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Too Many Chemicals Too High a Cost
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How Can We Prioritize?

• Animal studies
– cost, time, ethical considerations

• Exposure
– lacks hazard information

• QSAR
– domain of applicability issues
– lack of availability of sufficient models

• Bioactivity Profiling
– biologically relevant chemical characterization
– high-throughput capacity
– needs development and validation

ToxCast



Office of Research and Development
National Center for Computational Toxicology

PNAS January 11, 2005 vol. 102 no. 2 261–266

1576 compounds
X 92 assays

Azole cluster by 
biospectra similarity

Approximate “proteomic” signature
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ToxCastTM : a computational toxicology 
approach based on high-throughput 

bioactivity profiling
• 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

• Coordinated with NIH: NTP and NHGRI/NCGC via Tox21 

• Committed to stakeholder involvement and public release of data
• Chemical Prioritization Community of Practice
• NCCT website- http://www.epa.gov/ncct/toxcast
• ACToR- Aggregated Computational Toxicology Resource

http://actor.epa.gov/actor/
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MOA Classes with 
> 3 chemicals

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
3 triplicates, 5 duplicates for QC
8 metabolites

291 total pesticide actives
273 registered pesticide actives
22 pesticide inerts
33 antimicrobials

ToxCast_320 Phase I Chemicals
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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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ToxCast Phase I Datasets

• Released to Data Analysis Partners:

– ACEA - Real-time Cell Electronic Sensing (7 assays)
– Attagene - Transcription factor assays (81 assays) 
– BioSeek - Cell-based protein level assays (87 assays)
– Cellumen - Cell imaging assays (11 assays) 
– CellzDirect – NR target-gene expression assays (16 assays) 
– Gentronix - GreenScreen GeneTox assay (1 assay) 
– NCGC - nuclear receptor assays (22 assays)
– Novascreen / Caliper - receptor binding and enzyme inhibition assays (239 assays)
– Solidus - P450 vs. cytotoxicity assays (4 assays)

• Upcoming Dataset Additions:
– Neurite outgrowth HCS (NHEERL)
– Cell proliferation (NHEERL)
– Zebrafish developmental toxicity (NHEERL)
– Organ toxicity; dosimetry (Hamner Institutes)
– C. elegans WormTox (NIEHS)
– Gene markers from microscale cultured hepatocytes (MIT)
– 3D Cellular Zebrafish vascular/cardiotoxicity (Zygogen)
– HTS stress response (NHEERL+NCGC)

468 Endpoints
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ToxCast Assays

• Cell lines
– HepG2 human hepatoblastoma
– A549 human lung carcinoma
– HEK 293 human embryonic kidney

• Primary cells
– Human endothelial cells
– Human monocytes
– Human keratinocytes
– Human fibroblasts
– Human proximal tubule kidney cells
– Human small airway epithelial cells

• Biotransformation competent cells
– Primary rat hepatocytes
– Primary human hepatocytes

• Assay formats
– Cytotoxicity
– Reporter gene 
– Gene expression
– Biomarker production
– High-content imaging for cellular 

phenotype

• Protein families
– GPCR
– NR
– Kinase
– Phosphatase
– Protease
– Other enzyme
– Ion channel
– Transporter

• Assay formats
– Radioligand binding
– Enzyme activity
– Co-activator recruitment

Cellular AssaysBiochemical Assays

Model Organism Assays
• Zebrafish (development)
• C. elegans (development)
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Biochemical Assays

• Diverse selection of targets
• Attempted to cover known toxicity targets
• Attempted to broadly profile major protein super-families

– GPCR
– Kinase
– Phosphatase
– Nuclear receptor
– Proteases
– Ion channels
– others

• Screened at 25 M initially with actives screened in concentration-
response format
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Biochemical Assay Results
228 A

ssays

320 Chemicals

Log IC50 (M)
Knudsen Knudsen et alet al. . 
Poster Presentation: Tuesday 1Poster Presentation: Tuesday 1--4:30 4:30 
Abstract #1092; Poster Board #310Abstract #1092; Poster Board #310
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Boric Acid

Prochloraz

Bisphenol A

HPTE

Examples of Chemical Activity in 
Biochemical Assays

(IC50 log M)

(IC50 log M)(IC50 log M)

(IC50 log M)
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PCA Mapping of CYP Inhibition

OPs

Conazoles
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Cellular Assays

• Types of Assays
– Known toxicity pathways and targets

• biomarker measurements 
• reporter gene assays

– General cytotoxicity
– Toxicity cellular phenotypes

• Cell lines and primary cells
• Generally screened at up to 100-200 M or MTC
• Concentration-response format used and AC50 generated
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Primary Human Cell Systems 
(BioSeek, Inc.)

