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Environmental Chemicals: Toxicity Assessment Data Gaps

Estimated Mean Percent in Selected Universe

Pesticides and Ingredients - 3350
Cosmetic Ingredients - 3410
Drugs and Excipients - 1815
Food Additives - 8627

Chemicals (> 1M Ib/yr) - 12860

Chemicals (< 1M Ib/yr) - 3911

Complete Hazard Assessment Possible
Chemicals (unknown) - 752

Minimal Information Available

No Toxicity Information Available

Partial Hazard Assessment Possible

Some Toxicity Information Available

Strategies for Closing the Chemical Data Gap

by John S. Applegate and Katherine Baer

A Center for Progressive Reform Publication April 2006
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Editorial

The Future of Toxicologyv—Wrap Up

Wither toxicology? We have enjoyed a series of mformative, a paucity of compelling problems to work on that would
occasionally provocative, commentanes on this subject from senerate & broad mandate for large-scale mvestment i toxicol-

“A major focus for the future of computational toxicology
will be integration and analysis of large data sets. The
current state of toxicity databases is something of a
mess. There are a number of databases, each with
differing content, architecture, and searchabillity, that
makes the task of integration extremely difficult.”




Part |

Data & Data Linkages




Distributed Structure-Searchable Toxicity (DSSTox) Public Database Bl Books
Network
Fecent Additions | Contact Us search: © allEPa @ This area EI

“ou are here: EPA Hormme # Cormnputational Toxicology Research # Distibuted Strudure-Seardhable Toxicity (D55Tax) Public Databasze Mebwork

About DSSTox
Work in Progress DSSTox

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

Structure Data Fil _— .

ructure Sata tles Distributed Structure-Searchable Toxicity (DSSTox) Database Network is a
Central Field Definition project of EPA's Mational Center for Computational Toxicolooy, helping ta build a public data faundation for Chemical Toxicity Data

Table improved structure-activity and predictive toxicology capabilities. The DSETox website provides a public Structures s

Apps, Tools & More forurm for publishing downloadable, structure-searchahle, standardized chemical structure files associated ﬂm
with toxicity data. mores p . +
DSSTox Community
Site Map ~ . %
SEPA DssTox N

Frequent Questions

Glossary of Terms
Structure-Browser
Help
v2.0
) } DSSTox SDF Files
D55 Tox Structure-Browser information Page
Standardized
[ 27 October 2008 | Documented
. ) ) ) ) Structure-Searchable
@ ARYEXP: European Bioinformatics Institute (EBN ArravExpress Repository for Gene Expression e —
Expetiments ** New Files \pplicelion-independent
Structure-index locator file corresponds to chemical exposure-related experiments in ArrayExpress

Repository with links to Experimental Accession numbers associated with each suhstance {data extracted
20Sept2008). Auxiliary data file (ARYEXP_Aux) indexed by chemical-experiment pair, includes 44 additional
data fields.

@ DS5Tox Graphic Flowchart

@ GEOQGSE: Mational Center for Biotechnology Information (WCBD Gene Expression Omnibus (GED) :m
Series Experiments ** New Files _—
Structure-indesx locatar file corresponds to chemical exposure-related experiments of GEO Series
Repository with links to Series Atcession numbers associated with each substance (data extracted
205ept2008). Auxiliary data file {GEOGSE_Au) indexed by chemical-experiment pair, includes 18 additional

» Chemical structure-indexing coges. v 162 o
» Quality review & data standardization e

» Engage toxicologists in data representation

IRISTR wib S44 15Feb2002

DSSTox Data Flles: Detzil==

» Expand toxicological “endpoints” for modeling e ap—

NTPHTS w2b 1408 15Feb2002

» Facilitate structure-searching ronesT v g0 s

ARNMENP wiz 287 240ct2002 * New

» Improve linkages across data resources

LRI T = A TOT TUTTTITY LERS1 R FR=2=) Mppe— ) n) Y japap=y) =Esdernal Data Files (1SS0AN
% Steoctire "hit' resnbmit feature frim sither tewt ar stroctire srarch o faciliate stroctire




Published
DSSTox Data
Files:

«~ 15K records

- >8000 unique
chemicals

- 6 data files

- 6 files with links
to Chemical Data
web pages

- 3 HTS inventories

« 2 Inventories of
gene expression
experiments

- EPA, NTP, FDA,
NIH, EBI

vla

ARYEXP: Eurcpean Bicinformatics Institute (EBI) ArrayExpress Repository for Gene Expression Experiments

ZOApr2008

a7 Structure-Index Locator File; Index of chemical exposure-related experiments in ArrayExpress Repositony with links
210ct2008 ||to Experimental Accession numbers associated with each substance (data extracted 20Sept2008). Auxiliary data file
AREYERP_AUX indexed by chemical-experiment pair, includes 44 additional data fields.

CPDBAS Vo T Carcinogenic Potency Database Summary Tables - All Species Database & Structure-Inidex Locator File: Turmaor
1547 target site incidence, TDA0 potencies, summary activity calls for rat, mouse, hamster, dog, andiar non-human
298pr2008 ||primate; data reviewed and compiled from literature and MTP studies.

DEPCAN by EP A Water Disinfection By-Products with Carcinogenicity Estimates Database: Carcinogenicity estimates (thigh,
209 maderate, low concern) by EPA experts using a mechanism-hased analog SAR approach on a set of 209 water
15Feh2008 |disinfection by-products, mastly small halogenated organics.

EPAFHIM by EPA Fathead Minnow Acute Toxicity Database: Acute toxicities of 617 chemicals tested in commaon assay, with
G617 made-ofaction assessments and confirmatory measures.
15Feh2008

FDAMDD 1] FDA Center for Drug Evaluation & Research - Maximum (Recommended) Daily Dose Database: Maximum
1216 (recommended) daily dose (MRDD) walues for 1216 pharmaceuticals in mofko-body weight (bwd/day, converted to

1 15Feb2008 |mmol and normalized to dataset, MRDD values extracted from public literature sources.

GEOGSE vla Mational Center for Biotechnology Infermation {NCBI) Gene Expression Omnibus (GEQ) Series Experiments
1014 Structure-Index Locator File: Index of chemical exposure-related experiments of GEQ Series Repository with links
230ct2008 [to Series Accession numbers associated with each substance (data extracted 205ept2008). Auxiliary data file

(GEOGSE_Aux) indexed by chemical-experiment pair, includes 18 additional data fields.

