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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

www.epa.gov/ncct/toxcast
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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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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
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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)
– C. elegans (NIEHS)
– Functional markers from microscale cultured hepatocytes (MIT)

+7 Assay Sources
& 123 Endpoints

+3 Assay Sources
& 16 Endpoints

8 Assay Sources
& 412 Endpoints

18 Assay Sources, 551 Endpoints
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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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Cellular Assays

Biochemical Assays

Toxicology Endpoints

Physical chemical properties

Profile Matching

Correlating HTS to Toxicity

Genomic Signatures

In silico Predictions
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Moving Forward

• Completion of Data Acquisition and Data Mining for Phase I

• Publication and Public Release of all Data

• OECD Molecular Screening Initiative (June, Bilthoven)

• Data Summit, Fall/Winter 2008

• Tox21 MOU partnership with NTP/NIEHS and NCGC/NHGRI

• Total of ~7000 chemicals for screening

• Subset to feed Phase II of Toxcast

• EPA Research Strategy and FY10 Research Initiative

Toxicity Pathways in 
Prioritization

Toxicity Pathways in
Risk Assessment Institutional Transition
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51-03-6 Piperonyl butoxide 1 1 1 1 1
1897-45-6 Chlorothalonil 1 1 1 0 1
150-68-5 Monuron 1 0 1 1 1
64-77-7 Tolbutamide 1 0 1 1 1
50892-23-4 [4-Chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic acid 1 0 1 0 1
607-57-8 2-Nitrofluorene 1 0 1 0 1
69-65-8 D-Mannitol 1 0 1 0 1
303-47-9 Ochratoxin A 1 0 1 0 1
10108-64-2 Cadmium dichloride 1 0 0 1 1
75-27-4 Dichlorobromomethane 1 0 0 1 1
21829-25-4 Dimethyl 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-3,5-pyridinedicarboxylate1 0 0 1 1
542-56-3 Isobutyl nitrite 1 0 0 1 1
62-75-9 N-Nitrosodimethylamine 1 0 0 1 1

34 307 1327 1351 2325

CHEMICAL OVERLAP WITH CARCINOGENOMICS
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Transforming Toxicology

Science, Feb 15, 2008
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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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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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$400 Million Dollars Worth of In Vivo Chronic/Cancer 
Bioassay Effects and Endpoints 

Effects & Endpoints
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The ToxCast Team

www.epa.gov/ncct/toxcast


