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Outline

• National Center for Computational Toxicology

• ToxCast ™ Prioritizing Toxicity Testing of Environmental 
Chemicals

• Toxicity Testing in the 21st Century

• Exposure Science for Toxicity Testing
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US EPA National Center for Computational Toxicology

• The emerging field of computational toxicology applies mathematical and 
computer models and molecular biological and chemical approaches to 
explore both qualitative and quantitative relationships between sources of 
environmental pollutant exposure and adverse health outcomes.

• The integration of modern computing with molecular biology and 
chemistry will allow scientists to better prioritize data, inform decision 
makers on chemical risk assessments, and understand a chemical’s 
progression from the environment to the target tissue within an organism 
and ultimately to the key steps that trigger an adverse health effect. 

http://www.epa.gov/comptox/
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Themes

• The research conducted in the NCCT is designed to address the need 
for: 
– (1) characterization of the target system across levels of biological 

organization; 
– (2) improved linkages across the source-to-outcome continuum; and 
– (3) a shift from linear source-to-dose paradigm to a systems-based 

approach.  
• In addition, the complexity of the systems under study and the 

multidimensional nature of data produced using emerging technologies 
require extensive collaboration and advanced environmental informatic
capabilities.  
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NCCT Research Activities

• ToxCast ™:  Prioritizing Toxicity Testing of Environmental 
Chemicals (David Dix and Keith Houck)

• Distributed Structure-Searchable Toxicity (DSSTox) Database 
Network and Aggregated Computational Toxicity Resource 
(ACToR):  Informatics for Environmental Health Risk 
Assessment (Ann Richard and Richard Judson)

• Virtual Tissues:  Characterizing Toxicity Pathways and 
Extrapolating Dose-Response (Imran Shah and Tom 
Knudsen)

• Mechanistic Indicators of Childhood Asthma (MICA) Study:  
Understanding Environmental Factors of Complex Disease 
(Jane Gallagher)
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ToxCast ™ Prioritizing Toxicity Testing of 
Environmental Chemicals
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Predicting Hazard, Characterizing Toxicity Pathways, and Prioritizing 
the Toxicity Testing of Environmental Chemicals

• The U.S. EPA has identified a clear need to develop methods to evaluate 
a large number of environmental chemicals for their potential toxicity.

• In 2007, EPA launched ToxCast™ in order to develop a cost-effective 
approach for prioritizing the toxicity testing of large numbers of chemicals 
in a short period of time.

• Using data from state-of-the-art high throughput screening (HTS) 
bioassays developed in the pharmaceutical industry, ToxCast™ is 
building computational models to forecast the potential human toxicity of 
chemicals. 

http://epa.gov/ncct/toxcast/
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Current Approach for Toxicity Testing

Cancer
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ImmunoTox

in vivo testing

$Millions

David Dix
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Future of Toxicity Testing

Bioinformatics/
Machine Learning

in silico analysis
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David Dix
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ToxCast™ - Phase I 

• Profiling over 300 well-characterized chemicals (primarily pesticides) in 
over 400 HTS endpoints. 

• Endpoints include biochemical assays of protein function, cell-based 
transcriptional reporter assays, multi-cell interaction assays, 
transcriptomics on primary cell cultures, and developmental assays in 
zebrafish embryos. 

• Most Phase I compounds have been tested in traditional toxicology tests

• In Phase II, ToxCast™ will screen additional compounds representing 
broader chemical structure and use classes, in order to evaluate the 
predictive bioactivity signatures developed in Phase I. 

http://epa.gov/ncct/toxcast/
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Toxicity Testing in the 21st Century
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Transforming Toxicology

Science, Feb 15, 2008

Robert Kavlock
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Toxicity Testing in the Twenty-first Century: A Vision and a Strategy
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Toxicity Testing in the Twenty-first Century

• The key aspect of the NRC vision and the proposed paradigm shift in 
Toxicity Testing is that new tools are available to examine toxicity 
pathways in a depth and breadth that has not been possible before.

• Efforts underway to apply high-throughput-screening (HTS) approaches 
for chemical prioritization and toxicity testing have been accelerated in 
response to NRC reports.

• An explosion of HTS data for in vitro toxicity assays will become available 
over the next few years. 
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Exposure Science for Toxicity Testing

• Now a paradigm shift in exposure science commensurate with that seen 
for toxicity testing is required to realize the potential of these tools for 
improved risk assessment and improved public health. 

• Shift from resource and time intensive measurement and modeling to 
rapid, inexpensive approaches for characterizing and predicting 
biologically relevant exposure.

