
X Aguilar(1), R Montaño (1), A Romero(1), J Barrón (2), E La Fuente
(3), A Rada(1), M Navarro (3),R Menacho (4),R Cervantes (5), G
Taboada (3)
(1) Molecular Biology Laboratory, Unidad de Genética Médica.
Instituto de Genética. Universidad Mayor de San Andres UMSA. La
Paz. Bolivia; (2) Epidemiology Master ship; (3) Unidad de
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Cytogenetic. Instituto de Genética. Universidad Mayor de San Andres
UMSA. La Paz. Bolivia. (4) SAVE THE CHILDREN Bolivia. (5)
PLAGBOL Bolivia.
Email: agmerx@hotmail.com; gen_vida@hotmail.com

Objectives. To determine whether the C677T and A1298T polymor-
phisms of the gene of Tetra Methyl Hidrofolato Reductase (MTHFR)
are risk factors of chronic malnutrition in children under 3 years
exposed to agrochemicals in the county of Luribay in La Paz, Bolivia. 
Methods. We present a case-control study, our universe is 154 children.
Cases were defined as children under 3 years with chronic malnutrition
and exposure to agrochemicals (n = 41), controls were children with-
out malnutrition, with the same inclusion criteria (n = 113). We have
also considered mothers of these children leaving in this region in at
least the last 5 years. The bioethics and ethics issues were considered.
We have identified the following genotypes of MTHFR: the polymor-
phism 677 (CC, CT and TT), and 1298 (AA, AC and CC). Results.
Among the preliminary findings in the study population, was found a
frequency of polymorphisms: 677C 37.01%, 48.70% CT 677, 677T,
and 14.29%  (p = 0.542),  no significant differences were found in the
association between MTHFR polymorphism and chronic malnutrition.
Conclusion. Our preliminary data are not significant in the analysis of
MTHFR polymorphism as a genetic risk factor for chronic malnutri-
tion; these must be correlated with other tests (MN in oral mucosa and
polymorphisms of CYP2E1). The results will identify the etiology of
non-response to nutritional intervention of the Program for Growth and
Development of Save the Children. Based on nutrigenomics principles
to intervene on an individual treatment (based on nutritional require-
ments, nutritional status and genotype) to prevent, mitigate or treat-
ment of chronic diseases.

RA072
HOMOEOPATHY – ARISTOLOCHIA ACID CONTAINING
PLANT EXTRACTS ARE A GENOTOXIC RISK?
D Nitzsche (1), A Hartwig (2), MF Melzig (1)
(1) Institute of Pharmacy, Free University Berlin, Berlin, Germany. (2)
Institute of Food Technology and Food Chemistry, Technical
University Berlin, Berlin, Germany
Email: dana.nitzsche@fu-berlin.de

For therapy of arthritis, gout, rheumatism and festering wounds
Aristolochia plant extracts have been used in medicine because of their
anti-inflammatory properties. Among other constituents, the active
components are aristolochic acids (AAI + AAII). In the 1980s all phar-
maceutical preparations containing AAs were withdrawn from the mar-
ket in Germany due to the genotoxicity of AAs. However, homoeopath-
ic preparations of dilution D11 or above using Aristolochia plant
extracts are still available. Currently it is discussed to prohibit all
homoeopathic preparations containing aristolochic acids. Hence there
is a high interest to determine a threshold value. For this purpose the
effect of aristolochic acid I (AAI) on micronuclei frequency, a param-
eter of chromosome aberrations, was analysed using the cytokinesis-
block micronucleus assay (CBMN assay). Furthermore, the alkaline
unwinding technique was applied to determine the induction of DNA
strand breaks. The two methods were applied to the human hepatoma
cell line HepG2 with and without addition of an exogenous metabolis-
ing system (S9). According to the OECD Guideline 487 in vitro
micronucleus test (draft proposal) cytotoxicity was determined using
the replication index. In the CBMN assay AAI did not cause an
increase in micronuclei frequency at non-cytotoxic concentrations (up
to 10 µg/ml) after extended exposure (24h). At cytotoxic concentra-
tions (20 µg/ml) after 24 h incubation an increase of micronuclei fre-
quency was observed. After short exposure (6 h) at cytotoxic concen-
trations (from 30 µg/ml) AAI showed a rising frequency of micronuclei
also in the presence of S9. By means of alkaline unwinding the induc-
tion of DNA strand breaks at non-cytotoxic concentrations were not
detectable. The first results did not indicate DNA damage at concentra-
tions relevant for homoeopathic preparations of dilution D11 or above.
However further investigations are required.

RA073
ASSOCIATION  BETWEEN GENETIC POLYMORPHISMS IN
THE DNA REPAIR GENES XRCC1 AND XRCC3 AND BREAST
CANCER SUSCEPTIBILITY.
Ana Claudia Teixeira (*1), Aline Poersch (1), Raquel Alves dos Santos
(1), Helio Humberto Angotti Carrara (2); Jurandyr Moreira de Andrade
(2); Catarina Satie Takahashi (1,3)
(1) Department of Genetics, Faculty of Medicine of Ribeirão Preto,
University of São Paulo, Av. Bandeirantes, 3900, 14040-900 Ribeirão
Preto, SP, Brazil. (2) Department of Gynecology and Obstetrics,
Faculty of Medicine of Ribeirão Preto, University of São Paulo, Av.
Bandeirantes, 3900, 14040-900 Ribeirão Preto, SP, Brazil; (3) Depar -
tment of Biology, Faculty of Philosophy, Sciences and Letters of
Ribeirão Preto, University of São Paulo, Av. Bandeirantes, 3900,
14040-901 Ribeirão Preto, SP, Brazil.
Email: anaclaudia.teixeira@yahoo.com.br;

Background: Breast cancer is the most common malignancy affecting
women worldwide. Population-based studies have reported significant
associations between specific genetic polymorphisms and breast cancer
susceptibility. A number of studies have demonstrated that common
variants of genes involved in the DNA repair pathways act as low pen-
etrance breast cancer susceptibility alleles. We aimed to investigate the
association of single nucleotide polymorphisms (SNPs) in the DNA
repair genes XRCC1 and XRCC3 and breast cancer risk. Methods: The
association was analyzed in Brazilian women in a case-control study of
107 women with breast cancer diagnosed between 25 and 70 years and
175 age-matched healthy controls. DNA was obtained from blood sam-
ples and was genotyped by PCR-RFLP. Results: Heterozygous XRCC3
241Met carriers had an increased risk of breast cancer (odds ratio 2.23;
95% CI 1.32-3.76; P = 0.002). The association of the genotypes of
241Met allele (Thr/Met + Met/Met) was associated to increased risk of
breast cancer (odds ratio 2.11; 95% CI 1.29-3.45; P = 0.003). No sig-
nificant associations were observed between the XRCC1 polymor-
phism Arg399Gln and breast cancer. Conclusions: This study suggests
that XRCC3 241Met allele may influence breast cancer susceptibility,
while XRCC1 polymorphism is not associated with breast cancer risk.

RA074
ANALYSIS AND IDENTIFICATION OF METHYL VINYL
KETONE HEMOGLOBIN ADDUCTS
H von Stedingk, P Rydberg, R Davies, U Hedebrant, M Törnqvist
Stockholm University, dept of Environmental Chemistry Svante
Arrhenius väg 12 C 10405 Stockholm
Email: hans.stedingk@mk.su.se

Hemoglobin (Hb) adducts are useful as biomarkers of exposure to elec-
trophilic compounds/metabolites and could also be used to measure the
“internal dose” of such potentially genotoxic compounds (1). The new
adduct FIRE*-procedure has high potential to be used as tool in search
for previously unidentified “unknown” adducts to N-terminal valine in
Hb. The principles for preparation of samples and analysis with LC/MS
is less discriminating with regard to the chemical properties of the
adduct and give a broad application range (2). The fragmentation pat-
tern of different reference analytes, the fluorescein thiohydantoins
(FTHs), both as unsubstituted and deuterium substituted, have been
interpreted and compared. An unknown peak was identified from the
fragmentation pattern to correspond to the Hb-adduct formed from
methyl vinyl ketone (MVK, CH2=CH-COCH3). The MVK-adduct
was confirmed by incubation of blood with MVK, and the structure of
the FTH-MVK-Val was further verified by synthesized FTH-MVK-
Val, both unsubstituted and deuterium substituted. Maternal and cord
blood samples have then been analysed for the MVK Hb-adduct. This
study is done within the EU-project “NewGeneris” (3). The results
indicate similar background adduct levels as for acrylamide and also a
similar Fetal/Maternal adduct ratio (~0.4) as for acrylamide (from food
intake). The source for the MVK Hb-adducts is not yet known. The
MVK Hb-adduct is present in human blood samples but not present in
blood from cow or sheep. Our preliminary data indicate that it has
higher electrophilic reactivity than acrylamide. The results show that it
is possible to use this method for screening of previously unknown
adducts from electrophilic compounds in human blood samples.
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*The abbreviation “FIRE” derives from “the FITC reagent for meas-
urements of adducts (R) by a modified Edman procedure”.
(1) Törnqvist, M et al., J.Chromatogr.B. 778 (2002) 279-308
(2) Rydberg, P.  PCT Int. Appl. (2005) WO/2005101020
(3) http://www.newgeneris.org
This work was co-financed by the EU Integrated Project NewGeneris,
6th Framework Programme, Priority 5: Food Quality and Safety
(Contract no. FOOD-CT-2005-016320). NewGeneris is the acronym of
the project ‘Newborns and Genotoxic exposure risks

RA075
ASSESSMENT OF THE PERFORMANCE OF THE 
GADD45A-GFP (GREENSCREEN HC) GENOTOXICITY
ASSAY USING ECVAM RECOMMENDED GENOTOXIC AND
NON-GENOTOXIC CHEMICALS
L Birrell (1), P Cahill (1), M Tate (1, 2), C Hughes (1), C Jagger (1), A
Knight (1), N Billinton (1) and RM Walmsley (1, 2)
(1) Gentronix Limited, CTF Building, 46 Grafton Street, Manchester.
M13 9NT, UK (2) Faculty of Life Sciences, University of Manchester
Email: richard.walmsley@manchester.ac.uk

A recent ECVAM workshop considered how to reduce falsely predic-
tive positive results when undertaking in vitro genotoxicity testing,
thus avoiding unnecessary follow-up animal tests. It was anticipated
that new assays might contribute to a solution so a panel of experts
were asked to identify a list of chemicals which could be used in their
evaluation. Three categories of test chemicals were proposed. Here we
present test results from the GreenScreen HC assay. All compounds
were tested to a maximum of 10 mM where possible. Each was tested
in triplicate, on separate days, with and without S9 (1%). Data were
collected using either a microplate spectrophotometer or flow cytome-
ter. The results can be summarised as follows: Group 1 (chemicals
which should be detected as positive in in vitro mammalian cell geno-
toxicity tests): 18/20 (90%) were reproducibly positive in GreenScreen
HC. Group 2 (chemicals which should give negative results in in vitro
genotoxicity tests): 22/23 (96%) were reproducibly negative in
GreenScreen HC. The expert panel noted that the similar numbers of
carcinogens/genotoxins and non-carcinogens/non-genotoxins in
Groups 1 & 2 provide a good balance for concordance calculations.
Overall concordance from groups 1 and 2 for this assay was 40/43
(93%). Group 3 (chemicals which should give negative results in in
vitro mammalian genotoxicity tests but have been reported to induce
chromosomal aberrations (or tk mutations in mouse lymphoma cells),
often at high concentrations or high levels of cytotoxicity): 13/18
(72%) were reproducibly negative in GreenScreen HC. The exception-
al compounds from each group will be discussed, including follow-up
experiments with 3 compounds from Group 3 that are all antioxidants
which may be acting as pro-oxidants in the hyperoxic conditions of cell
culture. Overall the predictive figures from these lists are similar to
those generated in other studies with the GreenScreen HC assay.  It has
sensitivity comparable with the current in vitro mammalian assays and
very much higher specificity. Its routine use would reduce falsely pre-
dictive positive results and avoid unnecessary subsequent animal tests.

