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ILSI Health and Environmental Sciences Institute
 HESI Application of Genomics to Mechanism-Based Risk Assessment Technical Committee
 Update: June 2012
 Collaborative Experimental Approaches to Improved Risk Assessment
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ILSI Health and Environmental Sciences Institute
 Committee Leadership
 Dr. Jiri Aubrecht (Pfizer Inc.) Dr. Richard Paules (NIEHS)
 Dr. Raegan O’Lone, Staff Ms. Regina Graham, Staff
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ILSI Health and Environmental Sciences Institute
 Committee Participation Affiliations • Merck & Co. Inc. • Michigan State University • Novartis Pharmaceuticals • Pfizer Inc. • sanofi-aventis • Sumitomo Chemical Co. Ltd. • Syngenta Ltd. • Takeda Pharmaceutical Company Limited • University of Minnesota • US Army • US Department of Agriculture • US Environmental Protection Agency • US Food and Drug Administration • US National Institute of Environmental Health
 Sciences
 • Abbott Laboratories • Actelion Pharmaceuticals Ltd. • Allergan Inc. • Amgen Inc. • Astellas Pharma Inc. • AstraZeneca Pharmaceuticals • Bayer HealthCare Pharmaceuticals • Boehringer Ingelheim GmbH • Bundesinstitut fuer Arzneimittel und Medizinprodukte • Daiichi Sankyo Co. Ltd. • Eli Lilly and Company • European Medicines Agency • Exiqon • Georgetown University • Health Canada • Institute de Recherches Internationales SERVIER • Johnson & Johnson Pharmaceuticals • Maastricht University
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ILSI Health and Environmental Sciences Institute
 • Advance the scientific basis for the development and application of genomic methodologies
 • Facilitate public discussion and information dissemination on the use of genomics as a tool to characterize mechanism of action and facilitate safety assessment of drugs and chemicals.
 APPLICATION OF GENOMICS TO MECHANISM-BASED RISK ASSESSMENT TECHNICAL COMMITTEE
 Mission

Page 5
                        

ILSI Health and Environmental Sciences Institute
 About the Genomics Committee
 • One of HESI’s longest standing and largest projects, ongoing since 1999
 • Large, multisector, international group of participants allows for
 broad potential impact
 • Over 20 publications in the peer reviewed literature since the committee’s inception; over 600 citations
 • Programs involving technology evaluation, original data
 generation, and application of data and experience to the practice of risk and safety assessment
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ILSI Health and Environmental Sciences Institute
 Current Genomics Committee Programs
 • Baseline Animal Reference Toxicogenomics Data Exchange –
 identification of sources of variation in toxicogenomics studies
 • Evaluation of Mouse Models of the Human Population (MMHP) as a tool for detecting and understanding mechanisms that underlie drug-induced toxicity
 • Mechanism-based Markers of Toxicity (doxorubicin study) – inform study design strategies for toxicogenomics studies
 • Qualification of a genomic biomarker approach to provide context to positive findings in in vitro chromosome damage assays
 • Use of microRNAs for toxicological applications
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ILSI Health and Environmental Sciences Institute
 I. Use of the Mouse Model of the Human Population to Investigate Mechanisms of Drug-induced Injury
 Explore the use of a genetically diverse panel of mice (known as the Mouse Model of the Human Population or MMHP) for detecting and understanding the mechanisms of drug-induced toxicity Collaboration extending an existing external project investigating idiosyncratic drug-
 induced liver injury.
