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Testing Is Antiquated and Inefficient

Acute toxicity studies Continuous
(LDsp) developed to Genotoxicity || breeding studies

standardized batches assays for reproductive
of pharmaceuticals developed toxicity

Current testing paradigm does not incorporate advances in
technology and does not provide mechanistic data
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... and cannot efficiently assess safety of all the existing
chemicals or keep pace with those being developed
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to Address this Challenge
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SEPA The Effort was Expanded with
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<EPA Recent Highlights from a Decade
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of Progress

« High-throughput in vitro screening of ~2,000 chemicals
across ~700 assay endpoints representing over 327 genes
and 293 pathways

High quality, curated chemical structure database of 22,000
molecules

* Legacyin vivo data from 5,891 animal toxicology studies on
~1,110 unique chemicals

» Exposure estimates for over 7,000 chemicals based on
production volume and chemical use

» A database of chemical-product categories (CPCat) that
maps over 45,000 chemicals to ~8,000 product uses or

Chemistry functions

» Steady-state IVIVE models for hundreds of chemicals based
on high-throughputin vitro assays

« AOPs and computational models for embryonic vascular
disruption, cleft palate, hypospadias, and limb (digit) defects

National Center for
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Prioritization of the EDSP Universe of Chemicals

Prioritization of the Endocrine Disruptor Screening

Program Universe of Chemicals for an Estrogen
Receptor Adverse Qutcome Pathway Using

At the Beginning of
latory Application

Integrated Bioactivity and Exposure Ranking

Computational Toxicology Tools

U.S. Environmental Protection Agency
Endocrine Disruptor Screening Program

Jointly developed by:

Office of Chemical Safety and Pollution Prevention [OCSPR)
Office of Stience Coordination and Policy (OSCP)

Office of Pesticide Programs (OPFP)

Office of Pollution Prevention and Toxics (OPPT)

Office of Water (OW)
‘Washington, DC 20460

Office of Research and Development [ORD)

MNational Environmental and Effects Health Research Laboratory (NEEHRL)
Mid-Continent Ecology Division (MED], Duluth, MN 55804

Toxicity Azsessment Division (TAD), RTP, NC 27111

HNational Center for Computational Toxicology (NCCT)
Research Triangle Park, NC 27709

December 2012

National Center for

Exposure SAP White Paper

New High-throughput Methods to
Estimate Chemical Exposure

Scientific Advisory Panel Meeting, July 2014

MNew High-throughput Methods to Estimate Chemical Exposue. 1 782014

Integrated Bioactivity and Exposure Ranking:
A Computational Approach for the
Prioritization and Screening of Chemicals in
the Endocrine Disruptor Screening Program

U.S. Environmental Protection Agency
Endocrine Disruptor Screening Program

Jointly developed by:

U.S. EPA Office of Chemical Safety and Pollution Prevention (OCSPP)
U.S. EPA Office of Research and Development (ORD)
U.S. EPA Office of Water (OW)

NIH National Toxicology Program Interagency Center for the Evaluation of
Alternative Toxicological Methods (NICEATM)

FIFRA SAP December 2-5, 2014
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SEPA Lesson #10: Most Chemicals
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are Promiscuous
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SEPA Non-Selectivity Frequently Occurs
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<EPA Lesson #9: No Assay is Perfect
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(Search for Consensus)
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SEPA Lesson #9: No Assay Is Perfect
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Lesson #8: Quality and

Transparency Matters

Log2 (Fold Induction)

0.1 0.3 1 3 10 30 100

Concentration (uM)

ASERY: AETD117 (ATG_ERa_TRANS)

NAME: Thioglycelic acid
CHID: 26141 CASEN: 68-11-1
8PID(8): TX007664

L4ID: 420385

HILL MODEL (in red):

tp ga aw
val: 3.le-11 -2.15 0.416
sd:  NaN NaN NaN

GATN-LOSS MODEL (im blue):

tp ga gw la 1w
val: 2.93 -0.184 ] 0.173 18
sd: 3.56 0.334 9.48 5.82 814

CNST HILL GNLS
AIC: 20.14 26.14 17.7%
PROB: 0.23 0.01 0.76
RMSE: 0.92 0.92 0.32
MAX MEAN: 2.45 MAX MED: 2.45 BMAD: 0.233

COFF: 1.17 HIT-CALL: 1 FITC: 50 ACTP: 0.77

FLAGS:

Borderline active

Only one conc above baseline, active

National Center for
Computational Toxicology

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

ToxCast data analysis pipeline has been completely revamped
* More rigorous statistically and robust to outliers

« Data quality flags to indicate concerns with chemical purity and
identity, noisy data, systematic assay errors, and activity in range
of cytotoxicity

Tox21 and ToxCast chemical libraries undergoing analytical
QC and results will be publicly released

Release of ToxCast “Owner’s Manual”
e Chemical Procurement and QC
« Data Analysis
» Assay Characteristics and Performance

External audit on ToxCast data and data analysis pipeline

Multiple webinars and workshops to educate stakeholders on
high-throughput screening data analysis and interpretation
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Transparency Matters

ICSS Dashboard EDSP21 Dashboard
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.. Lesson #7: PK is Cool Again
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309 EPA ToxCast
Phase | Chemicals

|
v Y
k Q{
(@) .
@ p 3
Human Liver Human Plasma
Metabolism Protein Binding

ToxCast ACs, Value

Population-Based

IVIVE Model
Oral Dose Required to
Achieve Steady State

a Plasma Concentrations
— : :
Plasma Oral Equivalent to In Vitro
Concentration Exposure Bioactivity

Upper 95t Percentile Css
Among 100 Healthy
Individuals of Both Sexes
from 20 to 50 Yrs Old Reverse Dosimetry