RA076
HOW DOES INCREASING CYTOTOXICITY AFFECT THE
ACCURACY OF THE GADD45A-GFP (GREENSCREEN HC)
GENOTOXICITY ASSAY: A COMPARISON OF DIFFERENT
METHODS TO ESTIMATE  CYTOTOXICITY.
M Tate (1, 2), C Jagger (1), N Billinton (1), RM Walmsley (1, 2) 
(1) Gentronix Limited, CTF Building, 46 Grafton Street, Manchester.
M13 9NT, UK (2) Faculty of Life Sciences, University of
Manchester
Email: matthew.tate@gentronix.co.uk

Recent evaluations of the in vitro mammalian genotoxicity assays have
suggested that increased levels of cytotoxicity may increase the preva-
lence of uniquely positive genotoxicity results. Retrospective studies
have shown these assays to  be misleading in their prediction of in vivo
genotoxicity and carcinogenicity results at high levels of cytotoxicity.
These findings have focused attention on the methods used for toxici-

ty assessment in the in vitro mammalian genotoxicity assays. The
GreenScreen HC genotoxicity assay has sensitivity comparable to
other in vitro mammalian tests but higher specificity. In the assay vali-
dation, relative cell density (RCD), was used as a measure of toxicity
and a limit for data inclusion was set at 30% RCD. The experiments
presented here have assessed other measures of cytotoxicity in cells
exposed to toxins which reduced RCD to 30% or below. The aim of this
work was to investigate whether the use of RCD in the GADD45a-GFP
assay contributes to the assays high levels of specificity. Initially, cyto-
toxicity data were collected using intracellular ATP levels, dye exclu-
sion, fluorescent DNA staining and RCD. 16 chemicals were tested at
9 different concentrations up to the current ICH test limits for in vitro
genotoxicity assays. This set of chemicals included compounds which
have produced misleading positive predictions in other assays. Further
work, with a subset of the compounds, focussed on the comparison of
RCD with methods used to estimate cytotoxicity in the regulatory in
vitro genotoxicity assays. RCD was shown to underestimate cytotoxic-
ity compared to other methods: 30% RCD for some compounds corre-
sponded to less than 10% viability  when measured by dye exclusion or
intracellular ATP levels. These compounds still generated negative
results for genotoxicity in the GreenScreen HC assay even when tested
to these highly cytotoxic doses.  As no increase in GADD45a-GFP
induction was observed with highly cytotoxic non-carcinogenic com-
pounds, this suggests that cytotoxicity alone does not induce the
GADD45a-GFP reporter. From these data it would appear that the
GreenScreen HC assay is not as susceptible to erroneous genotoxicity
results seen in other in vitro mammalian genotoxicity assays at highly
cytotoxic doses.

RA077
LUC HERE: A BRIGHTER ENDPOINT FOR HIGH
THROUGHPUT GENOTOXICITY SCREENING
A Rabinowitz (1), C Hughes (1), L Birrell (1), P Cahill (1), M Tate (1,
2), C Jagger (1), N Billinton (1), RM Walmsley (1, 2)
(1) Gentronix Limited, CTF Building, 46 Grafton Street, Manchester.
M13 9NT, UK (2) Faculty of Life Sciences, University of Manchester
Email: richard.walmsley@manchester.ac.uk

The GADD45a-GFP GreenScreen HC genotoxicity assay provides
high sensitivity and high specificity together with the ability to screen
several compounds in a microplate format. The stable signal from GFP
provides a lasting signature of GADD45a expression which is induced
by all classes of genotoxin. Here we describe a new generation of high
throughput genotoxicity assessment. BlueScreen HC (GADD45a-
GLuc) is a new genotoxicity screening assay coupling the established
GADD45a reporter with a luciferase gene from the marine copepod
Gaussia princeps (GLuc from Nanolight Technology). GLuc shares the
high stability of GFP and allows data collection at a single time point.
Initial validation data suggest that the performance of BlueScreen HC
is similar to GreenScreen HC. To date two validation exercises have
been carried out, one with S9 metabolic activation (46 compounds) and
one without S9 (53 compounds). All assessments were performed in
triplicate and the assay demonstrates excellent reproducibility.
Example data and the derivation of thresholds to define a positive result
will be presented. The higher signal-to-noise ratio from GLuc makes it
more effective in assessing optically interfering coloured and fluores-
cent compounds. This expands the scope of chemicals which can be
tested with a GADD45a assay and further data will be shown to illus-
trate this. One major advantage of the new BlueScreen HC assay is the
potential compatibility with much higher throughput than previously
achieved with GreenScreen HC. This will appeal to screening facilities
where the use of 384-well microplates is more commonplace. Indeed
preliminary data suggest that, combined with a fluorescent assessment
of cell number, it is a relatively simple procedure to miniaturise the
assay on to 384-well microplates. Industrial collaborators are currently
undertaking proof-of-concept experiments with a view to implement
the assay within their laboratories. The arrival of BlueScreen HC sig-
nifies an exciting new era in genotoxicity screening. Multiple industri-
al sectors previously unable to utilise GreenScreen HC will now be
able to undertake early stage genotoxicity assessment, allowing key
decisions to be made at an earlier point during compound discovery.
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RA078
IN VIVO DOSES OF ACRYLAMIDE AND GLYCIDAMIDE IN
HUMANS AFTER DEFINED EXPOSURES OF ACRYLAMIDE
VIA FOOD
AC Vikström (1), L Abramsson-Zetterberg (2), M Naruszewicz (3), M
Törnqvist (1) 
(1) Department of Environmental Chemistry, Stockholm University,
Stockholm, Sweden (2) National Food Administration, Toxicology
Division, Uppsala, Sweden (3) National Institute of Food and Nutrition,
Warsaw, P
Email: anna.vikstrom@mk.su.se

The discovery that acrylamide (AA) is formed at high temperatures in
common food stuffs initiated a discussion on possible health risks asso-
ciated with AA exposure via diet. For the purpose of health risk assess-
ment, quantitative intake assessments are necessary. AA is metabolised
via the cytochrome P450 2EI (CYP 2E1) to the epoxide glycidamide
(GA), known to be genotoxic and to form DNA-adducts and hence
considered as the genotoxic agent in AA exposure. It is therefore
important to investigate the relation between AA exposure via food in
humans and the corresponding in vivo dose of GA. This present study
concerns controlled intake of AA at low doses through 1) total diet and
2) potato chips added to a baseline diet. In vivo doses of AA and GA
along with other toxicokinetic parameters are calculated based on
measured haemoglobin (Hb) -adducts of AA and GA. Group 1) in the
study was on average exposed to approximately 11 µg AA/kg bw and
day, through carbohydrate rich foods prepared at high temperatures.
After exposure during 4 days, AA-adduct levels increased by 57 (range
39 to 83) pmol/g globin and GA-adduct levels by 24 (-8 to 66) pmol/g
globin. Group 2) was exposed to AA through potato chips added to the
participants’ baseline diets during 28 days, giving an “extra” amount of
2.4 µg AA/kg bw and day. The AA-adduct levels in this group
increased by 40 (0 to 85) pmol/g globin and GA-adduct levels by 24 (1
to 51) pmol/g globin. The in vivo doses for AA and GA were calculat-
ed from the adduct levels, by using the reaction rate constants for AA
and GA to the N-terminal valine in hemoglobin determined in vitro.
The in vivo doses could then be used for extrapolation from studies of
effects in animal experiments etc.

RA079
THE GADD45A-GFP (GREENSCREEN HC) ASSAY AS A 
VALIDATED ALTERNATIVE METHOD: A CASE STUDY
N Billinton (1), RM Walmsley (1, 2)
(1) Gentronix Limited, CTF Building, 46 Grafton Street, Manchester.
M13 9NT, UK; (2) Faculty of Life Sciences, University of Manchester
Email: nick.billinton@gentronix.co.uk

Organisations such as ECVAM, ICCVAM and JaCVAM provide a for-
mal system of internationally agreed principles for the assessment of
the validity of test methods. Method validity is defined by its relevance
and reliability for a specific purpose. Validation and acceptance of test
methods that impact on the 3Rs is high on the political agenda and the
validating bodies have a critical role to play in expediting the roll-out
of such methods. The predictive value of results from the ICH’s regu-
latory battery of in vitro genotoxicity tests has been widely discussed.
Evidence published by several authors illustrates the high sensitivity
but low specificity of some assays in the battery. In particular, positive
genotoxicity findings from the in vitro mammalian tests can provide
misleading predictions of in vivo genotoxicity and hence trigger fol-
low-up investigations in vivo. Greater accuracy in the in vitro assays
would help to reduce unnecessary usage of lab animals.  Workshops set
up by ECVAM, ILSI HESI and others, have reached common conclu-
sions and proposed 2 main strategies as solutions: (1) amend/improve
the current testing strategy and guidelines, (2) investigate new methods
with suitable attributes. The GreenScreen HC in vitro mammalian
genotoxicity assay meets all of the proposed requirements of a new test
method. Published data for the assay reveal it to exhibit both high sen-
sitivity and high specificity, leading to a straightforward prediction
model: GreenScreen HC positive compounds have a high likelihood of
being in vivo genotoxins and/or genotoxic carcinogens, whilst
GreenScreen HC negative compounds are likely to be non-carcinogens
and non-genotoxic in vivo. Important facets of the ECVAM modular

approach to validation have been performed independently of ECVAM.
This presentation will provide a summary of the studies performed to
assess GreenScreen HC assay reliability: method transfer studies, as
well as within- and between- laboratory reproducibility studies. Data
from GreenScreen HC are currently used by more than 60 companies
worldwide, either within their own labs or through contract testing. The
body of evidence thrusts GreenScreen HC forwards as a strong candi-
date as an alternative method.

RA080
CHILDREN EXPOSURE TO HEAVY METALS 
CONTAMINATION AT ELECTRONIC WASTE RECYCLING
SITE RELATED TO TEMPERAMENT ASSESSMENT
J Liu, X Xu, K Wu, Yan Li, G Chen, S Chen, J Huang, Y Guo, G Zheng,
X Huo
Analytical Cytology Laboratory and the Key Immunopathology
Laboratory of Guangdong Province, Shantou University Medical
College, Shantou 515041, Guangdong, P.R. China
Email: xhuo@stu.edu.cn

Background Guiyu, a town in south China, is one of the biggest elec-
tronic waste (e-waste) centers of the world. E-waste is disassembled
and recycled by the local with archaic and uncontrolled methods that
produce extensive environmental pollutants. To assess whether such
recycling activities in Guiyu have been associated with alterations in
child behavior, we investigated the blood lead levels (BLLs) and blood
cadmium levels (BCLs) of children and evaluate the dose-response
effect of heavy metal exposure related to their temperament alterations.
Methods We analyzed two cohorts of children that were followed from
3 to 7 years of age in Guiyu (n=151) and Chendian (n=150). BLLs and
BCLs were measured and investigation of temperament were per-
formed. After detection of BLLs, all the children were divided into two
groups of high blood lead (BLLs≥100µg/L, HBL) group and low blood
lead (BLLs<100µg/L, LBL) group to test whether the BLLs of children
had additional effect on temperament. Results Both mean BLLs and the
proportion of BLLs more than 100 µg/L in Guiyu group were signifi-
cantly higher than control group (P<0.01). The median BCLs of chil-
dren was also significantly higher than control group (P<0.01).
Activity level, approach-withdrawal, and adaptability dimensions were
significantly different between Guiyu and the control (P<0.01). We
found significant differences in activity level and adaptability dimen-
sions in boys and girls between the two groups (all P<0.05), and signif-
icant differences in activity level dimension in 3 and 5 years old chil-
dren, and approach-withdrawal and adaptability dimensions in 4 and 6
years old children between the two groups (P<0.05 or P<0.01). There
were difference in intensity dimension in 4 years old children and in
approach-withdrawal and threshold of responsiveness dimensions in 5
years old children between the HBL and LBL groups (all P<0.05).
Correlation and regression analysis showed that elevated BLLs and
children lived in Guiyu increased the risk of high scores in activity
level, and low scores in approach-withdrawal and adaptability dimen-
sions. Conclusion Children’s temperament alterations are significantly
associated with the elevated BLLs and exposure to primitive e-waste
recycling activities in Guiyu.

