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Part IPart I
Data & Data LinkagesData & Data Linkages



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





Activity Overlap for CPDBAS 
MultiCellCall Results

Links to DSSTox Download Page
& Source data page

12940 DSSTox Substances



Links to the DSSTox 
NTPBSI download page

Links to the NTP On-line 
database chemical study 

All text is keyword 
searchable from main 

text search box



11 DSSTox “Bioassays”

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



Activity Overlap for CPDBAS 
MultiCellCall Results



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



http://www.epa.gov/dsstox_structurebrowser/



http://www.epa.gov/dsstox_structurebrowser/



http://www.epa.gov/dsstox_structurebrowser/



http://www.epa.gov/dsstox_structurebrowser/



DSSTox SDF 
Files & 

Documentation

DSSTox 
Structure-
Browser

EPA HPV 
Information 

System

EPA IRIS 
Summary

CPDB

NTP

PubChem

DSSTox

EPA ACToR



Where are the data??



Part IIPart II
Toxicity ProfilingToxicity Profiling



National Academy of Sciences Report (2007)
Toxicity Testing in the Twenty-first Century: A Vision and a Strategy

Science: Feb 15, 2008



1. Wingless-Int pathway
2. Transforming Growth Factor B (receptor serine and threonine kinase) pathway
3. Hedgehog pathway
4. Receptor tyrosine kinase (small G proteins) pathway
5. Notch-Delta pathway
6. Cytokine receptor (cytoplasmic tyrosine kinases) pathway (STAT)
7. Interleukin-1-Toll Nuclear Factor-Kappa B pathway
8. Nuclear hormone receptor pathway
9. Apoptosis pathway
10. Receptor phosphotyrosine phosphatase pathway
11. Receptor guanylate cyclase pathway
12. Nitric oxide receptor pathway
13. G-protein coupled receptor (large G proteins) pathway
14. Integrin pathway
15. Cadherin pathway
16. Gap junction pathway
17. Ligand-gated cation channel pathway

Scientific Frontiers in Developmental Toxicology & Risk Assessment -
National Academy of Sciences, 2000



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



CellularAssays

Biochemical 
Assays

Toxicology Endpoints

Physical chemical propertiesProfile Matching

Correlating Domain Outputs

Genomic Signatures

EPA ToxCast Goal:
Assess broad biological 
effect patterns and correlate 
with the patterns of known 
toxicants for forecasting 
potential for hazard
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ToxCast Phase I Chemicals

1

10

100

1000

10000

100000

Data Collection

IRIS
TRI
Pesticide Actives
CCL 1&2
Pesticide Inerts
HPV
MPV Current
MPV Historical
TSCA Inventory

Many well 
characterized

Few well 
characterized

11,000

90,000

ToxCast_320
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309 Unique Structures

Replicates for QC

291 Pesticide Actives
9 Industrial Chemicals
8 Metabolites

56/73 Proposed Tier 1 
EDSP

14 HPV
11 HPV Challenge

Chemical Classes in 
ToxCast_320 (Phase I) CHLORINE

ORGANOPHOSPHORUS
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
SULFONAMIDE

Misc (<4 members)
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Mode-of-Action Classes in 
ToxCast_320 (Phase I)

MOA Classes with 
> 3 chemicals

Misc MOA classes with
3 or fewer representatives

Acetylcholine esterase inhibitors
conazole fungicides
Sodium channel modulators
pyrethroid ester insecticides
organothiophosphate acaricides
dinitroaniline herbicides
pyridine herbicides
thiocarbamate herbicides
imidazolinone herbicides
organophosphate insecticides
phenyl organothiophosphate insecticides
aliphatic organothiophosphate insecticides
amide herbicides
aromatic fungicides
chloroacetanilide herbicides
chlorotriazine herbicides
growth inhibitors
organophosphate acaricides
oxime carbamate insecticides
phenylurea herbicides
pyrethroid ester acaricides
strobilurin fungicides
unclassified acaricides
unclassified herbicides

Misc

Classification based on OPPIN
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EPA Pesticide Programs:
Data Evaluation Records (DERs)

• Used for hazard identification and 
characterization

• Study Types
– Chronic
– Cancer
– Subchronic
– Multigeneration
– Developmental
– Others: DNT, Neurotox, Immunotox, Mutagenicity

• Derive Endpoints (NOAEL/LOAEL)
– Systemic
– Parental
– Offspring
– Reproductive
– Maternal
– Developmental

• Critical Effects for Endpoints

DER Format
• Study Identifiers

– Tested Chemical Information
• IDs
• Name
• Purity

– Study Type IDs
– Reviewer Information

• Citation(s)
• Executive Summary

– Summary Study Design
– Summary Effects
– Endpoints (NOAEL/LOAEL)

