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Program Development

FY02

FY03

FY04

FY05

Initializing
Congressional redirection
EDC Proof of Concepts

Building Foundation
Design Team
Framework document
SAB and BOSC reviews
RTP Workshop
Bibliographic Inventory
Website
STAR HTPS RFA

Implementing
CTISC
Proof of Concepts Expansion

Internal competitions
STAR Systems Biology RFA

Institutionalizing
National Center formed
Prioritization Initiative
BOSC Site Visit 
ToxCast Concept

FY06

Operating
STAR Informatic Centers
Implementation Plan
ToxCast Development



ORD’s Computational Toxicology
Research Program

Themes:
A technology-based, hypothesis-driven 
effort to increase the soundness of risk 
assessment decisions within EPA
Build the capacity to prioritize, screen 
and evaluate chemicals by enhancing 
the predictive understanding of toxicity 
pathways

Success:
Measured by ability to produce faster 
and more accurate risk assessments 
for less cost relative to traditional 
means and to classify chemicals by 
their potential to influence molecular 
and biochemical pathways of concern 

www.epa.gov/comptox





Extramural grants in all 
research areas

National Risk Management 
Research Lab
National Risk Management National Risk Management 
Research LabResearch Lab

Preventing and reducing risks to
humans and the environment

National Center for 
Environmental Research
National Center for National Center for 
Environmental ResearchEnvironmental Research

National Center for 
Environmental Assessment
National Center for National Center for 
Environmental AssessmentEnvironmental Assessment

Human health and ecological 
risk assessment

National Homeland Security 
Research Center
National Homeland Security National Homeland Security 
Research CenterResearch Center

Responses to attacks against buildings 
and water treatment systems

National Exposure Research
Laboratory
National Exposure ResearchNational Exposure Research
LaboratoryLaboratory

Human and ecosystem 
exposure to pollutants

National Center for 
Computational Toxicology
National Center for National Center for 
Computational ToxicologyComputational Toxicology

Merging of computational  and 
molecular approaches

National Health and EnvironmentalNational Health and Environmental
Effects Research LabEffects Research Lab
Effects of contaminants
on human health and ecosystems



NCCT Mission
• To provide scientific expertise and leadership related to the 

application of mathematical and computational tools and models 
• To improve the predictive capabilities of the methods, models and 

measurements that constitute the input materials to the computational 
models. 

• To conduct and/or sponsor research to provide models for fate and 
transport of chemicals, environmental exposures to humans and 
wildlife, delivery of the chemical to the target site of toxicity, molecular 
and cellular pathways of toxicity, and ultimately systems level 
understanding of biological processes and their perturbation 

• Maintain a strong emphasis on the development of partnerships
with other government and private organizations 



Program Development: Formation and 
Staffing of a National Center for 

Computational Toxicology
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QRA

NCCT

I. Information Technology
A Richard
TBN (Title 42)
TBN
TBN *

II. Prioritization and Screening
D Dix
R Goldsmith *
K Houck
R Kavlock
M Martin (intern)
S Little 
M Pasquinelli*
J Rabinowitz

III. Biological Models
H Barton
J Blancato
M Breen*
R Conolly
R Garcia *
C Rodriquez *
TBN (Title 42)
TBN
TBN*
TBN*

IV. Cumulative Risk
E Hubal
W Setzer
TBN*

Administrative Support
Karen Dean, Program Analyst
Sandra Roberts, Exec Secretary * = Postdoc
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The NCCT is part of a larger whole…



Computational Toxicology 
Implementation and Steering Committee 

(Jan 04 – present)

• NCEA
Ines Pagan
Paul White

• NCER
Susan Laessig
David Mustra

• NERL
Tim Collette
Greg Toth

• NHEERL
Gerald Ankley
Jack Fowle
Doug Wolf

• NHSRC
Chandrika Moudgal

• NPD
Elaine Francis

• NRMRL
Jorge Santo Domingo 
Doug Young

• OPPTS
Vickie Dellarco
Yin-Tak Woo

• OAR
Scott Jenkins

• OW
Steve Kueberuwa
Clifton Townsend

• Regions
David Macarus (Reg 5)