RA081
INORGANIC CALCIUM (CA2+) INDUCES DNA DAMAGE IN
VITRO AND IN VIVO
C Beevers (1), M Fjordholt (2), J Schtüzsack (2), D Kirkland (1), D
Tweats (3), I Stuart (2)
(1) Covance Laboratories Ltd, Otley Road, Harrogate HG3 1PY, UK;
(2) Leo Pharmaceutical Products, 55 Industriparken, DK-2750,
Ballerup, Denmark; (3) The School of Medicine, University of
Swansea, Swansea, SA2 8PP, UK
Email: carol.beevers@covance.com

Investigations into the molecular and physiological consequences of
controlling calcium metabolism and regulation have been a common
research theme in many therapeutic areas. Ca2+ regulation is a com-
mon target for pharmaceuticals developed to treat various cardiovascu-
lar conditions and, at the same time, is one of the most widespread sec-
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ond messengers used in signal transduction. Recent studies have
focussed on the toxicological implications of manipulating intracellu-
lar Ca2+ with the most recent and remarkable finding being the poten-
tial of inorganic calcium to induce DNA damage, both in vitro and in
vivo.  When testing high concentrations of drugs with this molecular
action for genotoxic effects in vitro and in vivo, the effects on intracel-
lular Ca2+ concentration are potentially very dramatic and far in excess
of likely changes under therapeutic conditions. However, there are sev-
eral publications demonstrating that disruption of the content and
movement of various cations, including Ca2+, can lead to inhibition of
DNA synthesis, production of reactive oxygen species, DNA damage
and ultimately apoptosis. Consequently, induction of DNA damage at
high concentrations of a drug manipulating intracellular Ca2+ levels
could be an extreme manifestation of pharmacology. In order to inves-
tigate this possibility, stomach cells harvested from rats orally dosed
with CaCO3 and three CaCl2-treated CHO K1 cell lines1 were
assessed for statistical changes to both tail intensity and moment rela-
tive to vehicle/control in Comet assays. Both compounds induced sig-
nificant increases in comet damage at high doses solely in cells
expressing a functional CaSR. These results suggest that care should be
taken when interpreting comet data from experiments using high doses
of Ca2+-regulating agents that act on Ca2+–dependent signal transduc-
tion.
1CHO K1 cell lines: wild-type, one cell line expressing human Ca2+-
sensing receptor (CaSR) and one cell line expressing a non-functional
CaSR mutant.

RA082
DIRECTING GENOTOXICITY TESTING TO ASSIST IN THE
DEVELOPMENT OF IN SILICO MODELS
RV Williams (1), A Cayley (1), CA Marchant (1), RT Naven (1), M
Hayashi (2), A Hirose (3), E Kamata (3)
(1) Lhasa Limited, Leeds, UK; (2) Biosafety Research Center, Foods,
Drugs and Pesticides, Shizuoka, Japan; (3) National Institute of Health
Sciences, Tokyo, Japan.
Email: richard.williams@lhasalimited.org

In silico systems are becoming increasingly important for the assess-
ment of genotoxicity. Irrespective of the modelling approach used, e.g.
QSARs or structural alerts, they share a common requirement for suffi-
cient, high-quality data. However, even in large data sets it can be diffi-
cult to model areas of chemical space that are sparsely populated or con-
tain conflicting data. This work describes the generation of additional
data for in silico model development by suggesting candidates for an in
vitro chromosomal aberration testing strategy. Previously, approximate-
ly 100 prototype structural alerts for the chromosome damage endpoint
were derived from several collections of in vitro chromosomal aberra-
tion test data. These were further developed into completed structural
alerts if sufficient supporting evidence was available in either the data
sets or the published literature. In several cases, development was not
possible because of insufficient or conflicting data. To address this prob-
lem, databases of commercially available chemicals were interrogated
to find relevant, untested compounds which it was reasoned would
allow completion of the development process. Where such compounds
were identified, their activity in the in vitro chromosomal aberration test
was evaluated. The results were then used in the development of struc-
tural alerts. Overall, 10 compounds were assessed for activity in the in
vitro chromosomal aberration test. The positive results for several com-
pounds, including allyl ethyl ether, azoxybenzene and thiobenzamide,
were used to extend existing alerts and support a new alert for chromo-
some damage. However, not all positive results were immediately use-
ful for model development since, for example, in some cases the new
test results were indicative of a different mechanism of action to struc-
turally related chemicals for which data were already available.
Negative results were also informative, e.g. the inactivity of allylben-
zene itself was a useful addition to a structure-activity relationship for
the allylbenzene class of compounds. In conclusion, this work has
shown that a closer integration of in silico modellers and genetic toxi-
cologists can further knowledge of genotoxicity and improve the per-
formance of in silico systems for this endpoint.

RA083
INFLUENCE OF THE GLUTATHIONE S-TRANSFERASE
GENETIC POLYMORPHISM ON THE EXCRETION LEVELS
OF URINARY BENZENE METABOLITES.
A Mansi (1), R Bruni (1), P Capone (1),  R Gnerre (2), C Simeoni (2), M
Papacchini (2),  C La Gioia (2), E Paci (1),  D Pigini (1), G Tranfo (1). 
(1) Department of Occupational Hygiene, Italian National Institute for
Occupational Safety and Prevention (ISPESL), Rome, Italy. (2)
Department for Production Plants and Interactions with the
Environment, Italian National Institute for Occupational Safety and
Prevention (ISPESL), Rome, Italy.
Email: antonella.mansi@ispesl.it

The identification of specific and sensitive biological markers is criti-
cal for the definition of exposure to low benzene level and the assess-
ment of the health risk. SPMA is generally considered a very specific
biomarker of benzene, successfully applied to distinguish exposed and
nonexposed subjects. This study was planned to investigate the modi-
fying effect of genetic polymorphisms of the glutathione S-transferas-
es enzymes (GSTP1, GSTT1 and GSTM1) involved in benzene detox-
ification on the levels of examined biomarkers (SPMA and t,t-MA). A
total of 227 workers at a petrochemical factory benzene 137 exposed
and 90 controls (administrative employees) were enrolled. We meas-
ured end-shift urinary levels of SPMA and t,t-MA  for each worker and
calculated the t,t-MA/SPMA ratio. To determine the GSTM1 and
GSTT1 genotypes, a multiplex PCR was used; for GSTP1 gene the
detection method used was based on real-time polymerase chain reac-
tion (PCR). The observed genotypes agree with allele frequencies
reported previously for other European populations: GSTT1 (178)
78.4% positive genotype, (49) 21.6% null genotype; GSTM1 positive
genotype (106) 46.7%, (121) 53.3% null genotype; GSTP1 (106)
46.7% ile/ile, (100) 44% ile/val, (21)9.3% val/val. Our results are in
agreement with the latest literature data, that benzene-exposed workers
who carried GSTT1-deficient genotype excreted lower levels of SPMA
than GSTT1-positive genotype subjects (higher t,t-MA/SPMA ratio).
Besides our data show that for GSTM1 deficient genotype subjects the
t,tMA/SPMA ratio is slightly higher than GSTM1 positive subjects.
GSTP1 genotype seems not to influence the amount of excreted
SPMA. Urinary levels of t,t-MA are comparable for all subjects and are
not influenced by the polymorphism of these genes.

RA084
COMPARATIVE STUDIES ON GENOTOXICITY AND 
CYTOTOXICITY OF POLYMERIC GENE CARRIER 
POLYETHYLENIMINE (PEI) AND POLYAMIDOAMINE
(PAMAM) G4 IN JURKAT T CELLS
YJ Choi (1), Y J Kim (1), HD Woo (1), SJ Kang (2), and HW Chung (1)*
(1) School of Public Health and Institute of Health and Environment,
Seoul National University, South Korea; (2) Department of Preventive
Medicine, Daegu Haany University College of Oriental Medicine,
Daegu, South Korea
Email: chunghw@snu.ac.kr

Background The thiopurine antimetabolite azathioprine (Aza) is used
in the treatment of cancer, inflammatory conditions and as an immuno-
suppressant. Systemic treatment with Aza results in high levels of DNA
6-thioguanine (6-TG). Exposure of cells containing DNA 6-TG to low
doses of UVA produces reactive oxygen species (ROS) and photo-
chemical oxidation of DNA 6-TG into cytotoxic and mutagenic
lesions.Aims We examined the role of the Base Excision Repair DNA
glycosylase Mutyh and the Mismatch repair (MMR) protein Msh2 in
the cellular response to 6-TG/UVA-induced DNA damage. The contri-
bution of an oxidized dNTP pool to 6-TG/UVA cytotoxicity was also
investigated. Methods Mutyh- or Msh2-defective mouse embryo
fibroblasts (MEFs) were exposed to a non-toxic concentration of 6-TG
and irradiated with a low dose of UVA. Survival was determined by
clonal assays. DNA 6-TG and 8-hydroxydeoxyguanosine (8-oxodG)
were measured by HPLC and HPLC/EC, respectively. Results 6-TG
and UVA were synergistically toxic to wild-type MEFs - neither 6-TG
or UVA alone detectably affected survival. Mutyh- or Msh2-defective
cells were more resistant than wild-type MEFs to killing by 6-
TG/UVA. The combined treatment significantly increased the levels of
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DNA 8-oxodG. The dNTP pool contributed to both the increased lev-
els of DNA 8-oxodG and to the enhanced toxicity of combined 6-
TG/UVA. Wild-type cells grown for 24hrs in 6-TG and UVA irradiated
immediately contained more DNA 8-oxodG and were more sensitive
than the same cells irradiated after a further 24h growth in medium
without 6-TG to deplete the pool of 6-TG nucleotides. Conclusions The
combination of 6-TG and UVA introduces DNA 8-oxodG and causes
cell death. Surprisingly, the absence of either Mutyh or Msh2 confers
tolerance to 6-TG/UVA. The molecular mechanism underlying this
phenotype is currently under investigation. 

RA085
VALIDATION OF THE (Q)SAR COMBINATION APROACH
FOR MUTAGENISITY PREDICTION OF FLAVOUR 
CHEMICALS
A Hirose (1), E Kamata (1), T Kawamura (1), T Yamazaki (2), K Sato
(2), M Yamada (3), A Ono (1), T Fukumoto(4) , H Okamura (4), Y
Mirokuji (4), M Honma (3)
(1) Division of Risk Assessment, National Institute of Health Sciences,
Tokyo, Japan; (2) Division of Food Additives, National Institute of
Health Sciences, Tokyo, Japan; (3) Division of Genetics and
Mutagenesis, National Institute of Health Sciences, Tokyo, Japan; (4)
Japan Flavour and Fragrance Materials Association, Tokyo, Japan.
Email: hirose@nihs.go.jp

Many flavour chemicals in current food use have been evaluated under
the TTC concept at JECFA. The concept was referred as the establish-
ment of human exposure thresholds for chemicals, below which would
cause no appreciable risk to health. The concept had evolved from the
historical knowledge, in order to develop the assessment methods for
large group of chemicals with unknown toxicity. Most exposure levels
of flavour in food are considered to be extremely low. In such case,
genotoxic properties should be mainly taken account of safety evalua-
tion in addition to the empirical thresholds. One of the limitations of
the TTC could be compensated by the (Q) SAR system. We have
recently established the (Q)SAR combination system of mutagenicity
prediction for industrial chemicals. The (Q)SAR system is composed
of three individual models (DEREK for Windows, MCASE/MC4PC
and ADMEWORKS). The definitive judgement of mutagenicity is
defined by the combination of predictive results from the three models.
We have tried to validate our (Q)SAR system for the assessment of 375
flavour chemicals, which had been evaluated by JECFA, and the Ames
test results of which were accessible. We judged 10 of the 375 chemi-
cals as positive by our (Q)SAR system, when two or more models eval-
uated positive. Only five chemicals were misjudged as false positive
for 331 Ames-negative chemicals, and the specificity was 98.5%.
However, only five chemicals were judged positive for 44 Ames-posi-
tive chemicals (which were defined as positive in this study, if at least
one positive result was reported), and the sensitivity was extremely
low. In contrast, we judged 66 chemicals as positive, if one or more
models evaluate positive. The sensitivity increased to 45.5%. This
increase of the sensitivity was mainly owing to the prediction by the
DEREK model (knowledge-base model). Although half of Ames-posi-
tive chemicals remained false negative, most chemicals possessed
some kinds of common sub-structures. These results suggested that the
approach of improving the sub-structural alerts could effectively con-
tribute to increasing the predictability of mutagenicity for flavour
chemicals. It is because that most flavours possess categorically func-
tional sub-structures or are composed of some series of derivatives.