HPVCSI W2C EP A High Production Volume Challenge Program Structure-Inidex File; Compiled structures far three chemical lists
3548 provided on EPA HPY Challenge Program website; each record includes reference index to dated list.
15Feb2008

HPVISD 1] EP A High Production Volume Infermation System (HPV-IS) Data Structure-Index Locator File: Compiled structures
1006 for the chemical inventary of the on-line EPA HPV-IS with chemical-specific URLS linking to HPY-15 data pages
15Feb2008 ||containing chemical properties, fate properies and toxicity data.

IRISTRE el EPA Integrated Risk Information System (IRIS) Toxicity Review Database & Structure-lndex Locator File:

544 Compiled structures for EPA IRIS website with chemical-specific LRLS linking to risk assessment summary data
15Feh2008 |pages for 544 chemical substances.

NCTRER by FDA National Center for Toxicological Research (NCTR) - Estrogen Receptor Binding Database: Estrogen receptor
232 relative hinding affinities tested in a common in vitro assay for 232 chemicals, listed with chemical class-hased
15Feb2008 ||structure-activity features.

NTPESI da National Toxicelogy Program {NTP) On-line Chemical Bioassay Database Structure-Index Locator File: Compiled
2315 structures for the KTP On-line Database with chemical-specific URLs linking to WTP study summary pages; file

1 155ep2008 ||includes fields for each of 4 main hioassay study areas with indicatar values specifying presence or ahsence of
study data far the chemical substance recard.

NTPHTS w2k National Toxicelogy Program {NTP) High-Throughput Screening Project Structure-Index File: Compiled structures
1408 for set of 1408 MTP chemical substances provided ta the MIH Chemical Genomics Center (MCGC) far HTS hioassay
15Feb2008 ||testing and to PubChem (NCGC PubChem_CIDs and PubChem_SIDs included in NTPHTS vw2a file); NCGC HTS

hicassay data are deposited into PubChem by the NCGC Source and can be retrieved with these PubChem CID and
SID lists.

TOXCST W2C Research Chemical Inventory for EPA’s ToxCast TM Program Structure-Index File: Compiled structures for 320

320 chemical substances that are candidates for Phase | High-Throughput screening (HTS) within the EPA ToxCastma

prograrm.



CPDBAS v5c 1547

STRUCTURE
DSSTox_RID
DSSTox_CID
DSSTox_Generic_SID
DSSTox_FilelD
STRUCTURE_Formula
STRUCTURE_MolecularWeigl
STRUCTURE_ChemicalType
STRUCTURE_TestedForm
_DefinedOrganic
STRUCTURE_Shown
TestSubstance ChemicalNam
TestSubstance  CASRN
TestSubstance Description
ChemicalNote
STRUCTURE_ChemicalName
_IUPAC
STRUCTURE_SMILES
STRUCTURE_Parent_SMILES
STRUCTURE_InChl
STRUCTURE_InChiKey
StudyType
Endpoint
Species

(61 fields)

ActivityOutcome_ CPDBAS_Mutagenicity
TD50 Rat_mg

TD50_Rat_mmol

TD50_Rat Note
TargetSites_Rat Male
TargetSites_Rat_Female
TargetSites_Rat_Both Sexes
ActivityOutcome_CPDBAS_Rat
ActivityScore_ CPDBAS_Rat
TD50_Mouse_mg

active
inactive
inconclusive

TD50_Hamster_mg

TD50 _Dog_mg
TargetSites_Dog
TD50_Rhesus_mg
TargetSites_ Rhesus
TD50_Cynomolgus_mg
TargetSites_Cynomolgus
TD50_Dog_Rhesus_Cynomolgus_Note
ActivityOutcome_CPDBAS_Dog_Primates
ActivityOutcome_SingleCellCall
ActivityOutcome_MultiCellCall
ActivityOutcome_MultiCellCall_Details
Note_ CPDBAS
NTP_TechnicalReport
ChemicalPage_URL

Potency Ranking
[1-100]

multisite
multisex
multispecies

adrenal gland;
bone;

clitoral gland;
esophagus;
ear/Zymbal's gland,;
gall bladder;
harderian gland,;
hematopoietic system;
kidney;

large intestine;
liver;

lung;

mesovarium;
mammary gland;
mixture;
myocardium,;

nasal cavity
nervous system;
oral cavity

ovary;

pancreas;
peritoneal cavity;
pituitary gland;
preputial gland;
prostate;

skin;

small intestine;
spleen;

stomach;
subcutaneous tissue;

all tumor bearing animals;

testes;

thyroid gland;
urinary bladder;
uterus;

vagina;

vascular system.



CPDBAS v5c 1547

Category & Species Totals
by ActivityOutcome / ActivityScore

Category ActivityOutcome_CPDBAS _Species {vac) ActivityScore_CPDBAS_Species’

Field Hamie

Active Inactive Inconclusive | Total Z Entries Total # Emtries*®

Mutagenicity

403 457 aa0 A
(Salmoheliz)

Rat a87 H46 1240

Mouse 445 AAD 10082

Hamster 44 47 ar

Dog_Primates 14 17 32
SingleCellCall
MultiCellCall




PubChem

Substance
] Searu:th"ubChem Substance jforlepadsstn:l)d Go I Clearl save search

[ Limits | Preview/ndex | History | Cliphoard | Details |
Display | Surnmary ~| show |20 =l Sonby ~lfsendto =]
Toois: | (] & Links: Related Structures, BioAssays, Literature, Other Links @)

‘ All: 16231 | PiaAssay: 3821 | Proteinal: 0 | Rule of 30 10017 16931 DSSTOX SUbStanceS
Items 1 - 20 of 16931 Fage ||1 of 847 Mext

[T 21: S0 49593738 Related Structures

U.5, ENVIRONMENTAL PROTECTION AGENCY

Eth'}"ll DEﬂtaﬂDat C - k Distributed Structure-Searchable Toxicity
Compound ID: ff0852 : i abase Network

\'*u’\/\ Source ERPA DSS5Tox (455865) e e il T
IUPAC: ethyl pentanoate Home

MW: 130184860 g/mal | MF: —-r | SDF Download Page

Werk in Progress

Frequent Questions.