 Committee contributions Gene expression profiling of samples from the mouse panel Assessment additional phenotypic endpoints that were not in the original study
 design but would aid in characterizing the underlying mechanism Workshop to further discuss learning from the study and potential utility for this model
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ILSI Health and Environmental Sciences Institute
 Drug Exposure (3 Days):
 Isoniazid 100
 mg/kg po daily
 Endpoints: 1. Histopathology, H&E – Hamner/EPL 2. Adipophilin, IHC - Pfizer 3. ALT, liver triglycerides – Hamner 4. Liver cholesterol - Pfizer 5. Cytokine profiles – J&J 6. miRNA (miR-122) Expression - J&J 7. Trascriptomics – Hamner 8. GWAS – Pfizer 9. Metabolomics - RTI
 Colla
 bora
 tions
 Inbred Mouse Strains 129S1/SvImJ LP/J A/J MA/MyJ AKR/J MRL/MpJ BALB/cJ NOD/LtJ BTBR T+ tf/J NON/LtJ BUB/BnJ NOR/LtJ C3H/HeJ NZB/B1NJ C57Bl/6J NZW/LacJ C57BLKS/J P/J C57BR/cdJ PL/J C58/J PWK/PhJ CBA/J RIIIS/J CE/J SEA/GnJ DBA/2J SJL/J FVB/NJ SM/J I/LnJ SWR/J KK/HIJ WSB/EiJ LG/J
 Isoniazid in vivo Experimental Design
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ILSI Health and Environmental Sciences Institute
 ϒ: BALB/cByJ is the only strain that exhibits treatment-related hepatocytic microvesiculation for which the pattern is multifocal, rather than diffuse. Therefore, it should not be interpreted as having no steatosis.
 *represents P<0.05 for two-tailed t-test within each strain
 LG/J (400X)
 Vehicle INH
 Isoniazid - Steatosis Severity Scores
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ILSI Health and Environmental Sciences Institute
 Genomic Loci Identified Using EMMA (Left: Cholesterol; Right: Triglyceride)
 Green: control Purple: treated
 Green: control Purple: treated
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ILSI Health and Environmental Sciences Institute
 Overlapped Genes from Triglyceride and Cholesterol GWAS
 INH-TG 153
 INH-Cholesterol 60 1
 COL4a6: collagen, type IV, alpha 6
 Alpha 6 is one of the subunits of Type IV Collagen
 Increased expression of COL4a6 is observed in DBA/2J mice following induction of NASH (nonalcoholic steatohepatitis) relative to a mouse strain (C57BL/6J) less-sensitive to development of NASH (Pogribny et al., 2010)
 Type IV Collagen 7s domain is an independent clinical marker of the severity of fibrosis in patients with NASH prior to the cirrhotic stage (Yoneda et al., 2007) The 7s domain is part of every subunit in the Collagen family
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ILSI Health and Environmental Sciences Institute
 • Manuscript of preclinical results in preparation • Follow-up analysis of GWAS and transcript profiling results on-going • Transcriptomic study of liver has been performed and results being
 evaluated
 • Additional endpoints, data generated was not informative • Cytokine profiles and miR-122 in the serums showed no significant
 changes due to Isoniazid treatment • Adipophilin levels in the liver were evaluated (by IHC) did not identify
 quantitative differences due to high background variability between strains
 • Correlation with clinical/human datasets • Hamner collaboration with Shanghai CDC, ~1000 patients recruited,
 isoniazid treatment ongoing • Compare to human whole exome sequencing data from a 35 patient
 INH-DILI cohort (Tom Urban, Duke University)
 Isoniazid Summary and Future Plans
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ILSI Health and Environmental Sciences Institute
 Engages stakeholders in qualification of the genomic biomarker approach for providing risk and relevance assessment for regulatory use via the biomarker qualification process as outlined by the FDA.
