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N s e First, Let's Celebrate...

gency

Today, President Obama signed a bill to reform the Toxic Substances
Control Act (TSCA) that requires EPA to review existing chemicals on a
specific, enforceable schedule, as well as to review new chemicals for
health risks before they’re allowed on the market.
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- Legislative Mandate
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1996 Federal Food, Drug and Cosmetic Act, section 408(p)
Requires the U. S. EPA to develop a screening program using
appropriate validated test systems and other scientifically relevant
methods to determine whether certain substances may have an
effect in humans that is similar to an effect produced by a naturally
occurring estrogen, or other such endocrine effect as the
Administrator may designate.

1996 Safe Drinking Water Act Amendments, section 1457
Testing of chemical substances that may be found in sources of
drinking water, if substantial human populations may be exposed.
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Formation of the Initial Screening
and Testing Strategy

.....

 Endocrine Disruptor Screening and Testing
Advisory Committee (EDSTAC) Key
Recommendations (1998):

e Expand protection to include human health and
wildlife

* Include estrogen, androgen and thyroid
pathways

« Develop a two-tiered screening and testing
program

« EDSTAC Conceptual Framework:
« Tier 1 screening for potential to interact with
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estrogen, androgen or thyroid hormone systems

« Tier 2 testing to verify interaction with the
endocrine system and quantify the dose-
response relationship
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* In 2009, EPA published list of 67
pesticide chemicals (List 1) for Tier
1 screening (15 subsequently
withdrawn)

* In 2013, EPA published a revised
second list (List 2) of 109 chemicals
for proposed Tier 1 screening

e In 2015, EPA issued EDSP ordered
additional testing on positive List 1

« The cost of running the Tier 1
battery is ~$750,000 - $1 million

o At current rate, it would take
decades and cost billions of dollars
to screen all 10,000 chemicals of
interest to EPA for potential
endocrine activity
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The Challenge

/// “xh_\-‘
p N
/ EDSP Chemical Universe N
10,000 chemicals |
k (FIFRA & SDWA) .-
A\ ~
\-.\_ /
EDSP List1 . EDSPList2
52 Chemicals 109 Chemicals

Conventional Active Ingredients 838

EDSP Chemical Universe List

Antimicrobial Active Ingredients 324
Biological Pesticide Active Ingredients 287
Non Food Use Inert Ingredients 2,211
Food Use Inert Ingredients 1,536
Fragrances used as Inert Ingredients 1,529
3,616
10,341

Safe Drinking Water Act Chemicals
TOTAL
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Screen Chemicals for Bioactivity
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Phasel

Phasell
.I.\*?‘xc aSt I Phase Il

Hundreds High- Thousands :1'(21
Throughput of >
ToxCast/Tox21 Chemicals
Assays 0 ﬁ
h Tox)]
0 Chemicals ~8,200

] » Understanding of what cellular processes/pathways

§ may be perturbed by a chemical

X * Understanding of what amount of a chemical

- causes these perturbations
Concentration
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Signaling in EDSP
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Validation With In Vitro Reference

Chemicals
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Validation With In Vivo Reference

Chemicals

Quantitative Concordance of Uterotrophic Studies
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[ Active
I Inactive

31 41 51 61

Rank order (by total)

Kleinstreuer et al., EHP 2016
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Predictive Performance for In Vivo Uterotrophic Studies

Accuracy 0.86 (0.95)
Sensitivity 0.97 (0.97)
Specificity 0.67 (0.89)

*Values in parentheses exclude inconclusive chemicals
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Incorporating a High-Throughput

Toxicokinetic Approach

EPA ToxCast Phase |
and Il Chemicals

v v
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- b |
Human Liver Human Plasma
Metabolism Protein Binding

Population-Based
IVIVE Model

Upper 95" Percentile Css
Among 100 Healthy
Individuals of Both Sexes
from 20 to 50 Yrs Old
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» Currently evaluated ~700 ToxCast Phase | and Il
chemicals

* Models available through “httk” R package
(https://cran.r-project.org/web/packages/httk/)

ToxCast ACg,
Value

Oral Dose Required
to Achieve Steady
State Plasma

—
Plasma_ Oral Concentrations
Concentration Exposure Equivalent to In Vitro
\/ Bioactivity
Reverse
Dosimetry