Structure Data Files

Central Field Definion
Table

EE————

NTPBSI: National Toxicology Program Bicassay On-line Database
Structure-Index Locator File

S

I_ 22 . S | D: 4 9 6 9 3 _u'" 3 _|'" sl it ** Version da. updated 15 Seprember 2008

* Update coresponds to chemical and Study Area content of NTE Qin-lin
August 2008, with additien of 12 new records snd comesponding sty
Ao

Aaias
* NTP B
NTP databas theoug
* NTFES| substances have been depositad in PUbChem and include URL links to chemic sk spacilic NTP Study Pages.

e OBt Db
ke 155

Aretyl-L-carnitine bydrochlorde; (3R)-3-(ace
hyydrochloride; S080-50-2

Compound ID: 53173559

Source EPA DSSTox (45864)

IUPAC: (3R})-3-acetyloy-4-trimethylazaniy

sy == Erirn ety

Quick & Easy File Downloads: £IF Doenlosd Inétucsons

@ National Toxicology Program
4 MTP Home = Database Search Application

—a MW 239 98520 gmeI | IF: CgHyqgCIMO,| Search History: Search Results for 538-62-2
Found 1 Search Result for Search Term '539-82-2" ¥ Mew Search Clear History 4 Hide History
Table nstructions amd Notes:
I_ 23: SlD 49693?36 Selecting a CAS number will show you the studies conducted on this chemical. fapplicable, matches on chemical synonyms are shown in parenthesis

e ——————————— eSS s
Studies with this Test Agent | 539-82-2 Ettvyl valerate
Alpha/Beta Hydraxy Acids (Glycolic Acid, 5 Tosing Siats
Cﬂ'mpﬂund ID: 338 open all For This Test Agent |
-%l Source: EPA DS5Tox (45863)
IUPAC: 2-flydraxybenzoic acid I

MW 138.120740 gfmol | MF: CrHgOz

& Backto Top



d PI.I b© hem
BmAssay
Search |PubChem BioAssay x| for |dsstox Go | Clear | Save Search

[7 Limits | Preview/ndex \|f HISTOry \|f Clipboard ‘|’ Details |
Di5p|a1_.,r|SL|mmE|r§;j ShDWIEU j|S|:|rt by j|Sen|:It|:| j 11 DSSTOX "BIOaSS&yS"

Tool: CE) Links: Related BioAssays. Compounds, Literature, Other Links

[ AI: 74 | Confirmatory: 63 | MLSCN: 63 | Protein Target: 0 | Screening: 1 | Summary: 0 '|§|

Items 1 - 20 of 74

T 1: AID: 1204 summary | Data (Active) Felated BioAssays, Compounds, Literature, Other Links
DSSTox (NCTRER) National Center for Toxicological Research Estrogen Receptor Binding Database [Screening
Method)]

Source: EPA DSSTox
Substances Tested: 232; Active: 131

M2: AlD: 1185 summary | Data (Active) Related BioAssays, Compounds, Literature, Other Links

DSSTox (FDAMDD) FDA Maximum (Recommended) Daily Dose Database [Other Method]
Source: EPADSSTox

Substances
1. AID 1194: CPDBAS Salmonella Mutagenicity 403 /860 Active
[73: AID: 1205 2. AID 1189: CPDBAS SingleCellCall 806 /1547Active
oos (et 3. AID 1205: CPDBAS MultiCellCall 582 /1152Active
substances 1 4. AID 1208 CPDBAS Rat Bioassay (M/F/Both) 587 /1240 Active
5. AID 1199: CPDBAS Mouse Bioassay (M/F/Both) 445 /1007Active
™ 4: AID: 1189 7. AID 1190: CPDBAS Dog & Primates Bioassay 15 /32Active
DSSTox (CPDE 8. AID 1195: FDAMDD — FDA Maximum Daily Dose 1216 /1216 Active
sopee "0241 9. AID 1204: NCTRER — NCTR Estrogen Receptor Binding 131 /232 Active
10. AID 1188: EPA Fathead Minnow Acute Toxicity 580 /617 Active
I 5: AID 1208 11. AID 1201: EPA Disinfection By-Products Carcinogenicity Estimates 80 /209 Active
DSSTox (CPDH R E————————————

Source: EPA DSSTU'-
Substances Tested: 1240; Active: 587




Distributed Structure-Searchable Toxicity (DSSTox) Public Database Bl Books
Network
Fecent Additions | Contact Us search: © allEPa @ This area EI

“ou are here: EPA Hormme # Cormnputational Toxicology Research # Distibuted Strudure-Seardhable Toxicity (D55Tax) Public Databasze Mebwork

About DSSTox
Work in Progress DSSTox
Frequent Questions
Structure Data Files

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

Distributed Structure-Searchable Toxicity (DSSTox) Database Network is a

Central Field Definition project of EPA's Mational Center far Computational Toxicalogy, helping to build a public data foundation for Chemical Toxicity Data
Table improved structure-activity and predictive toxicology capabilities. The DSETox website provides a public Structures s

Apps, Tools & More farum for publishing downloadable, structure-searchable, standardized chemical structure files associated ﬂm

with toxicity data. Morez o o ] +

DSSTox Community
Site Map ~ *-.%
SEPA DsSTox (@) | qum— BN
Structure-Browser

v2.0

DSSTox SDF Files

Standardized
Documented

Glossary of Terms

Help

D55 Tox Structure-Browser information Page

[ 27 Qctober 2008

. ) ) ) ) Structure-Searchable
@ ARYEXP: European Bioinformatics Institute (EBN ArravExpress Repository for Gene Expression o
Expetiments ** New Files Apphcslion-independert
Structure-index lacatar file carresponds to chamical exposure-related experiments in ArrayExprass

Repository with links to Experimental Accession numbers associated with each suhstance {data extracted
20Sept2008). Auxiliary data file (ARYEXP_Aux) indexed by chemical-experiment pair, includes 44 additional

data fields.

@ DS5Tox Graphic Flowchart

@ GEOQGSE: Mational Center for Biotechnology Information (WCBD Gene Expression Omnibus (GED) :m
Series Experiments ** New Files _—
Structure-indesx locatar file corresponds to chemical exposure-related experiments of GEO Series
Repository with links to Series Atcession numbers associated with each substance (data extracted
205ept2008). Auxiliary data file {GEOGSE_Au) indexed by chemical-experiment pair, includes 18 additional
data fields.