 II. Qualification of a Genomic Biomarker Approach for Providing Mechanistic Context to Positive Findings in the in vitro
 Chromosome Damage Assays
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ILSI Health and Environmental Sciences Institute
 DNA damage Chromosome damage
 Point mutations Cancer in animals
 Genotoxicity testing • Required for IND • Genetox battery • Cost: $60K/cmpd • Time: 1-3 month
 Carcinogenicity testing • Required for NDA • 2-year bioassay • Cost:$3M/cmpd • Time: 3 years
 Non-genotoxic mech. Proliferation Regener. hyperpl. Hormone changes Nuclear hormone receptor activation Epigenetics miRNA Methylation
 Cancer risk in humans
 • Evaluating genetox and carci data
 • Mechanistic studies • Epidemilogical
 studies • IARC process • Cost: ??? • Time: decades
 Genetics & health Genetic Susceptibility Disease state, stress
 Environment Food Pollutants
 Evaluating carcinogenicity of chemicals
 • Irrelevant positives in in vitro chromosome damage assays – High sensitivity, but low specificity of genetox testing – 30% lead chemical matter positive in in vitro chromosome damage assays
 • Risk management costly and time consuming studies with uncertain outcome – Drugs, environmental chemicals, cosmetics – cannot use laboratory animals 3R
 • Lack of mechanistic insights limits human risk assessment
 http://www.flickr.com/photos/-kirra-/327930046/
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ILSI Health and Environmental Sciences Institute
 Approach • Keep sensitivity high with the current testing battery
 • Address low specificity via toxicogenomic analysis of genotoxic stress response (genomic biomarker approach) – Gaining insights into mechanisms (pathways) – Differentiate thresholded vs. non-thresholded dose response (DNA reactive
 vs. non-reactive)
 • Integration of Genomic biomarker approach as part of Option 1 – Corresponds with current in vitro genetox testing – In vitro, fast, inexpensive, amenable to use in early discovery, – Decrease animal usage 3R – Proposal and case study published
 • Goodsaid F. et al: Voluntary exploratory data submissions to the US FDA and the EMA: experience and impact. Nat Rev Drug Discov. 2010 Jun;9(6):435-45.
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Proposed Application of Toxicogenomic analysis for Risk Assessment of Genetox in vitro Positive Findings
 In vitro chromosomal damage assay
 • No genotoxicity concern • Standard genetic
 toxicology battery negative
 Toxicogenomics to identify pathways
 associated with DNA reactive mechanisms
 • Risk benefit analysis • Extensive in vivo testing • May lead to early assessment
 of oncogenicity
 • No or limited in vivo follow-up needed
 • Safety margin argument
 Standard oncogenicity testing
 No oncogenicity concern
 Non-genotoxic mechanism
 negative positive
 Non DNA reactive DNA reactive
 positive
 negative
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ILSI Health and Environmental Sciences Institute
 Toxicogenomic analysis of stress response in cultured cells provides insights into toxic mechanisms
 • Metabolism • Protein perturbations
 • NFKB signaling
 • p53 Signaling • Cell Cycle: G2/M DNA Damage
 Checkpoint Regulation
 • Endoplasmic Reticulum Stress Pathway • p38 MAPK Signaling
 • Glycine, Serine and Threonine Metabolism
 • Oxidative Stress Response • p53 Signaling
 • Acute Phase Response Signaling
 Li, Hyduke, Aubrecht and Fornace
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Genomic Biomarker Qualification Plan: Compound Selection 6 mechanistic classes (70 compounds)
 *
 1. Genotoxicants that interact directly with DNA 2. Genotoxicants that interact indirectly with
 DNA (topoisomerase inhibitors, DNA intercalators, nucleoside analogues)
 3. Genotoxicants that interact indirectly with DNA (effect on cell cycle and mitotic apparatus)
 4. Non-DNA reactive chemicals (in vitro negative)
 5. Irrelevant positives 6. Pathway compounds
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ILSI Health and Environmental Sciences Institute
 Timeline
 08 06 11
 VXDS (PFE) Context of use
 10
 FDA Briefing
 Qual. Plan Letter of intent
 •Raised$250K •RFP-Al Fornace
 09 12 13
 Experimental conduct
 Qualification with FDA
 Evaluation of time course and dose response (HESI)
 07
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ILSI Health and Environmental Sciences Institute
 Key Accomplishments
 • Developed Biomarker qualification plan • Issued RFP and selected a laboratory to conduct the
 experimental program • Raised funds ($250K) • Issued letter of intent for qualification of a genomics
 biomarker approach to the FDA (1Q 2010). • Submitted qualification plan to the FDA (2Q 2011). • Met with the FDA Biomarker Qualification Review Team
 to discuss the qualification plan (2Q 2011). • Executing experimental program (2Q 2011).
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ILSI Health and Environmental Sciences Institute
 Anticipated Impact
 Qualified assay for follow up to positive findings in chromosome damage assays that significantly simplify in risk assessment Pharmaceutical, chemical, cosmetics, environmental
 Reduction of “irrelevant positives” Provide insights into genotoxic mechanism
 Potential to replace genotoxicity testing battery
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