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“…to integrate modern computing and information technology 
with molecular biology to improve Agency prioritization of 
data requirements and risk assessment of chemicals” 

Providing Decision Support Tools for  

High-Throughput Screening, Risk Assessment and Risk 

Management 
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ToxCast Bioactivity Profiling 

Bioinformatics/ 

Machine Learning 

in silico analysis 

Cancer 

ReproTox 

DevTox 

NeuroTox 

PulmonaryTox 

ImmunoTox 

HTS  

-omics  

in vitro testing 

$Thousands 

Dix et al, Tox Sci 95:5-12 (2007) 

www.epa.gov/ncct/toxcast 



ToxCast Phase I HTS Results  

• 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 Assays 

Biochemical Assays 

Assays 

(n = 467) 

C
h
e
m

ic
al

s 
 

(n
 =

 3
2
0
) 

http://www.epa.gov/ncct/toxcast/ 

Judson et al EHP 118:485-492 (2010) 
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From Phase I to Phase II and Tox21 

Phase I Phase II Tox21 

Actives 272 120 700 

Inerts 24 100 1000 

Antimicrobials 33 100 500 

HPV 35 170 1300 

MPV 7 60 1500 

Green 4 60 500 

PCCL 73 150 500 

Pharmaceuticals 0 100 2500 

Consumer 

Products /Food 

additives 0 0 1500 

Total 309 ~700 ~10000 
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•Information Management 

•Transparency 

•Unexpected Results 

•Team Effort 
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Enabling the  

Transformation in Toxicology 

Information Technology and Management High Throughput Screening 

Molecular, Cellular and Systems Biology  

Pathway Based 

 Testing 
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Databases & Tools 

• DSSTox – Distributed Structure Toxicity Data 

• ACToR – Aggregated Computational Toxicology Database 

• ToxRefDB – In vivo guideline study data 

• ToxMiner – ToxCast data and analyses 

• EDB – NCCT Endocrine Database 

• VTKB – Virtual Tissue Knowledgebase 

• Chemical Registry 



ToxCast/Tox21: Chemical Annotation & Data Publication 

Summarized 

endpoint data for 

use in SAR 

modeling 

HTS 

data 

Register 

ToxCast/Tox21 

Substances in 

PubChem 
Chemical Annotation 

Chemical QC 

Sample tracking 

Cheminformatics Needs: 

 Select chemicals for testing 

 high environmental / tox interest 

 suitable for testing 

 chemically diverse 

 analogs, metabolites, etc 

 Standardized chemical 

structure/substance annotation across 

all testing & reference inventories 

 Chemical annotation QC 

 Analytical QC 

 Public reporting of data & QC 

http://ncgc.nih.gov/
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DSSTox: Distributed Structure-Searchable 

Database Network Project…& ToxCastTM 

 

 
 Publishes high-quality standardized structure-

data (SD) files pertaining to toxicology: 

     - EPA, HPV-IS, IRIS, NTP, FDA, NCBI, EBI, … 

 Strict chemical QA procedures  

 Public substance/structure ID registry system 

 DSSTox Structure-Browser 

     - Search by structure, name, CAS, … 

     - Similarity & fragment search 

     - Search within a DSSTox file 

     - Link-in and link out of browser 

14 current files, >15 substances, >10K structures 

External links: PubChem, ChemSpider, Lazar, ACToR 

 Chemical information QA 

and structure annotation 
 ToxCast Phase I & II 

 ToxRefDB 

 Tox21 
 

 Primary source of QC’d 

structures for ACToR 
 

 Facilitate external linkages 

and data publication 
 

 Publish summary activities 

and chemical classifiers for 

modeling 
 

 PubChem Source 

depositor for structures & 

“assays” 

http://www.epa.gov/ncct/dsstox  



Current Guidelines & Chemical Standards in 

Toxicology & Biological Effects Publishing:  

Archives of Toxicology 

Brain Research Bulletin 

Ecotoxicol. Environ. Saf. 

Envion Health Perspect 

Envion.Sci. Technol. 

Environ.Toxicol.Pharmacol. 

Environ & Molec Mutagenesis 

Environmental Toxicology 

International J. of Toxicology 

J.Appl.Toxicol. 

J Toxicology & Enviro.Health Part A 

Neurotoxicology & Teratology 

Reproductive Toxicology 

Toxicol. Appl. Pharmacol. 

Toxicological Sciences 

Toxicologic Pathology 

Toxicology Letters 

Toxicology 

Chem. Res.Toxicol. 

Nature  

Chem. Biol. 

Independent 

Chemical QC 

Chemical 

structures & 

hyperlinks 
Systematic 

names 

encouraged 

“Authors should provide sufficient detail to allow the work to be reproduced.”  

Author responsibility 



“Authors ensure that the chemical compound information within their 

papers is complete, scientifically accurate and appropriately formatted.” 

A PubChem link allows users of Nature Chemical Biology to go, in 

a single click, from the mention of a molecule in a paper to a rich 

and growing collection of information about chemical structures 

and their biological assay results, hosted by the NCBI. 

