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TOXICITY TESTING IN THE 21ST

CENTURY: A VISION AND STRATEGY

What's the best way to design
a ‘modern’ toxicity testing
program to assess potential
human risks posed by
exposures to environmental
agents over a broad range of
doses and compounds and to
be in a position to use this
Information in quantitative
human health risk
assessment?
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A fundamental re-direction in toxicity testing is needed to
achieve the following design criteria:

To develop a more robust scientific basis for assessing
health effects of environmental agents (mechanistic
data)

To provide broad coverage of chemicals, chemical
mixtures, outcomes, and life stages

To reduce the cost and time of testing

To base decisions on human rather than rodent biology

and focus on more relevant dose levels
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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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DNA damage

PXR, CAR, PPAR and AhR receptors

Hypo-osmolarity

Nrf2 oxidative stress

Heat-shock proteins

P38 MAPK
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TRENDS in Molecular Medicine

Normally, Nrf2 is bound to
the cytoplasmic protein
Keap1

When challenged with
oxidant stressors, Nrf2 is
released, going to the
nucleus and guides
expression of antioxidant
stress genes
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Options for Future Toxicity Testing Strategies

Option I Option I1 Option I1I
In Vivo Tiered In Vivo In Vitro/In Vivo
Animal biology Animal biology Primarily human
biology
High doses High doses Broad range of
doses
Low throughput Improved High and medium
throughput throughput
Expensive Less expensive Less expensive
Time consuming Less time Less time
consuming consuming
Relative large Fewer animals Substantially fewer
number of animals animals

Apical endpoints Apical endpoints Perturbations of
toxicity pathways

Some in silico and In silico screens
in vitro screens possible




. 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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High Throughput
BEST Screening

| Board on Environmental Studies and Toxicology

100’s/year
10,000’s/day

1-3/year 100,000’s/day

High Throughput
Molecular mechanism
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Enzymatic assays
Receptor binding assays
GTPYS binding Assays

Tissue culture assays

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

FLIPR™ Assays (GPCR and ion channel targets)
Various reporter based assays
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Toxicity Testing

Toxu:lly Pathways Targeted Testing

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.

7
+ PBPK and toxicity-pathway models will identify biomarkers of susceptibility for
sensitive subpopulations.
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A Biologically Motivated Model for Cancer

Capture dose-
dependencies of main
processes although
lacking in specific
biological detalil.

Has been difficult to
understand toxicity
from top-down
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Comprehensive suite of in vitro tests, preferably
based on human cells, cell lines, or components.

Computational models of signal transduction in
toxicity pathways to support application of in vitro
test results in risk assessments.

Physiologically based pharmacokinetic (PBPK) models
to assist in vitro to in vivo extrapolations

Validation of toxicity pathway tests and test strategies
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Methods to predict metabolism
Chemical-characterization & in
High throughput assays

Appropriate number of assays

silico tools

Approaches to uncover cell circuitry

Mechanistic models for pharmacokinetics and for
perturbations of cell signaling pathways
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« Shift in focus away from apical
outcomes in experimental
animals towards important
perturbations of toxicity
pathways

* Development of risk
assessment practices based
on pathway perturbations

* Re-interpretation or possible re-writing of
regulatory statues under which risk
assessments are conducted THE NATIONAL ACADEMIES
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What it is and what it isn’t.

@ Approach based on in vitro, high throughput tests to
assess perturbations of ‘toxicity pathways’ of relevance for
human biology and to interpret them in a dose-response
context

@ Assessed over wide range of doses and interpreted in
relation to exposures that are not expected to cause
significant perturbations of these key pathways

@ IT IS NOT an approach to use suites of in vitro tests to
predict high dose animal toxicity — i.e., it is not in principle
like ECVAM, ICCVAM, US EPA ToxCast, or NIEHS high
throughput approaches.



Conclusions

Paradigm shift away from apical endpoints in test animals to
perturbation of toxicity pathways in human cells

Providing much broader coverage of the universe of
environmental agents that warrant our attention

Has consequences for toxicity testing and in the search for
alternatives to animal testing

Already, at this point in time, this vision is an applied
sciences problem rather than a research-driven process

Also topsy-turvy — testing in vitro based — research in vivo
based