RA086
ENVIRONMENTAL RISK INDEX FOR A COMPLETE RISK
ASSESSMENT (ERICA): APPROACH AND CASE STUDIES
WITH ATTENTION ON MUTAGENS DESCRIPTORS
A Mariani (1), D Baderna (1), E Boriani (1), S Bugatti (1), G Rotella
(1), C Moretti (1), A Colombo (1), S  Maggioni (1), M  Lodi (1) E.
Benfenati (1).
(1) Environmental Chemistry and Toxicology Laboratory, Istituto di
Ricerche Farmacologiche “Mario Negri”, Milan, Italy.
Email: baderna@marionegri.it

Environmental risk assessment is a complex procedure to evaluate the
health status of an investigated area. Such procedure is often expensive
and rarely takes into account both ecological and human targets.
ERICA (Environmental Risk Index for a Complete Assessment)’s task
is to create a complete and valid tool giving a detailed analysis of the
global risk for the area under observation in a simple, clear output.
ERICA merges human toxicology, ecotoxicology and environmental
fate parameters of compounds in a single value. Nineteen priority com-
pounds (e.g. dioxins, PCBs, PAHs, metals, etc.) are the minimum sce-
nario used to perform ERICA. These compounds are chosen keeping
into account their toxicological profile, with particular attentions for
carcinogenic and mutagenic ones. In this way it is possible to easily
compare different sites. Also other pollutants (i.e. VOC, pesticides) can
be added to the priority set to better fit assessment on investigated areas
and to perform a more complete evaluation. Data on priority com-
pounds came from peer review literature, international databases and
predictive reliable methods. New validated and predictive methodolo-
gies (e.g. EPISuite, CAESAR models, etc.) were used in the event of
missing experimental physico-chemicals data or toxicological values.
A particular attention is dedicated at this stage to the process of car-
cinogenesis: most of the 19 priority compounds can induce cancer by
any route of exposure but carcinogenic potential and potency may
depend on the conditions of exposure (e.g. route, level, pattern and
duration of exposure). Carcinogenic chemicals have conventionally
been divided into two categories according to the presumed mode of
action: genotoxic or non-genotoxic. ERICA can be used to determine
environmental quality of various territories such us area surrounding
industries, incinerators and landfills, but also urban regions. Some case
studies designed on real investigated sites and Italian legal limit case
were used to evaluate ERICA and compared to a detailed risk assess-
ment analysis performed by our laboratory. ERICA is a concise and
transparent method; researchers and assessors can compare critical
areas interested by different chemical charges, also along time and
space dimensions.

RA087
PUBLIC ATTITUDE AND RISK PERCEPTION OF 
NANOTECHNOLOGY IN TAIWAN
TT Wu (1), YP Lin (2), TJ Cheng (1)
(1)Institute of Occupational Medicine and Industrial Hygiene, College
of Public Health, National Taiwan University, Taipei, Taiwan ;
(2)School of Humanities & Social Sciences, National Yang Ming
University, Taipei, Taiwan
Email: r97841005@ntu.edu.tw

Background and Objective: Nanotechnology is widely used in many
kinds of products and researches in nowadays world, but the health and
environmental impacts of nanotechnology are not well known in the
current state of public understanding. Public attitude is a key to tech-
nology development. To avoid controversies in gene technology such
as GMO, there is a must to realize the public attitude and risk percep-
tion toward nanotechnology. Thus, in this study we’ll explore the pub-
lic attitude perception of knowledge, benefit, risk, and trust of nan-
otechnology in Taiwan. Method: From 2007 August to September, we
conducted a telephone survey with the computer-assisted Telephone
Interviewing system (CSTI) via two-stage geographically stratified
systematic sampling. Sampling population was based on people who
were older than 18 and using telephone at home. A total of 1,251 per-
sons successfully completed the telephone interviews, with a comple-
tion rate of 17.8%, and a rejection rate of 35.4%. The sample was rep-
resentative in the distribution of age and gender. Result: There were a
significantly higher percentage of women (89.9%) than men (78.4%)
who had heard of nanotechnology. Those who had heard of nanotech-
nology were younger and with higher education. However there were
higher percentages of men (39.4%) than women (24.95%) who said
they knew what nanotechnology was. Discussion: There is risk-benefit
trade-off in the perception on nanotechnology. Other than sex and age,
trust play an important role in determining risk and benefit perception
of nanotechnology while knowledge plays a minor role in this study.
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RA088
IN VIVO GENOTOXIC EFFECTS OF CITRIC ACID IN MOUSE
BONE MARROW CELLS
S Yılmaz(1), F Ünal(2), H Aksoy(3), M Çelik(4), D Yüzbaşıoğlu(2)
(1) Osmaniye Korkut Ata University, Osmaniye Vocational High
School, Department of Technical Programs, Osmaniye, Türkiye. (2)
Gazi University, Art and Science Faculty, Department of Biology,
Ankara, Türkiye. (3) Sakarya University, Art and Science Faculty,
Department of Biology, Sakarya, Türkiye. (4) Kahramanmaraş Sütçü
İmam University, Art and Science Faculty, Department of Biology,
K.Maraş, Türkiye.
Email: seryil02@gmail.com

Citric acid has been used as a food additive in many factory made
foods. It is also a chemical that plays an important role in the physio-
logical oxidation of glucose and other carbohydrates, as well as fats
and proteins. The citric acid concentration controls several metabolite
pathways and in higher organisms it regulates the utilization of calci-
um contained in foods (Gautier-luneau et al. 2007). Citrate is present in
blood plasma in submillimolar concentration and promotes the
bioavailability of dietary iron (Gautier-luneau et al. 2007, Parkes et al.
1991). Owing to fact that the mobilization of iron may lead to the for-
mation of highly toxic hydrogen radicals (Pierre and Fontecave 1999,
Gautier-luneau et al. 2007), one can question concerning the innocence
of adding citric acid in large amounts in foods or drinks (Gautier-
luneau et al. 2007). In this research, in vivo genotoxic effects of citric
acid were investigated in mouse bone marrow cells. Animals were
treated with four doses (50, 100, 200 and 400 mg/kg bw) of citric acid
for 24h. Citric acid significantly increased the frequency of chromoso-
mal aberrations at all doses compared with the control. Chromatid and
choromosome breaks were the most common aberrations in bone mar-
row cells of treated animals. Based on the results we concluded that cit-
ric acid is a genotoxic agent in bone marrow cells of mice.

RA089
APPLICATION OF HIGH SENSITIVITY, HIGH-THROUGH-
PUT IMMUNOCHEMICAL ASSAYS FOR DNA ADDUCTS FOR
USE IN MOLECULAR EPIDEMIOLOGY
P  Georgiadis (1), P Makedonopoulou (1), S  Kaila (1), MC. Poirier (2)
SA  Kyrtopoulos (1)
(1) National Hellenic Research Foundation, Athens, Greece; (2)
National Cancer Institute, NIH, Bethesda, USA
Email: panosg@eie.gr

The need for sensitive and high-throughput methods to measure DNA
damage is widely recognised, especially in view of the prospect of
large-scale molecular epidemiology studies. We have recently devel-
oped improved immunochemical methodology satisfying these criteria
(45th Eurotox 2008 Congress, Rhodos, Greece). A limit of detection of
<1 adduct/109 nucleotides, using 10 �g DNA per well, was achieved
for the assay of O6-methylguanine and benzo[a]pyrene diol epoxide
DNA adducts. The method has been validated extensively using differ-
ent approaches, including comparison of the outcome with adduct
analysis using (GC-MS/MS). Analysis of human samples showed that
both adducts were detectable in human leucocytes. Preliminary results
were obtained from the analysis of DNA adducts in leukocyte DNA
samples obtained from maternal and cord blood from the Rhea cohort
which participates in the  NewGeneris project. The objective of the lat-
ter project is to investigate the role of prenatal and early-life exposure
to genotoxic chemicals present in food and the environment in the
development of childhood cancer and immune disorders.  17 mother-
child pairs have been analyzed for  O6-methylguanine and 12 mothers
for benzo[a]pyrene diol epoxide like DNA adducts so far. Four moth-
er’s and 6 children’s leukocyte DNA show undetectable levels for O6-
methylguanine. The levels in the positive samples are very low ranging
from 5 adducts /1010 nucleotides to 20 adducts/1010 nucleotides. All
twelve samples were positive for benzo[a]pyrene diol epoxide like
DNA adducts ranging from 5 adducts/109 nucleotides to 57
adducts/109 nucleotides.  Examination of further human samples from
the same and other cohorts which  participate within the framework of
the NewGeneris project, is ongoing and association between DNA
adducts, exposure and early biological effects (i.e. Micronuclei) will be

assessed. Supported by the EU ECNIS (Environmental Cancer,
Nutrition and Individual Susceptibility) Network of Excellence (con-
tract no. FOOD-CT-2005-513943) and the EU Integrated Project
NewGeneris (Newborns and genotoxic exposure risks) (contract no.
FOOD-CT-2005-016320)

RA090
INCORPORATION OF THE GADD45-GFP GREENSCREEN
HC ASSAY INTO PRE-CLINICAL DRUG DEVELOPMENT
SCREENING TO REDUCE COMPOUND ATTRITION.
P W Hastwell(1), B Z Dilmamode(1),  L Powney(2), A J Brown(2), J S
Harvey(1), A M Lynch(1), R W Rees(1), S Rees(2)
(1)  GlaxoSmithKline, Safety Assessment, Pre Clinical Development, Ware,
Hertfordshire, UK. (2)  GlaxoSmithKline Screening and Compound Pro -
filing, MDR, Harlow, Essex, UK.
Email: anthony.m.lynch@gsk.com

Genotoxicity findings often result in termination of individual drugs,
and sometimes whole projects. The current genotoxicity early screen-
ing assays used at GlaxoSmithKline (GSK), the Ames test (bacterial
mutagenicity) and Mouse lymphoma assay (mammalian genotoxicity)
are cut-down versions of in vitro GLP regulatory assays. These are rel-
atively low throughput, time consuming and compound hungry. They
do not present screening solutions that can be applied earlier in drug
development and before significant investment in time, money & emo-
tional attachment is committed to a compound or project. To address
attrition due to genotoxic safety earlier in the drug development
process, GSK has introduced the “GreenScreen HC” assay [1] into a
panel of screens performed during optimisation of lead chemical series
of potential candidate drug compounds. This assay utilizes the tran-
scriptional response of human GADD45a gene [2] to genotoxic stress
to drive a reporter gene, green fluorescent protein (GFP). The initial
validation studies of GreenScreen HC at GSK using 75 compounds [1]
has been extended to include 75 marketed pharmaceuticals [3]. Results
revealed high sensitivity to in vivo genotoxins and genotoxic carcino-
gens coupled with high specificity. Data from an additional 10 propri-
etary GSK compounds with known genotoxic liabilities were 100%
concordant with the results of the standard regulatory genotoxicity
tests. Based on these data GreenScreen HC has been implemented for
“genotoxic liability hit triage” following high throughput pharmacolo-
gy screening and key  chemical optimization milestones. Here we
review the performance of the initial GreenScreen HC data from its
inclusion in the GSK screening panel, assess the impact of impurities
and show how results may be used to inform decision making prior to
pre-candidate selection.
[1]. Hastwell et al. (2006), Mutat. Res. 607, 160-175; [2] Zhan et al.
(2005), Mutat. Res. 569, 133-143; [3]. Hastwell et al. (2009),
Mutagenesis. In press. 

RA091
DEVELOPMENT AND VALIDATION OF AN IN VIVO 
PHOTO-MICRONUCLEUS ASSAY IN RATS FOR USE IN
PRECLINICAL DRUG DEVELOPMENT
J D Kenny, P J Clements, J R Howe, D N Thomas, Ni J Taylor, R W
Rees, A M Lynch.
Safety Assessment, GlaxoSmithKline, Park Road, Ware, Hertfordshire,
SG12 0DP, UK.
Email: julia.d.kenny@gsk.com

For pharmaceuticals, current regulatory guidance for photosafety test-
ing state that studies are warranted for drug candidates that both absorb
light in the range of 290 - 700 nm, and that are either applied local-
ly/topically, or ‘reach’ the skin or eyes.  In contrast to standard geno-
toxicity evaluations, where a positive (or equivocal) result in vitro can
be placed into context with additional testing in vivo, there are no
equivalent short term in vivo photo-genotoxicity assays in the current
photosafety test battery. Therefore, a short-term in vivo assay for the
evaluation of a photo-genotoxic potential in the skin, the target organ
for photo-carcinogenicity, was developed in rats. After oral administra-
tion of the potent photocarcinogen, 8-Methoxypsoralen (8-MOP), rats
were exposed to UV and sacrificed 3 days after treatment to isolate epi-
dermal cells for subsequent micronucleus (MN) evaluation. Once a
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robust protocol had been established, six compounds from the same
chemical class (fluoroquinolones) with varying photosafety liabilities
were given orally; subsequently, rats were dorsally irradiated and the
MN frequencies in epidermal skin cells were determined.  Photo-clasto-
genicity was detectable following treatment with photo-activated
Sparfloxacin and Lomefloxacin.  Conversely, no significant increases in
MN induction were evident following photo-activated Cipro floxacin,
Levofloxacin, Gemifloxacin or Gatifloxacin treatment. These results
were encouraging and correlated with their reported photo-carcino-
genicity. Therefore, the in vivo rat skin MN test is a promising tool for
the early prediction of photo-carcinogenic liability. Additional work will
be required using different chemical classes to further validate the assay.