Program Development: Implementing a 
Cross-ORD Research Portfolio
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Metabolic Simulator

DSSTox

Diesel Particles

Microbial Metagenomics

Amphibian Systems Model

Fish Toxicogenomics ASTER

Fish Proteomics

Conazole MOA

Children’s Health
Pulmonary Biomarkers

Fish metabonomics

Pellston, SOT and NCEA Workshops

STAR HTPS RFA

STAR Systems Models

STAR
Informatics 

Centers
(UNC and UMDNJ)

HPG Axis Model

H295R Assay
Iconix Contract

ER Binding Data
Molecular Docking
ER/AR Scale up





Proof of Concept Studies

ER Binding data refinement
ER QSAR Enhancement
Steroid docking model studies
H295R Assay evaluation 

• In vitro assay for steroidogenesis using a human cell line
ER and AR Transcription Assay scale up

• To use NHEERL developed cell lines, or equivalent
Predictive Toxicogenomics evaluation

• Hepatic gene changes following acute exposure in rat
• Groups of chemicals from 2 classes of hepatotoxicants



Zhang, X., R. Yu, P. D. Jones, J. L. Newsted, T. Gracia, M. Hecker, K. Hilscherova,  J. T. Sanderson, R. 
Wu, and J. P. Giesy.  2005.  Quantitative RT-PCR Methods for Evaluating Toxicant-Induced Effects on 
Steroidogenesis Using the H295R Cell Line.  Environ. Sci. Technol. 39:2777-2785.

H295R Development



STAR Environmental 
Bioinformatics Centers

• RFA - The successful applicant will:
Provide a multidisciplinary approach to development and 
application of computational methods that target multiple points
along source-to-outcome continuum;
Presents opportunities for investigators with differing expertise 
to work together on larger issues than could be addressed in a 
single grant or cooperative agreement proposal; 
Discuss application and development of bioinformatics 
standards and nomenclature, which will increase the portability 
and usability of Center-developed resources and tools. 
Funding via a Cooperative Agreement
Five year duration

• Recipients (October 2006)
UMDNJ and UNC

• David Mustra, NCEA, Project Officer



Partnerships
• Internal EPA

Communities of Practice
• Chemoinformatics, Prioritization, Biological Modeling

• Federal
Department of Energy
Department of Defense
FDA/NCTR
NIEHS/NTP
NIH/MLI

• Private Sector
IBM
Affymetrix
CIIT Centers for Health Research
SBIR Solicitations

• International
ITSC (Former Soviet Union weapons scientists)



GovernmentGovernment--wide datawide data

““ElectronificationElectronification”” of historical dataof historical data
StructureStructure--annotation annotation 
Data standardization & integrationData standardization & integration

EPAEPA--wide datawide data

CBICBI
datadata DSSTox

EPA Data Challenges:

InChI text annotation
EPA Structure-browser
Collaborations with 

ATSDR, ECB, FDA, NIEHS



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



DSSTox ChemoinformaticsDSSTox Chemoinformatics
Total Records:  6625Total Records:  6625
Total Unique Records:  3967 (no replicates)Total Unique Records:  3967 (no replicates)
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Molecular Docking

1E3G Human Androgen Receptor 
Ligand Binding Domain with 
Ligand Metribolone (R1881)

1E3G Human Androgen Receptor 
Ligand Binding Domain with 
Ligand removed computationally

Crystal structure Crystal structure 
from the literaturefrom the literature

Computationally Computationally 
created targetcreated target



Rabinowitz et al, Unpublished

Dendrogram of Steroid Receptor Ligands against multiple Nuclear Receptors





ToxCast– A Prioritization Concept
• Assumptions

Prioritization/Categorization is needed
Prioritization is not equivalent to screening
Need broad coverage of potential outcomes
Outcomes mediated by chemical-biological interactions
There is no current model
Technological advances can be employed (e.g., HTS)
Cost is a factor in acceptance