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
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“EPA Integrating All Three for Risk-Based
Prioritization and Decision Making

ToxCast-derived
Receptor Bioactivity
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Adoption by Regulatory Partners
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Increase Transparency

» Public release of Tox21 and ToxCast data on PubChem and
- - EPA web site (raw and processed data)

[
i » Transparent ToxCast data analysis pipeline
% - » Data quality flags to indicate concerns with chemical purity and
%; identity, noisy data, and systematic assay errors
o i
O . .
} VR  Publicly available as an R package
L i W * Tox21 and ToxCast chemical libraries have undergone
o e o analytical QC and results publicly available
s e » Public posting of ToxCast procedures
L DR (4n red) s « Chemical Procurement and QC
e —— * Data Analysis
wEE el te W & » Assay Characteristics and Performance
mRiR oM - External audit on ToxCast data and data analysis pipeline
o e e e « Multiple webinars and workshops to educate stakeholders
FLAGS: 1 1 1
only one conc above baseline, active on high-throughput screening data analysis and
Borderline active interpretation
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ToxCast/Tox21 Data

ICSS Dashboard EDSP21 Dashboard

EOSPM Dashboard
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http://actor.epa.gov/dashboard?2/ http://actor.epa.gov/edsp21/

Office of Research and
Development




"’EPA But, Version 1.0 is Never Perfect...

Agency

Office of Research and
Development
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Modeling to the Androgen Pathway

11 In Vitro Assays Measure
AR-Related Activity
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Kleinstreuer et al. Unpublished
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Agonism
True Positives 8
True Negatives 20
False Positives 1
False Negatives

Antagonism
True Positives 18
True Negatives 8

False Positives

False Negatives

*Two false negatives were correctly
identified when Tox21 AR antagonist screen
was evaluated at both agonist
concentrations
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Steroidogenesis
ToxCast H295R Steroidogenesis
Assay

Cholesterol
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m HSD3B CYP21A CYP11B
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—_— >

lCYPl?A
m —

CYP21A CYP11B
—— 11DCORT —— CORTISOL

l(YPl?A
HSD17B
_—

l CYP19A

lCYPl‘BA

e 13 hormones were quantified using HPLC-MS/MS
* 2060 chemicals screened at single concentration

000 o

™

Adding Screening for Disruption of

- — S -

1L

fion
» Computational model under
development (includes integration
with aromatase assays)

e 17 In vitro reference chemicals
identified that also have ToxCast
data (16 positives + 1 negative)

e 14/17 correctly identified with
H295R assay (~80% accuracy)

» 2 of the 3 misclassified chemicals
were identified in the aromatase
assays (94% accuracy)

OHPREG

403 chemicals selected for concentration response (altered > 4 hormones)

« 120 additional chemicals selected for concentration response based

on other needs
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Putative Mechanisms
of Action

PROG
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DocC
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11DCORT

Cokor Ky

4 & 1
log,(fold change)

Karmaus et al., 2016
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Thyroid Toxicity AOP Network

Events Key Eventa
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THR Assays ]
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[ TSHR Assay ]

Completed Agonist (Nov ‘15)
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[ TRHR Assay ]

Undergoing Online Validation (Tox21)



<EPA

United States
Environmental Protectior
Agency

Making Progress on Thyroid

Thyroid Toxicity AOP Network
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LTEA Assay Details

HepaRG cells

Treated for 48 h

Gene expression measured
using Fluidigm 96.96
Cytotoxicity measured in
parallel

S

[ HepaRG Gene Expression Assay

- ADCGE

GETAZ
[

ST
el

Bayesian model for NR regulation

SLCO1B1: thyroid hormone transporter in the liver
SULT2A1: not main SULT that metabolizes TH, but
demonstrated to have some activity
UGT1A1/1A6: mediate T(4) glucuronidation
THRSP: thyroid hormone-inducible hepatic protein
HIF1a: downstream to TRB1 activation via T3 or T4
signaling

Franzosa and Wambaugh, Unpublished
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Single-concentration Screen