DSSTox Data Flles: Detzil==

15 September 2008 . CPOBAS wSc 1547 294pre00s
DEFCAM wab 203 15Feb2002

@ NTPBSE Mational Toxcology Program Bioassay On-line Database Structure-Index Locator File = EFAFHM wdb B17 15FebZ008

Updated to vda FOAMDOD wib 1216 15Feb2002
Corresponds to updated content of MTP website, with addition of 12 new records and studies. HEWCS| wic 3545 15Feb200S
HFWISD wib 1005 15Feb2008
[ 15 August 2008 | IRISTR wib 544 15Feb200%
HCTRER wdb 237 15Feb2008
# Enhancerments to DESTaox Structure Browser - Wersion 2.0 NIFBS| wis 2215 15Sep200g
HTPHTS w2b 1408 15FebZ008
b3 Expanded "link-in" options and user-defined limits to allow external wehsites to access TOHCST wic 320 29Aorz00s

DS5Tox Structure Browser Search Results pages
# Minirmurn of 10 structure similarity hits displayed regardless of similarity search threshold ARYEXP wia 887 210ct2008 * New
¥ Mew External Resources feature provides structure-based "link-outs” ta public an-ling GEOGSE wia 1014 230042008 ™ New

resources, such as PubCherm, ChemSpider, and Lazar In Silico Toxicolody [ExiT pisclaimer| |
{link-outto EPAACTOR caming s0on, est. Sept. 2008)
% Steoctire "hit' resnbmit feature frim sither tewt ar stroctire srarch o faciliate stroctire

#Esternal Lrata Files (ISSCANY



Structure- Browser v2.0

DSSTox Chemical Text Search Data Files to Search

Choose search: Enter search text: Al DSSTox Files
E,ﬂ-,utn-detect ivl Iatrazine > r-‘.SE|EETEIZ| D55Tox Files LI

v ARYEXF via

%'EPA DSSTO}: ( Search 1 f File Incidences ]

Chemical Mame Clear Search |
CAS BN S—anBS AR VAL
InC:hl EEBl ArrayExpress Repository for Gene Expression
Formula Experiments (337 records) AN b

v EPAFHM wih
DSS5Tox Chemical Structure Search

Enter SMILES string; v

I ? Search Options ¢ ? ¥ GEOGSE_vla

Preview below Clear Search | M Exact match b HPYES| e

M Substructure
Or draw a molecule or substructure using the JME editor: M Similarity I HFYISD_wib

FOAMDD v3h

ﬂua&r DEL D-R +- uoo JWAE Threshold: I a0 % W IRISTRE v1b
= =~A008000 R4 [ NCTRER_ vih

v NTPESI vda

¥ MTPHT= vilhb
v TORCST We

http://www.epa.gov/dsstox_structurebrowser

JME Meolecular Editor®, Mowartiz Pharmma AG Report Difficulties |




aEPA DSSTO}{ [ Search ] ( File Incidences ]

Structure- Browser v2.0

Search Results Summary for DS5Tox Substances - File Breakdown Incidences

Cuery Results Type Hits Display

Structure:

} Exact matches 1 Details |

”_‘(% Substructures 2| Details | External Resources
_T{:L\ Similarity = 51.2% 12 Detailsl / Pub{Jhem EPA ACToR
PﬂbChem CID/ mChemSpider in ;ﬂig'l:crx

EXIT Digflaimer
DSSTox File 7 S Fuboram compoum = 24@ bstructures”” Similarity = J1.2%
OO Pu b©Compound PubMed | Entrez | Strusturs | PubChem | Help
ARYEXP_‘H a ubChem » Compaund Summary : I n CI/] I/
CPDBAS St Sl S

atrazine - Compound S|

DBPCAN v4b :pz:f:s:z;r;ﬂ;;szizzassysﬁE g:f(f Chemsplder f

s T SMILES
stff gait, increased respiratory r

congestion o e lungs, liver, a Home Search serv Resources About
FDAMDD_v3b r S
- e : Lm Lazar Toxicity Predictions
GEOGSE_vla i : o [Vaenten | Bocumentation

E PAFHM ulllu_lul h poisoned sheep and cattle may

Crug and Chemical Info®®
BioActivity ResultsEl

HPYCE e synenyms

Properties

r
o] T : .
HPVISD vl e Do i st

InHERENT PR

Substance Info B [Ciax m  on e
IRIZTRE v1hb Category - ~l= - ~AD0B000
- ~ L PROTECTION A NCY

(R RS e

Exports

NCTRER_vih i
- % Drug and Chemical Info fi AT Sape) L v{lll'(
NTPESI_vda e | i
MTPHTS +2h
TORCET vlc
Total Unique Substance Hits

Total Substance Hits - All Files

U5, ENVIRONMENT.

2?




~EPA DSSTox

Structure- Browser v2.0 (

][ File Incidences ][ Search Details ]

Details

Cuery Results Type

Display

Structure:

Exact matches

Substructures

.

imilarity = 51.2%

1 Details

_Detils |
2 Details |
_Details |

12 Details

?
DSSTox ?
Substance Similarity
1] Score’

Colie ks

Structure
Match

?Help

Output Options

|Chnuse Fnrmatj S ave |
?
] Print |

External Resources
Pub@hem EFPA ACToR

:ﬁ:{]:ﬂh emS pider in mﬁg'&rx

=XIT Disclaimer

55 to subrit displayed structure for structure search.

Substance
Name

CASEN

Details
_(Qata Files)

Substance
Description

C1

M-,
MHY M
CHI W=
CH3 NH'\E

Atrazine

1912-24-9

ARYEXP
GEOGSE
IRISTR
NTFBSI
TOXCST

CPDBAS
HFWCSI

NCTRER
NTFHTS

single chemical
compound

Cl

M. sMH
CH3 ‘:‘-N{}- —CH3
MH O CHa
CH3

55

Fropazine

139-40-2

CFDBAS
IRISTR

HPWCSI
TOXCET

single chemical
compound

rl
NN
CHEH
CHICHS
H3

55

1.3 5-Triazine-2 4-diamine, B-chlor-

o-M-{1,1-dimethylethy)-MN-ethyl-

£315-41-3

single chemical

HFWCEI
compound

Cl

=
N, d-NH
b s
-

Simazine

122-34-9

CPDBAS
IRISTR
TOXCET

HPWCSI

single chemical NETRER

compound




U.5. ENVIRONMENTAL PROTECTION AGE

Distributed Structure-Searchable Toxicity (DS5Tox) 8t

] ( File Incidences 1 ( =earch Details ] (Suhstance Results ?Help

Search: © allepn ® Th Gof Hearch
Comoutationsl Texicelooy Reasarch » DESToxn » SOF Download Page: CPOBAS
About D55Tox SDF Download Page
bl b I e— ?‘EPDBAS
Ll CPDBAS: Carcinogenic Potency Database Summary Tables - All _—

