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Although I’'m sure that some of you have these rules memorized from previous CLU-
IN events, let’s run through them quickly for our new participants.

Please mute your phone lines during the seminar to minimize disruption and
background noise. If you do not have a mute button, press *6 to mute #6 to unmute
your lines at anytime. Also, please do NOT put this call on hold as this may bring
delightful, but unwanted background music over the lines and interupt the seminar.

You should note that throughout the seminar, we will ask for your feedback. You do
not need to wait for Q&A breaks to ask questions or provide comments. To submit
comments/questions and report technical problems, please use the ? Icon at the top of
your screen. You can move forward/backward in the slides by using the single arrow
buttons (left moves back 1 slide, right moves advances 1 slide). The double arrowed
buttons will take you to 1%t and last slides respectively. You may also advance to any
slide using the numbered links that appear on the left side of your screen. The button
with a house icon will take you back to main seminar page which displays our agenda,
speaker information, links to the slides and additional resources. Lastly, the button
with a computer disc can be used to download and save today’s presentation materials.

With that, please move to slide 3.



Assessing EDCs in the Field:

New Approaches to Old
Challenges

G. Ankley

- Office of Research and Development
NHEERL, Mid-Continent Ecology Division, Duluth, MN
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DES used to prevent miscarriages-illustrates a couple hallmarks: (1) sensitive
windows, (2) latent effects

Others examples more speculative



Effects in wildlife more certain in many cases-TBT, PCBs and (germane to this
talk), feminization of fish exposed to EEs
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The MDA-kb2 assay is a cell line which endogenously expresses the
androgen receptor. It was stably transfected with the luciferase reporter gene.
Luciferase is produced and when the cell is lysed and luciferin and ATP is
added, light is produced and can be quantified. It is produced in a dose
dependent manor.
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Linkage of Exposure and Effects Using Genomics,

Proteomics, and Metabolomics in Small Fish Models

23



<EPA

United States
Environmental Protection
Agency

24



<EPA

United States
Environmental Protection
Agency

+ Gene/Protein . + Functional changes
Expression Alterations in Altered Decreased
production of - Structural changes reproduction or numbers of
+ Metabolite signaling molecules (pathology) development animals
Profiles

Conceptual Adverse Qutcome Pathway

- Office of Research and Development
NHEERL, Mid-Continent Ecology Division, Duluth, MN
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Adverse Outcome Pathway
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Example of an AOP in fathead minnows exposed to an aromatase inhibitor




Adverse Outcome Pathway
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Relative fecundity
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Molecular Biomarkers and
Omics Technologies in Risk
Assessment

Nancy Denslow, Ph.D.

Center for Environmental and
Human Toxicology

University of Florida
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Intersection of exposure and
biologic function
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34 ’ Adapted from Toxicity Testing in the 21st Century, NRC
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Framework for Ecological Risk

Assessment
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Unexplained issues

= Fish in superfund sites may be larger than in control
sites

= Female fish may have smaller gonads but eggs
appear mature

= Ovo-testis appears in some fish
= Some fish have increased susceptibility to disease
= Some fish show neurological/behavior disorders

Have we measured the right toxicity endpoints?
Do we recognize early signs of adverse effects?
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Ethinylestradiol in surface waters

Measured
concentrations

Median <1 to 9 ng/L
(Baronti, 2000)  s—)-

<1ng/L e—

ng/L
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Biological effects

5 ng/L whole lake study

<— Kidd et al., PNAS, 2003
NG/L | gm== 1 ng/L ECy, for Vtg in male FHM

Brian et al., 2005
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Endocrine Disruption

= Hormone receptor activity

= Steroidogenesis

= Metabolism

= Immune system dysfunction
= Neuroendocrine control

= Apoptosis = oocyte atresia
= Cardiovascular function
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How arrays work
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Analysis by
microarray

Fish +

treatment

- organ -> total RNA - cDNA - array

Control 20 ng/L E2

100 ng/L E2
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Largemouth bass studies

Superfund

Research Program
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Amount per acre per yr
(13,000 acres)

+ 68 |Ibs DDT
+ 0.4 Ibs Chlordane
+ 13.3 Ibs toxaphene

Dichlorobenzil ., gichlorobenzophenone
45 chlorobenzilate
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Toxaphene concentrations in soil

iSoil Data

Lake Apopka
004 DOQ
b 0 0z 08 osmes

SJRWM Safe Levels
Report , 2006
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Contaminant

Contaminants in whole body analyses of Largemouth bass before
and after living in mesocosms for 4 months.
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Steroid Hormones — Impacted Site
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Feeding study: p,p’-DDE,
dieldrin and mixture

n A /A

, L P,p’-DDE
P,p’DDE Dieldrin +Dieldrin
Jan-Mar Jan-Mar Jan-Mar
15.7 ug/gm 0.32 ug/gm 15.7 & 0.32 ug/gm
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Chemical analyses of

contaminants (lipid normalized)

Contaminant
levels

Mesocosm Study
(ug/g wet weight)

Levels after 3 months
(ug/g wet wt)

Levels |Levels after |P,p-DDE |Dieldrin
before
P,p"-DDE 0.020+ [16.2 % 8.6 157+ 1.1 |ud
0.006
Dieldrin 0.003+ [0.50 %+ 0.06 |ud 0.32 +
0.0001 0.03
Methoxychk)r 0.004 + 0.08 + 0.002 ud ud
0.000
Toxaphene 0.061+ [82%13 ud ud
0.008
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Feeding Study — Plasma hormones

