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Review current toxicity-testing
protocols and strategies.

Review current cancer and
noncancer risk  assessment
guidelines to determine data
needs for risk assessment.

Review various documents
(EPA, ILSI-HESI, NTP, and
REACH) that propose
improvements to  toxicity-
testing approaches.
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TOXICITY TESTING IN THE 21ST

CENTURY: A VISION AND STRATEGY

www.has.edu

Assessment of key exposures (life
stages) and toxicity outcomes
(neurotoxicity)

State-of-the-science testing and
assessment procedures (genomics,
bioinformatics, pharmacokinetics)

Efficient experimental design and
reduced use of laboratory animals

New and alternative test methods

Computational and molecular
techniques 1n risk assessment
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Toxicity Pathway: A cellular response
pathway that, when sufficiently perturbed,
is expected to result in an adverse health

effect.
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Endogenous hormones

DNA damage
PXR, CAR, PPAR and AhR receptors

Hypo-osmolarity

Nrf2 oxidative stress

Heat-shock proteins
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TRENDS in Molecular Medicine

In non-toxic environments,
Nrf2 is bound to the
cytoplasmic protein Keap1

In toxic environments, Nrf2 is
released into the nucleus,
leading to expression of
antioxidant stress proteins
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cell signaling pathways
that govern cell kinetics
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Nfr2 activation
represents an
important biological
perturbation of a
general toxicity
pathway
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Broadest coverage of
chemicals, end points,
life stages

A

Fewest animals; least Lowest cost;

suffering per animal 4 > least time

v

Detailed mechanistic and
dose information for human
health risk assessment

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine




Options for Future Toxicity Testing Strategies

Option I Option 11 Option I11 Option IV
In Vivo Tiered In Vivo In Vitro/In Vivo In vitro
Animal biology Animal biology Primarily human Primarily human
biology biology
High doses High doses Broad range of Broad range of
doses doses
Low throughput Improved High and medium High throughput
throughput throughput
Expensive Less expensive Less expensive Less expensive
Time consuming Less time Less time Less time
consuming consuming consuming

Relative large
number of animals

Apical endpoints

Fewer animals

Apical endpoints

Some in silico and
In vitro screens

Substantially fewer
animals

Perturbations of
toxicity pathways

In silico screens
possible

Virtually no animals

Perturbations of
toxicity pathways

In silico screens
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Toxicity Testing in the 21st Century: =
A Vision and a Strategy %

m

T

Advances in molecular biology, biotechnology, and other fields are pav-
ing the way for major improvements in how scientists evaluate the health risks
posed by potentally toxic chemicals found at low levels in the environment. These
advances would make toxicity testing quicker, less expensive, and more directly
relevant to human exposures. They could also reduce the need for animal testing by
substituting more laboratory tests based on human cells, This National Research
Council report creates a far-reaching vision for the future of toxicity testing.

Toxicity Testing in the 215t Century:
A Vision and A Strategy

Final Report Released June 12, 2007
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Chemical Characterization s

Toxicity Testing

Toxicity Pathways Targeted Testing
Py

gy & Dose-Response and Extrapolation Modeling

Chemical Characterization

Compile data on physical and chemical properties, use characteristics, environmental
concentrations, possible metabolites and breakdown products, and possible toxic properties.

Predict properties and characteristics, where possible and appropriate, by using computational tools.

Answer key questions concerning compound’s stability, potential for human exposure and
bioaccumulation, and toxicity of chemical and possible metabolites.
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| Toxicity Pathways

- Evaluation of perturbations in toxicity pathways
rather than apical end points.

- Emphasis on high-throughput approaches using
cells or cell lines, preferably of human origin.

- Use of medium-throughput assays of more inte-
grated cellular responses.

Targeted Testing

- Testing conducted to evaluate metabolites,
assess target tissues, and develop
understanding of affected cellular processes at

genomics level.
- Limited types and duration of in vivo studies,
focusing on up to 14-day exposures.

- More extensive testing for representative com-
pounds in novel chemical classes.
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Dose-Response and Extrapolation Modeling
Empirical dose-response models will be developed on the basis of data from in vitro,
mechanistically based assays.

*+ Physiologically based pharmacokinetic (PBPK) models will equate tissue-media concentrations from
toxicty tests with tissue doses expected in humans.

* Dose-response models for toxicity pathways will reliably predict concentrations expected to cause
measurable precursor-effect responses. y

+ PBPK and toxicity-pathway models will identify biomarkers of susceptibility for
sensitive subpopulations.
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Toxicity Testing and Risk Assessment

Dose Response
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Understanding and mapping of toxicity pathways

Comprehensive suite of 1n vitro tests, preferably based on
human cells, cell lines, or components to 1dentify pathway
perturbations

Evidence justifying that toxicity-pathway approach is
adequately predictive of adverse health outcomes to use in
decision-making

Computational models of toxicity pathways to support
application of in vitro test results in risk assessments.
Targeted animal tests to complement in vitro tests

Infrastructure changes to support basic and applied research
needed to develop the tests and pathway models.
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I 100’s/year

1-3/year

10,000’s/day

100,000's/day

High Throughput
Molecular mechanism
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Enzymatic assays
Receptor binding assays

GTPYS binding Assays | _ a0 J U

Tissue culture assays

Cell-based Elisa and Western Blots (for
quantitative antigen detection )

FLIPR™ Assays (GPCR and ion channel targets)

Immunoassays THE NATIONAL ACADEMIES
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Forecast toxicity

based on
bioactivity
profiling
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 Shift in focus away from apical
outcomes 1n experimental
animals towards important
perturbations of toxicity
pathways

* Development of risk assessment
practices based on pathway
perturbations

—
== — — —

e Re-interpretation or possible re-writing of
regulatory statues under which risk
assessments are conducted THE NATIONAL ACADEMIES
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Paradigm shift away from apical endpoints to
perturbation of toxicity pathways

More extensive use of computational toxicology and
high throughput in vitro screening tests

Will provide much broader coverage of the universe of
environmental agents

Substantial commitment of resources will be required
to implement the vision

Will require support of the scientific community,
regulators, law-makers, industry, and the public

Effective communication of the vision is key to its
success
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