Rotroff et al., Tox Sci., 2010

. Wetmore et al., Tox Sci., 2012
National Center for

Computational Toxicology
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o
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: Plasma EXRf _ rﬁéi%’/é/ Itro
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Chemical

Rotroffet al., Tox Sci., 2010

. Wetmore et al., Tox Sci., 2012
National Center for

Computational Toxicology
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e LESSON 5 EMbrace Uncertainty

Agency
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- Pharmacokinetic
Dataset 1 Models l--— Exposures
sfudy
Dataset 2 5
é Estimate
X | Uncertainty
°
o
g
c
Use /P;(;ted

Exposures

Production
Volume Predicted Exposure

A\

*See talk by J. Wambaugh Thursday morning, Abstract #2445
Wambaugh et al., Environ Sci Technoal., 2014

National Center for
Computational Toxicology
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Oral Equivalent Dose or Exposure
mg/kg/day

National Center for
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Lesson 5: Embrace Uncertainty
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Bioactivity

Exposure with
Uncertainty

H Il

Bioactivity data courtesy of Barbara Wetmore
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Lesson 4: Look for Local

Recursive Partition Tree on Residuals

Predicted_Css >=0.55 @

T T

PEPT1 _pIC50 >=2.7 Inhibition Transporler OATP2B1 = 0.38

Substrate_Transporter_MCT1 < 0. EB Fup < 0. 11
12%
ubstrale Transporler PEPT1 ==0.18

13 %

Predlmed _Css < 0.19

*Transporter substrate predicted with QSAR (Sedykh et al,
2013)

*See talk by J. Wambaugh Tuesday afternoon, Abstract #1607
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Structure May Not Be Friends

DSSTox Database

Quality of CAS-Structure Mappings

0,

i i iona " 0, ZA)

e B 1% % 4%
/

,u..,... DssTax DSSTox

Work in Progress Distributed Structare-Searchable Toziity (035Tox) Database Network
it & projecs of EPA's National Caszer for Campetational Tomicaleqy, halping to beild
& public data foundarcn for IMproved STuCUE-sCowey and predictive Toxicology
cazabilires. The D55Ton webaie arovdes & subbe farum for ewblahing

Pl chemical Girugture et

06Y | LAWE & REGULATIONS | ABOUT EPA

Frequent Questions

‘assotiaed with chemical invencories or waicity dasa seis of environmencel
relevanze Mare

OS5Tax Commisniny = fy DSSTﬂx
e Map. Structure-Browser

DSSTox_High
DSSTox_Low

Public_High
oo Pt Public_Med
10 April 2012 .
R R A = Public_Low

Strueture-Indes Filn Ussane s

Serusure-index fle comaining the full library bszing of | $40 unique compounds in
&b phases of EPA's TexCast™ high-thraughout sereening pregram, including
ecverage of the arignal Phase | (v1_309) ser, an undated Phase | et iv2_293),

D55Tox Dara Files: Detarls

m Public_Conflicts

TET new unies compounds added in Fhase B and 850 mewty addad for the 41k
endocrine sy screening program

TERCR15: Toxd 1 Chamical imnmtory e High=Throughput Scretsng L5
Seructure-Index File Uadared fie o P

(~22,000 curated chemical structures)

National Center for
Computational Toxicology
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Exposure Range Exposure Range

& S tem % .-:l Non-Teratogen Teratogen
.;__.-/l | | 4 159 i -

BIOMARKER DISCOVERY

Ornithine/Cystine Cell
Ratio Viability Teratogenicity
1 Thresheld

LT

Teratogenicity
0.5 Potential:
Omithine/Cystine Ratio

0.01 0.1 1 10 100 1000
[uM]

Source: Stemina (2014) Standard Protocol for the in vitro DevTox quickPredict Assay.

Platform TN sens

devTOX

devTOXgP

Cytotoxicity by itself only had an estimated predictive
accuracy of 30-40% using a subset of ToxCast chemicals

Lesson #2: Stay Relevant

Undifferentiated human embryonic
stem cells (H9 cells) treated for 72
hours

Conditioned media from the final 24h
treatment period was analyzed by LC-
MS-based metabolomics to determine
ornithine/cystine (o/c) ratio

Teratogenicity defined by the o/c ratio
<0.88

Concurrent cell viability measured

Rapid screen of 1066 ToxCast
chemicals produced 15-16% actives

PPV

NPV

spec BA

0.94 0.75

1.00 0.60

devTOXgP ToxCast 32 15 0) 7 10 0.638

[1] West et al. (2010) Tox Appl Pharm 247: 18-27.
[2] Kleinstreuer et al. (2011) Tox Appl Pharm 257: 111-121.
[3] Palmer et al. (2013) Birth Defects Res B 98: 343-363.

National Center for
Computational Toxicology

T.00 U.84 1.00 0.58

*See poster (late breaking) by T. Knudsen Thursday morning, Board #414
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Original OECD TG 440 Validation Concordance of In Vivo Uterotrophic Studies
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Owens and Koéter, Environ Health Perspect, 2003

Predictive Performance of In Vitro Assays for In Vivo Uterotrophic Studies
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SEPAA__  Visit EPA’s Exhibit Booth #2133

Agency

EPA’s Demo Sessions
— CPCat- Chemical and Product Categories Database
— ICSS Dashboard
— ToxCast Data Download Page
— AOP Wiki
— EDSP21 Dashboard
— More!

Booth Materials
— Project and Program Factsheets
— Information on Funding, Grants, and Employment Opportunities

Meet the Directors Sessions
— EPA Lab, Center and Office Directors
— Informal- 1 Hour Sessions

epa.gov/research/sot
For full calendar of events and materials

National Center for
Computational Toxicology
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