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“..1o Integrate modern computing and information technology
with molecular biology to improve Agency prioritization of
data requirements and risk assessment of chemicals”

Providing Decision Support Tools for
High-Throughput Screening, Risk Assessment and Risk
Management

- Office of Research and Development
Computational Toxicology Research Program



“EPA ToxCast Bioactivity Profiling
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Agency

In vitro testing in silico analysis
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- Office of Research and Development
National Center for Computational Toxicology Dix et al, Tox Sci 95:5-12 (2007)

www.epa.gov/ncct/toxcast



ToxCast Phase | HTS Results

Assays
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Judson et al EHP 118:485-492 (2010)
http://www.epa.gov/ncct/toxcast/

Cellular Assays

Cell lines
— HepG2 human hepatoblastoma
— Ab49 human lung carcinoma
— HEK 293 human embryonic kidney

Primary cells
— Human endothelial cells
— Human monocytes
— Human keratinocytes
— Human fibroblasts
— Human proximal tubule kidney cells
— Human small airway epithelial cells

Biotransformation competent cells
— Primary rat hepatocytes
— Primary human hepatocytes

Assay formats
—  Cytotoxicity
— Reporter gene
— Gene expression
— Biomarker production

— High-content imaging for cellular phenotype

Biochemical Assays

Protein families
- GPCR
- NR
— Kinase
— Phosphatase
— Protease
— Other enzyme
— lon channel
— Transporter

Assay formats
— Radioligand binding
— Enzyme activity
— Co-activator recruitment
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From Phase | to Phase Il and Tox21

Environmental Protection

Agency
Phase | [Phasell| Tox21
Actives 272 120 700
Inerts 24 100 1000
Antimicrobials 33 100 500
HPV 35 170 1300
MPV I 60 1500
Green 4 60 500
PCCL 73 150 500
Pharmaceuticals 0 100 2500
Consumer
Products /Food
additives 0 0 1500
Total 309 ~700 ~10000

- Office of Research and Development
National Center for Computational Toxicology
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Information Management
*Transparency
‘Unexpected Results
*Team Effort



EPA Enabling the

United States
Environmental Protection

Transformation in Toxicology

High Throughput Screening Information Technology and Management

-~ Pathway Based
Testin

Molecular, Cellular and Systems Biology

- Office of Research and Development 6
Computational Toxicology Research Program



Ao Databases & Tools

-« DSSTox — Distributed Structure Toxicity Data

- ACToR — Aggregated Computational Toxicology Database
- ToxRefDB — In vivo guideline study data

- ToxMiner — ToxCast data and analyses

- EDB — NCCT Endocrine Database

- VTKB — Virtual Tissue Knowledgebase

- Chemical Registry

- Office of Research and Development
National Center for Computational Toxicology



ToxCast/Tox21: Chemical Annotation & Data Publication

I\@GC (9 Cheminformatics Needs: )

g';tz’ » Select chemicals for testing hotation
- v" high environmental / tox interest
SEPARD v SU|tapIe for tgstlng
v chemically diverse
v analogs, metabolites, etc
» Standardized chemical fized
structure/substance annotation across |t data for

: ! . PAR
all testing & reference inventories g

» Chemical annotation QC
» Analytical QC
» Public reporting of data & QC
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http://ncgc.nih.gov/

SEPA DSSTox: Distributed Structure-Searchable

United States

evronmena roecion — JAtabbase Network Project...& ToxCast™

Agency

U.S. Environmental Protection Agency
Distributed Structure-Searchable Toxicity (DSSTox)
Public Database Network

Fecent Additions | Contact Us Search: ¢ all EPa & This Area
You are hera: EPA Homme » Computational Toxicolaay Research  Distributad Structure-s
(D55Tox) Publ

6ol

earchable Taoxicity

http://www.epa.gov/ncct/dsstox

About DSSTox

Work in Progress DSSTO'
:

Frequent Questions

Structure Data Files

. . Distributed Structure-Searchable Toxicity
Central Field Definition - fo
Table (DSSTox) Database Network is a project of EPA's Chemical Toxicity Data
Computational Toxicalogy Prograrm, helping to build a public data Structures .
Apps, Tools & More foundation for improved structure-activity and predictive toxicology :@::@: =
DSSTox Community capgbilities. The DESTox wehsite provides a puhblic forum for 3 + -
publishing downloadable, structure-searchable, standardized
Site Map chemical structure files associated with toxicity data. pore=
Glossary of Terms '“\\)\
s}
b EPA DssSTox ()
[T &, =] 10

