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Current Approach for 
Toxicity Testing

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

in vivo testing

$Millions
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Too Many Chemicals Too High a Cost

Cancer

DevTox

NeuroTox

ReproTox

ImmunoTox

PulmonaryTox
Millions $

Putting Numbers 
on the Problem
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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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Future of Toxicity Testing

Bioinformatics/
Machine Learning

in silico analysis

Cancer

ReproTox

DevTox

NeuroTox

PulmonaryTox

ImmunoTox

HTS 
-omics

in vitro testing

$Thousands

EPAs Approach:  The ToxCast Research Program



5Office of Research and Development
National Center for Computational Toxicology

Transforming Toxicology

Science, Feb 15, 2008
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Toxicity Pathways

Receptors / Enzymes / etc.
Direct Molecular Interaction

Pathway Regulation / 
Genomics

Cellular Processes

Tissue / Organ / Organism Tox Endpoint

Chemical
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Key Challenges

•Find the Toxicity Pathways
•Hepato vs developmental

•Obtain HTS Assays for Them
• Including metabolic capability

•Screen Chemical Libraries
• Coverage of p-chem properties

•Link Results to in vivo Effects
• Gold standard and dosimetry
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Implications for Success

•Hazard Identification
•Closing Data Gaps
•Reductions in Cost
•Hypothesis Generation
•Reduced Animal Usage

•Risk Assessment
•Providing MOA(s)
•Targeted Testing 
•Identifying Susceptible Populations

•Ancillary Applications
•Mixtures
•Chirals
•Nanomaterials
•Lot variations
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Phased Development of ToxCast 

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

FY09$15-20k>400ExtrapolationKnown Human 
Toxicants

>100IIb

???

>400

>400

Number of 
Assays

Data poor

Expanded 
Structure and Use 

Diversity

Data Rich
(pesticides)

Chemical 
Criteria

FY11-12

FY10

FY07-08

Target
Date

$10-15k

$15-20k

$20k

Cost per 
Chemical

Prediction and 
Prioritization

Extension

Signature 
Development

PurposeNumber of 
Chemicals

Phase

ThousandsIII

>300IIc

320I

�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



11Office of Research and Development
National Center for Computational Toxicology

Key Components of a Proof of Concept

• Chemicals 

• Assays covering Toxicity Pathways 

• Linkage to Traditional Phenotype Findings

• Data Analysis and Interpretation
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The ToxCast_320

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

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
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Extraction of DER information
Study Design

Chemical Info

Treatment 
Group Info

Treatment-
related Effects

Endpoint/
Critical Effects
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Rodent 
SubchronicRat MultiGen Mouse CancerRat Chronic/

Cancer
Rabbit 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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The Home of TFomics TM

attageneattageneattageneattagene

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

Metabolic
Transformation

Cell 
Function
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A Deluge of Data ……..

0 100000 200000 300000 400000 500000 600000 700000 800000

ACEA

Attagene

BioSeek

Cellumen

EA

IVAL

NovaScreen

Phylonix

NCGC

Gentronix

NTD PC12

Datapoints

April, 2008

☻☻☻☻ Data acquisition completed; ☼☼☼☼ Concentration response follow up underway

☻

☻
☻

☼☼☼☼

☼☼☼☼

☻
☻

☼☼☼☼
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Transporter

GPCR

Enzyme, other

Ion channel

NR

Kinase

CYP450

Phosphatase

Protease

201 A
ssays

320 Chemicals

Activity (% of Control)
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NovaScreen Descriptive Statistics (30% Cutoff)
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Examples of Chemical Activity Patterns
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Dopamine, 
dopamine 
transporter

Estrogen 
Receptor

Glucocorticoid 
receptor

Opioid
receptors

Progesterone 
receptor

Androgen 
receptor

HPTE      

Methoxychlor

Activity Spectrum (Novascreen)

CYP 2C19
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PPARα

ERE, 
ERα

Fold Induction (log 2)

Hierachical Cluster Attagene Results

{

VDRE, 
PXR, 
PXRE

DR5, 
RARβ,
RARα, 
RARγ,

BRE,     
AP1,  
NRF2/ARE
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Pyraclostrobin
Inhibits mitochondrial 

electron transport chain
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Examples of Chemical Responses in HepG2 
High Content Screening Assays
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Cellular Assays

Biochemical Assays

Toxicology Endpoints

Physical chemical properties

Profile Matching

Correlating HTS to Toxicity

Genomic Signatures

In silico Predictions
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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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Comparing Activities by Chemical Class
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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

Conazole
Fungicides vs. 
NovaScreen 
Assays
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Association Analysis / Signatures