“Chemical compound information 

For all significant compounds included in 

Nature Chemical Biology original research 

papers, a compound data page, linked 

directly from the compound reference in the 

full text, appears in the online journal. 
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ACToR 
Aggregated Computational Toxicology Resource 

Assay Genomics DevToxDB ToxMiner 

Tabular Data, 

Links to Web 

Resources Specialized Toxicology Databases 

MicroArray 

Data 

Data 

Mining 

BioRefDB 

Biological 

Reference 

Data 

Chemical ID, 

Structure 
Chemical 

Internet 

Searches 

ACToR API 

ToxRefDB … 

ACToR Web 

Browser 

Targeted 

Testing 

http://actor.epa.gov/ 

http://actor.epa.gov/
http://actor.epa.gov/
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The Reach of ACToR 

Category Count 

Data Collections 580 

Substances 2,139,297 

Compounds 1,044,834 

Generic Chemicals 546,956 

Generic Chemicals 

with Structure 
438,756 

Assays 3,213 

Assay Components 7,221 

Assay Results 6,662,296 

As of May 2010 
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Chemical List View 

Red box indicates 

that data is 

available for that 

phenotype, not 

that chemical 

causes that 

phenotype 
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ToxRefDB 

•Developed in 2006 
– Database Structure 

– Database Vocabulary 

•Manual entry of >3200 studies for > 500 chemicals 
 

 

 

 

 

 

 

 

 

 

 

 

•Datasets released publically in 2009 (3 publications) 

• Full database & Web Interface released publically in 2010 
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ToxRefDB:  A Computable Database 

Martin et al, ToxSci, 110:181-190 (2009) 

Thyroid effects 

Topramezone 

Fipronil 

Fenpropathrin 

Bendiocarb 

Fluvalinate 

Thiacloprid 

Ethoprop 

Fenbuconazole 

Mancozeb 

Maneb 

Spinosad 

Thiophanate-methyl 

Triforine 

Ethofenprox 

Butyl benzyl phthalate 

Asulam 
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NCCT Endocrine Database 
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Chemical Sample Registration Workflow 

EPA places 

chemical 

orders Procure 2x100mg 

compound in tared, 

barcoded vials 

Store 

neat 
Solubilize 

in DMSO 
+ 

Partition 

to Matrix 

racks 

Solution 

Plates 

Insoluble 
Review COA 

QC structure 

Register in 

DSSTox 

Inventory 

Register in 

Sample Tracking 

Database 

X 
Bottle IDs 

Remove from 

DSSTox 

Update 

Solution IDs 

Update 

Assay 

Providers 

ACToR/ 

ToxMiner 

NCGC 

ToxCast 

Plate Address  

Plate ID 

Assay Results 

Analytical QC 

Analytical QC 



Data on FTP site 

(from collaborators, 

contractors, etc.) 

Processing 
Data  

import 

ToxMiner 

Intranet wiki:                                                            

log files, directory links, version stamps 

Local storage 

(working directory) 

Network backup 

Network share 

(limited access) 

Processing scripts 

“Primary” data (standardized 

conc.-response format) 

“Raw” data 

Custom analysis 

(AC50 fits, etc.) 

“Fit” data (AC50/LEC) 

Feedback & 

refinement 

EPA/NCCT    

servers 

EPA               

servers 

ToxCast Assay Data Workflow: Phase-II 
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Tox21 & ToxCast Phase II Chemicals 

  3800 chemicals “On hand”, registered or in process 

  Solubilize_1 set (1616 compounds): 135 DMSO insolubles 

  Solubilize_2 set (1300 compounds): submitted 5/17/2010 

  114 pharma compounds (failed drugs) received and 

solubilized from Merck, GSK, Pfizer, Sanofi-Aventis 

  192 chemicals from Solubilize_1 set + 114 pharma 

compounds plated for Phase II 

  10 Phase II triplicates “On hand”, 3 included in 192 

Updated May 18 2010 
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ToxCast Phase II Chemical Selection 

  Phase II 

chemicals being 

selected from Tox21 

library 

  High-priority EPA 

lists + In vivo Data 

  Pfizer, Merck, 

GSK chem w/clinical 

data (approx 110) 

  Defined structures 

Updated May 15 2010 
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•Website 

 

•Full data release 

 

•Use of open source software 

•R, MySQL, PERL 

 

•Chemical Prioritization Community of Practice 

 

•ToxCast Data Analysis Summit 

 

•Communications  

•Presentations, presentations, presentations 

•Media releases 
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•Breakdown of materials in DMSO 

•Need for constant quality assurance 

•Need to orthogonal methods 

•False positives and false negatives 

•Advantage of multiple platforms 

Ingenuity 
pathways 

ER 

AR 

TR 
Other 

XME/ADME 

KEGG 
pathways 

LogP_TPSA 

Predicted 
CaCO-2 

Disease 
classes 

Other NR 

5 assays 

4 technologies 

6 assays 

4 technologies 

 

5 assays 

3 technologies 

 
36 assays 

1 technology 

 

38 assays 

4 technologies 

27 specific pathway components 

used; data from external 

knowledgebases 
Calculated using 

QikProp software 

BPA 
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February 2010 
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25 

ACToR 

ToxRefDB 

ExpoDB 

Virtual Tissue  

KB 

Common 

Ontologies 

 
Disease, ADR 

Assay 

Physiology 

Analysis Tools 

Data and  

Knowledgebases 

Web Pages 

Web Services 

OpenTox API 

 

Open Ontologies / OBO 

 

Open Source Tools 


