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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 Contribution:  The ToxCast Research Program
www.epa.gov/ncct/toxcast
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Too Many Chemicals Too High a Cost

Cancer

DevTox

NeuroTox

ReproTox

ImmunoTox

PulmonaryTox
Millions $

Change Needed Because …..
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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.

Judson, et al EHP submitted
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Human Relevance/ 
Cost/Complexity

Throughput/ 
Simplicity 

High-Throughput Screening Assays

10s-100s/yr

10s-100s/day

1000s/day

10,000s-
100,000s/day

LTS HTSMTS uHTS

batch testing of chemicals for pharmacological/toxicological endpoints 
using automated liquid handling, detectors, and data acquisition

Gene-expression
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ToxCastTM Background

• Research program of EPA’s National Center for Computational Toxicology

• Addresses chemical screening and prioritization needs for pesticidal inerts, 
anti-microbials, CCLs, HPVs and MPVs

• Comprehensive use of HTS technologies to generate

biological fingerprints and predictive signatures

• Coordinated with NTP and NHGRI/NCGC via Tox21 

• Committed to stakeholder involvement and public release of data

• Communities of Practice- Chemical Prioritization; Exposure

• NCCT website- http://www.epa.gov/ncct/toxcast

• ACToR- Aggregated Computational Toxicology Resource

http://134.67.216.45:22722/servlet/ActorPrototype2008Q1?page=0

http://www.epa.gov/actor/
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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
•Green Chemistry
•Lot variations
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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 

FY09-10~$15-20K>200PMN Nanomaterials>12IId

FY09~$20-25k>400ExtrapolationKnown Human 
Toxicants>100IIb

FY09$10K166PilotNanomaterials15Ib

FY09~$20-25k>400ValidationData Rich 
Chemicals>300IIa

>300

>400

552

Number of 
Assays

Data poor

Expanded 
Structure and Use 

Diversity

Data Rich
(pesticides)

Chemical 
Criteria

FY11-12

FY10

FY081

Target
Date

~$15-20k

~$20-25k

$20k

Cost per 
Chemical

Reducing to 
Practice

Extension

Signature 
Development

PurposeNumber of 
ChemicalsPhase

ThousandsIII

>300IIc

320Ia

1Initiated April 2007
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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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Physical-Chemical Properties
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$1B in Toxicology Now Stored in ToxRefDB

Martin, et al EHP,submitted
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ToxRefDB Endpoints from Chronic Rodent 
Studies for Training ToxCast Predictions 
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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 Data

Compound Focus, Inc.
a subsidiary of

Receptors, 
Enzymes

Cell 
Signaling

Cell 
Function

Transcription 
Factors

Alternative 

Species
In vitro

Genomics

MetabolicTransformation

Cell 
Function
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The Home of TFomics TM

attageneattageneattageneattagene

Transcription Factor Activity Profiling

24 nuclear receptors

43 transcription 
factors
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Hierachical Cluster Attagene Results
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ToxCast Phase I Assays/Datasets/Publications
• 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 (June, 2008)
– 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)
– 3D Cellular microarray with metabolism (Solidus)
– Zebrafish vascular/cardiotoxicity (Zygogen)
– HTS stress response (NHEERL+NCGC)

21 Assay Sources
>550 Endpoints

Nearing publication
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Cellular Assays

Biochemical Assays

Toxicology Endpoints

Physical chemical properties

Correlating HTS to Toxicity

Genomic Signatures

In silico Predictions
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A number of ToxCast 
assays examine the 
ability of a chemical to 
interact with hormone 
systems, including 
binding to hormone 
receptors and 
activating, or 
inhibiting, hormonally 
sensitive genes.  Here 
is the profile for 56 of 
the 73 proposed EDSP 
priority chemicals in a 
number of relevant 
assays.

Estrogen Androgen

Vinclozolin

BPA

(single concentration only for binding and transcription factors)

Descriptive Profiling of
Endocrine Activity
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Predictive (Meta) Analysis of HTS Results
Against a Liver Phenotype
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Summary

• The international community needs better predictive tools for 
assessing the hazards and risks of chemicals

• It is technically feasible to collect bioactivity data on virtually all 
chemicals of potential concern

• ToxCast is providing a proof of concept for obtaining predictive, 
broad-based spectra of bioactivity 

• A critical need remains the elucidation of the majority of key 
biological processes involved in toxic responses

• The time is right to rapidly move this field along

• ToxCast Website: www.epa.gov/ncct/toxcast
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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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Real-time Cell Electronic Sensing (RT-CES) Assay
Judson et al., in preparation

Figure 2 – Cell growth curve for Diquat Dibromide.
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Figure 7 – Comparison of average growth rate values 
for replicates chemicals across all concentrations.  
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ToxCast Website: www.epa.gov/ncct/toxcast