• 8 Assay systems
• 87 endpoints
• 4 concentrations
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Primary Human Cell Systems
Reference Compound Variability

Colchicine
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Functional Similarity Map of ToxCast Library



Office of Research and Development
National Center for Computational Toxicology

trifloxystrobin

pyraclostrobin

myxothiazol

benomyl

fludioxonil

paclitaxel

Mechanism Class Examples

Mitochondria 
disrupters

Microtubule 
disrupters
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High-Content Screening of Cellular 
Phenotypic Toxicity Parameters 

(Cellumen, Inc.)
• Technology: automated fluorescent microscopy
• Objective: Determine effects of chemicals on toxicity biomarkers in a 

cell culture of HepG2 and primary rat hepatocytes

Cell Cycle

CSK Integrity 

DNA Damage

Oxidative 
Stress

Stress Pathway
Activation

Organelle
Functions

Panel 1 design*:
• Multiple mechanisms of toxicity
• Acute, early & chronic exposure
• 384-well capacity
• HepG2
• 1o rat hepatocytes
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CellCiphrCellCiphr™™ Cytotoxicity PanelCytotoxicity Panel
• 10-point conc-response (200 M-39 nM)
• Three time points (1 hr, 24 hr, 72 hr)
• 11 endpoints per assay

Biomarker Measurement Positive Control Z'
Stress Pathway Phospho-c-jun Anisomycin 0.63
Oxidative Stress Phospho-Histone H2A.X Camptothecin 0.7
Mitochondrial Function Mitochondrial membrane potential CCCP 0.55
Mitochondrial Mass Mitochondrial mass CCCP 0.35
Cell Loss Cell number Camptothecin 0.56
Cell Cycle DNA content Paclitaxel 0.54
DNA Degradation DNA structure Paclitaxel 0.6
Nuclear Size Area of nuclear region Paclitaxel 0.63
DNA Damage Detection of p53 Camptothecin 0.43
Mitotic Arrest Phospho-Histone-H3 Paclitaxel 0.63
Cytoskeletal Integrity Detection of �-tubulin Paclitaxel 0.3
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1 hr 24 hr 72 hr 1 hr 24 hr 72 hr 1 hr 24 hr 72 hr

Mitochondria Mass Cytotoxicity

Correlation of BioSeek Mitochondrial Dysfunction Class with 
HCS Mitochondrial Function Endpoints

Mitochondria 
Membrane Potential
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Multiplexed Reporter Gene Assay 
(Attagene, Inc.)

• Measures activation/inhibition of transcription factors (TF)
• TF integrate signals arising from changing cellular 

environments and coordinate cellular response to such 
change

• Similar to genomics but many fewer TF than genes
• Compounds with similar mechanism of toxicity should bear 

similar patterns
• Patterns should reflect the changes that precede or 

accompany the compounds’ toxicity
• Use signatures for prediction of toxicological outcomes of 

compounds



Office of Research and Development
National Center for Computational Toxicology

Multiplexed Reporter Gene Assay

Library of RTUs

Cell Transfection

PCR amplification

Transcription

Reverse transcription

RNA Isolation

Labeling

Processing (Hpa I)

Separation and detection 
(capillary electrophoresis)
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Hierarchical Cluster Attagene Results

Fold Change (log 2)
{

VDRE, 
PXR, 
PXRE

Xenobiotic
Response

ERE, 
ER

Endocrine 
Disruption

DR5, 
RAR,
RAR, 
RAR,

Retinoic Acid 
Receptor

AP1,  
NRF2/ARE
Oxidative 

StressPPAR

Peroxisome
Proliferator
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Hierarchical Cluster Attagene Results