Structure Data Files Species

o
Apps, Tools & More

D55Tox Community

ic, revised 29 April 2008:
00 (IRach

@ rEUIE rMEved) 3nd I SIBCINS COMBLIaNS

Carcinogenic Potency Database Summary T
Species (1547 records)

CPDBAS v5c_ 1547 29Apr2008 _smomnesn |

CH3 =
CH3 NH—\

CPLOBAS Source Website [Exmerwrem———

View CPDB Chemical Substance Data Page

CH3

DSSTox_RID
DSSTox_Generic_SID

TestSubstance CASRN
TestSubstance Description
STRUCTURE_Shown
StudyType

Endpoint

Species

TD50 Rat mg

TD50_Rat_mmeol

ActivityScore CPDBAS Rat
TD50_ Rat _Note

TargetSites Rat_Male
TargetSites Rat_Female
ActivityOutcome CPDBAS Rat
ActivityScore CPDBAS Mouse
TD50_Mouse_Note

TestSubstance ChemicalName

ActivityOutcome_CPDBAS_Mutagenicity

Rats and Mice: Cander Test Stammary

Bar Tasgor Sites | Monss Targot Sites | Tln imzlizidar)
Biade [ Fomalo | Babe | Framsde Bt | Mouse
o positive ne test [no test [no test |no positive | no test

agenk: I ther is more than
 hare been & targetm ane

£ 6540 chron, lomg-#e
v and negative

what ifermaticn 8o provids 1
e of ey,

o I Tngeic potency
(TDyy) and its satisical sigriSicance, shape of he doss -response, autheor's opaeon as 1o cartie

0.169693249315084 mmol/kg-bw/day
34

TDS0 is hatrmonic mean of more than ane positive test
marmmary gland

hematopoietic system; mammary gland; uterus
active

a

no positive results

The Carcinogenic Potency Database (CPDB)
Lois Swirsky Gold, PHD, Director




aEPA DSSTO): ( =earch 1 f File Incidences

Structure- Browser v2.0

Gene Expression Omnibus

[ Handout [ NAR 2006 Paper | NAR 2002 Paper | FAQ | MIAME | Email GEQ

GEDGSE: NCBI = GEO Not logged in | Lagin [2]
"CBI GE"E EKI}rESSi‘)" Dl“"ih“s Gene Expression Omnibus: a gene expression/molecular abundance
EHI}Eril“E"tS {-"]14 recﬂr(ls} repository supporting MIAME compliant data submissions, and a curated,

online resource for gene expression data browsing, query and retrieval. GPL Platforms 4954

GSM Samples 249197
” '

GSE Series 9567
{Datasets Il o Total 263718
E
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Towards a Public “Toxico-chemogenomics” Capabillity
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Gene Exprassion Omnibus

| Handout [ NAR 2006 Paper | NAR 2002 Paper | FAC DifﬁCU't to identify Chemical
exposure-related experiments

Gene Expression Omnibus: a gene expression/molecular abundance
repository supporting MIAME compliant data submissions, and a curated,
online resource for gene expression data browsing, query and retrieval.
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Chemical Search Paradigm
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Acetaminophen 103-90-2
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National Academy of Sciences Report (2007)

Toxicity Testing in the Twenty-first Century: A Vision and a Strategy

NAS PANEL SEEKS MAJOR SHIFT IN HOW EPA ASSESSES
CHEMICALS’ TOXICITY

Date: June 22, 2007 - ”"h:swlﬂdajf&

A National Academy of Sciences (NAS) panel is calling for a major shift in how EPA assesses

chemicals’ toxicity, recommending that the agency base its toxicological research and regulatory
processes on how substances affect biological pathways -- which send information within and
between cells -- rather than so-called health endpoints, such as cancer.

Science: Feb 15, 2008

TOXICOLOGY

TranSforming EnViI‘OI‘Imental We propose a shift from primarily in vivo animal

studies to in vitro assays, in vivo assays with

Health PrOte Ction lower organisms, and computational modeling

for toxicity assessments.

Francis S. Collins,'™ George M. Gray,2" John R. Bucher®

n 2005, the U S. Environmental Protection
Agency (EPA), with support from the U.S.

throughput screening (HTS) and other auto-
mated screening assays into its testing

tion, usually between 2 and 10 uM, and toler-
ate high false-negative rates. In contrast, in




Basic Information

Organization
Post Doc Profiles

Framework
Databases and Models

Research Activities
ACToR
ToxCast™
Virtual Liver

Conferences and
Seminars

Publications
BOSC Information

EPA Community of
Practice

Jobs and Opportunities
Related Information

U.S. ENVIRONMENTAL PROTECTION AGENCY
National Center for Computational Toxicology

Contact Us Search: " All EPA ' This Area | Gﬂl

You are here: EPA Home » National Center for Computational Toxicology # ToxCast™ Program

ToxCast™ Program http://www.epa.gov/ncct/toxcast/

Predicing Hazard, Characterizing Toxicty Pathways, and Prioritizing the
Toxicty Testing of Environmental Chemicals

ToxCast™ Nawvigation

Intraduction

Introduction

In 2007, EPA launched ToxCast™ in order to develop a cost-effective ToxCast™ Chemicals

approach for priortizing the toxicity testing of large numbers of chemicals in a
short period of time. Using data from state-of-the-art high throughput
screening (HTS) bicassays developed in the pharmaceutical industry,
ToxCast™ is building computational models to forecast the potential human
toxicity of chemicals. These hazard predictions will provide EPA regulatory
programs with science-based information helpful in prioritizing chemicals for
maore detailed toxicological evaluations, and lead to more efficient use of
animal testing.

