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o)
SEPA Major Points

Environmental Protection
Agency

- EDSP has a mismatch between resources needed for
Tier 1 and number of chemicals to be tested
—~10,000 chemicals in EDSP Universe
—~$1M per chemical for Tier 1, 50-100 year backlog

- Need new approach
—Prioritize chemicals
—Replace low-throughput assays with high-throughput variants

- Demonstrate new approach: Estrogen receptor
—Multiple high-throughput in vitro assays

—Demonstrate use to prioritize chemicals and replace selected
Tier 1 assays

- Office of Research and Development 2
National Center for Computational Toxicology



S EPA - In Vitro assays: Bioactivity Concentration
N e - Need Bioactivity Dose to compare with exposure

Environmental Protection

Agency - Convert using High Throughput Toxicokinetics (HTTK)

Semi-quantitative
In Vitro to In Vivo
Approach

mg/kg BW/day

Potential Hazard:
In Vitro + HTTK

Potential Exposure:

- Office of Research and Development
National Center for Computational Toxicology

ExpoCast

Low Medium High
Priority  Priority  Priority



S EPA Validate multi-assay consensus against
N s, in vitro and in vivo reference chemicals

Environmental Protection
Agency

In vitro hER activity: ER-Bioactivity

* Human Breast  Rat or Mouse uterus
~— e Human Ovary e (guideline uterotrophic)
* Human Uterus

« Human Cervix

« Human Liver

~ + Human ER (cell free)

- Office of Research and Development — N W _.“....__‘ !
National Center for Computational Toxicology e — e =

Human Relevance



SEPA In Vitro Estrogen Receptor Model

United States

envionmental Protection - COMBDiNes results from multiple in vitro assays

Agency

« Use multiple assays per pathway

 Different technologies
 Different points in pathway

* No assay is perfect

* Assay Interference
* Noise

ATG TRANS
ATG CIS

Tox21 BLA
Tox21 LUC

« Use model to integrate assays

Tox21 BLA
Tox21 LUC

« Evaluate model against reference chemicals

« Methodology being applied to other pathways

- Office of Research and Development
National Center for Computational Toxicology
Judson et al: “Integrated Model of Chemical Perturbations of a Biological Pathway

Using 18 In Vitro High Throughput Screening Assays for the Estrogen Receptor” (submitted) °



SEPA Majc_)r theme — all assays have false
Eﬁﬁ%‘fﬁ%‘ﬁtﬁa.prmecﬁm positives and negative

Much of this “noise” is reproducible

- “assay interference”

- Result of interaction of chemical
with complex biology in the assay

EDSP chemical universe is structurally
Nz [FRom

diverse
= -Solvents
—— -Surfactants
-Intentionally cytotoxic compounds
-Metals
-Inorganics
-Pesticides

-Drugs

Assays cluster by technology,
suggesting technology-specific
non-ER bioactivity
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Efficacy - fraction(E2)
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wEPA

United States

Environmental Protection

Agency

80-05-7 : Bisphenol A

Example curves

True Agonist
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Efficacy - fraction(E2)
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80-05-7 : Bisphenol A

Agonist: 0.65 Antagonist: 0

True Antagonist

82640-04-8 : Raloxifene hydrochloride

82640-04-8 : Raloxifene hydrochloride

Agonist: 0 Antagonist: 0.97
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@ Moderate 17alpha-Estradiol
A onist @ Strong Diethylstilbestrol (DES)
g @ Strong 17beta-Estradiol
B @ Strong 17alpha-Ethinyl estradiol
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ldentifying Uterotrophic Reference
Chemicals from the Literature

High-Level
Filter

Literature Searches:

1800 Chemicals

Data Review:
700 Papers, 42 Descriptors, x2 ’ Ciitere

“Guideline-Like”
(GL)

Uterotrophic Database oot
98 Chemicals Sgri(:r'i(;n
442 GL uterotrophic bioassays ’

In Vivo ER Reference Chemicals
30 Active, 13 Inactive

Kleinstreuer et al: “A Curated Database of Rodent Uterotrophic Bioactivity” (submitted)



Adding Tier 1/ List 1 chemicals to the
Literature DB: 81 Guideline Studies

Uterotrophic Literature + EDSP List 1 Uterotrophic
“Guideline-Like” Studies “Guideline” Studies

Uterotrophic Reference Chemicals:
30 Active, 51 Inactive




In Vitro Activity vs. Uterotrophic Outcomes

ER Agonist Model AUC

True Positive 29
True 50
Negative

False 1
Positive

False 1
Negative




ER Agonist AUC vs. Uterotrophic

Qutcomes
1 ‘
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LEL or MTD (mg/kg/day)

1000

100

10

In vivo guideline studies have the
same types of uncertainty as in vitro

Injection

Immature Rat: BPA

Uterotrophic
® Active

® Inactive

Oral



wEPA CERAPP: using QSAR for further prioritization

United States
Environmental Protection
Agency

- Collaborative Estrogen Receptor Activity Prediction Project

- Goals:
—Use ToxCast ER score (or other data) to build many QSAR models
—Use consensus of models to prioritize chemicals for further testing

- Assumptions

—ToxCast chemicals cover enough of chemical space to be a good
“global” training set

—Consensus of many models will be better than any one individually

- Process
— Curate chemical structures
—Curate literature data set
—Build many models
—Build consensus model
—Evaluate models and consensus

- Office of Research and Development 14
National Center for Computational Toxicology

Mansouri et al: “CERAPP: Collaborative Estrogen Receptor Activity Prediction Project” (In prep)



True Positive Rate

-
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CERAPP Consensus evaluation