Thyroid Toxicity AOP Network
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) .. NIS Assay (300 ToxCast cmpds
Thyroid Toxicity AOP Network Y pds)
Mealacular-Initiating R 140
Events Koy Eventa Cuifcosmnes
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— 100uM Chemical
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: | T. Stoker (NHEERL)
; 4 S [1H] o hecet }_,_ Mewrshogeal

o ol I 5 Deiodinase (DIO-1) Assay (300 ToxCast cmpds)
Rensliotie frbear .__ | e ’ * il
e | 1 | Cochiemr | Hemingloss T
NIS and DIO-1 Assay Details ‘}:
e e « HEK293T cells expressing NIS ' 1-'
« HEK293 cells expressing DIO-1 |
« 96-well radioactive iodide uptake :
) assay for NIS -
rhibitien | e Screen at single high concentration :
. screen
Paul-Friedman et al., 2016 « Hit follow-up at >20% inhibition for ' ;
NIS and >50% inhibition for DIO-1
Office of Research and M. Hornung (NHEERL)
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Conservation of Response

I\/IuItispecies Attagene Trans Reporter Assay

Estrogen Receptor ERa Human
Estrogen Receptor ERb Human
@ Estrogen Receptor ER1 Zebrafish
- & .< — Estrogen Receptor ER2a Zebrafish
— . =T w Estrogen Receptor ER2b Zebrafish
) S— et Estrogen Receptor ERa Chicken
E . - ’ . Estrogen Receptor ER1 Frog
w— RTU A o RTU A Estrogen Receptor ER2 Frog
RTUB RTU B m Es:rogen Eecegor IiFli:{a Lurtle
"TU & strogen Receptor uman
RIVG Estrogen Receptor AR Chicken
Estrogen Receptor AR Turtle
RE 1 RTU A Estrogen Receptor AR Frog
. - X ] Estrogen Receptor AR Zebrafish
lerar'y of RTUs RE 2 RTU B Peroxisome Proliferator Activated Receptor ¢ PPARg Mouse
— x 1 Peroxisome Praliferator Activated Receptor ¢ PPARg Zebrafish
Peroxisome Proliferator Activated Receptory PPARg Human
. ,"3\ Pregnane X Receptor PXR Mouse
. " Thyroid Receptor TRa Turtle
Cell Transfection e } Thyroid Receptor TRb Zebrafish
RE 1 RTU A Thyroid Receptor TRb Zebrafish
- . Thyroid Receptor TRa Frog
e Thyroid Receptor TRa Human
Transcription RE 2 RTU B " . Thyroid Receptar TRb Human
Controls M-06 A
I pis 1 Controls GAL4 A
RNA Isolation L x 1 Controls M-19 NA
L X 1 Controls m-32 NA
Lo %:1 X 1 Controls m-61 NA
Reverse transcription = = :
o . x o x . « Host cell: human HepG2
PCR amplification : —= o —= : . . .
- Stimulation with EC20 of 6a-
L X 1 A 1 -
Labelin : = . x ! fluorotestosterone for detection of
g

t Hpa androgen receptor antagonists
Processing (Hpa ) . A « 100 chemicals with ER, AR, PPAR activity

* tested in concentration-response
Separation and detection

; . - Data calculated as fold-change over
llary electroph
(capillary electrophoresis) control (6a-fluorotestosterone/DMSO)

44

Office of Research and Houck et al., Unpublished
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Efficacy

AR Antagonism (Emax)
J -__ B

Human

100 ToxCast Chemicals

Human/turtle/frog similar; chicken more diverse; zebrafish very different
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Improving Exposure Estimates
and Characterization

423 ToxCast and/or Commonly Occurring Chemicals*

100 Consumer Products and Articles of Commerce ED EH
-4 -2 0 2 4
; Log,, (1g/g)
[EUR I S |

Stearic Acid
1,3-Diphenyl-1,3-propanedione
Bisphenol A
4-(2-Methylbutan-2-yl)phenol
Tributyltin chloride
Benz|alanthracene
1-Methoxy-2-propancl

Pyridaben

Bisphenal AF

4-(1,1,3,3- Tetramethylbutyl jpheno

mesc-Hexestrol

=(/ « Chemicals that were among the
top 25% most potent ER active

Stearic acid is a naturally

occurring fatty acid known to be
used in many detergents, soaps,
shampoos, and shaving creams
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