• Significant investments in exposure science will be required to provide 
the critical real-world information for interpreting these toxicity data, 
predicting risks and informing risk management decisions.  
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Exposure Science for Toxicity Testing
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Toxicity Testing in the Twenty-first Century: A Vision and a Strategy

“The vision emphasizes the generation and use of population-based and 
human exposure data where possible for interpreting test results and 
encourages the collection of such data on important chemicals with 
biomonitoring, surveillance, and epidemiologic studies. Population-based 
and human exposure data, along with the risk context, will play a role in 
both guiding and using the toxicity information that is produced.”



17Office of Research and Development
National Center for Computational Toxicology

21st Century Exposure Research Questions

• How do we use information on host susceptibility and 
background exposures to interpret and extrapolate in 
vitro test results?

• How do we use human exposure data to select doses for 
toxicity testing so we develop information on biological 
effects at environmentally relevant exposures?

• How can we relate human exposure data from 
biomonitoring surveys to concentrations that perturb 
toxicity pathways to identify potentially important 
exposures?
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Identification of Susceptibility 

Genetic Variants / Epigentic Modifications

Biological Insight 

(Toxicity Pathways)
Improved Measures of Individual Etiological 

Processes and Individual Exposures

Identify Important 
Environmental Factors

Personal Risk Profile

Extrapolation for 
Risk Assessment

Biomarkers 
Indicators 

Metrics

Public Health Policy 
Prevention

Education

Personal Risk 
Management

Information

Translation of Findings from Toxicity Testing

Elaine Cohen Hubal
US EPA, NCCT 

06/17/2008

Adapted from McCarthy et al., 2008
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Identification of Susceptibility   
Genetic Variants / Epigentic Modifications

Biological Insight 
(Toxicity Pathways)

Important 
Environmental Factors

Extrapolation for 
Risk Assessment

Biomarkers 
Indicators, Metrics

Public Health Policy 
Prevention

Elaine Cohen Hubal
US EPA, NCCT 

06/17/2008
Translation: Population Level (Government)

Key Perturbations
Key Targets

EXPOSURE 
SCIENCE
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Anchoring stressors to real-world human exposure

• Important opportunity for exposure scientists
• Consider analogies in hazard assessment to inform our path forward.  
• The NRC Vision of a shift to characterizing toxicity pathways requires a 

commensurate shift to characterizing exposure across all levels of 
biological organization.  

• Interpretation of toxicogenomic hazard data requires contextual 
relevance.  Pathways identified using HTS approaches are being 
anchored to apical endpoints using conventional toxicity data.  

• Similarly, understanding relevant perturbations leading to these
toxicogenomic endpoints require anchoring stressors to real-world 
human exposure (e.g., biomonitoring data and other conventional 
exposure metrics). 

• New approaches to risk assessment require exposure science to predict 
exposures down to the molecular level.  Requires systems-based 
consideration of interactions between exposure and effect. 
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Cascade of exposure-response processes for integrating 
exposure science and  toxicogenomic mode-of-action 
information. 
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Exposure Science Research Needs

• New and innovative tools required to characterize human exposure.
– Easily accessible, chemically indexed exposure databases that can 

be linked with toxicity databases are required to facilitate application 
of environmental informatics tools for risk assessment.  

– Screening-level indices for efficient screening of chemicals based on 
potential for exposure are required for toxicity-testing prioritization.  

– Coordinated development efforts are required to provide exposure, 
dose-response, and biological pathway models that use common 
programming languages to facilitate links across the source-to-
outcome continuum.  

– Application of advance computational approaches for exposure and
dose reconstruction is required to relate biomarkers of exposure in 
populations with administered concentrations of in vitro HTS assays. 
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Exposure Science Research Needs

• Significant advances required in mechanistic understanding of 
exposure processes and determinants.
– Translation of advanced toxicogenomic and biosensor technologies 

provides opportunity to develop efficient and affordable tools for 
measuring biologically relevant exposures and identifying 
susceptible individuals.   

– Data collected using these advanced monitoring protocols will provide 
mechanistic underpinning and support interpretation of toxicity test 
results.
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EPA Community of Practice:  Exposure Science for 
Toxicity Testing, Screening, and Prioritization

• The primary purpose of the EPA Exposure Science Community of 
Practice (ExpoCoP) is to provide a forum for promoting the advancement 
and utilization of exposure science to address Agency needs for 
chemical screening, prioritization and toxicity testing.  

• Membership of over 40 individuals from over 15 public and private sector 
organizations 

• http://epa.gov/ncct/practice_community/exposure_science.html
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