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Genomics in toxicology

Sl

« Toxicogenomics: the “study of the relationship between the
structure and activity of the genome and the adverse
biological effects of exogenous agents”

* characterize changes in gene expression in cells or tissues
after exposure to toxicants

» toxicologically relevant outcomes are based on differential
gene expressiqQy

Adaptation




* instantaneous and simultaneous genome-wide detection of
the expression of thousand of genes, even if the function of
some of the genes is unknown.

“a revolution in our
ability to
characterize
simultaneously an
unprecedented
number of
biological
endpoints”

DNA microarray
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Genomics to assess emerging chemicals B
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T. Van Boxtel et al, 2007

Environmentally relevant metabolite of
BDE 47 (6-OH BDE 47) is toxic to
developing zebrafish embryo
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Genomics can help to reveal mechanisms of acﬁg’n; ;

TPP*
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Van Boxtel et al, 2007

6-OH-BDE47 is an uncoupler of oxidative phosphorylaton
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Genomics can reveal ‘sighatures’ of toxicity

TOMIODLOGICAL SCIENCES 97020, 505-613 {200
dow 10 e scik i DRE
Advance Access pubBication March 22, 2007

Toxicogenomic Study of Triazole Fungicides and Perfluoroalkyl
Acids in Rat Livers Predicts Toxicity and Categorizes
Chemicals Based on Mechanisms of Toxicity

Matthew T. Martin,* Richard 1. Brennan.f Wenyue Hu.§ Eser Avanoglo, i Chrstopher Lau,t Hongzu Ren,t
Carmen R, Wood,7 I. Christopher Corton, T Robert J. Kavlock® and David I Dix *!

« Gene expression profiles in rats exposed to three triazole antifungals
(myclobutanil, propiconazole, and triadimefon) and two perfluorinated
chemicals [perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate
(PFOS)]

« Compare gene expression profile to database of 630 chemicals
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Genomics can reveal ‘sighatures’ of toxicity
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Genomics can identify biomarkers/classifiers of toxi

TOEICOLOGEAL Sotmoys 932, 295210 (26
doi: 101093 oz sei k7057
Advance Acoess publication July 11, 2006

Expression Profiling of Endocrine-Disrupting Compounds Using
a Customized Cyprinus carpio cDNA Microarray

Lotte N. Moens, *'! Karlijn van der Ven,* Piet Van Remortel,T Jurgen Del-Favero,f and Wim M. De Coen*

 17beta-estradiol, 17alpha-ethinylestradiol, 4-nonylphenol,
bisphenol A, tamoxifen, 17alpha-methyltestosterone, 11-
ketotestosterone,dibutyl phthalate, flutamide, vinclozolin,
hydrocortisone, CuCI2, propylthiouracil, and a mixture of L-

triiodothyronine and Lthyroxine
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*Generational genetic algorithm: revealed a subset of genes that
separated the compounds in an optimal way

*Subset of 12 genes discriminates endocrine disrupting chemi%’s




Comparative genomics between species:

predicting toxicity in humans?
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Comparative genomics between species:

predicting toxicity in humans?

TOXICOLOOICAL SCTENCES B4( 1), T182 (20067
doi 14 1093 o ik A0
Advance Access publication August 17, 2006

Gene Expression Profiles in Fathead Minnow Exposed to 2,4-DNT:
Correlation with Toxicity in Mammals

Henri Wintz,*' Leslie J. Yoo, Alex Loguinov,* Ying-Ying Wu,* Jeffrey A. Steevens,t Ricky D. Holland,}
Richard D. Beger,i Edward 1. Perkins, ¥ Owen Hughes,§ and Chris D. Vulpe®

*Department of Nutvitional Sciences and Toxicology, Morgan Hall and Berkeley Institute of the Environment, University of California,
Berkeley, Calffornia 94720; 1US Army Corps of Engineer Research and Development Center, Environmental Laboratory, Vicksburg,
Mississippi 39180; [Division of Systems Toxicology, National Center for Toxicological Research, Jefferson, Arkansas 7207%; and
§Eon Corporation, Davis, California 95616
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Comparative genomics between species:

predicting toxicity

Fish and rodents:
similar metabolic
pathways affected by
2.4 DNT

Apolipoproteins Fatty Acids Cholestarn]
. | p o @
Hypolipidemic drogz Lipid %m
metabolism %
Fatty Acids | —gp | L-FABP | —p PPARa :
& Fe | Transferdn