Fold Change (log 2)
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77501-63-4 Lactofen X X 76 19 76 76 7.1 7.1 7.1 19
51338-27-3 Diclofop-methyl X X 25 25 32 25 2.5 2.5 25
1689-84-5 Bromoxynil X X 3.1 3.1
69377-81-7 Fluroxypyr X 500
10453-86-8 Resmethrin X 400.9 450.3 169.3 169.3 400.9
82-68-8 Quintozene X 150 300
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23031-36-9 Prallethrin X
62476-59-9 Acifluorfen, sodium X 119 119 711

PPAR/ Co-Agonists
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Nuclear Receptor Screening
NIH Chemical Genomics Center (NCGC)
• 10 Nuclear Receptors (more in queue)
• Cellular Reporter Assays
• Agonist and Antagonist modes
• Concentration-Response Format (15 conc)
• 1462 Compounds (ToxCast 320 is a subset)

ANTAGONISTAGONIST

Bisphenol A

HPTE

17-estradiol

Bisphenol AHPTE
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ToxCast Phase I Data Status

• Data collection complete
• Finishing data prep for analysis (QC, normalization, 
etc.)

• Data sets to be made available to public through 
manuscript publications

• Methods for correlative analysis being tested on 
limited data sets

• Data Summit
• RTP, NC May 14-15
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Cellular Assays

Biochemical Assays

Toxicology Endpoints

Physical chemical properties

Profile Matching

ToxCast Data Analysis 

Genomic Signatures

In silico Predictions

Find “Signatures” from in vitro & in silico assays that predict in vivo endpoints.
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$1B in Toxicology Now Stored in ToxRefDB

Martin et al. EHP, 2008
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Selected Chronic Rat & Mouse
Endpoints for Predictive Modeling
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ToxCast Analysis Approaches

•In vitro assays
•Chemical structure information
•Chemical classes
•Physicochemical properties

•In vivo endpoints

Hypothesis-driven

Statistical
Machine Learning

Judson Judson et alet al. . 
Poster Presentation: Monday 1Poster Presentation: Monday 1--4:30 4:30 
Abstract #382; Poster Board #159Abstract #382; Poster Board #159
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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 Gene Endpoint TP FP FN TN Sens Spec BA Rel 
Risk p(dichot)

GENE_Ache_Rattus_norvegicus Ache CHR_Rat_CholinesteraseInhibition 14 4 31 208 0.31 0.98 0.65 6 7.00E-09
GENE_HTR2C_Homo_sapiens HTR2C CHR_Rat_KidneyProliferativeLesions 6 3 25 223 0.19 0.99 0.59 6.61 1.30E-04
logP_TPSA CHR_Rat_LiverHypertrophy 57 109 9 82 0.86 0.43 0.65 3.47 1.10E-05
PATH_KEGG_hsa00980_Metabolism_of_xenobiotics_by_cytochrome_P450 CHR_Rat_LiverNecrosis 20 101 3 133 0.87 0.57 0.72 7.49 4.70E-05
PATH_KEGG_hsa00591_Linoleic_acid_metabolism CHR_Rat_LiverNecrosis 20 102 3 132 0.87 0.56 0.72 7.38 9.50E-05
GENE_AR_Homo_sapiens AR CHR_Rat_LiverNecrosis 16 65 7 169 0.7 0.72 0.71 4.97 9.70E-05
ATG_PPARa_TRANS PPARA CHR_Rat_LiverNecrosis 9 19 14 215 0.39 0.92 0.66 5.26 1.70E-04
NCGC_ERalpha_Antagonist ESR1 CHR_Rat_LiverNecrosis 11 32 12 202 0.48 0.86 0.67 4.56 2.50E-04
BSK_SM3C_Thrombomodulin THBD CHR_Rat_LiverNecrosis 8 18 15 216 0.35 0.92 0.64 4.74 6.60E-04
GENE_PLAT_Homo_sapiens PLAT CHR_Rat_LiverProliferativeLesions 14 8 52 183 0.21 0.96 0.59 2.88 9.30E-05
ATG_PPARa_TRANS PPARA CHR_Rat_LiverProliferativeLesions 16 12 50 179 0.24 0.94 0.59 2.62 1.70E-04
OxidativeStress_24hr H2AFX CHR_Rat_LiverProliferativeLesions 13 8 53 183 0.2 0.96 0.58 2.76 2.70E-04
GENE_CYP3A4_Homo_sapiens CYP3A4 CHR_Rat_LiverProliferativeLesions 10 4 56 187 0.15 0.98 0.57 3.1 2.90E-04
ATG_PPARa_TRANS PPARA CHR_Rat_LiverTumors 10 18 13 216 0.43 0.92 0.68 6.29 2.10E-05
CellLoss_72hr CHR_Rat_ThyroidProliferativeLesions 34 109 9 105 0.79 0.49 0.64 3.01 6.80E-04