CONTROLS

E2 (pg/ml)

600 aco 10
11-KT (pg/ml)
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Plasma hormones: p,p’-DDE

E2 (pg/ml)

ALL DDE DOSES

11-KT (pg/mi)
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€2 (pg/mi)
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Gene expression profiles (p<0.01)

Gonad Tissue level: 15.7 ug DDE/g wet weight

DDE

Espression satia {log 7|
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Exprestion chaiige fo
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Biological processes regulated by

exposure to the Mesocosm
Gonad

55

= Up regulated pathways
= Glycolysis

Response to hypoxia

DNA repair

Chromatin assembly

Lipid biosynthesis

= Down regulated pathways
= Cell cycle progression —— growth of early life stages
= Electron transport
= Protein biosynthesis
= Superoxide metabolism
= Apoptosis
= Immune response
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About 1/3 of proteins annotated to human homologs
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Dieldrin effects in the brain
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Overall inferences from
pesticide studies

1. Organochlorine pesticides are still found in
the environment at very high levels and
they are transferred to wildlife.

2. p,p™- DDE has pleiotropic functions —

o Estrogen mimic = up-regulation of Vtg in males
o Inhibits steroidogenesis
o Positive effect on growth of organism

3. Dieldrin affects the brain — genes involved

with neurological disease

58

58



Fathead minnow studies

1. Obtain molecular biomarkers for

Estrogen

Androgen

Anti-androgen
2. Field Studies

National Sea Grant
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Fathead Minnow Study — EE2/ZM189,154
TB/FLU

R o o
@@ Mixtures

EE2: 5, 10, 50 ng/L 0.
notl TB:0.5,5,50 ol | pes7n = 5/100ngiL

; ZM: 100 ng/L :
—— ng/ FLU: 50.100, 500 ug/L| 1k U =0.5/500 pg/L
48 hr / ! N
Brain Liver Gonad

1. Evaluate gene expression changes
2. Evaluate chemical levels

(Garcia-Reyero et al., EST, 2009)
60 (Garcia-Reyero et al., BMC Genomics, 2009)
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Measurement of fecundity in
| 21-d reproductive test

Trenbolone Flutamide
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EE2 regulated genes whose

| expression is reversed by ZM

[ Al
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P<0.01
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(Garcia-Reyero et al., BMC Genomics, 2009)

Figure 4. Plot of genes that were differentially regulated by 5 ng/L EE2 and
rescued by the treatment with the mixture of 5 ng/L EE2 and 100 ng/L ZM
189,154 (P < 0.01) as determined on the 22K array. Genes are plotted in
order of their change in expression with EE2.
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Figure 2. Genes that are reciprocally regulated by TB and FLU and the effect
of mixing the two treatments. The genes were arranged in the same order in
terms of the changes in expression levels for TB. (A) Expression of genes
influenced by TB, (B) Expression of genes in a mixture of TB and FLU (C)
Expression of genes influenced by FLU.
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Biological Processes affected
| by EE2, TB, Flu
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Fig 1: Location of the sites. Adapted from Lee et al. 1999.
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Changes in gene expression
Compared to site 11

Gonad

Site 7

\/

Site 12

Site 13

£l

a8 mxpression flo

\
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Figure 3. Expression fingerprints for gonad at each of the sites. Genes are
expressed as fold change over expression at site #11 (similar to control). All
genes were arranged from most highly expressed to most highly repressed for
site#12 and the same order is kept for the other sites. For EE2 and TB profiles
only those genes that are also present in the field sites as significant changes
are included. Genes whose fold expression data was not significant at p-value

< 0.05 were set to 0.

66



Biological Processes affected
| by EE2, TB, Flu

I Biclogical Process
0000

oo i
2
I 0m
> BEEZ
&
TB
a1 g mFL
1
GEF cateygory




68

Biological Processes affected
by EE2, TB, Flu

Biclogical Process
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Resource requirements for
integration of “"Omics” technologies

(+)A Validation Cost per chemical —
"phenotvpLC anchoring”  Vertebrate animal usage ---
phase

Some additional vertebrate animal

Genomics usage needed during validation phase

add-ons
phase

Relative change
[=]

t No additional vertebrate *
animal usage anticipated
during initial phase .

.
)

Reduction to practice
phase

Significant reduction in vertebrate animal

HY usage with genomics-guided testing >
Present 2-3 3-5 5-10 >10
Time (yr)

6o Ankley et al., EST 2006
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Conclusions

I

= OMICS technologies provide a multilevel systems
biology approach to safety assessment— from
molecular to cellular, tissue, individual, and
population-levels.

= Provides biomarkers with much improved
predictive capacity

= Knowing the MOA can reduce uncertainties in
chemical risk assessments

= Diagnostic studies to measure efficacy of site
remediation
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Resources & Feedback

To view a complete list of resources for this
seminar, please visit the Additional Resources

Please complete the Feedback Form to help
ensure events like this are offered in the future

Link to “Improving Collaborations” Survey

Technology Innovation Program
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oo ol st G20 Need confirmation of
your participation
today?

+ Fill out the feedback
form and check box
for confirmation email.
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