RA092
PHOTOTOXICITY ASSESSMENT DURING THE
VALIDATION OF AN IN VIVO PHOTO-MICRONUCLEUS
ASSAY IN RATS FOR USE IN PRECLINICAL DRUG
DEVELOPMENT
JD Kenny, P J Clements, J R Howe, D N Thomas, N J Taylor, R W
Rees, A M Lynch.
Safety Assessment, GlaxoSmithKline, Park Road, Ware, Hertfordshire,
SG12 0DP, UK.
Email: julia.d.kenny@gsk.com

Chemical photo-activation following the absorption of solar ultraviolet
radiation (UVR) may result in the formation of reactive intermediates,
or the release of various reactive oxygen species. These can interact
with biological systems and ultimately lead to cellular cytotoxicity
and/or DNA damage (i.e. phototoxicity and/or photo-genotoxicity), and
if prolonged, photo-induced ageing and/or photo-carcinogenicity. As
part of the validation of an in vivo photo-micronucleus assay in rat
skin, the phototoxicity of orally administered, 8-Methoxypsoralen (8-
MOP, a potent photo-carcinogen) was characterised. Parameters
included in-life clinical observations, dorsal erythema measurements
using a mexameter, water and food consumption, ophthalmoscopy,
macroscopic observations at necropsy and histopathological evaluation
of dorsal skin and eyes.  Once a robust protocol had been established,
six compounds from the same chemical class (fluoroquinolones) with
varying photosafety liabilities were given orally; subsequently, rats
were dorsally irradiated and the phototoxicity and MN frequencies in
epidermal skin cells were determined. The individual results will be
discussed. Importantly, in the absence of gross phototoxicity, no signif-
icant increases in photo-genotoxicity were observed (photo-micronu-
cleus evaluations are presented separately).  Results of the present
study indicate that the in vivo rat skin MN test allows the simultaneous
measurement of the phototoxicity and photogenotoxicity potential of a
test compound in the same animal. The in-life phototoxicity observa-
tions showed good concordance with the microscopic changes
observed histopathologically and were consistent with the relative
potencies observed for photo-genotoxicity. Additional work will be
required using different chemical classes to further validate the assay.

RA093
CHROMOSOME ABERRATION ASSAY IN SEPARATED
HUMAN LYMPHOCYTES – TOXICITY DETERMINATION
USING POPULATION DOUBLING
N Sumption, A Lad, M Burman, R W Rees, A M Lynch
Genetic Toxicology, Safety Assessment, GlaxoSmithKline, Park Road,
Ware, Hertfordshire, SG12 0DP, UK
Email: anthony.m.lynch@gsk.com

Current guidelines for the chromosome aberration (CA) assay limit
testing to concentrations that induce ≥50% mitotic inhibition. Recently,
population doubling (PD) is regarded as a more accurate estimation of
cytotoxicity, taking into account cell growth and stasis. This is impor-
tant as more accurate estimates of cytotoxicity may reduce the inci-
dence of false positives associated with mammalian cell genotoxicity
assays. To validate the PD method in human lymphocytes we compared
separated lymphocytes with whole blood. Average generation times
and control CA levels showed no difference between methods. To char-
acterise cell types & dynamics in separated lymphocytes over the 24-

70h culture period typical of the CA assay, individual cells were iden-
tified by cell surface markers: CD3, CD4 and CD8 (for T-lympho-
cytes), CD25 (T-cell activation), CD19 and CD56 (for B and NK-cells),
CD13 and CD14 (for monocytes and granulocytes), and monitored
using flow cytometry (FC) or Advia® 120. FC showed an increase in
CD3+ cells (and associated increases in CD4+ and CD8+ subpopula-
tions) from 24-70h with ~70% of cells co-expressing CD25 from 24
hours, indicating good T-cell activation. All other cell types (~20% of
total on day 0) remained quiescent so that < 9% of non-T-cells were
present between 48-70h of cultures. Advia® data confirmed growth of
lymphoid-type cells (2.2 fold increase from 48-70 h) with no prolifer-
ation of other cell types. Thus, T-cell lymphocytes are the only active
cell population under the conditions of the chromosome aberration
assay. Advia data was then collected for separated lymphocytes treated
with various tool compounds (Cyclophosphamide 3hr+S9, Mitomycin-
C 3hr-S9, Methyl methanesulfonate 20hr-S9, 2,4-Dichlorophenol 20hr-
S9) and analysed for CA. All treatments induced concentration depend-
ent decreases in PD of lymphoid cell numbers, which were highly
reproducible. Non-lymphoid cells were unaffected by compound treat-
ments and remained low during culture. Haematological identification
of cell types confirmed the Advia data and showed that ~97% of cells
analysed were T-cell lymphocytes. Based on these studies, we are con-
fident that PD measurements reflect only lymphocyte growth and
therefore present a reliable and reproducible measure of toxicity for the
chromosome aberration assay. 

RA094
THE LEGAL ISSUES OF APPLYING RISK MANAGEMENT
MECHANISM TO THE REGULATORY SCHEME OF TAIWAN
ENVIRONMENTAL LAWS
T Shenting 
Department of Real Estate & Built Environment, National Taipei
University
Email: hjtsai@mail.ntpu.edu.tw

Background: The Twenty-First Century is popularly known as an
epoch full of potential risks in various aspects.  To mitigate the impact
that could be caused on social systems (especially on legal system)
because of such potential risks, many countries regard risk manage-
ment as a major consideration in enacting their laws and regulations.
However, the issue here is the gap between the regulatory measure and
the actual situations.  To be specific, when the administrative agency is
taking responsive measures to potential risks, there should be applica-
ble legislative foundations for such measures. This paper aims to ana-
lyze the legal issues of applying risk management mechanism to the
regulatory scheme of Taiwan environmental laws Methods: The com-
parative legal analysis and the case studies. Results: To modern coun-
tries, when the government is confronting the risks, they need to adopt
effective ways to deal with their uncertainty and unpredictability.  In
generally, most countries are used to order, approve or ratify police
actions against risks with high certainty and material scale.  Therefore,
it is worthwhile to explore the issues related to the law and regulation
on risk management, such as the scope of restriction and the measures
of enforcement.  In this connection, the US courts usually will study
feasibility and cost on the enforcement measures so as to ensure that
such actions are in compliance with the principle of equalization and
proportion. Conclusions of the Study: To comply with the law princi-
ples of Constitutional Law and Administrative Procedural Act, a legal
basis for the administrative agency to exercise its rights will be
required, both on traditional risk management or modern risk manage-
ment.  In addition, the U.S. courts’ decisions regarding the judicial
reviews of risk regulations have illustrated several rules.  For example,
in the case of American Textile Mfrs. Inst., the courts recognized that
“unreasonable risk” statutes require a “generalized balancing of costs
and benefits”. And in the Lead Industries case involving a CAA regu-
latory standard: ”adequate margin of safety” as well as in the Vinyl
Chloride case involving ample margin of safety standard, the courts
refused to consider feasibility or cost.  Those are all important factors
to consider in the applications of risk mechanism in environmental
laws.
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RA095
AGRICULTURAL EXPOSURE AND THE MOLECULAR CON-
NECTION TO LYMPHOMAGENESIS
Y Lecluse (1), J Agopian (2), S Roulland (2), M Briand (1), AS
Lacauve (1), N Leveque (1),  E Niez (1), E Ruault (1), J-M Navarro (2),
A-C Gac (1), B Nadel (2), P Lebailly (1), P Gauduchon (1)
(1) Groupe Régional d’Etudes sur le Cancer, EA1772, IFR 146,
Université de Caen Basse-Normandie et Centre François Baclesse,
Caen,  France; (2) Centre d’Immunologie de Marseille-Luminy
(CIML), Institut National de la Santé et de la Recherche Médicale
(INSERM U631), Centre National de la Recherche Scientifique (CNRS
UMR6102), Université de la Méditerranée, Marseille, France.
Email: p.gauduchon@baclesse.fr

Non-Hodgkin lymphoma (NHL) is a heterogeneous group of malig-
nancies of largely unknown etiology. Increased risks of NHL have been
reported among farmers, regularly but not firmly associated with pesti-
cide use. The follicular lymphoma-associated translocation
t(14;18)(Bcl-2/JH), and the mantle cell lymphoma-associated one
t(11;14)(CCND1/JH), are early events in lymphomagenesis. t(14;18)+
clones are present in the peripheral blood of most healthy individuals,
where they can persist for years1. We showed that long-lived t(14;18)+
cells are mainly constituted by an atypical population of incompletely
maturated B-cells, closer to follicular lymphoma than was hitherto sus-
pected2. To investigate the potential causative link between agricultur-
al exposures and the risk of NHL, we measured t(14;18) and t(11;14)
translocations among farmers from a prospective cohort, and among
non-farmers from the same geographical area. The evolution of
t(14;18) frequency was followed over 9 years in a sample of 128 farm-
ers selected as pesticide users on crops at enrolment, and in non-farm-
ers. Whereas frequency slowly increased in the latter (+87%), a dra-
matic increase was observed for farmers (+253%). Contrary to non-
farmers, neither age nor ageing effects were found in farmers at enrol-
ment or follow-up. Extensive clonal expansions of activated t(14;18)+
B-cells, evocative of an immunogenic effect, was observed in most
farmers, while some of them displayed an accumulation of distinct
t(14;18) translocations. Some t(14;18)+ clones showed aberrant AID
activity linked to malignant progression, compatible with a follicular
lymphoma-like phenotype3. t(11;14)+ cells were present in the periph-
eral blood in 7% (2/28) of the non-farmers and in 6 % (3/48) of pesti-
cide users on crops. t(11;14)-positive clones with identical CCND1/JH
junction persisted over nine years. In two farmers, an expansion of
clonotypic B cells in the circulation, without appearance of new clones
was observed4. Altogether, these data provide a molecular connection
between agricultural exposures, translocation frequencies in blood, and
clonal progression.
1Roulland et al. Leukemia, 2006, 20,158–162;  2Roulland et al. J Exp
Med, 2006, 203, 2425–31
3Agopian et al. J Exp Med, 2009, in press; 4 Lecluse et al Leukemia,
2009, Feb 26

RA096
COMPARISON AND VALIDATION OF THE MICRONUCLEUS
ASSAY WITH AND WITHOUT CYTOCHALASIN B IN MAM-
MALIAN CELL LINES.
AD Thomas, SH Doak, GJ Jenkins, GE Johnson
Institute of Lie Sciences School of Medicine, Swansea University,
Swansea, SA2 8PP, UK 
Email: 364260@swansea.ac.uk

As a consequence of the reduced, refined and ultimate replacement of
animal usage in genetic toxicology, more emphasis has been placed on
in vitro assays. The in vitro micronucleus assay is one such test system,
and we are working with a number of European laboratories to stan-
dardise and validate the assay, as recommended in the late 2007 version
of the draft OECD Test Guideline 487. Cytochalasin B (CytoB) is used
in the cytokinesis block micronucleus (CBMN) assay is widely used to
assess chromosomal damage in cells that have undergone one cellular
division. The micronucleus assay can also be carried out without
CytoB in the non-CBMN assay, although this is less widely conducted
due to lack of control of mitotic kinetics. In this communication we
compare these two methodologies by testing the known spindle poi-

sons, vinblastine and diethylstilboestrol (DES) in both test systems in
CHO cells. Relative population doubling (RPD), relative increase in
cell count (RICC) and relative cell counts (RCC) were used in the non-
CBMN assay and the replicative index (RI) was used in the CBMN
assay. These measures were then compared and their implications for
dose selection are highlighted. Notably, RI exaggerated toxicity and
lead to a lower dose being selected to give 50% toxicity (vinblastine
0.7µg/ml; DES 4µg/ml), possibly due to temporary mitotic block. RCC
underestimated toxicity and lead to higher doses selected (vinblastine
>2µg/ml; DES >6µg/ml). Failure to detect known genotoxins (so called
false negatives) at doses selected using RPD is its main criticism for
use, however, in the following report, I have shown this is not the case.
This work supports the premise that RPD and RICC are appropriate
measures for the non-CBMN assay in vitro. We are also using this
information to help in our validation of both the CBMN and non-
CBMN assays using the Metasystems Metafer automated system.