ToxCast™ Aszzays

ToxCast™ Information
Management

ToxCast™ Fartnerships
ToxCast™ Contractors
ToxCast™ Presentations
ToxCast™ Publications

In its first phase, ToxCast™ is profiling over 300 well-characterized chemicals ToxCast™ News

(primarily pesticides) in over 400 HTS endpoints. These endpoints include

biochemical assays of protein function, cell-based transcriptional reporter assays, multi-cell interaction assays,
transcriptomics on primary cell cultures, and developmental assays in zebrafish embryos. Almost all of the
compounds being examined in Phase 1 of ToxCast™ have been tested in traditional toxicology tests, including
developmental toxicity, multi-generation studies, and sub-chronic and chronic rodent bioassays. ToxRefDB, a
relational database being created to house this information, will contain nearly $1B worth of toxicity studies in
animals when completed. ToxRefDB is integrated into a3 more comprehensive data management system
developed by NCCT called ACToR (Aggregated Computational Toxicology Resource), that manages the large-
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<EPA

e Saes oxCast Phase | Chemicals

Agency

90,000
P AN
1000007 11,000
B A
10000 (7
1000+
100-
10+
1 -

ToxCast 320

B IRIS
ETRI

B Pesticide Actives

OCCL 1&2

M Pesticide Inerts

[0 HPV

Many well
characterized

\

\ Few well

o MPV Current characterized

@ MPV Historical
[0 TSCA Inventory |/

Data Collection

- Office of Research and Development
National Center for Computational Toxicology
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wEPA Chemical Classes in

United States

ke ToxCast_320 (Phase ) e —

AMIDE

ESTER

ETHER

PYRIDINE
FLUORINE
CARBOXYLIC ACID
PHENOXY
KETONE

TRIAZINE
CARBAMATE
PHOSPHOROTHIOATE
PYRIMIDINE
BENZENE
ORGANOCHLORINE
AMINE
PYRETHROID
SULFONYLUREA
TRIAZOLE

UREA

IMIDAZOLE
NITRILE

ALCOHOL

CYCLO
PHOSPHORODITHIOATE
THIOCARBAMATE
ANILINE
THIAZOLE
DINITROANILINE
OXAZOLE
PHOSPHATE

IMINE

NITRO

PHENOL
PHTHALIMIDE
PYRAZOLE 28
SULFONAMIDE

@ 309 Unique Structures
& Replicates for QC

@ 291 Pesticide Actives
@ 9 Industrial Chemicals Misc (<4 members)
@ 8 Metabolites

@ 56/73 Proposed Tier 1
Endocrine Disruption
Screening Program

@ 14 High Production
Volume Chemicals
@ 11 HPV Challenge

- Office of Research and Development
National Center for Computational Toxicology
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<EPA Mode-of-Action Classes in

United States
Environmental Protection

ToxCast_320 (Phase I)

[ Acetylcholine esterase inhibitors
B conazole fungicides
[] Sodium channel modulators
] pyrethroid ester insecticides
. Il organothiophosphate acaricides
MOA Classes with [ dinitroaniline herbicides
> 3 chemicals g pyridine herbicides
[] thiocarbamate herbicides
Il imidazolinone herbicides
[ organophosphate insecticides
[] phenyl organothiophosphate insecticides
[ aliphatic organothiophosphate insecticides
Il amide herbicides
I aromatic fungicides
Il chloroacetanilide herbicides
Il chlorotriazine herbicides
@ growth inhibitors
[] organophosphate acaricides

Y [] oxime carbamate insecticides
. . 1 phenylurea herbicides
Misc MOA classes W_lth [] pyrethroid ester acaricides
3 or fewer representatives [ strobilurin fungicides

[] unclassified acaricides
[ unclassified herbicides

- Office of Research and Development Classification based on OPPIN

National Center for Computational Toxicology



EPA Pesticide Programs:
Data Evaluation Records (DERS)

« Used for hazard identification and

characterization
- Study Types
— Chronic
— Cancer
— Subchronic

DER Format
« Study ldentifiers
— Tested Chemical Information
* IDs
* Name
« Purity
— Study Type IDs
— Reviewer Information
 Citation(s)
- Executive Summary
— Summary Study Design
— Summary Effects
— Endpoints (NOAEL/LOAEL)

— Multigeneration

— Developmental
— Others: DNT, Neurotox, Immu

$10,000,000

hemical Properties

 Derive Endpoints (NOAEL_COAEL)

— Systemic

— Parental

— Offspring

— Reproductive
— Maternal

— Developmental

- Critical Effects for Endpoints

¢ Animal Information
— Species
— Strain
— Husbandry
« Results (full dose-response)
— Clinical signs
— Body weight
— Clinical Chemistry/ Hematology
— Gross Pathology
— Non-neoplastic Pathology
— Neoplastic Pathology
— Parental vs. Offspring 30
— Maternal vs. Fetal



B2 Toxicological Reference Database - Study Input Form

LHITED STATES CHVIRORMENTAL PROTECTEIN MGEMET

Data Entry Completeness Score
|Par1ia|ly Complete (Effect Data)

COMPUTATIOMNAL
TORICLOG Y

LHITED STATES CHVIROKME NTAL PROTEC TN AGEHCT

ToxRefDB
Input Form

COMPUTATIOMAL
TR LG

Historic Study ldentifiers Study/Data Quality

Test Material Information [ Search Chemical List ] [ Search PC Code ]

Start | 0| [y

Study Duration

w | Adoditional Study Duration Information

Finish| 104/ |week v

MRID# | 44555001 | || Data usability |cceptshle Guideline (post-1298) % | | chemical Imazali v
Primary Study Year | 1993 Stucly-Level Comments Purity (%) LotBatchi# [ZROZ3979GIFEE1 | Source | |
Supplemental MRIDMHistoric ID0=) Mote: Thyroid weights inc in male and dec in female. Test Material {Chemical) Comments
Thyroid neoplasia increase in male snd decrease in - p

| | | | [ e Tt esss b e |ZRO23979GIFER1 /=07 4% al. /i IRO2307ICICEH (=08 B% al. |
Study Type Animal and Dose Information
Study Type |Cnmhined chronic toxicity ficarcinogenicity b | Species |rat hd | Method/Route of Administration

