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Toxicogenomics - a new paradigm of toxicology and birth of reverse toxicology

Y oko Hirabayashi* and Tohru Inoue

Toxicogenomics is, similar to other genome science fields, based on DNA microarray and/or DNA chip
technologies, which has enabled a large number of gene expressions, thus, have been applied to such
functional genomics as pharmacogenomics, oncogenomics, proteomics, metabonomics, etc. Toxicogenomics
has advantages such as deducing the number of test animals and the test period, and adopts simpler techniques
using new biomarkers. What toxicogenomics can offer to conventional toxicology is given herein.
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i Toxicogenomics is a new scientific field that elucidates how the
entire genome is involved in biological responses of organisms
exposed to environmental toxicants/stressors. Toxicogenomics
combines information from studies of genomic-scale mRNA
profiling (by microarray analysis), cell-wide or tissue-wide protein
profiling (proteomics), genetic susceptibility, and computational
models to understand the roles of gene-environment interactions
in disease. The National Center for Toxicogenomics (NCT) is a
coordinated, multi-disciplinary research program of the National
Institute of Environmental Health Sciences (NIEHS), National
Institutes of Health (NIH). The goal of this document is to specify

the mission, goals and operational scheme of the NCT,

http://www.niehs.nih.gov/nct/concept.htm 238,
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Table 1: GeneChip® expression arrays: Rat Toxicology U34 Array

Included on Array

Examples

Metabolism Enzymes

Growth Factors and Receptors
Kinases and Phosphotases
Nuclear Receptors
Transcription Factors

DNA Damage Repair Genes
Apoptosis Genes

Stress Response Genes
Membrane Proteins

Cell-cycle Regulators

CYP450s, acyltransferases, sulfotransferases, etc.
IGFs, Interleukins, NGFs, TGFs, VEGF, etc.

Lipid kinases, MAPKs, Stress-activated kinases, etc.
Retinoic acid, Retinoid X, PPARs, etc.

Oncogenes, Stats, NF-kappa B, Zinc-finger, etc.
Polymerases, Topoisomerases, GADDs, RAG, etc
Bel-2 family, Bad, Bax, Caspases, Fas, etc.

Drug transporters, Heat-shock proteins, etc.
Gap-junction proteins, Na+/ K+-ATPase, Selectins

Cyclins and associated proteins

GeneChip Probe Array Technology®; Copyright 2000 Affymetrix, Inc.; all rights

reserved



FXLIAVIIIZA SYN—R - M Fa0TV—DEEL I FLITT-IBIFEH LTS M LADORER - 43

Table 2: National Center for Toxicogenomics D 1E (K,
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Table3: F*3 Y/ 37 ADLHDORMLE LY FRA ¥ b - RBRENREASAMN S ?

No [yes]* | Morphogenesis, developmental anomaly

No Identifying tissue-specific toxicity

No/ yes Epigenetic carcinogenesis (as modification of gene expression)

Metabolic activation
No Hepatic activation leading to multi-tissue damage

Yes Tissue-specific activation

Receptor-mediated events

Yes/no Neuronal tissue

Yes/no Steroid hormonal tissue
Yes/no Ah-receptors

Yes Cytotoxicity

Membrane activities

Yes ion channels, ion pumps

Inhibition of biochemical process

Yes Uncoupling oxidative phosphorylation, inhibition of ATP production

by redox cycling initiation to produce ROS

Yes Oxidative phosphorylation to inhibit ATP production

Yes/no Alteration of calcium homeostasis

‘lyes] . RIHBOL 5%, BRTOMBEAISE < & b, BHEL- L ORBREREMITHBT

EBRRIVREPREIND O,

THEAEAT L TR ROREES - 1RSI L, A,
B E Vo /o0 BMIEL Y, BRIV ATLTY
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Interleukin-6, basic fibroblast growth factor 7z & % fH\»
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(standardization) T+ 22 EFRKOBLRATWVS, 2L
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YAV IZAOPYMAL L o TR LEDTEDL
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tissue lineages
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Primary hepatic cells
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Variety of cell lines

Tissue cells:

metabolism

cell cycle modulators
proliferators and a variety of inhibitors
terminal differentiation
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