RA097
DNA DAMAGE AFTER EXPOSURE TO DIFFERENT 
“NANOCLAYS”: COMPARISON OF FULLY AND 
SEMI-AUTOMATED COMET ASSAY SCORING.
ML Binderup (1), H Frandsen (1), J Sallette (2), AK Sharma (1)
(1) Department of Toxicology and Risk assessment, National Food
Institute,Technical University of Denmark; (2) IMSTAR SA, 60 Rue
Notre Dame des Champs Paris, France
e-mail: mobi@food.dtu.dk

The comet assay is a well established genotoxicity test and has been
used for many years for both in vitro and in vivo genotoxicity testing
of chemical compounds and mixtures. Nanoclays have a huge commer-
cial potential as reinforcing fillers to strengthen biopolymers. However,
the potential use of nanoclays in biopolymers cannot be fully appreci-
ated yet because of lack of knowledge about the potential health effects
of nanoclays. In this project two types of nanoclays, a natural montmo-
rillonite (Cloisite® Na+) and a modified montmorillonite (Cloisite®
30B) were tested for genotoxic potential by using the comet assay on
Caco-2 cells. Cloisite® 30B but not Cloisite® Na+ was genotoxic in
Caco-2 cells. In addition, we have synthesized the modifier in
Cloisite® 30B and it is being tested for genotoxic potential on Caco-2
cells. In order to get faster and more reliable comet assay results by
eliminating subjectivity, a fully automatic system was developed in
cooperation with Imstar. With this system it is also possible to increase
the number comets scored per sample, which will increase the statisti-
cal power of the assay. The IMSTAR Pathfinder automatic scoring sys-
tem was validated by comparing the results with a semiautomatic sys-
tem (Kinetic Imaging 5.0). This project (NanoPack) is a national fund-
ed project by NABIIT under The Danish Research and Innovations
Agency.

RA098
IN VITRO MICRONUCLEUS SCORING BY FLOW CYTOME-
TRY: A HIGH THROUGHPUT APPROACH PROVIDING
SIMULTANEOUS MODE OF ACTION
S Bryce (1), S Avlasevich (1), S Raja (1), D Torous (1), J Bemis (1), S
Dertinger (1)
(1) Litron laboratories Rochester, N.Y.
Email: sbryce@litronlabs.com
The in vitro micronucleus assay is becoming an important component
of genotoxicity testing batteries. Factors that have contributed to its
increased use include the simplicity of the endpoint, and its ability to
detect clastogens and aneugens. A further advantage of the assay is its
compatibility with automated scoring. Experiments herein were per-
formed to further evaluate the performance of the In Vitro MicroFlow®
flow cytometry-based method. Initial studies were performed utilizing
human TK6 cells which were treated for 27-30 hrs with 74 diverse
chemicals in a 96 well plate format. In the case of negative results, a
short term treatment in the presence of a rat liver activation system was
performed. The results correlated well with expected in vitro cytoge-
netics data: positive predictivity was 85.0%; negative predictivity was
90.6%. Further experimentation was performed using the attachment
cell line CHO-K1. For these experiments, 36 chemicals were treated
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for 24-27 hrs continuously in a 96 well plates. The positive and nega-
tive predictivity were 82.6% and 92.3% respectively. In addition to MN
frequency, mode of action signatures were evident in CHO-K1 cells.
Specifically, aneugens were observed to consistently i) generate larger
MN, as evidenced by increased DNA-associated fluorescence, and ii)
increase the frequency of hypodiploid nuclei. These data indicate that
flow cytometric scoring of micronuclei can be objectively accom-
plished for suspension or attachment cell lines in a high throughput for-
mat—(96 well plates and autoloader). Furthermore the method pro-
vides several concurrent measures of cytotoxicity, and appears capable
of discriminating between aneugenic and clastogenic modes of action.

RA099
A FIRST INTERLABORATORY TRIAL OF THE HEN’S EGG
MICRONUCLEUS (HET-MN) ASSAY AS A POTENTIAL
REPLACEMENT FOR THE IN VIVO MICRONUCLEUS TEST
(MNT)
K Schroeder (2), J Kreutz (2), D Greywe (1), N Banduhn (2), J Scheel
(2),  K Reisinger (2), N-P Lüpke (1) and T Wolf  (1)
(1) University of Osnabrück, Germany; (2) Henkel AG & Co. KGaA,
Düsseldorf, Germany;
Email: kerstin.reisinger@henkel.com

Existing in vitro genotoxicity tests exhibit a very low specificity.
Therefore, in vivo assays must be often performed to clarify the biolog-
ical relevance of the in vitro experiments. However, due to the EU 7th

Amendment to the Cosmetic Directive in vivo tests for cosmetic ingre-
dients are banned since March 2009. In addition, due to the new chem-
ical legislation REACH the number of in vivo mutagenicity assays will
increase by an estimated factor of 3 (Van der Jagt et al., 2004). Here we
investigate whether the Hen’s Egg Micronucleus (HET-MN) has the
potential to serve as a replacement method for the in vivo MNT. The
developing egg is studied since a long time as an alternative test sys-
tem to animal tests (Wolf et al., 1997, 2002, 2003, 2008). Since it is not
protected by a maternal organism it has to be already competent in
metabolising xenobiotics, like (pre)mutagens. In order to investigate
the predictability of the test system, the mutagenic potential of ten
compounds were tested in two independent laboratories: non-muta-
gens: isopropylmyristate, ampicillin, L-ephedrin; mutagens: p-
chloroanilin, malathion, cyclophosphamide, dimethylbenzanthracene;
presumably false-positive: isophorone, dichlorophenol; aneugen: car-
bendazim. The mutagenic, non-mutagenic compounds and the aneu-
gen, were correctly predicted by the HET-MN. The presumably false-
positive compounds were evaluated as non-mutagens in both laborato-
ries. The results are in line with in vivo MNT results. Their relevance
should be supported by testing additional compounds. In summary, the
HET-MN is a promising candidate for a prevalidation and might aid in
the replacement of in vivo testing.

RA100
PIG-A MUTATION AND MICRONUCLEUS SCORING BY
FLOW CYTOMETRY: INTEGRATION INTO AN ACUTE
DOSING SCHEDULE
S Phonethepswath, D Franklin, S Raja, D K Torous, S M Bryce, J C
Bemis, J T MacGregor, S D Dertinger

The integration of genotoxicity endpoints into toxicology studies has
the potential to significantly reduce animal usage. This laboratory has
developed techniques for monitoring two blood-based genotoxicity
endpoints (MN-RETs and gene mutation at the pig-a locus) using a
flow cytometric platform. The kinetics of the pig-a response to known
mutagens was characterized using N-ethyl N-nitrosourea (ENU), 7,12-
dimethyl-1,2-benz[a]anthracene (DMBA), 4-nitroquinoline-1-oxide,
benzo(a)pyrene, and N-methyl-N-nitrosourea, while concurrently
monitoring micronucleus induction. For all studies, treatment of Wistar
Han rats or CD-1 mice occurred on three consecutive days via oral
gavage (i.e., Days 1-3), with blood samples collected on Days -1 (rat
only), 4, 15, 30, 45 and 90.  For MN-RET measurements, blood was
stained and analyzed according to MicroFlow® Kit instructions.
Mutant phenotype erythrocytes and reticulocytes were measured follo-
wing staining with SYTO 13 in combination with either anti-CD59-PE

(for rats) or anti-CD24-PE (mice). Statistically significant increases in
%MN-RET were observed for all chemicals on Day 4. Mutant pheno-
type cells were not evident on Day 4, but significant increases were
observed on Day 15 for each chemical. The persistence of the respon-
ses were markedly different for these chemicals, which presumably
relates to the degree to which mutation is occurring in long-lived hema-
topoietic stem cells versus cells with limited self-renewal capacity.
These data support the integration of these complementary endpoints
into toxicology studies to provide valuable genotoxicity data while
reducing animal usage.

RA101
INDUCTION OF OXIDATIVE DNA DAMAGE AND 
MICRONUCLEI IN MICE CHRONICALLY EXPOSED TO
FURAN
G De Luca (1), MT Russo (1), P Leopardi (1), PT Cremona (1), P
Degan (2), T Pannellini (3), P Musiani (3) and M Bignami
(1) Istituto Superiore di Sanità; (2) IST-CBA, Genova; (3) University of
Pescara-Chieti, Chieti
Email: mariateresa.russo@iss.it

Furan is used as a solvent as well as an intermediate in the production
of organic-based compounds. It is also present as a contaminant of sev-
eral types of food and beverages. Chronic exposure to Furan induces
hepatocellular carcinomas and cholangiocarcinomas in mice and rats.
Because of contradictory results on Furan genotoxicity, both genotox-
ic and non-genotoxic mechanisms have been proposed to underlie the
carcinogenicity of this compound. Here we addressed the possible role
of oxidative DNA damage in liver toxicity as well as in genotoxicity
associated with Furan exposure. In a first approach this has been stud-
ied in a mouse strain (B6C3F1) where carcinogenicity of Furan was
previously investigated. Following daily oral administration of furan to
male mice for 5 weeks (5 days/week), DNA was isolated from several
organs and analyzed for the presence of 8-hydroxyguanine (8-oxoG) by
HPLC-EC. DNA 8-oxoG levels were unaffected by treatment in brain,
kidney, spleen and bone marrow, while the lung and the liver showed
significant increases when compared to controls (1.9-fold and 1.5-fold,
respectively). A trend of increased levels of this oxidized purine was
also observed in small intestine DNA (1.6-fold). Although no treatment
related increase in 8-oxoG levels was identified in the spleen, a signif-
icant increase in micronuclei was observed in splenocytes of Furan-
treated mice. We also investigated whether oxidative DNA damage
associated with furan exposure in a different strain of mice (C57Black)
or  in animals defective in the repair of this lesion (Ogg1-/-). In wild-
type C57Black mice, Furan induced a 2.3-fold and 1.6-fold increase in
8-oxoG levels respectively in lung and small intestine. No further
increases were observed in any organs of ogg1-/- mice. A clear geno-
toxic effects was again observed in splenocytes of Furan treated
C57Black mice, with no increases in DNA 8-oxoG levels of this organ.
These results suggest that in vivo exposure to Furan is associated with
a very limited amount of oxidative stress to DNA and Furan-associat-
ed chromosomal damage is independent from oxidative DNA damage.
The relationship between liver toxicity and accumulation of 8-oxoG is
currently under investigation. Acknowledgements: European
Commission 6th FP, project SSPE-CT-2006-44393.

RA102
GENETIC VARIATION AS A PREDICTOR OF SMOKING 
CESSATION SUCCESS USING ANTIDEPRESSANT THERAPY.
M Quaak (1,2), CP van Schayck (2), FJ van Schooten (1)
(1) Department of Health Risk Analysis and Toxicology, Maastricht
University, Maastricht, The Netherlands; (2) Department of General
Practice, Maastricht University, Maastricht, The Netherlands
Email: m.quaak@grat.unimaas.nl

Recent research strongly suggests that variation in genetic background
is an important determinant of smoking behaviour and addiction, and
might also influence efficacy of pharmacotherapies used for smoking
cessation. Generally, important risk factors related to smoking are vari-
ants in genes that influence the response to nicotine (e.g. nicotine
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metabolism and nicotinic receptors) and genes that may predispose to
addictive behaviour due to their effects on key neurotransmitter path-
ways (e.g. dopamine, serotonin, acetylcholine and β-endorphin).
Additionally, treatment efficacy might also be influenced by variants in
genes that influence the medication levels of smoking cessation thera-
pies (e.g. metabolism and secretion). The aim of the present study is to
investigate which genetic variants in these genes are associated with
the individual variance in smoking cessation success using the antide-
pressant drugs bupropion SR and nortriptyline. DNA samples were col-
lected from 217/255 adults participating in a randomized, double-
dummy, placebo-controlled trial on the efficacy of bupropion SR and
nortriptyline in smokers at risk for or with existing COPD. The primary
outcome measures are the level of nicotine dependence (determined by
the Fagerström Test of Nicotine Dependence; FTND), and prolonged
abstinence from smoking from weeks 4-12 (end-of-treatment), 4-26
and 4-52 after the target quitting date. A total of 36 single nucleotide
polymorphisms (SNPs) have been determined using the iPLEXTM

Assay (Sequenom®). Preliminary analyses show that several of these
genetic variants seem to influence the level of nicotine dependence and
prolonged abstinence rates using bupropion and nortriptyline. Thus,
smoking-related genetic variants seem to influence nicotine depend-
ence levels and treatment outcome of antidepressant therapy used for
smoking cessation and may therefore have therapeutic implications.