Strain |[O'lher] v | |Feed w |

Animal and Dose Administration Comments (ncluding Mot In List)
Strain: Hannowver substrain (SPF) Wistar-derived

|

*gtudy Effect List*

e txca upioed || Treatment Group List View or Add Edit Uploaded —]
form to add Treatment Group Gender Dose Period 2/ Effect Data Treatment Group -
freatment groups. Category Category Type Dose Duration  Goup by Type — CD
Click "Bulk — - reatme roup
Upll:uaclﬂc':;. CD;.}, and 4 | Acdult (P17 || T} | |In|t|a|—t0—Term|naI| | 2.?||mgfkgfda\,-' | |week || a0 | | v| Category E_
anpdaustpehz::;;;?p& | Adukt (F1) [ F | [tnitislto-Terminal ||| 3.5] mgkarday | |week R v cuit (P1) v| 3
| Adult (P1) [ M | [Initial-to-Terminal ||| 10.8| makgiday | |week E v Gender #igroup ({}]
Excel Treatment |M 3 || =0 | 3
Group Form | 2dultt (P1) [ F | [mnitialto-Terminal ||| 14 8] makgiday | |week IR v o =
0se Fernmn ype
[ Adult (F1) || m | [tnitial-to-Terminal ||| 65.8| [moigrday | [104][week |[ 50 || v friaito Terminal v G)
| Adult (P1) || F | [tnitialto-Terminal ||| 85.2][madkarday | [104][week |[ 50 || v Dose  Units —
| Adult (F1) || m | [tnitial-to-Terminal ||[ 134 8| makarday | [104][week |[ 50 || v | 27|[mokgiday v O
CFFECT DATA | Adult (P1) || F | [tnitial-to-Terminal ||| 16& 8| [madaiday | [104][week |[ 50 ||| v Duration Units _g
Click on "wigw or | 1U4| |W'3'ak hl | N
%d;acgﬁc_ra;;;?zt Save Delete  HNew
input effect data Shor sl
for any trestment Effel;ts
grDupt::gEE.ffed [ Delete Selected Trestment Group ] [ Search Effect Wocabulary ] [ Fisher's Exact Test ] [ Taggle to Critical Effects Farm l 3 mnnm Il_%isl'z?;]

|Stm|y Design Level Controls| [EE[E@
Record: E 1 E][E of 1 (Filkered)

Filenames
Citation

Toggle back to ToxRefDB Switchboard




wEPA ToxRefDB Data Entry: Phase |

United States
Environmental Protection
Agency

291 Pesticides

: Rodent Rat Chronic/
Rat Devel Rabbit Devel Rat MultiGen

- Office of Research and Development
National Center for Computational Toxicology
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Mouse Cancer




>$1Billion Million Dollars Worth of In Vivo
Chronic/Cancer Bioassay Effects and Endpoints
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Liver Tumors

Proliferative Liver Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy

Kidney Nephropathy
Proliferative Kidney Lesions
Proliferative Thyroid Lesions
Thyroid Tumors

Thyroid Hyperplasia
Testicular Tumors

Testicular Atrophy
Non-neoplastic Spleen Pathology
Cholinesterase Inhibition
Tumorigen

Multisite Tumorigen

Liver Tumors

Proliferative Liver Lesions
Liver Apoptosis/Necrosis
Liver Hypertrophy
Non-neoplastic Kidney
Lung Tumors

Tumorigen

Multisite Tumorigen

B - Rat
- - Mouse

Common Phenotypes in
Chronic Rodent Studies

0% 10% 20% 30% 40%

% Chemicals with Observed Effect
(Rat: 283 Chemicals | Mouse: 256 Chemicals)



ToxRefDB Profiling of Liver Effects for Pesticides

Bfect Cate gories
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ToxCast Contracts for Generating HTS

Receptors, and Genomics Data S
Enzymes g
Compound Focus, Inc.

.of BioFocus DP] .
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Nine contracts p Ce\! ycurement; hundreds t
Invitro ~ "~chemical, cen.  FuUNClion ., genomic assays; me~’ \rernaltive
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ToxCast Phase | Assays/Datasets

» NR/transcription factors (Attagene, NCGC)
» Enzyme inhibition/receptor binding HTS (Novascreen)
» Cellular impedance (ACEA)

» Complex cell interactions (BioSeek) 20 Assay Sources
» Hepatocelluar HCS (Cellumen) 552 Endpoints

» Hepatic, renal and airway cytotoxicity (IVAL)
» In vitro hepatogenomics (IVAL, Expression Analysis)

» Zebrafish developmental toxicity (Phylonix)

» Neurite outgrowth HCS (NHEERL)

» Cell proliferation (NHEERL)

» Zebrafish developmental toxicity (NHEERL)

» NR Activation and translocation (CellzDirect)

» HTS Genotoxicity (Gentronix)

» Organ toxicity; dosimetry (Hamner Institutes)

» Toxicity and signaling pathways (Invitrogen)

» C. elegans WormTox (NIEHS)

» Gene markers from microscale cultured hepatocytes (MIT)
» D Cellular microarray with metabolism (Solidus)

» Zebrafish vascular/cardiotoxicity (Zygogen)



ToxCast
Predictive Modeling
of Chronic
Rat Liver
Apoptosis/Necrosis

In Vitro

(15)

Positive
cluster
In Vivo
(23)
Methods described in

Negative
cluster
Judson et al 2008

A comparison of machine learning
algorithms for chemical toxicity classification
using a simulated multi-scale data model.
BMC Bioinformatics 9:241

N1 Al E1 A2 N2 N3N4 N5 C1 Bl B2 B3 G1 A3 E2
HTS Assays



Part Il

Incorporating SAR Concepts

Into ToxCast




ToxCast: Multidimensional Data
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Structure-Activity Approaches to Toxicity Prediction
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Structure-Activity Approaches to Toxicity Prediction
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Bioactivity Profile of Structure Class
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Sample HTS Results —‘ ’
for Conazoles

e Patterns can inform SAR

o Chemical structures can
suggest basis for activity
differences

Dopamine Transporter (Human)
Dopamine Transporter (Rat)

NAME

o|CYP2D1

Cyproconazole
Difenoconazole
1Diniconazole
Fenbuconazole
Flusilazole
Hexaconazole
Imazalil
Myclobutanil
Paclobutrazol
L, Prochloraz

( Propiconazole

:

o |o|Progesterone Receptor
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Structure Class vs Bioactivity Class

al H3C

Chemical structure class:

o Cluster according to
activity and mechanism
o Differences in activity
profiles can discriminate
within structure class
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chemical classes

o Potentially broader coverage of
chemical space

o Implies mechanistic similarity
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Structure-Activity Approaches to Toxicity
Prediction c.