• Test Material
– Purity
– Source
– Physical/Chemical Properties

• 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
– Maternal vs. Fetal

$10,000,000
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Rodent 
SubchronicRat MultiGen Mouse CancerRat Chronic/

CancerRabbit DevelRat Devel

235
268 264

230

103 102

267
278

266

ToxRefDB Data Entry Status
ToxCast Phase I Chemicals Only

Total: 291 Pesticides

Current as of April 1, 2008

270
280

273
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$400 Million Dollars Worth of In Vivo Chronic/Cancer 
Bioassay Effects and Endpoints 

Effects & Endpoints
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Common Phenotypes in 
Chronic Rodent Studies 
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Nine contracts provide chemical procurement; hundreds of 
biochemical, cellular, tissue and genomic assays; model 

organisms; and the capacity to screen up to 10,000 chemicals 

ToxCast Contracts for Generating HTS 
and Genomics Data

Compound Focus, Inc.
a subsidiary of

Receptors, 
Enzymes

Cell 
Signaling

Cell 
Function

Transcription 
Factors

Alternative 

Species
In vitro

Genomics

MetabolicTransformation

Cell 
Function

The Home of TFomics TM

attageneattageneattageneattagene



29

Multiple concentration (5) data underwayHamner InstitutesPrecision-cut
Tissue slices

Rat liver, lung, 
kidney11Tissue Slice 

Culture

Multiple concentration (11) data from 2 of 10 
assays delivered

NIH Chemical 
Genomics Center

Nuclear receptor 
reporter gene assays

Human and 
rodent10+10+uHTS

22,433265TOTAL

Multiple concentration (3) data underway for 20 
chemicalsPhylonixTeratogenesisDanio rerio111Zebrafish

Multiple concentration (10) data deliveredCellumenImaging cytotoxicityHepG2 cells 
(human liver)111HCS

Multiple concentration (4) data deliveredBioseekCell signaling 
pathways

Primary 
human cells878Complex Cell 

Culture

Multiple concentration (8) data underwayIVALCytotoxicity, shared 
metabolism

Human liver, 
lung, kidney 

cells
61Cell Co-

Culture

Multiple concentration (8) data deliveredACEA BiosciencesReal time electrical 
impedance

A549 cells 
(human lung)Kinetic1Kinetic Cell 

Growth

Multiple concentration (5) in rat system 
underway

IVAL and 
Expression 

Analysis
PCR, microarrays

Hepatocyte-
Kupffer co-

culture
22,0001Genomics

Single concentration data delivered; multiple 
concentration to followAttageneNuclear receptor, 

transcription factor
HepG2 cells 

(human liver)672Reporter Gene 
Assays

Single concentration data delivered; multiple 
concentration to followNovaScreenEnzyme inhibition, 

receptor binding
Human, rat, 

other240240HTS

ToxCast_320 Status     04dec2007SourceCommentAssay Source# 
Endpoints# AssaysAssay Type

Multiple concentration (5) data underwayHamner InstitutesPrecision-cut
Tissue slices

Rat liver, lung, 
kidney11Tissue Slice 

Culture

Multiple concentration (11) data from 2 of 10 
assays delivered

NIH Chemical 
Genomics Center

Nuclear receptor 
reporter gene assays

Human and 
rodent10+10+uHTS

22,433265TOTAL

Multiple concentration (3) data underway for 20 
chemicalsPhylonixTeratogenesisDanio rerio111Zebrafish

Multiple concentration (10) data deliveredCellumenImaging cytotoxicityHepG2 cells 
(human liver)111HCS

Multiple concentration (4) data deliveredBioseekCell signaling 
pathways

Primary 
human cells878Complex Cell 

Culture

Multiple concentration (8) data underwayIVALCytotoxicity, shared 
metabolism

Human liver, 
lung, kidney 

cells
61Cell Co-

Culture

Multiple concentration (8) data deliveredACEA BiosciencesReal time electrical 
impedance

A549 cells 
(human lung)Kinetic1Kinetic Cell 

Growth

Multiple concentration (5) in rat system 
underway

IVAL and 
Expression 

Analysis
PCR, microarrays

Hepatocyte-
Kupffer co-

culture
22,0001Genomics

Single concentration data delivered; multiple 
concentration to followAttageneNuclear receptor, 

transcription factor
HepG2 cells 

(human liver)672Reporter Gene 
Assays

Single concentration data delivered; multiple 
concentration to followNovaScreenEnzyme inhibition, 

receptor binding
Human, rat, 

other240240HTS

ToxCast_320 Status     04dec2007SourceCommentAssay Source# 
Endpoints# AssaysAssay Type



Office of Research and Development
National Center for Computational Toxicology

The Deluge of Data has Started……..

