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(Toxico) Genomics: An Emerging Science*
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Transcriptomics: Example of a

Microarray Experiment

Study Goal: Examine fadrozole MOA using a 2,000
gene fathead minnow oligonucleotide array

» Multiple tissues examined
» Multiple differentially-regulated
genes

Spot color Regulation
) Up-regulated genes
) Down-regulated gene
O No change

[

Data from EPA/ EcoArray© CRADA

Proteomics: Example of a Gel
Separation/MALDI -TOF MS Experiment

Peptide Mass Fingerprinting

Representative protein expression profile in
testes of control zebrafish

Data from EPA-Cincinnati




Metabolomics : Example of an NMR
Experiment

Fathead Minnow (male)

Sprague-Dawley Rat (male)

Data from EPA-Athens

Toxicogenomics : Benefits

» Unprecedented ability to generate a global
“picture” of the health status of organisms

» Offers unique potential to define MOA/toxicity
pathways from two perspectives

— Identification of key molecular targets/control
nodes

— Linkage of responses across biological levels
of organization

» Both perspectives critical to successful
ecological risk assessments




Toxicogenomics : Challenges

* Amount of data to consider is daunting, well exceeding
historical ecotoxicology bioinformatic capabilities

— Example: ~30,000 genes/100,000
proteins/20,000(?) metabolites (humans)

* Identity of many (sometimes majority) of altered
genes/proteins/metabolites uncertain in key species
for ecotoxicology research

* Even well dfined treatments can cause many
changes, complicating interpretation of biological
significance

— Example: zebrafish exposed to fadrozole- up to
1000 unique up- or down- regulated genes in brain
and gonad (21K microarray)

Conceptual Systems Models

» Can help focus data analysis on relevant
genes/proteins/metabolites

* Provide an a priori framework for formal
hypothesis testing of observed changes

» Allow “discovery” of unanticipated system
components/control nodes key to biological
responses

* lterative testing/model modification establishes
basis for predictive computational model (s)
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»  HPG Axis
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Characteristics of Conceptual HPG System

 Constructed using Cell Designer® 3.1 coded in
SBML

» Captures 7 functional modules in 6 tissue
compartments with multiple subcompartments
(cell types) for brain, pituitary, ovary and testis

* Assembled from more than 60 primary literature
and review papers on vertebrate HPG axis

* Depicts interactions of over 105 proteins, 40
simple molecules, regulation of 25 genes, and
over 300 reactions relative to our current
understanding of the system




Linkage of Exposure and Effects Using
Genomics, Proteomics, and Metabolomics
in Small Fish Models

USEPA — Cincinnati, OH + +

—D. Bencic, I. Knoebl, D. Lattier, J.
Lazorchak, G. Toth, R. Wang +

USEPA — Duluth, MN, and Grosse Isle, M + ++

— G. Ankley, E. Durhan, K. Jensen, M. Kahl,
L. Makynen, D. Martinovic, D. Miller, D. +

Villeneuve
USEPA — Athens, GA
—T. Collette, D. Ekman, T. Whiteside « USACOE - Vicksburg, MS
USEPA-RTP, NC —E. Perkins
— M. Breen, R. Conolly « DOE Partners
USEPA STAR Program — Joint Genome Institute, (Walnut
— N. Denslow (Univ. of Florida), E. Orlando, Creek, CA)

(Florida Atlantic University), K. Watanabe
(Oregon Health Sciences Univ.), M.
Sepulveda (Purdue Univ.)

— Sandia, (Albuquerque, NM)
— PNNL (Richland, WA)
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ER AR

Chemical “Probes”

Fipronil (-)

Muscimol (+)

Apomorphine (+)
Haloperidol (-)

Trilostane (-)

Ketoconazole (-)

Fadrozole (-)

Prochloraz (-,-)

Vinclozolin (-)
gl Flutamide (-)
-trebolone (+)

Ethynyl estradiol (+)
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Effects of Aromatase Inhibition on
Reproduction in the Fathead Minnow
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Fadrozole Genomic Analyses

» Fathead minnows exposed to varying concentrations of
fadrozole for 24h or 7d

* Liver, brain and gonad collected and gene expression
assessed by microarray or PCR

» Depending upon statistical criteria, 10s to 100s of genes
changed in each tissue of females exposed for 7 d

* Interpretation questions
— Meaningful to biological function?
— Significant to HPG axis?

— Direct versus compensatory response(s)?

Gene Expression in Fadrozole -Treated
Fathead Minnows:
Hypothesized vs. Observed Changes !

