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Science Question

A new generation of tools has emerged to rapidly measure signals from
cells, tissues, and organisms following exposure to chemicals. High
visibility efforts to apply these tools for efficient chemical prioritization
and toxicity testing raise important research questions in exposure science.
As an explosion of data from HTS in vitro toxicity assays becomes
available, this new toxicity information must be translated to assess
potential for risks to human health from environmental exposures.
Exposure information is required to link information on potential toxicity of
environmental contaminants to real-world health outcomes.

Chemical Prioritization

Globally, tools are required to characterize and classify thousands of
environmental chemicals in a rapid and efficient manner to assess potential
for risk to human health. A critical need is development of robust analytical
approaches that use a wide range of human exposure data, product use
information, and modeled human behavior to systematically prioritize
potential for exposure based on chemical properties, product lifecycle,
individual and population characteristics.

Toxicity Testing

The authors of the National Academies Vision for Toxicity Testing (NRC,

2007) emphasize that population-based data and human exposure

information are required to translate new toxicity information to assess

potential for real-world human health risk.

¢ Assessing complex human-health risks requires
susceptibility, and exposure are all reliably characterized.

¢ Currently, balance of efforts to improve measuring hazard and exposure
less than ideal: One measure of the hazard-exposure equation
continues to be refined while the other remains subject to crude
characterization.

e Accurate assessment of many environmental exposures remains an
outstanding and largely unmet challenge in toxicology and risk
assessment.

Resea Goals

Goal: Advance the characterization of exposure required to translate
advances and findings in computational toxicology to information that
can be directly used to support exposure and risk assessment for
decision making and improved public health.

that hazard,

ExpoCast™ will provide an overarching framework for the science
required to characterize biologically-relevant exposure in support of the
Agency computational toxicology program. Broadly and long-term, the
ExpoCast™ program will foster novel exposure science research to

¢ Inform chemical prioritization,

« Increase understanding of system response to chemical perturbations
resulting from environmentally relevant exposures and how these
translate to relevant biological changes at the individual and
population levels,

« Link information on potential toxicity of environmental contaminants
to real-world health outcomes.

U.S EPA, ORD, Computational Toxicology Research Program
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Systems Exposure Science :
Exposure at All Levels of Biological Organization

* Consider coupled networks spanning multiple levels of biological
organization

* Mechanistic understanding derived by characterizing networks and
impacts of perturbations

* Networks at different levels used to merge molecular-level changes
with measured events at the individual or population level

* Molecular networks based on data
from ‘omic measurement

« Key event networks, each node
represents a toxicity pathway,
abstracted from molecular network
based on biological interpretation and
targeted experimentation

« Adverse outcome driven by impact of
individual’s genetics, epigenetics and
exposure profile

« Connectivity at the population level
driven by common genetics, lifestyle,
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‘ Priority Exposure Research for Computational Toxicology ‘

Integrate human vulnerability and life-stage aspects into:

» Accessible and linkable exposure databases

» Exposure screening tools for accelerated chemical prioritization

* Advanced computational approaches for interpreting in vitro toxicity data in the context of
individual and population health

* Biologically-relevant exposure metrics (biomarkers reliably associated with exposure)

EXpOCOP: US EPA Exposure Science Community of Practice The Future State: Using Hazard and Exposure

Information for Prioritizing Testing and Monitoring
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Exposure Data and Databases

An important early component of ExpoCast™ is to establish a preferred approach for consolidating and linking
human exposure and exposure factor data for chemical prioritization and toxicity testing.
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research§gevelopment

Early efforts have focused on identifying research needs, establishing

collaborations, and building consensus in the scientific community. Results

include:

 Established active Community of Practice (over 70 individuals from over 30
public and private sector organizations)

» Three publications defining role of exposure science in computational
toxicology

* Workshop “Connecting Innovations in Biological, Exposure and Risk
Sciences”

* Workshop “SVOCs in the Residential Environment”

« ISES 2009 Annual Conference, “Transforming Exposure Science for the
21st Century”

* Symposium at ISES 2009, “Integrative Exposure Biology and
Computational Toxicology for Risk Assessment”

* Survey and identification of high priority exposure data resources

Future Directio

Focus will be on indentifying/evaluating a range of promising tools/approaches.

Specific tasks may include:
* Apply exposure modeling tools such as RAIDAR (unit exposure), USEtox 1

.0

(decoupled from dose/response) to ToxCast phase 1 and then possibly phase 2

compounds to evaluate potential for prioritization.

 Evaluate utility of approaches such as Biomonitoring Equivalent (BE),
Threshold of Toxicological Concern (TTC) for linking ToxCast results with
human exposure information.

» Complete and test portal of entry model suites (note: dermal exposure is
driving exposure prioritization in CEPA DSL)

Impact an tcomes

Short term, this initiative will advance Agency tools for efficiently
characterizing and classifying chemicals based on potential for biologically-
relevant exposure; as well as inform characterization of environmentally-
relevant toxicity. Longer term, advance exposure science required so that
fundamental knowledge of toxicity pathways can be used to improve
understanding of real-world human-health.

Milestones/Products:

FY09

* ExpoCast™ conceptual framework and research plan

FY10

* Problem formulation workshop with stakeholders and evaluation/ground-truthing of
exposure prioritization tools

« Position paper recommending standards for exposure data representation

* White paper defining exposure space and plan for assessing exposure data landscape

« White paper exploring development/application of human exposure knowledge base

* Begin implementing standards across exposure databases of highest utility for NCCT
FY11

» Manuscript describing extant data analyses to identify critical determinants for
exposure classification and chemical prioritization based on potential for exposure
-FY12

« Evaluate exposure index for prioritization on subset of ToxCast compounds
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