0, Y

“a |Hemoglobin

uonRndssy

Fa2+3Fal+

FiG.2. Metbolic pathways affected by 24-DNT in {athead minnow liver,
Genes affected by 24-DNT and how they rlate to each other within known
pathways are represented. Fatty acids or hypolipidemic drugs signals are
refaved to the nocleus via the L-FABP where it activates PPARy, wlich
controfs expression of Bpid metabolism gepes (apolipoproteins and fatty acid
metabolism gpenes) as well as TF pepe. Transfamie camies fron, which is ap
essential cofactor of hemoglobin and of the mitochovdriad mapiratory chain
Oxyeen is a substrate of cytoclrowes oxddase and hemoglobin, 24-DNT =
ko o affect ouy gen travsport by onidizing hemoglobin ferrows from to its
Tarric state.
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Ecotoxicogenomics: gene expression in non-target organismsgj

response to environmental toxicant exposureg:«: «««




TABLE 1. Predicted Function of Differentially Expressed Gene
ahter Exposwre 10 Copper, Cadminm, or Zine at the 116 105

Predicted Protein Class

Application of genomics to “ecotox”

Environ. Sci. Technol. 2007, 47, 1044—1050

Daphnia magna
Ecotoxicogenomics Provides
Mechanistic Insights into Metal
Toxicity
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Experimental design, data analysis and interpretatiéy * :

« Experimental design
 Number (biological)
replicates
* Dose response
relationships
« Temporal dynamics

» Sources of variation
* Technical
* Biological
 Ecotoxicogenomics:
iInternal and external
environmental variables




Experimental design, data analysis and interpretati |

« Data analysis
« Huge numbers of data: multiple testing problem/false
discovery
* Normalization
« Statistical analysis

* Interpretation
« Gene function: many unknowns, differences in gene
ontology allocations
« Comparison with existing gene expression databases
 Validation: RT-PCR sufficient?
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Jan Kammenga: Genomics in ecotoxicology

Current microarray
methods may
lead to the
misidentification
of genes as

“iImportant”

“‘We are going too
fast”

SETAC 2007 Porto




Can genomics be used to assess mixture effectsg

AQUATIC
TOXIGOLDGY

www.elsevisrcom/locaic/agqualox

FLSEVIER Aquatic Toxicology 81 (2007) 293-303

Toxicogenomic responses in rainbow trout (Oncorhynchus mykiss)
hepatocytes exposed to model chemicals and a synthetic mixture

E.F. Finne®?*, G.A. Cooper®, B.F. Koop*©, K. E—iyiland@? K.E. Tollefsen®

& Norwegian Institute for Water Research, Gaustadallpen 21, N-0349 Oslo, Novway
Y University of Oslo, Depariment of Biology, PO, Bax 1066, Blindern, N-0316 Osle, Nerway
& Centre for Biomedical Research, University of Vicioria, BC VEPEC2, Canada

Received 11 September 2006; received in revised form 15 December 20060; acepted 18 December 2006

17-ethinylestradiol (EE2), 2,3,7,8-tetrachloro-di-
benzodioxin (TCDD), paraquat (PQ) and 4-
nitroquinoline-1-oxide (NQO)

*Tested as individual chemicals and as mixtures
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High costs

“No microarrays on a budget less that $100,000”
Expensive to repeat experiments - limited experimental data
avallable
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Linking gene expression with ecological effectsf

Meolecular

Denslow et al., 2007, Mol. BioSyst., 2007, 3, 172=1.47. ... ;%



Advantages

-elucidate mechanisms of action

-identify biomarkers/classifiers of toxicity
-identify signatures of gene expression
-comparative toxicogenomics

-apply to environmentally relevant species

Limitations
-experimental design, analysis, interpretation, costs
-identify signatures in mixtures and environmental samples?

-lack of commercial arrays for non-model species

-linking effects at gene expression level to physiological and
population effects
s 4
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