• Use Machine Learning methods

– SLR: Stepwise Logistic Regression

– LDA: Linear Discriminant Analysis
– SVM: Support Vector Machines

– Many others

• For each binary endpoint, build models of form
– Predictor = F(assay values)

– If 

• Predictor for a chemical meets criteria
– Then 

• Predict endpoint to be positive for the chemical

Assay 1

Assay 2

LDA

TNFN

FPTP

Truth

Test

+

-

+             -



31Office of Research and Development
National Center for Computational Toxicology

Example of Signature Development:
Pesticide MOA

MOA ChemicalsPositives Sensitivity Specificity PPV NPV Accuracy
thiocarbamate herbicides 303 6 1.00 0.99 0.70 1.00 0.99
dinitroaniline herbicides 303 7 1.00 0.98 0.61 1.00 0.99
Sodium channel modulators 303 11 0.90 0.97 0.51 1.00 0.93
pyrethroid ester insecticides 303 10 0.65 0.98 0.62 0.99 0.81
conazole fungicides 303 13 0.65 0.97 0.52 0.99 0.81
pyridine herbicides 303 6 0.60 0.99 0.67 0.99 0.79
Sodium channel modulators 303 11 0.60 0.98 0.53 0.99 0.79
conazole fungicides 303 13 0.50 0.98 0.53 0.98 0.74
Acetylcholine esterase inhibitors 303 27 0.50 0.97 0.66 0.96 0.74
Acetylcholine esterase inhibitors 303 27 0.52 0.95 0.57 0.96 0.73
pyrethroid ester insecticides 303 10 0.50 0.95 0.32 0.98 0.73
organothiophosphate acaricides 303 9 0.00 1.00 0.00 0.98 0.50
organothiophosphate acaricides 303 9 0.00 1.00 0.00 0.98 0.50
pyridine herbicides 303 6 0.00 1.00 0.00 0.98 0.50
thiocarbamate herbicides 303 6 0.00 1.00 0.00 0.98 0.50
dinitroaniline herbicides 303 7 0.00 0.99 0.00 0.98 0.49

Input variables:  NovaScreen, Attagene, Bioseek and physical chemical properties
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Evolution of Phase I

• ToxCast 1.0 (April, 2007)
– Enzyme inhibition/receptor binding HTS (Novascreen)
– NR/transcription factors (Attagene, NCGC)
– Cellular impedance (ACEA)
– Complex cell interactions (BioSeek)
– Hepatocelluar HCS (Cellumen)
– Hepatic, renal and airway cytotoxicity (IVAL)
– In vitro hepatogenomics (IVAL, Expression Analysis)
– Zebrafish developmental toxicity (Phylonix)

• ToxCast 1.1 (January, 2008)
– Neurite outgrowth HCS (NHEERL)
– Cell proliferation (NHEERL)
– Zebrafish developmental toxicity (NHEERL)

• ToxCast 1.2 (March, 2008)
– Organ culture: liver, kidney, lung (Hamner Institutes)
– HTS Genotoxicity (Gentronix)
– Toxicity and signaling pathways (Invitrogen)
– NR Activation and translocation (CellzDirect)
– 3D Cellular microarray with metabolism (Solidus)

+5 Assay Sources
& 32 Endpoints

+3 Assay Sources
& 16 Endpoints

8 Assay Sources
& 412 Endpoints

16 Assay Sources, 460 Endpoints
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Beyond the Proof of Concept

Chemicals

ToxCast_320
HTS

Assay DataToxRef in vivo
bioassay data

Phase II
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Moving Forward

• Completion of Data Acquisition and Data Mining for Phase I

• Publication and Public Release of all Data

– 8 core papers by mid Summer (including 2 on ToxRefDB)

– Predictive Signatures by September

– Additional partner papers by Fall

– ToxRefDB and ACToR public release

• OECD Molecular Screening Initiative (June, Bilthoven)

• Data Summit, Fall 2008

• MOU partnership with NTP/NIEHS and NCGC/NHGRI

– Workings Groups in Pathways, Chemicals, Informatics, [Targeted Testing]

– Minimum of 2816 additional chemicals to be placed at NCGC

• Subset to feed Phase II of Toxcast

• EPA Research Strategy and FY10 Research Initiative
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The ToxCast Team

www.epa.gov/ncct/toxcast
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PPAR SIGNALING PATHWAY

Receptor binding assay

Transactivation assay

Enzyme inhibition assay

Functional cell assay
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Tissue

Changes

Molecular

Pathways

Cellular

Alterations

Environmental

Chemicals

Tissue

Injury

 

Figure 3. CAR-
mediated gene 
regulation 

Virtual

Tissues

Intracellular

Pathways

Cellular

Networks

Knowledgebase

Toxicity

Pathways

Virtual Tissues: 
From Pathways to Dose-Response

Dose-Response