• Pharmaceutical experience is helpful, but caveats
Focused on targets
Accepts a high false negative rate 
“Activity” levels higher than for environmental chemicals

• Build upon examples where mode/mechanism of action has 
already, or is being, employed in hazard or risk assessment
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Enabling HTS Technologies 
Developed in the Search for 

Bioactive Compounds

• 96 to 384 to 1536 robotics revolution
• Compound/chemical libraries >106

• Assay development and miniaturization
• Computational tools for management and 

analysis of large volumes of data



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

CHEMISTRY PHARMACOLOGY

1576 compounds
X 92 assays

Azole cluster by 
biospectra similarity



ToxCast Information Domains

……pKaLogP
Physical-Chemical Indicators

……
Molecular 
Receptor 

Docking #1
PASS

Bio-Computational Indicators

……HMG-CoA
reductaseGPCRs

Biochemical Based Indicators

……H295RH4IIE

Cellular Based Indicators

……Stem 
Cells

Primary 
Heptatocytes

In Vitro Omics Indicators

……Signature 2Signature 1

In Vivo Omics IndicatorsBin ….

….

….

Bin 3

Bin 2
Bin 1

Chemical 
Grouping

Increasing Biological Relevance

Increasing Cost



Potential Outcomes

• Ability to categorize or prioritize chemicals
Tool box of indicators across information domains
Cost effective approach for assessing potential to be biologically 
active agents
Potential targeting of outcomes of concern

• Flexibility
Adaptable to technological advances
Refinement of key indicators with experience

• Development of predictive models as database enlarges
• More effective and efficient use of animals in testing





Reference dataset of Reference dataset of 
toxicitytoxicity--related chemicals with related chemicals with 
structures & bioactivity profilesstructures & bioactivity profiles

NIH/NCGC Roadmap:NIH/NCGC Roadmap:
Small Molecules HighSmall Molecules High--Throughput Throughput 

Screening InitiativeScreening Initiative

nihroadmap.nih.gov

> 200K > 200K ““small molecules
small molecules””

> 200 > 200 
bioactivity & bioactivity & 
cellcell--based based 
assaysassays

7 dose 7 dose 
dilutionsdilutions

Sample Sample ““toxicitytoxicity”” chemical chemical 
space:space:

NTP chemicalsNTP chemicals
EPA pesticides, inertsEPA pesticides, inerts
EPA HPV ChemicalsEPA HPV Chemicals
DSSToxDSSTox
NCI/NCI/ChemNavigatorChemNavigator

TOX



Systems Biology Modeling
Exposure

Tissue Dose

Macromolecular 
Interactions

Organism Toxicity

Population Toxicity

ADME Data
In Vivo & In Vitro

High Throughput 
Assays

“omics”

Epidemiology

PK Models

3D Molecular Models 
Cholinesterase Inhibition

Toxicodynamic Models 
Hormonal Activity Models 

Cell Signaling Models

Population PK/PD
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Environmental 
Conditions

Ambient 
Environment

Community 
Environment

Home 
Environment

Personal 
Environment

Chemical

Physical

Biological
Psychosocial

Exposure Receptor Outcome

Resources for Intervention 
(Prevention and Remediation)

Community

Population

Individual

Community

Community

Characterizing 
Vulnerable Receptors
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Individual
Individual

Individual

Individual

Individual
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Individual

Individual



NCCT - Near Term Objectives
• Development and implementation of advanced biological 

models
Statistical methods for parameter estimation
Probabilistic modeling framework

• Information technology development and application
Expansion of DSSTox, with sub-structure searching

• Prioritization method development and application
Flexible docking models for nuclear receptors
ToxCast proof of concept demonstration

• Advanced computational approaches for cumulative risk 
assessment

Visual analytical approach to exposure-body burden relationships