Gene Hypothesized Observed (Fold)?
Vig -

- Vtg precursor - (18-70)
-Vtg 3 precursor - (7-98)

Zrp NC3

ERa (2.0-2.8)
EST NP

HSST NP
CYP3A (1.6)

1 Livers from females exposed for 7 d

2 NC, no change; NP, no probe for gene on microarray
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Changes in HPG -Relevant Genes in

Fathead Minnows Exposed to Fadrozole !

Gene Observed (Fold)
Aromatase B (9.6)
Cyclin B (5.8-7.2)
Cytochrome B (13-170)
GAD 65 (1.2-2.6)
GAD 67 (1.8-2.6)
HMG-CoA Reductase (2.8-5.4)
IGF Binding Protein (220)
LDLR Associated Protein (1-16)
Pit-1 (9.4)
PRMC (2.1-5.3)

1 Ovaries from females exposed for 7-d

H H
iParacrine

transport

Y Granulosa cell

Theca cell
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Linkages Across Biological Levels of

Organization:
Toxicity "Pathways" for HPG -Active
Chemicals
Molecular Cellular Organ Individual Population

« Gene/Protein X X « Functional changes|
Expression Alterations in Altered Decreased

i le—»  production of  |e—pi* Structural changes ¢ | reproductionor [«  numbers of

* Metabolite signaling molecules (pathology) development animals
Profiles

Increasing Ecological Relevance

Increasing Diagnostic (Screening) Utility

Linkage of Molecular Responses to
Population Effects

* Molecular responses (biomarkers) need to reflect
toxicity pathways of concern

* Molecular responses also require biologically
plausible (ideally quantitative) linkages to adverse
outcomes in individuals

*Individual outcomes need to be easily translated
into ecologically-realistic population context
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Vitellogenin as a Biomarker:
Linkage to Population -Level Effects
» Decreases in Vtg in females are a consistent (and

mechanistically reasonable) response to decreases in
steroidogenesis caused by chemicals

* Vtg status also has been hypothesized as a direct
indicator of female’s ability to produce eggs

« If the relationship “holds”, population-level responses
based on Vtg should be possible

Lab Test Data \
Density-Dependent

Life Table - Leslie Matrix Model for Population
Prediction

Carrying Capacity/Habitat Quality

Model Application and Results

Measurement of vtg concentrations and

—> fecundity for female fathead minnows
17 -trenbolone \

Projection of density dependent

: i PR logistic population trajectories for
Life table with age specific vital " y
prochloraz rates of survival and fecundity for > Lhe fe:jthead mr:nnow population
the fathead minnow population ased upon change in vig

17 -trenbolone

Fecundity

fenarimol
fadrozole Carrying capacity for the fathead minnow /
Vig population
Chemical Exposure Concentrations Fathead Minnow Fecundity vs Vig
1

17 -trenbolone  0.005pg/l, 0.05ug/l, 0.5ug/l, 5pg/l, and 50ug/I 0.94 M
17 -trenbolone  0.003pg/l, 0.01pg/l, 0.03pg/l, and 0.1ug/l ’
Prochloraz 0.03mg/l, 0.1mg/l, and 0.3mgl/! 087
Fenarimol 0.1mg/l and 1mg/| 0.7
Fadrozole 2pg/l, 10pg/l, and 50ug/| 0.64

Fecundity = -0.042 + 0.95 * Vtg (R 2=0.88)

Relative Fecundity
o
@

0 * T T T T T T T
0 01 02 03 04 05 06 07 08 09 1

Relative Vitellogenin




Model Application and Results

Measurement of vtg concentrations and

fecundity for female fathead minnows
17 -trenbolone \
> 17 -trenbolone Projection of density dependent
S Life table with age specific vital Iﬂgl?lchpozulgtlon tra]ectolne_s i
3 " t t i
E prochloraz rates of survival and fecundity for > baeseili uea minnow populaion
o . 5 3 pon change in vtg
[} fenarimol the fathead minnow population
i
fadrozole 3 ; 3 /
Carrying capacity for the fathead minnow
Vig population
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1
AO%
% 0.8
. . . g8
Population projection for populations ]
at carrying exposed to stressors that £ £ oo
depress vitellogenin production Exg
gé 0.4+ 5
g ’19: 25%
28
a 02
CSO"o
E
o >95%\ 75%
0 5 10 15 20
Time (Years)

It's tough to make predictions,
especially about the future.

Yogi Berra

New York Philosopher