14 current files, >15 substances, >10K structures
External links: PubChem, ChemSpider, Lazar, ACToR

P Publishes high-quality standardized structure-
data (SD) files pertaining to toxicology:

- EPA, HPV-IS, IRIS, NTP, FDA, NCBI, EBI, ...
» Strict chemical QA procedures

B Public substance/structure ID registry system

» DSSTox Structure-Browser SEPR bt
- Search by structure, name, CAS, ...
- Similarity & fragment search
- Search within a DSSTox file
- Link-in and link out of browser

A At G P P 5

@ Chemical information QA

and structure annotation
» ToxCast Phase | & Il
» ToxRefDB
» Tox21

@ Primary source of QC’d
structures for ACToR

o Facilitate external linkages
and data publication

@ Publish summary activities
and chemical classifiers for
modeling

@ PubChem Source
depositor for structures &
‘assays”



Current Guidelines & Chemical Standards In
Toxicology & Biological Effects Publishing:

Archives of Toxicology

Brain Research Bulletin Independent
Ecotoxicol. Environ. Saf. Chemical QC
Envion Health Perspect Chemical
Envion.Sci. Technol.
; : structures &
Environ.Toxicol.Pharmacol. :
hyperlinks

Environ & Molec Mutagenesis

. . Systematic
Environmental Toxicology
International J. of Toxicology T1E9s Nature
J.Appl.Toxicol. encouraged Chem. Biol.

J Toxicology & Enviro.Health Part A
Neurotoxicology & Teratology
Reproductive Toxicology
Toxicol. Appl. Pharmacol.
Toxicological Sciences
Toxicologic Pathology
Toxicology Letters

Toxicology

“Authors should provide sufficient detail to allow the work to be reproduced.”

Chem. Res.Toxicol.

Author responsibility




nature Editorial
‘ ' S 15,053 menemi0es 7285
cnemical b10Iogy

A new look for chemical information

“Chemical compound information
For all significant compounds included in
Nature Chemical Biology original research content to increase the accessibility of chemical
papers, a compound data page, linked information for our readers.
directly from the compound reference in the
full text, appears in the online journal.

Nature Chemical Biology is committed to enhancing
interdisciplinary communication and features online

Compound Data Index

From the following article
Small molecules enhance autophaqgy and reduce toxicity in Huntington's disease models
Sowvan Sarkar, Ethan O Perlstein, Sara Imarisio, Sandra Pineauw, Axelle Cordenier, BEebecca L
Maglathlin, John A Webster, Timothy A Lewis, Cahir 1 O'Kane, Stuart L Schreiber & Dawid C
Fubinsztein

MNature Chemical Biofogy 3, 331-338 (2007) Published online: ¥ May 2007

A PubChem link allows users of Nature Chemical Biology to go, in
a single click, from the mention of a molecule in a paper to a rich
Hﬂwl&_‘ compound 1 and growing collection of information about chemical structures
OH oH IEEtie! and their biological assay results, hosted by the NCBI.

View in PubCherm

View compound page (2 KB | View in 20 (2 KB | Download ChembDraw file of
structure (2 KB

L]
“Authors ensure that the chemical compound information within their
papers is complete, scientifically accurate and appropriately formatted.”



SEPA ACTOR

environmental protection -Ag gregated Computational Toxicology Resource
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ACToR API

Chemical ID,
Structure
@ ToxRefDB — DevToxDB BioRefDB -

Tabular Data, ~ MicroArray Biological Data
Links to Web YT Data Reference  Mining
Resources Specialized Toxicology Databases Data

Internet
Searches http://actor.epa.gov/


http://actor.epa.gov/
http://actor.epa.gov/

S
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EPA The Reach of ACToR

Agoncy
Category Count
Data Collections 580
Substances 2,139,297
Compounds 1,044,834
Generic Chemicals | 546,956
A L
Assays 3,213
Assay Components | 7,221
Assay Results 6,662,296

Office of Research and Development
National Center for Computational Toxicology

As of May 2010
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“EPA Chemical List View

Environmental Protection
Agency

Red box indicates
T e S “** that data is

(S - ¢ X @ I O ‘http:ffattnrpreprnd.apa‘gnvfattnrtfaces/A[TnRHnma‘]sp 75 - | -| carl melius J: .
5] Most visited 4 Getting Started 5| Labest Headlnes == PubMed home =) Googls Scholar f) EPA Desktop Library || Home | ACToR | USE.. o Oxford Journals | Life... | | ER Summary [NCCT . | ] Data Collection List | aval I ab I e fo r th at

|| Genes Associated with Assays | ToxMin... | | | ") ER Summary | NCCT EDB | US EPA 3l | | | Home | ACToR | USEPA a8

richard brennan microarray cercinagen _. | | (€ EWG || Human Toxome Project ElE

U.S. ENVIRONMENTAL PROTECTION AGENCY phenotype, nOt
ACToR: Aggregated Computational Toxicology Resource