Incorporate HTS Assay
Data (+/-) as Biological
“descriptors”
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Use of Bioassay Activity Categorles In SAR
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Structure-Activity Approaches
”"\AOQ CI Hc/OH\S:>S | b
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/& In a Brave New World -

» What in vivo “endpoints” do we use?
» How do we combine SAR & biological “descriptors™?

» How do we incorporate mechanism and pathway
iInformation?

» How do we assess biological/chemical similarity?

» How do we evaluate “applicability domain” for
predictive profiles?

» How do we use biological information to improve upon

Bio

< ) | SAR approaches?
/ J

| - |

ToxRef DB, NTP, IRIS, etc



ToxCast: Data Publication & Exploration
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in SAR modeling
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ToxCast 320

Bioactivity
Analysis:

Retrieve all
bioassay data
In PubChem for
ToxCast 320

482 Bioassays
45 Compounds

PubChem =

L7 BioActivity Analysis: 4s2

Summary =

PubChem

|F'L|rJChem BioAssay j\—l

PubMed | Entrez | Structure | PubChem | He

BioAssay Services # BioActivity

v Analysis: Summary

DataTable & || Structure-Activity

Bioassays (473 Tested) and 45 Compounds

D’D Compounds: 45 {9 shown)

Revise Compound Selection:
Select Active

Add Active

Add Tested

Add Similar Compounds

@ BioAssays: 452

Revise BioAssay Selection:
Select Active

Select Tested

Add Active

Add Tested

Add Related BioAssays
Selected BioAssays

Total Pages: 24

Display: IQU "l

Outcome

w8
e b g£o
o Y g

Go To pageh 1= - - I

steroid {(17-beta)

Data for the bub3 strain

. Data for the cln2 rad14 strain

# [ AID Active Inactive Discrepant Tested Method Name

i W 884 1i& 13 3 39 Confirmatory gHTS Assay for Inhibitors and Substrates of Cytoch
2 | 544 3 15 1 30 Confirmatory  Cell Viability - SH-5Y3Y

3 W 541 7 20 30 Confirmatory  Cell Viability - NIH 373

14 |V aze 7 20 1 30 Confirmatory  Cell Viability - Jurkat

5 W 964 & 20 1 30 Confirmatory  Cell Viability - LYMP1-003 - Asca

& | 981 & 23 1 30 Confirmatory  Cell Viability - LYMP2-010

;7 ¥ 893 s aHTS .—gszl ar::E I_-I hibitors of HSD17B4, hydroxy

8 [ 167 B Selected bloassays :ast Anticancer Drug Screen.

2 [ 165 ] Mi_L Yeast Anticancer Drug Screen

rome P450 3A4
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Compound Cluster
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<EPA

United States
Environmental Protection

Phased Development of ToxCast

Agency
Phase | Number of Chemical Purpose Number of Cost per Target
Chemicals Criteria Assays Chemical Date
Data Rich '
| 320 - Signature >400 $20k FY07-08
(pesticides) Development
lla >300 Data Rich Validation >400 $15-20k FY09
Chemicals
lib >100 Known Human Extrapolation >400 $15-20k FY09
Toxicants
Expanded
lic >300 Structure and Use Extension >400 $15-20k FY10
Diversity
I Thousands Data poor Prediction and 227 $10-15k FY11-12
Prioritization

> Affordable science-based system for categorizing chemicals

»Increasing confidence as database grows
»|dentifies potential mechanisms of action
>Refines and reduces animal use for hazard ID and risk assessment




_ N@G C
SEPA Tox21 Collaboration  &T 521

mental Protection

EPAY
National Health and National Center for
Envirg cology

Q Combined HTS pIates (2x1408) high
Interest chemicals

@ Joint assay development

| @ Use of NCGC HTS informatics

£ capabilities

SIS

{é}) National Toxm:ology Program

— Department of Health and Human Services

Biomolecular Screening Branch Toxmology Project Team

- Office of Research and Development 53
National Center for Computational Toxicology
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<3 NCBI

All Dratabase

Search | PubChe

©CoONOORODNE

About Entrez
Entrez Help

PubChem
Help | FAZ

PubChem
Siructure Search

PubChem FTP

PubChem Text Search

FubChem BioAssay j

PubCh
PubCh

em Suhstance
em Compound

AID 434: Cell Viability — MRC5 102 /2816
AID 421: Cell Viability — BJ 104 /2816 Active
AID 667: Cellular Toxicity (caspase-3) Renal Proximal Tubule 8 /1408 Active
AID 666: Cellular Toxicity (caspase-3) NIH 3T3 12 /1408 Active
AID 665: Cellular Toxicity (caspase-3) N2a 7 /1408 Active
AID 664: Cellular Toxicity (caspase-3) Hek293 18 /1408 Active
Cellular Toxicity (caspase-3) H-4-1I-E 20 /1408 Active
Cellular Toxicity (caspase-3) SK-N-SH 20 /1408 Active
Cellular Toxicity (caspase-3) Mesangial 8 /1408 Active

. AID 659: Cellular Toxicity (caspase-3) NIH 3T3 12 /1408 Active

. AID 658: Cellular Toxicity (caspase-3) N2a 7 /1408

. Cellular Toxicity (caspase-3) SHSY5Y 10 /1408 Active

. AID 656: Cellular Toxicity (caspase-3) HUV-E

. AID 655: Cellular Toxicity (caspase-3) Jurka/gs of Sept 20, 2008:

. AID 654: Cellular Toxicity (caspase-3) HepG

. AID 544: Cell Viability — SH-SY5Y

. AID 435: Cell Viability — SK-N-SH Data for 65 assays (1408+ chem)

. AID 433: Cell Viability — HepG2 available for download

. AID 427: Cell Viability — Hek293

. AID 426: Cell V!ab!l!ty — Jurkat Keyword search: PubChem

. AID 541: Cell Viability — NIH 3T3 : w i

. AID 546: Cell Viability — Mesenchymal Bloassay> "ntp ncgc

. AID 545: Cell Viability — Renal Proximal Tub

. AID 543: Cell V@ab?l?ty — H-4-II-E DSSTox CID.txt file with

| 2:8 gjg; gg:: x:zg:::g: H;_J;/ EC-C instructions available on NTPHTS

. AID 559: RNA polymerase \@Wﬂload page ‘




Data Mining .

Relational data models'
Toxicological description
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