0 100000 200000 300000 400000 500000 600000 700000 800000

ACEA

Attagene

BioSeek

Cellumen
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IVAL

NovaScreen

Phylonix

NCGC
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NTD PC12

Datapoints

April, 2008

☻ Data acquisition completed; ☼ Concentration response follow up underway

☻

☻
☻

☼

☼

☻
☻

☼





Part IIIPart III
Incorporating SAR Concepts Incorporating SAR Concepts 

into ToxCastinto ToxCast



Bioassay DataBioassay Data

ToxRef DB, NTP, IRIS, etc

ToxCast:  Multidimensional Data

Biochemical, Cell-based, …
HTS Data                  HTS Data                  
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Bioassay DataBioassay Data

Global modeling

Summary
Activity

+/-

Large chemical 
coverage

Uses no prior 
chemical knowledge

Calculated descriptors, properties, fragments

Chemical StructuresChemical Structures

Structure-Activity Approaches to Toxicity Prediction
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Bioassay DataBioassay Data

Chemical Class-Based Modeling

Summary
Activity

+/-

Limited chemical 
coverage

Heavy reliance on 
perceived “chemical 
similarity”

Assumes chemical 
class equates to MOA

Calculated descriptors, properties, fragments
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Cyproconazole 1 1 1 1 1 0 1 0 0 1 0 0
Difenoconazole 1 1 1 1 1 0 0 1 1 0 0 0
Diniconazole 1 1 1 0 1 0 0 0 1 1 1 0
Fenbuconazole 1 1 0 0 0 0 0 0 0 1 0 0
Flusilazole 1 1 1 0 1 1 0 1 1 NA 1 1
Hexaconazole 1 1 1 1 1 0 1 1 1 NA 1 0
Imazalil 1 1 1 1 1 1 1 1 1 1 1 1
Myclobutanil 1 1 1 1 0 0 0 0 0 NA 0 0
Paclobutrazol 1 0 1 1 0 1 1 0 1 1 0 0
Prochloraz 1 1 1 1 1 1 1 1 1 NA 1 1
Propiconazole 1 1 1 0 0 0 0 1 0 NA 0 1
Tetraconazole 1 1 1 0 1 1 0 1 0 1 1 0
Triadimefon 1 1 0 1 1 1 1 0 0 1 0 1
Triadimenol 1 0 0 1 0 1 1 0 0 0 0 0
Triflumizole 1 1 1 1 1 1 0 1 1 1 1 1
Triticonazole 1 1 1 1 0 1 1 0 0 NA 0 0
Totals 16 14 13 11 10 9 8 8 8 8 7 6

Patterns can inform SAR

Chemical structures can 
suggest basis for activity 
differences
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Cluster according to 
activity and mechanism

Differences in activity 
profiles can discriminate 
within structure class

Chemical structure class:

Can project onto multiple 
chemical classes

Potentially broader coverage of 
chemical space

Implies mechanistic similarity

Bioactivity profile class:
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Bioassay DataBioassay Data

SAR 
modeling

Summary
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+/-

Structure-Activity Approaches to Toxicity Prediction

Cl

Cl

O

O

OH
P

NH
O

S O
O

CH3

CH3

CH3

HTS Data                  HTS Data                  

HTS
Activity
Clusters

Chemical StructuresChemical Structures
O

N

O

S
Cl

Cl
Cl

N

N
NH

O

O

NH

O

CH3

CH3

Incorporate HTS Assay 
Data (+/-) as Biological 
“descriptors”

M
R

P
G

R

G
R

A
R

FX
R

P
P

A
R

_b
et

a

V
D

R

LX
R

_a
lp

ha

P
P

A
R

_g
am

m
a

P
X

R

LX
R

_a
lp

ha

P
P

A
R

_a
lp

ha

R
X

R
_a

lp
ha

theory

0
0.001
0.002
0.003
0.004
0.005
0.006
0.007
0.008
0.009
0.01

In silico generation of 
target-binding for use 

in prediction



ToxRef DB

ToxRef DB provides 
detailed hierarchical 
toxicity data model

Linkage to chemical 
structures enables flexible 
SAR and data mining

Bioassay DataBioassay Data

Use of Bioassay Activity Categories in SAR

SAR modeling

Summary
Activity

+/-

In vivo
Activity
Clusters SAR

Chemical StructuresChemical Structures
N

N
NH

O

O

NH

O

CH3

CH3

Cl

Cl

O

O

OH
P

NH
O

S O
O

CH3

CH3

CH3

O

N

O

S
Cl

Cl
Cl



ToxRefDB Profiling of Liver Effects for Pesticides

Activity Profile is 
refined “Endpoint” for 

SAR modeling



Bioassay DataBioassay Data

Biochemical, Cell-based, …
HTS Data                  HTS Data                  

ToxRef DB, NTP, IRIS, etc

Structure-Analog Approaches
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ToxCast: Data Publication & Exploration

