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Too Many Chemicals Too High a Cost

Cancer

DevTox

NeuroTox

ReproTox

ImmunoTox

PulmonaryTox
Millions $

The Problem

http://www.epa.gov/comptox/toxcast
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Data Collection

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

11,000

90,000

…and not enough data.
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Cancer
ReproTox
DevTox

NeuroTox
PulmonaryTox

ImmunoTox

Derive classifiers or signatures from hundreds of HTS, 
HCS and genomics assays to predict hazard…

Thousands $

The Solution: ToxCastTM

Assays

E
nd

po
in

ts

… and use these toxicity predictions for prioritizing 
further testing of environmental chemicals.

http://www.epa.gov/comptox/toxcast
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ToxCast Website: www.epa.gov/ncct/toxcast
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Key Components of ToxCast
Proof of Concept

• Chemicals 

• Traditional Toxicity Phenotypes

• HTS Assays covering Toxicity Pathways 

• Data Analysis and Interpretation
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ToxCast_320: Phase I Chemicals

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

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

Classification based on OPPIN
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Dopamine, 
dopamine 
transporter

Estrogen 
Receptor

Glucocorticoid 
receptor

Opioid 
receptors

Progesterone 
receptor

Androgen 
receptor

HPTE      

Methoxychlor

Bioactivity Profiling (NovaScreen)
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Phased Development of ToxCast 

Phase Number of 
Chemicals

Chemical 
Criteria

Purpose Number of 
Assays

Data Rich
(pesticides)

>400

IIa >300 Data Rich 
Chemicals Validation >400 $15-20k FY09

IIb >100 Known Human 
Toxicants Extrapolation >400 $15-20k FY09

>400

???

Expanded 
Structure and Use 

Diversity

Data poor

Cost per 
Chemical

Target
Date

$20k FY07-08

FY10

FY11-12

$15-20k

$10-15k

Signature 
Development

Extension

Prediction and 
Prioritization

I 320

IIc >300

III Thousands

Affordable science-based system for categorizing chemicals
Increasing confidence as database grows 
Identifies potential mechanisms of action
Refines and reduces animal use for hazard ID and risk assessment



8Office of Research and Development
National Center for Computational Toxicology

ToxCast Expansion Beyond
Proof of Concept

Chemicals

ToxCast_320
HTS

Assay DataToxRef in vivo
bioassay data

Phase II
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Overlap of 11,414 Candidate Across Sources
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536 47 39 92 200 73 2539 1973 992 74 101 3492 5375 3474 754 26 1054 3839 528 636 308 431
IRIS 536 536 32 26 57 176 57 147 148 55 0 0 75 185 313 71 12 208 121 190 291 123 148
EPA CCL1 47 32 47 39 13 25 6 11 11 4 0 0 6 14 25 8 1 15 9 34 27 11 16
EPA CCL2 39 26 39 39 13 19 5 10 10 4 0 0 5 13 21 7 1 14 8 28 22 10 15
EPA CCL3 92 57 13 13 92 19 9 29 30 8 0 0 10 39 46 15 6 36 20 92 60 25 31
EPA DWSHA 200 176 25 19 19 200 29 61 60 26 0 0 33 77 136 38 6 78 58 62 130 43 59
EPA EDC73 73 57 6 5 9 29 73 8 11 6 0 0 12 12 71 15 9 66 16 33 44 56 66
EPA HPV 2539 147 11 10 29 61 8 2539 1746 701 19 16 676 2187 366 167 2 163 734 237 162 13 28
EPA HPV Challenge 1973 148 11 10 30 60 11 1746 1973 703 20 13 567 1759 316 136 1 141 623 259 166 11 25
EPA HPVIS 992 55 4 4 8 26 6 701 703 992 2 4 250 747 134 66 1 58 263 91 58 8 15
EPA INERTS 25b Food 74 0 0 0 0 0 0 19 20 2 74 1 74 34 30 10 0 29 73 6 0 0 0
EPA INERTS 25b Nonfood 101 0 0 0 0 0 0 16 13 4 1 101 100 27 20 9 0 17 95 1 0 0 0
EPA INERTS NONFOOD 3492 75 6 5 10 33 12 676 567 250 74 100 3492 1126 603 298 3 326 3412 135 92 15 26
EPA IUR (2002) 5375 185 14 13 39 77 12 2187 1759 747 34 27 1126 5375 555 259 3 237 1224 302 230 23 47
EPA Active 3474 313 25 21 46 136 71 366 316 134 30 20 603 555 3474 754 26 1053 670 223 311 292 404
EPA AntiMicrobial 754 71 8 7 15 38 15 167 136 66 10 9 298 259 754 754 26 256 314 76 92 33 63
EPA AntiMicrobial Food Use 26 12 1 1 6 6 9 2 1 1 0 0 3 3 26 26 26 26 4 13 13 14 20
EPA Food Use Active 1054 208 15 14 36 78 66 163 141 58 29 17 326 237 1053 256 26 1054 331 151 192 274 351
EPA Inert 3839 121 9 8 20 58 16 734 623 263 73 95 3412 1224 670 314 4 331 3839 168 143 27 41
EPA PCCL 528 190 34 28 92 62 33 237 259 91 6 1 135 302 223 76 13 151 168 528 206 73 93
EPA TRI 636 291 27 22 60 130 44 162 166 58 0 0 92 230 311 92 13 192 143 206 636 112 144
ToxCast_320 308 123 11 10 25 43 56 13 11 8 0 0 15 23 292 33 14 274 27 73 112 308 304
ToxRefDB 431 148 16 15 31 59 66 28 25 15 0 0 26 47 404 63 20 351 41 93 144 304 431
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Targeted Modeling and Testing
For Mode of Action,Mechanism of Action &

Dose Response

Dose Response and Extrapolation Modeling

Risk Assessment By Chemical and Endpoint

Chemical Universe ~90,000

Target Chemicals ~10,000

In Vitro Bioactivity + QSAR 
Screening:

Mechanism-based
Hazard Prediction

2

Chemical 
Characterization

For Exposure Risk
3

•Production Volume
•Known Bioactivity
•Characterized Toxicity
•Suspected Exposure Risk
•Suspected Hazard Risk

Importance Selection1

Prioritized Chemicals ~1,000

Decision 
Algorithm
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ACToR: Aggregated Computational Toxicology Resource

Assay GenomicsDevToxDB ToxMiner

Tabular Data,
Links to Web 
Resources Specialized Toxicology Databases

MicroArray
Data

Data 
Mining

BioRefDB

Biological 
Reference 
Data

Chemical ID, 
StructureChemical

Internet 
Searches

ACToR API

ToxRefDB …

ACToR Web 
Browser
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Science, Feb 15, 2008

Transforming Toxicology
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