RA103
THE CYTOKINESIS BLOCKED MICRONUCLEUS CYTOME
ASSAY AND RISK PREDICTION OF LUNG CANCER
R El-Zein, MS Lopez, C Monroy, CJ Etzel, MR Spitz. 
The University of Texas M.D. Anderson Cancer Center, Houston, TX
Email: relzein@mdanderson.org

Tobacco smoke carcinogens and individual susceptibility play key roles
in determining risk of lung cancer. In a case-control study of 250 lung
cancer cases and 250 matched healthy controls, we used the cytokinesis-
block micronucleus (CBMN) assay, an established biomarker for DNA
damage and genomic instability, to evaluate individual susceptibility to
the tobacco-specific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK). We measured the frequency of baseline and NNK-
induced chromosomal damage endpoints (micronuclei [MN] and nucle-
oplasmic bridges [NPBs])/1000 binucleated cells. Our results showed
significantly higher levels of both baseline and NNK-induced chromoso-
mal damage in cases compared to controls (p<0.001). We then extended
our investigation to test the hypothesis that NNK-induced CBMN assay
is a sensitive predictor of lung cancer risk due to involvement of specif-
ic regions in the genome that are critical for lung carcinogenesis. Using
Fisher linear discriminant analysis (FLDA) we constructed a linear
model involving NNK-induced MN and NPB outcomes. We used
Spectral imaging (SKY) to identify the specific chromosomes involved
in the formation of baseline and NNK-induced MN and NPBs in cases
and controls that comprise the upper two quintiles of the distribution in
the FLDA model. Our results indicate that chromosomes 1, 2, 3 and 4 are
the main chromosomes involved in formation of baseline MN in pres-
ence of NPBs in the cases. Chromosomes 9, 13 and 16 are the main
source of baseline MN, while NNK induced MN at chromosomes 8, 15
and 21. Interestingly, NNK induced NPBs formation at chromosomes
8,11,15,19 and 21. These preliminary results suggest that NNK may
potentially induce damage at specific regions in the genome. Recently
chromosome 15 has been identified as the top hit for genomic associa-
tion with lung cancer through genome wide association studies and har-
bors genes that encode subunits of the nicotine acetylcholine receptor
which have affinity to nicotine. Additionally, association between lung
cancer development and chromosomes 8 and 21 have been reported. Our
results suggest that using this approach will allow for identification of
high-risk individuals. Supported by CA98549, CA 129050, ES07784

RA104
INVESTIGATION OF PARAMETERS BY IMAGE ANALYZING
SYSTEMS IN THE ALKALINE COMET ASSAY.
M Yamamoto, M Takashima, H Kurihara, A Wakata
Safety Research Laboratories, Astellas Pharma Inc., Osaka, Japan
Email: akihiro.wakata@jp.astellas.com

The alkaline Comet Assay (Single cell gel electrophoresis, SCGE,
assay) is a widely used to detect DNA damage and expected as an
effective in vivo genotoxicity test. For the comet assay, there, howev-
er, are various parameters to determine of the damage and several sys-
tems (softwares) to analyze, and each software gives a different numer-
ical value even when the same comet image is analyzed. Therefore, we
examined the differences in each parameter from softwares and effects
on decision of results. Method: TK6, human lymphoblastoid cells,
were treated with several concentrations of methyl methanesulfonate.
Comet slides were prepared by an alkaline condition (>pH 13.0), and
stained by Cyber gold. The same slides were analyzed by three image
analyzing systems (S1, S2, and S3) for Comet assay, what have own
camera and software. Results: Tail length, Tail intensity (% DNA in
tail) and Tail moment what are recommended parameters to assess a
DNA damage in the comet assay showed positive response by statisti-
cal analysis in all system, however, each system showed characteristic
value in each parameter as follows. Tail length: Each system showed
most characteristic values for this parameter, and there were large dif-
ference between each system. The difference were constant in all con-
centrations between one and others, values by S2 were longer than that
by S1 and values by S3 were longer than that by S2 with about 10 µm
difference. Tail intensity (% DNA in tail): S1 and S2 showed similar
values but values by S3 were about 20% higher than that by S1 and
S2.Tail moment: All systems showed similar values and manner.
Conclusion: Each analyzing system for the comet assay showed char-
acteristic numerical values for some comet parameters with significant-
ly difference from other systems, the parameters, however, could detect
a positive response in all systems. Therefore, difference in absolute
numerical value in the parameters from other systems is not a problem
when background value is well controlled. The tail moment was the
best parameter, because increasing ratio in positive response was max-
imum in all system used. Additionally, all systems showed similar val-
ues of the tail moment, therefore, it is useful when we compare among
data by different analyzing systems.

RA105
AN INVESTIGATION INTO THE EFFECTS OF ANEUGENS IN
THE MOUSE LYMPHOMA ASSAY 
D Kidd (1,2), M Johnson (1), P Fowler (1), J Sparrow (2), J Clements (1)
(1) Covance Laboratories Ltd, Otley Road, Harrogate, North
Yorkshire, HG3 1PY, UK; (2) Department of Biology, University of
York, Heslington, York, North Yorkshire, YO10 5DD, UK.
Email: darren.kidd@covance.com

The detection of aneugenic compounds in genetic toxicology assays is
essential due to their potential to cause cancer. The Mouse Lymphoma
Assay (MLA) is a mammalian gene mutation assay that is capable of
detecting a wide range of genetic damage ranging from point mutations
to large scale chromosomal events [Clive et al.Mut Res 59:61; Combes
et al.Mutagen 10:403], recombination [Liechty et al.Mutagen 13:461]
and possibly aneuploidy [for example: Honma et al.Mut Res 493:101].
To investigate the effects of aneugens on MLA cells, multiple end-
points were assessed. L5178Y Tk+/- cells were treated (with carben-
dazim or colchicine) in accordance with OECD TG 476, coupled with
a modified in vitro micronucleus assay (IVM) including antikineto-
chore staining. Resultant Tk-/- clones from the MLA were analysed for
microsatellite loss of heterozygosity (LOH) and whole chromosome 11
presence by fluorescent in situ hybridisation (FISH). Cell cycle param-
eters, necrosis and apoptosis were also assessed. MLA was positive for
carbendazim. For colchicine, mutant frequencies > Global Evaluation
Factor (GEF) were only observed at high toxicity levels (i.e. <10%
RTG). For both aneugens:
1) high % of micronuclei present at end of treatment were centromere-
positive 
2) LOH analysis revealed chromosomal damage but not potential ane-
uploidy in clones from treated cultures
3) cell cycle disruption was observed with some recovery seen over a
72 hour period
4) caspase-3 (apoptosis marker) showed dose-related increases across
the 72 hour (extended) recovery.
Further experiments with colchicine revealed increased levels of p53 at
doses showing elevated apoptosis. Preliminary results from p53-target-
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ed RNA interference experiments indicate that knockdown of p53
results in a decreased apoptotic response. These data show that aneu-
gens can cause cell cycle delay and apoptosis (which appears to be p53-
mediated) in MLA cells. The probability of the MLA to detect loss of
Tk1b could be greatly reduced due to the apoptosis-mediated clearance
of irregular / damaged cells during the expression period. Therefore,
caution should be exercised when interpreting data from this com-
pound class in the MLA.

RA106
PRACTICAL THRESHOLD FOR MICRONUCLEATED
RETICULOCYTE INDUCTION OBSERVED FOR LOW
DOSES OF ACRYL AMIDE AND POTASIUM BROMATE BY 
ACRYDINE ORANGE SURPRAVITAL STAINING AND FLOW
CYTOMETER METHODS
N Asano (1), D K Torous (2), C R Tometsko (2), S D.Dertinger (2), M
Hayashi (3)
(1) Toxicological Research Center, Nitto Denko Corporation, Osaka, Japan,
(2) Litron Laboratories, Rochester, NY, USA,  (3) Genetics and Mutagenesis,
National Institute of Health Sciences, Tokyo Japan Present address: (1)
Osaka Jogakuin College, Osaka, Japan; (3) Biosafety Research Center,
Foods , Drugs, and Pesticide, Shizuoka, Japan
Email: asano2001nri@ybb.ne.jp

Micronucleus induction was studied for the clastogens acryl amide
(AA) as contaminant in fried food and Potassium bromate (KBrO3)
used as a flour improver in order to evaluate the dose–response rela-
tionship at very low dose levels. We selected 100mg/kg as a high dose
level for both AA and KBrO3. The six dose levels were spaced by the
square root 10 for AA and by the 2 for KBrO3 with 7-week healthy
CD1 male mice. Solvent control was assigned to each experiment as
reference. The acridine orange (AO) supravital staining method was
used for fluorescence microscopy and the anti-CD71-FITC based
method was used for flow cytometric analysis. In the AO method, 2000
reticulocytes were analysed as commonly advised, but in the flow cyto-
metric method, 2000, 20 000, and 200 000 reticulocytes for AA and
2000, 20000, 200000, and 1 000 000 reticulocytes for KBrO3 were
analysed for each sample to increase the detecting power (i.e. sensitiv-
ity) of the assay. The present data show that increasing the number of
cells scored increases the statistical power of the assay when the cell
was considered as a statistical unit. When the animal was considered as
a statistical unit, only the top dose group for each chemical showed sig-
nificant increase of micronucleated reticulocytes frequency. As non-
linear dose–response curves were obtained for each of the two chemi-
cals studied, these observations provide evidence for the existence of a
practical threshold for the DNA target clastogens studied.

RA107
TOWARDS STRATEGY FOR RISK ASSESSMENT OF 
GENOTOXIC AND CARCINOGENIC TRACE SUBSTANCES
IN FOOD: IN VIVO GENOTOXICITY OF MYOSMINE
ET Mirkova (1), GV Gorneva (2)
(1) National Center of Public Health Protection, Sofia, Bulgaria; (2) Bulgarian
Academy of Sciences, Institute of Molecular Biology, Sofia, Bulgaria
Email: e.mirkova@ncphp.government.bg

Rapidly increasing rates of esophageal carcinoma in EU population
raised questions on health risk assessment of myosmine, 3-(1-pyrro-
line-2-yl)pyridine,a naturally occuring minor alkaloid in widely con-
sumed foods (cereals, fruits, vegetables, milk).Endogenously formed
dihydroxypyridylbutatone-releasing DNA and protein adducts of
dietary myosmine are the same as the ones of the human esophageal
carcinogen N-nitrosonornicotine. Myosmine is genotoxic in in vitro
COMET assay to human esophageal adenocarcinoma cell lines, human
lymphocytes and upper aerodigestive tract epithelial cells.There is no
published data on in vivo genotoxicity of myosmine. The present
mouse bone marrow micronucleus (MN) studies on myosmine are car-
ried out using the alternative protocol of the in vivo MN assay (OECD
TG 474)in BALB/C male mice.A range of single-1000,500,250 and
125 mg.kg b.w, and repeated oral doses of myosmine- 200,100 and 50
mg.kg b.w.(3 consecutive daily treatments at 24 h)were tested and bone

marrow was sampled at 24h and 48 h after single dosing and 24h after
the last subacute oral dose. Myosmine is established as active in the
mouse bone marrow MN assay at 24h and 48 h sampling times follow-
ing oral exposure to highly toxic doses of 1000 (MTD) and 500 mg.kg
b.w. as well as non-toxic dose-levels of 250 and 125 mg.kg b.w., induc-
ing significant 2-4 times increased MN frequencies as compared to the
negative control groups. The most pronounced cumulative MN activi-
ty of myosmine was obtained in the subacute treatment regimen with
no signs of myelotoxicity.Myosmine induced 1.4-3.6 times increased
MN frequencies at all test doses of myosmine with dose-effect relation-
ship. Our results proved that in vivo MN assay is appropriate when fol-
low-up testing is needed for risk assessment with potential genotoxic
trace substances in food. The financial support of the Bulgarian
Ministry of Sciences is acknowledged(Grant TKL 1608-06)

RA108
HEPARG® CELL LINE: A NEW MODEL FOR THE 
DETECTION OF REACTIVE CHEMICALS AND FOR THE
POSSIBLE IDENTIFICATION OF CYTOTOXIC AND 
GENOTOXIC COMPOUNDS
C Chesné (1), Ruo Li (1), S Camus (1), C Guillouzo (2), N Rougier (1)
(1) Biopredic International, Rennes France; (2) INSERM, U522,
Hôpital Pontchaillou, Rennes, France
Email: amaury.lachaud@biopredic.com