Summarized 
endpoint data for use 
in SAR modeling

HTS 
data

Register ToxCast 
Substances in PubChem



ToxCast_320

Bioactivity 
Analysis:

Retrieve all 
bioassay data 
in PubChem for 
ToxCast_320

482 Bioassays
45 Compounds

Selected bioassays



Structure-Activity
Bioactivity Analysis:

7 bioassays, 45 Actives

View Bioassay Profile 
by Structure Similarity 
Cluster
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ToxCast Phase I: Proof of Concept

Chemicals

ToxCast_320
HTS

Assay DataToxRef in vivo
bioassay data

Phase II
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ToxCast Phase II Chemicals

1
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100

1000

10000

100000

Data Collection

IRIS
TRI
Pesticide Actives
CCL 1&2
Pesticide Inerts
HPV
MPV Current
MPV Historical
TSCA Inventory

Many well 
characterized

Few well 
characterized

90,000

11,000
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ACToR Incidence Table: 
Data Collections & Assays

Data Source
CPDBAS_DSSTOX
HPVCSI_DSSTOX
IRISTR_DSSTOX
NCTRER_DSSTOX
NTPBSI_DSSTOX
NTPHTS_DSSTOX
ToxCast_320
CERCLA
EDC73
EPA_DWC
EXTOXNET
HPVChallenge
HPV
INCHEM_EHC
INCHEM_EHC
INCHEM_IARC
ITER_TERA
IUR_2002
IUR_86_02



1.   AID 434: Cell Viability – MRC5 102  /2816 Active
2.   AID 421: Cell Viability – BJ 104  /2816 Active
3.   AID 667: Cellular Toxicity (caspase-3) Renal Proximal Tubule 8      /1408 Active
4.   AID 666: Cellular Toxicity (caspase-3) NIH 3T3 12    /1408 Active
5.   AID 665: Cellular Toxicity (caspase-3) N2a 7      /1408 Active
6.   AID 664: Cellular Toxicity (caspase-3) Hek293 18    /1408 Active
7.   Cellular Toxicity (caspase-3) H-4-II-E 20    /1408 Active
8.   Cellular Toxicity (caspase-3) SK-N-SH 20    /1408 Active
9.   Cellular Toxicity (caspase-3) Mesangial 8      /1408 Active
10. AID 659: Cellular Toxicity (caspase-3) NIH 3T3 12    /1408 Active
11. AID 658: Cellular Toxicity (caspase-3) N2a 7      /1408 Active
12. Cellular Toxicity (caspase-3) SHSY5Y 10    /1408 Active
13. AID 656: Cellular Toxicity (caspase-3) HUV-EC-C 5      /1408 Active
14. AID 655: Cellular Toxicity (caspase-3) Jurkat 49    /1408 Active
15. AID 654: Cellular Toxicity (caspase-3) HepG2 15    /1408 Active
16. AID 544: Cell Viability – SH-SY5Y 148  /1408 Active
17. AID 435: Cell Viability – SK-N-SH 184  /2618 Active
18. AID 433: Cell Viability – HepG2 106  /2618 Active
19. AID 427: Cell Viability – Hek293 160  /2816 Active
20. AID 426: Cell Viability – Jurkat 284  /2816 Active
21. AID 541: Cell Viability – NIH 3T3 128  /1408 Active
22. AID 546: Cell Viability – Mesenchymal 60    /1408 Active
23. AID 545: Cell Viability – Renal Proximal Tubule 79     /1408 Active
24. AID 543: Cell Viability – H-4-II-E 119  /1408 Active
25. AID 542: Cell Viability – HUV-EC-C 64    /1408 Active
26. AID 540: Cell Viability – N2a 131  /1408 Active
27. AID 559: RNA polymerase 17  /62237 Active

As of Jun 1, 2008:

Data for 65 assays (1408+ chem) 
available for download

Keyword search: PubChem 
Bioassay> “ntp ncigc”

DSSTox CID.txt file with 
instructions available on NTPHTS 
download page
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Joint Screening Program:
NIH/NCGC, NIEHS/NTP, 
EPA/NCCT

Combined HTS plates (2x1408) 
high interest chemicals

Joint assay development
Use of NCGC HTS informatics 

capabilities

Science: Feb 15, 2008
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