Recent Additions | Contaci Us Search: " AIIEPA © This Area Go| th a.t C h e m i Cal
“You are here: EPA Home % Mational Centerfor Computstional Tazicoloqy » ACTOR » Home
causes that
ACToR Home
Basic Information Home p h e n Otype

Data Collections
ACToR is one of many EPAtools available for those interested in chemical toxicity to find data about potential chemical risks to human health and the environment. The data warehouse:
Iz a collection of databases collated or developed by the US EPA Mational Center for Computational Toxicology (NCCT).

Search By Name .
Search By CASRN » Aggregates data from over 500 public sources on over 500,000 environmental chemicals searchable by chemical name, other identifiers, and by chemical structure.
« Data includes chemical structure, physico-chernical values, in vitro assay data and in vivo toxcoloay data
Search By Structure « Chemicals include, but are not limited to, high and medium production volume industrial chemicals, pesticides (active and inert ingredients), and potential graund and drinking water contaminants:
Browse Assays by * Provides a connection to another EPA chemical screening tool called ToxCast, a multi-year, multi-million dollar effort that uses advanced science 1ools to help efficiently understand hiological processes impacted by
o ays chemicals that may lead to adverse health effects.
Toxicity
Browse Assays by
Category
External Links Chemical Mame Parameters Match by
Help & Search on Chemical Names © Exact
Download © Search on CAS Numbers & pny
ToxRefDB Enter Chemical Name.
henzene
Search
|Search Results /
Chronic Developmental Reprogdctive Food
Details Image CASRN Preferred Name Hazard Toxicity Carcinogenicity Genotoxicity Toxicity xicity Safety Exposure
0
. 0
details 643-79-6 1 2-Benzenedicarboxaldehyde
cl cl
i cl cl
details 608-73-1 Hexachlorocyclohexane
. . H ﬂ H n n n E E
details 106-46-7 1,4-Dichlorobenzene

X Find: | dsstox & next A Previous & Highlight sl [~ Match case
Done 1 4
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ToxRefDB

Environmental Protection

Agency

* Developed in 2006

— Database Structure
— Database Vocabulary

- Manual entry of >3200 studies for > 500 chemicals

1200

1000

800

600

400

# of Studies Entered

200

0

2006 2007 2008 2009 2010

Chronic Rat

Chronic Mouse
Reproductive Rat
Developmental Rat
Developmental Rabbit
Subchronic Rat

# of Studies

0 100 200 300 400 500

- Datasets released publically in 2009 (3 publications)
* Full database & Web Interface released publically in 2010

- Office of Research and Development
National Center for Computational Toxicology
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ToxRefDB: A Computable Database

Topramezone

Fipronil

Fenpropathrin

Bendiocarb

Fluvalinate

Thiacloprid

Ethoprop

Fenbuconazole

Mancozeb

Maneb

Spinosad

Thiophanate-methyl

ﬁ Triforine

Ethofenprox

Butyl benzyl phthalate

Asulam

Lowest Effect Level (LEL): -Log,(LEL)

\ |
No Effect 2048 0.015625
mg/kg/day mg/’kg/day

Thyroid effects

Martin et al, ToxSci, 110:181-190 (2009)

16
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NCCT Endocrine Database

=l |

) ER Summary | NCCT EDB | US EPA - Mozilla Firefox
Fle Edt Wiew History Bookmarks Jooks  Help

i; A c X ) ||j‘http:fﬂt\tan.epa.gov:zz?zzﬂservletﬂEDB i- I-'_|'|car\melius

2] Most wisited 4 Getting Started 5. | Latest Headines = PubMed home **§ Google Scholar g2 EPA Deskiop Library | | Home | ACTeR | USE... o Oxford Journals | Life... | | ER Summary |KCCT ... | | Data Collection List | ..

| | Data Collection List | ToxMiner | US EPA | } || ER Summary | NCCTEDB | USEPA. [E3 | || About | ACToR: | LiS EPA {3 I *§ richard brennan micraarray carcinogen .|| I €/ EWG || Human Toxome Froject =) I o |