0.9
08
0.7
06
05 All sources (7288)
— »=2 sources (6217)
04 — >=3 sources (57 14)
==4 s0Urces [5401)
0.3 »=5 sources (1311)
»=0 sources (1257)
0.2 — =7 sources (1209)
— »=8 sources (1173)
0.1 — »=8 sources (340)
— ==10 sources [327)
0 1 1 1 1 1 1 1 1 1 1
0 0.1 02 03 04 05 08 07 08 08 1

False Positive Rate

Total Database

Binders: 3961
Agonists: 2494

Antagonists: 2793

09

0.8

0.7

Key point: As greater consistency

IS required from literature sources,
QSAR consensus model
performance improves

5 ] 7

Mumber of literature sources

- Balanced accuracy

|:| Sensitivity
I Specificity




SEPA  CERAPP Summary

EDSP Universe (10K)

Chemicals with known use (40K) (CPCat & ACToR)
Canadian Domestic Substances List (DSL) (23K)
EPA DSSTox — structures of EPA/FDA interest (15K)
ToxCast and Tox21 (In vitro ER data) (8K)

~32K unique structures
5-10% predicted to be ER-active
Prioritize for further testing

ice of Research and Development
ational Center for Computational Toxicology
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<EPA Data Transparency: EDSP21 Dashboard

United States
Environmental Protection
Agency

- Goal: To make ER and AR data easily available to all
stakeholders
—Assay-by-assays concentration-response plots
—Model scores — AUC agonist and antagonist
—ER QSAR calls
—Other relevant data

- http://actor.epa.gov/edsp21

EDSP21 Dashboard

Endocrine Disruption Screening Program for the 21st Century

ToxCast Model Predictions

LR Public Information  Bloactivity Summary  Blosctivity  High-Throughput Exposure  Assay Definitions

Model Agonist AUC Antagonist AUC

ER 0.45 0
AR 0 0.136

Consensus CERAPP QSAR ER Model Predictions

[]| Class Agonist (Potency Level) Antagonist (Potency Level) Binding (Potency Level)

from Literature Active (Weak) - Active (Weak)
QSAR Consensus Active (Weak) Active (Strong) Active (Weak)



http://actor.epa.gov/edsp21

wEPA Regulatory Review

United States

e EIFRA SAP, December 2014

- Can the ER Model be used for prioritization?

— “Overall, with minor limitations for compounds that require metabolic activation or have targets other
than nuclear receptors, the ER AUC appears to be an appropriate tool for chemical prioritization for
List 1, List 2 and the EDSP universe compounds.”

- Can the ER model substitute for the Tier 1 ER in vitro and uterotrophic assays?

— “Overall, because both the ER AUC model and the Tier 1 in vitro assays capture either nuclear
receptor binding and/or transactivation, replacement of the Tier 1 in vitro ER endpoints (ER binding
and ERTA) with the ER AUC model will likely be a more effective and sensitive measure for the
occurrence of estrogenic activity that occurs through nuclear receptor binding and activation.”

— The Panel found that the data comparing the ER AUC model to the uterotrophic assay were strong
for the reference compounds that were clearly estrogenic ... or unmistakably not estrogenic ....
However, the model outcomes were less straight forward when the ER AUC model for non-
reference chemicals was compared to uterotrophic studies where the data were limited or
discordant. ... This finding suggests a very low risk of false negatives in this data set, but was
limited by the fact that there were no chemicals with either high or intermediate AUC model values
available for functional comparison. ... the Panel did not recommend that the uterotrophic assay be
substituted by the AUC model at this time. The Panel suggested that the EPA considers: 1)
conducting limited uterotrophic and other Tier 1 in vivo assay testing, using the original Tier 1
Guidelines (and/or through literature curation)”

- Results presented here are part of the recommended follow-up

- Office of Research and Development 18
National Center for Computational Toxicology



o)
SEPA Summary

Environmental Protection
Agency

- EDSP is in need of new approach to handle large
testing universe
—Reduce cost, speed throughput

- Estrogen Receptor Model is first example of this
—54 chemicals in low-throughput Tier 1 assays
—1800 chemicals tested and published in high-throughput
—1000 more in queue — 2016 planned release

« Next steps

—Androgen receptor (1800 chemicals tested, modeling and
validation in progress)

— Steroidogenesis (1000 chemicals with preliminary data)

—Thyroid — assay development and testing underway for several
targets (THR, TPO, deiodinases, ...)

- Office of Research and Development
National Center for Computational Toxicology

19



wEPA

United States
Environmental Protection
Agency

Patience Browne
David Dix

John Wambaugh
Keith Houck

Matt Martin

Kevin Crofton
Rusty Thomas
Kamel Mansouri
Jayaram Kancherla
Nicole Kleinstreuer
Warren Casey

Agnes Forgacs
Jill Franzosa
Chantel Nicolas
Max Leung
Kamel Mansouri
Eric Watt

Dustin Kapraun

Acknowledgements

EPA NCCT EPA NCCT
Rusty Thomas Nancy Baker
Kevin Crofton Jeff Edwards
Keith Houck Dayne Filer

) Jayaram Kancherla
Ann Richard Parth Kothiya
Richard Judson Jimmy Phuong
Tom Knudsen Jessica Liu
Matt Martin Doris Smith
Woody Setzer Jamey Vail
John Wambaugh Sean Watford
Monica Linnenbrink gjra Thillainadarajah
Jim Rabinowitz Christina Baghdikian
Steve Little Chris Gruelke

EPA Collaborators
Kathie Dionisio
Kristin Isaacs
Peter Egeghy
David Dix

Alan Dixon

Scott Lynn
Patience Brown
Don Bergfelt

Les Touart

NIH/NCATS
Menghang Xia
Ruili Huang
Anton Simeonov

NTP

Warren Casey
Nicole Kleinstreuer
Mike Devito

Dan Zang

Ray Tice



ER Receptor C} Assay
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