The human HepaRG® cells represent the first human hepatoma cell
line able to differentiate in vitro into hepatocyte-like cells and display
several hepatocyte like functions at levels comparable to those measu-
red in primary human hepatocyte cultures. Several lines of evidence
have demonstrated that HepaRG ® cells exhibit (i) a hepatocyte-like
morphology; (ii) a greater metabolic competence for phases I and II
enzyme activities; (iii) a concomitant expression of hepatic influx and
efflux transporters; (iv) a good inducibility on drug metabolizing
enzymes (Aninat et al, 2006; Le Vee et al, 2007; Kanebratt KP et al,
2008). Recent results suggest that HepaRG® cell line could be used as
a promising in vitro and long-term hepatocyte model for:
- investigation of enzyme induction in drug discovery 
- evaluation of hepatic drug transport function 
- characterization of hepatotoxic effects of cholestatic and steatotic
molecules
- identification of cytotoxic and genotoxic compounds

RA109
STATISTICAL  ANALYSIS  OF  ENVIRONMENTAL  FACTORS
ON THE  INCIDENCE  OF  GASTRIC  CANCER  IN  COSTA
RICA.
V Montero (1), J Camacho (2), F Masís (1)
(1) Research Center CEQIATEC. Instituto Tecnologico de Costa Rica;
(2) Doctoral Program in Natural Science for Development. Instituto
Tecnológico de Costa Rica
Email: vmonterocampos@gmail.com

Costa Rica from 1983 to 1997 showed the highest mortality from gas-
tric cancer in the world in 30 countries including Japan and China,
although, it has fallen remains one of the countries with the highest
incidence and mortality in gastric cancer the world. It is now accepted
that Helicobacter pylori´s infection plays a causal role, this bacterial
infection is acquired in childhood and persists for many decades unless
people are treated with antibiotics, is also classified by the International
Agency for Research on Cancer (IARC) as carcinogenic to humans.
Costarican incidence is totally geographical, the provinces in the cen-
ter of the country have highest rate than the provinces of the coast, this
pathology is  considered multicausa. Research of Sierra showed that in
a zone of high incidence Cartago province, the 90% of the people have
positive antibodies against H pylori.Aims: Establish statistical correla-
tions between rates of high and low incidence of gastric cancer with
geophysical environmental factors related to survival and acquisition
of Helicobacter pylori in water consumption population. Methods: It
visit either the 10 cantons with the highest incidence and 10 cantons
with lower incidence of gastric cancer and collects the following infor-
mation: altitude, temperature, soil type, type of water used and
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Operator of the Aqueduct Authority. Searched statistically significant
correlations between variables. RESULTS: Determines that there are
important and significant correlations by Pearson Correlation
Coefficient between gastric cancer incidence and  altitude  of 0.867,
temperature 0, 853, and the source of water 0.651, while the Linear
Regression Coefficient between incidence and temperature was R2 =
0.728. It was conducted a Fisher exact test to assess the level of inde-
pendence between incidence and Operator of the Aqueduct Authority
of water, and concluded that a relationship exists between variables.
Conclusions: From the above it is clear that for the Costa Rica´s case,
it  is possible to prevent this pathology and to reduce effectively the
incidence of gastric cancer. Water consumption should be avoided
without proper treatment chlorination, prevents the transmission of H.
pylori under conditions given for his specific development.

RA110
FUTURE APPLICATION OF GENETIC TOXICITY ASSAYS
R Elespuru1, R Agarwal2*, A Atrakchi2*, A Bigger2*, R Heflich3*, D
Jagannath4* D Levy5, M Moore3*, Y Ouyang2*, T Robison 2*, M
Cimino6*, K Dearfield7*
1CDRH, 2CDER, 3NCTR, 4CVM, 5CFSAN (all FDA), 6USEPA,
7USDA
Email: 

With the advent of new technologies (e.g. genomics), new regulations
(e.g. the European changes required by REACH), and new or revised
genotoxicity tests and standards, the field of regulatory genetic toxicol-
ogy is in a state of transition.  We offer an analysis of current methods
for evaluating mutagenic risk using the standard genotoxicity test bat-
tery, and summarize information on new assays that may be valuable
additions to genetic toxicity testing schemes.  We point out that the
standard genotoxicity test battery, including in vitro mammalian cell
assays, was developed for hazard identification, that is, to detect the
largest number of mutagenic and carcinogenic substances, both known
and new.  Given that large numbers of new molecular structures are
being produced via high-throughput technologies, this hazard-identifi-
cation approach would still appear to be valid.  A summary of the uses
of genotoxicity data in different U.S. regulatory centers/agencies is
provided as a framework for this perspective.  Issues related to the role
and value of in vitro mammalian cell genetic toxicity assays were dis-
cussed recently (Elespuru et al., Toxicological Sciences 2009).  These
included the validity of test results that are (1) weak positives, (2) asso-
ciated only with considerable toxicity, (3) seen only at high concentra-
tions, (4) not accompanied by positive results in the other tests of the
standard test battery, and/or (5) not correlating well with rodent car-
cinogenicity tests.  While highly valuable, long-term bioassays have
their own limitations as surrogates for human cancer risk.  Thus we
believe concordance with rodent carcinogenicity is not the only stan-
dard against which short term genetic toxicity tests should be meas-
ured.  Until the advent of effective direct human biomonitoring to
assess mutagenic and carcinogenic potential, we suggest that a consid-
eration of mechanisms is appropriate and feasible, given the develop-
ment of new analytical technologies in genetics and genomics.
*The views and opinions expressed are solely those of the authors and
are not official policy of the affiliated institutions.

RA111
PERIPHERAL BLOOD LYMPHOCYTE ASSESSMENT OF
CHROMOSOME ABERRATIONS IN HUMAN VOLUNTEERS
DOSED WITH SUMATRIPTAN 85MG FORMULATED WITH
RT TECHNOLOGY/NAPROXEN SODIUM 500MG
(SUMART/NAP) 
AM Lynch (1), F Derosier (2), E Orlemans (3)
(1) Genetic Toxicology, Safety Assessment, GlaxoSmithKline, Park
Road, Ware, Hertfordshire, SG12 0DP; (2) GlaxoSmithKline, RTP, NC,
USA; (3) POZEN Inc., Chapel Hill, NC, USA
Email: anthony.m.lynch@gsk.com

A study was performed to assess the production of metaphase chromo-
some aberrations (CA) in peripheral blood lymphocytes (PBL) in
human volunteers after dosage of SumaRT/Nap or naproxen sodium

500mg versus placebo. Non-smoking healthy volunteers (22 male, 20
female) aged 19-35 were randomized to SumaRT/Nap, naproxen, or
placebo BID for 7 days.  Study dosing reflected the maximum thera-
peutic dose allowed in any previous SumaRT/Nap study whilst the
duration of dosing was used to mimic chronic dosing conditions.
Consistent with OECD guidelines for CA in non-clinical safety studies,
10 subjects (5 per gender) were selected per treatment arm for the pri-
mary analysis. Pre-and post-dosing PL CA frequency (PLCAF), aver-
age generation time (AGT) and mitotic index (MI) were determined.
Blood samples were collected on days 8 (determination of MI and
PLCAF), and 9 (determination of AGT) and cultured. Metaphase cells
(200) were analysed per subject. Positive control slides were randomly
inserted to confirm the ability to identify a positive response and
showed unequivocal increases in aberrant cells. Neither pre-dose nor
24 hour (day 8) comparisons between SumaRT/Nap or naproxen sodi-
um with placebo demonstrated statistically significant differences in
mean CA frequencies (- gaps). This is consistent with a lack of treat-
ment-related clastogenicity.  In all cases, both the pre-dose and 24 hour
(day 8) post-dose CA frequencies (- gaps), for all treatment groups, fell
within the laboratory historical control range (observed range) for stan-
dard in vitro CA assays using human PBL [(0-5% males, 0-4% females
for aberrant cells (-gaps)]. Therefore, it was concluded that no treat-
ment-related clastogenic effects were detected with SumaRT/nap or
naproxen, as compared to placebo, following 7 days of treatment in
healthy human volunteers.

RA112
CHROMOSOME ABERRATIONS IN WORKERS EXPOSED
TO ORGANIC SOLVENTS: INFLUENCE OF 
POLYMORPHISMS IN XENOBIOTIC-METABOLISM AND
DNA REPAIR GENES
L S Hoyos-Giraldo (1), S Carvajal (1), N Cajas-Salazar (1), M Ruíz (2),
A Sánchez-Gómez (3).
(1) Department of Biology, Research Group Genetic Toxicology and
Cytogenetics, Faculty of Natural Sciences and Education, Universidad del
Cauca, Popayán, Cauca, Colombia; (2) Department of Morphology, Research
Group Health and Work, Faculty of Health Sciences, Universidad del Cauca,
Popayán, Cauca, Colombia; (3) Department of Physiologic Sciences, Faculty
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Organic solvents are widely used as diluents or thinners for oil-paints,
gasoline and other organic mixtures. We evaluated chromosome aber-
rations (CAs) in lymphocytes of 200workers exposed to organic sol-
vents and 200 referents and the influence of polymorphisms in xenobi-
otic-metabolism (CYP2E1, GSTM1 and GSTT1) and in DNA repair
genes (XRCC1194 Arg/Trp, XRCC1280 Arg/His, XRCC1399 Arg/Gln
and XRCC3241 Thr/Met). Polymorphisms were determined by
PCR–RFLP. Poisson regression analysis indicates a significant CA fre-
quency increase in exposed workers, representing a higher risk in rela-
tion to the matched referent (RR 2.15, 95% CI 1.21–1.53, p < 0.001).
The CA frequency in exposed workers was influenced by the polymor-
phic genotypes: GSTM1 null (RR 1.33, 95% CI 1.31–1.69, p < 0.001),
XRCC1194 Arg/Trp, Trp/Trp (RR 1.23, 95% CI 1.08–1.40, p < 0.001)
and by the wild genotypes CYP2E1 C1/C1 (RR 1.20, 95% CI
1.05–1.37, p < 0.001), GSTT1 positive (RR 1.49, 95% CI 1.31–1.69, p
< 0.001), XRCC1280 Arg/Arg (RR 1.44, 95% CI 1.26–1.64, p < 0.001)
and XRCC1241 Thr/Thr (RR 1.54, 95% CI 1.34–1.76, p = 0.001).We
contribute to the follow-up predictive value of individual susceptibili-
ty biomarkers and their CA frequency influence during occupational
organic solvent exposure. We provide tools for surveillance and pre-
vention strategies to reduce potential health risks in countries with a
large population of car painters not using protection devices and limit-
ed organic solvents use control.
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This work is part of a Carcinogenomics Project funded by the European
Union which aims to develop genome-wide transcriptomics and
metabonomics in vitromodels for testing and prediction of the carcino-
genic potential of chemical compounds. Initially NRK-52E cells (nor-
mal rat kidney cell line) were characterized. Giemsa karyotyping
analysis showed no structural abnormalities and normal number of
chromosomes. However, cytochrome P450 activity using a range of
substrates showed no xenobiotic metabolizing capability in NRK-52E
cells. Next the cytotoxicity of several genotoxic and non-genotoxic car-
cinogens using two assays MTT and LDH release were determined.
NRK-52E cells were grown in 96 well-plates in Dulbecco’s Modified
Eagle’s Medium without serum and then exposed to genotoxic
[dimethylnitrosamine (DMN), benzo(a)pyrene (BaP), 2-nitrofluorene
(2NF), potassium bromate (KBrO3), streptozotocin (STZ)] and non-
genotoxic [ochratoxin A (OTA), monuron (M), chlorothalonil (CT),
bromodichloromethane (BDCM) and S-(1,2-dichlorovinyl-L-cysteine)
(DCVC)] compounds that cause an increased incidence of renal tubule
tumours in rats. Non-carcinogenic compounds- negative controls
(nifedipine, tolbutamide, D-mannitol and sodium diclofenac) were also
examined. The concentration that caused 10% toxicity (IC10) after 72h
exposure with the most sensitive assay was established (n=3) and will
be used for transcriptomics and metabonomics. IC10 at 72h for geno-
toxic compounds was obtained for 3 out of 5 compounds and was
20µM for 2NF, 40µM for BaP and 500µM for KBrO3. IC10 for 72 h
for non-genotoxic compounds was 0.75µM for OTA, 0.8µM for CT,
5µM for DCVC, 250µM for BDCM and 400�M for M. Additionally
an in vitro micronucleus assay (MN) was conducted in NRK-52E cells
at the IC10 for 24h to assess any DNA damage caused by these com-
pounds. No increase in micronuclei was seen with BaP or 2NF suggest-
ing lack of bioactivation, in contrast to in vivo / in vitro experiments. In
summary, we have determined doses and MN data with some of these
carcinogens to enable us to start transcriptomics and metabonomics,
however for some genotoxic carcinogens we need to increase the meta-
bolic capability of NRK-52E cells in order to try and obtain a MN
response.
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