U.5. ENVIRONMENTAL PROTECTION AGENCY
ToxCast Phase I Endocrine Activity Database

Recent Additions | Contact Us Search: © Al EPA @ This Area Go

*You are herei EPA Home » NCCT EDB » ER Summary

Summary of ToxCast Phase I Estrogen Receptor Assays vs. Literature Results

ER Summary
Legend:
Green: Consistent positive findings
Red: Consistent negative findings
vellow: Some positive, some neagative findings
White: Mo literature findings
NVS
ATG ATG |NCGC R . .
Details |Structure CASRN Name source_name_s ER ding ER ding ERa ERE (ER :ﬁgg:ﬁﬂ Iéli:'““"u IE'Ir‘n;Iiferation tllt‘t;rotrophic
H . TRANS |CIS [Agonist G
uman |Bovine
Resulis|” . |111812-58-8|(Z E)-Fenpyroximate DSSTOR_ 40463
Y 2,2-Bis(d-hydroxyphenyl)-1.1,1-

Results O O 2971-36-0 trichloroethane (HETE) DSSTOx_40307

Results ,@ Tledaz6 2 4-DB DSETOX 40326

ResUlts | 4757 2 4-Dichlorophenoxyacetic acid DSSTOX AT308

ResUlts) \ﬂ/\ - 24D) 5,

Office of
National Resutis )f\‘g, o [12Ba5e  [REPURIScamogle e pegroy ymi
. ipropyl ester -

X Find: | dsstox & et @ previous &7 Highight al [~ Match case

| pane

17



“EPA Chemical Sample Registration Workflow

Environmental Protection
Agency

DSSTox Sample Tracking Update
|nventory / Database p_/—)%

Remove from

|
i ’ = |
| : : | Partition ' > Assay
EPA places | i E > to MatL'X > - f | Providers
chemical ' o o racks - P, NcGe
orders : Procure 2x.100mg Store " Solubilize @ Solution : ToxCast
I compound in tared, neat in DMSO Plates |
| barcoded vials | Plate Address
- |
______________________ T = Analytical QC
i_ _________________________ B e e ]I J
| .
| Review % Bottle IDs : l
l E —xX—> Insoluble §3|_l£'_(_’n IDs } ---ASS'EX_RGSUHS
| |
|
| i M
i QC structure l Analytical QC ~—ACToR)/
| \ ( ToxMiner
| Registerin Register in \ |
| |
| |
| |
| |
| |
: |
| |

- _ __ _____ _ __ _ _ __ __ __ _ _ _ __ _ _ __ ___ _ _ _ _ __ _ ___ _ ____ _ _ _ _ ___ __ __ _

- Office of Research and Development
National Center for Computational Toxicology
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ToxCast Assay Data Workflow: Phase-ll

Intranet wiki:
log files, directory links, version stamps

“Raw” data

Processing

Processing scripts

I\
"W
1\
1\
1\
1\
1\
1\
1\
I\
1 1
1 1
4 1
) “Primary” data (standardized
conc.-response format)
Feedback & Custom analysis
refinement (AC,, fits, etc.
1
Local storage EPA/NCCT
(working directory) servers
Network backup

“Fit” data (AC;,/LEC)

ToxMiner




""EPA _ Tox21 & ToxCast Phase Il Chemicals

@ 3800 chemicals “On hand”, registered or in process
@ Solubilize 1 set (1616 compounds): 135 DMSO insolubles
@ Solubilize 2 set (1300 compounds): submitted 5/17/2010

@ 114 pharma compounds (failed drugs) received and
solubilized from Merck, GSK, Pfizer, Sanofi-Aventis

@ 192 chemicals from Solubilize 1 set + 114 pharma
compounds plated for Phase Il

@ 10 Phase Il triplicates “On hand”, 3 included in 192

- Office of Research and Development
National Center for Computational Toxicology

Updated May 18 2010 20



wEPA ToxCast Phase Il Chemical Selection

United States
Environmental Protection

Agency
@ Phase Il
chemicals being
selected from Tox21
Phasell Set : ‘ | “brary
OECD | 405 instances for Q High-priority EPA
GSK Liver | 192 chemicals lists + In vivo Data
MTP Immunots
Loreal @ Pfizer, Merck,
Greenchemdfe | GSK chem w/clinical
drugs | data (approx 110)
Phase | replicates (3x)
HPV/MPY (OPPT RAD) | @ Defined structures
Pesticidal actives OPPIN |
antimicrobials |
Inerts |
0% 20% 40% 60% BO% 100%

- Office of Research and Development
National Center for Computational Toxicology