TNFN

FPTP

TNFN

FPTP

Truth

Test

+         -

+     -

Assay 1

Assay 2

LDA
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Holly M. Mortensen, Holly M. Mortensen, et alet al. . 
Poster Presentation: Tuesday 1Poster Presentation: Tuesday 1--4:30 4:30 
Abstract #1090; Poster Board #308Abstract #1090; Poster Board #308

ToxCast Assays Associated with Gene 
Ontology (GO) Receptor Activity Processes
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Data Analysis: A Pathway-Based Approach

Attagene Factorial cis DR4/LXRE
Attagene Factorial cis PPRE
Attagene Factorial cis PPRE
Attagene Factorial cis PPRE
Attagene Factorial trans LXRa
Attagene Factorial trans PPARa
Attagene Factorial trans PPARd
Attagene Factorial trans PPARg
Attagene Factorial trans RXRa
Attagene Factorial trans RXRb
BioSeek BrEP IL1b / TNFa / IFNg / MMP1
BioSeek HDFn / IL1b / TNFa / IFNg / EGF / FGF /PDGFbb / MMP1
CellzDirect HMGCS2
NCGC Reporter Gene Assay PPARd Agonist
NCGC Reporter Gene Assay PPARd Antagonist
NCGC Reporter Gene Assay PPARg Agonist
NCGC Reporter Gene Assay PPARg Antagonist
NCGC Reporter Gene Assay RXRa Agonist
NCGC Reporter Gene Assay RXRa Antagonist
Novascreen Human MMP1
Novascreen Human PPARa
Novascreen Human PPARg

ToxCast Assays in KEGG 
PPAR Signaling Pathway KEGG PPAR Signaling PathwayKEGG PPAR Signaling Pathway

MCSF 
AND 
KEGG(PPAR signaling) 
AND 
KEGG(Cell adhesion molecules)

PPARG 
AND 
KEGG(Limonene and pinene degradation) 
AND 
KEGG(Chronic myeloid leukemia)

NRF2 
AND 
GABPA 
AND 
Bioavailability9.5E-060.7117307410Rat Liver Proliferative Lesions

ACEA(Cell growth) 
AND 
KEGG(Complement and coagulation cascades)

SM3C Proliferation 
AND 
KEGG(Focal adhesion) 
AND 
KEGG(Thyroid_cancer)1.0E-0545.40.900.862261246Rat Thyroid Proliferative Lesions

Rule 3Rule 2Rule 1p-value
Relati
ve 
Risk

Spe
cSensTNFNFPTP

Endpoint

MCSF 
AND 
KEGG(PPAR signaling) 
AND 
KEGG(Cell adhesion molecules)

PPARG 
AND 
KEGG(Limonene and pinene degradation) 
AND 
KEGG(Chronic myeloid leukemia)

NRF2 
AND 
GABPA 
AND 
Bioavailability9.5E-060.7117307410Rat Liver Proliferative Lesions

ACEA(Cell growth) 
AND 
KEGG(Complement and coagulation cascades)

SM3C Proliferation 
AND 
KEGG(Focal adhesion) 
AND 
KEGG(Thyroid_cancer)1.0E-0545.40.900.862261246Rat Thyroid Proliferative Lesions

Rule 3Rule 2Rule 1p-value
Relati
ve 
Risk

Spe
cSensTNFNFPTP

Endpoint



Office of Research and Development
National Center for Computational Toxicology

HE
HE

HE
HE

HE

HE

HE

HE
HE

HE

HE
HE

Low exposure potential
High exposure potential

HEHE

HE

ToxCast Hazard Prediction

Intelligent, Targeted Testing

The Future State: Using Hazard and 
Exposure Information for Prioritizing 

Testing and Monitoring

Human Biomonitoring

ToxCast Low
Hazard

Prediction Low Priority for 
Bioactivity Profiling

ToxCast targets

Lower Priority for 
Testing and Monitoring
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The ToxCast Team

www.epa.gov/ncct/toxcast