Updated May 15 2010



SEPA Transparency

United States
Environmental Protection
Agency

I»

U.5. ENVIRONMENTAL PROTECTION AGENCY

National Center for Computational Toxicology
searcte CAINEPA © This Area Go

Vel 14 her4: EPA Homa = Nibenal Canbe! 4 COmputationsl Toxico gy # THCHA™ Frogtam

ToxCast™ Program
Predicting Hazard, Characterizing Toxicity Pathways, and Prioritizing the Toxicity Testing of Environmental Chemicals

In 2007, EP# launched ToxCasf™ to devalop & cost-effactive approach for efficientiy priorifizing the esicity testing of thousands of chemicals

+ Usss dats from stats-of tne-art high throughput scrasning (HTS) bioszsays

+ Builds computational models to forecast patential chemical toxicity in humsans

\Website

- Provdas EPA 5 Wit & m in priortizing chemic datalied foxicologieal evaluations
and more eficient use of animal testing.

« Phaze | profiled cvar 300 well-characterized chemicals (orimarily pestizides) in over 400 HTS sndpaints. Endpeints in¢lude biochemical
assays of protein funclion, cell-based tanseriptional reporter and gene expression, eell ine and priman cell funciional, and developmental
Endpoints in 28brafsh embryns and embryonic stem cells.

« Phaze 1 chemicals have slready been tested using iraditions| toxicology methods including tasiciy,

reproductve studies, an subchronic and chronic rodent binassays. Tox=eDE is the relatianal database storing
billion warlh of anirmal toxicity shudies

tion
Information- nearly §2

+ Phase Il of ToCastwill scraen sdditional chemical compounds reprasenting broader chemical structure and use classes ta svaluats the oA
° r predleive sty sanatures developad I Phase | P
« Tomicity 510N 3085 From ToACS1will BE dfingd ant evaluates by Rov well Ihey Predict DUIEDMES THOM MAMmalian Wity 1eSts and Idennsy Asssys
taicity patways relevant fo human health efects. hiormeton Marssgemert
[Ty —— + Diata et and published research are listed in the table below. fa fres slechronic copy of a research publicalion is nof available on the fable Favmarzis
actice bolow, pleass CORAC MORica Linnentnk (LinAanbring Monic s 40y Cortractors

Jobs and Opportunities Dewnload Publication
Retated information

f concanbaton respr from TexCast Phase Dootosiudson et al. 2010) " Yito Bereenin
(Cancentration Response fused o derme ACSOILEC dats below) (226 M, [Emsronmental Chemicalc for Targeted Dsta Ansysis Sunrit
IData) ) [Tasing Brodzan ToaCast Emed s

Froiect Emironmental Hesith
Perspectives
[DO1:10.128%/ehp 0801 382

*Use of open source software
‘R, MySQL, PERL

[ToxCastPhase 1 Data  [Supplemental data and figures for Jusson et al ludsan et al, (2010)"In ening of

8ntal Chamicale o T

Testing Prioritzaon - The ToxCast
[roiect Ervironmental Health
Ferspectives
[DOI10.12894ehp D801 282

*Chemical Prioritization Community of Practice
*ToxCast Data Analysis Summit

«Communications
*Presentations, presentations, presentations
*Media releases

Office of Research and Development

Computational Toxicology Research Program 22



“EPA Unexpected Results

Environmental Protection
Agency

BPA

1

| A

*Breakdown of materials in DMSO
*Need for constant quality assurance
*Need to orthogonal methods
*False positives and false negatives
-Advantage of multiple platforms Bisphe

5 assays

_——— | 3technologies
TR

36 assays

Other
1 technology . XME/ADM

ER
\ 6 assays
AR

4 technologies

Other NR
38 assays /

Disease 5 assays
classes .
4 technologies

Ingenuity
pathways

4 technologies
KEGG
pathways "
27 specific pathway components

Calculated using used; data from external

Office of Research and Development ; knowledgebases
- Computational Toxicology Research Program QikProp software B
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National Center for C.,olm/)ufaﬁona/ Toxico/ajy
Five Year Flnnivermr:y 2010

- Office of Research and Development
National Center for Computational Toxicology
24
February 2010



SEPA s
Vi Data and Tool Interoperability

Agency

Data and
Knowledgebases E
—
] Common
ToxRefDB Ontologies
Disease, ADR
Assay
Physiology ;7
Web Pages
Web Services
OpenTox API
Virtual Tissue Analysis Tools —
KB Open Ontologies / OBO | &>

Open Source Tools

- Office of Research and Development o5
Computational Toxicology Research Program




