Hypothesis-based testing for
developmental toxicity
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE i fl‘?/.
FOCD AND DRUG ADMINISTRATION
WASHINGTON, D.C. 20204

March 1, 1966

Procter and CGamble Company
Ivoryiale Technical Center
C.ncinnati 17, Ohio

Attention: Dr. Fred H. Snyder

Gentlemen:

During tho past several years following the thalldomide eplsode, we
nave been recommending a study designed to determine the potential
of drugs for producing adverse effects on the reproductive process.
The guidelines for this study reflected a modification of a test
used Ior many years by the food Industry to provide evidence of
safaty of food additives., The introduction of the two-litter test
appeared to offer a reasonable approach to the over-all problem of
ascessing the safety of drugs on reproduction, It was anticipated
that the two~litter test would prove an adequate screening procedure
for the elucidation of adverse effects of a new drug on the repro=
ductive process and that such effects could be subjected to a critical
evaluation,
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Siacerely yours,

Edlﬂ:’i Io COldE“h.*la..? PhQD.
Chief, Drug Review Branch

Div:s.on of Toxicological Evzaluation
Bureeau of Sclentific Standards
and Evaluation
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Overview

 What is hypothesis-based testing?

e Selecting the best models and approaches
based on what is known about mode of action

* Predictive toxicity workflow based on
computational and biotechnology tools



Hypothesis-driven testing

* Generate hypotheses about how an agent will
affect development
— Chemical similarities to chemicals already tested

e 2D structure, phys chem properties, reactivity,
interaction with specific proteins

— Functional similarities to chemicals already tested
* Same target, similar results in gene expression, HTS
* Select models and protocols based on
hypothesis to be tested



Predicting Toxicity

Key Event
Relotionships

&

Chemical Molecular Adverse
.- m;’;“ﬂ,"s ) Initiating - Outcome
Event
Key Events
From AOP-KB

*Adverse responses at the organismal level must be underpinned
by responses at the molecular and cellular level

*|t is becoming increasingly possible to measure potential
molecular and cellular effects globally



Areas of certainty and uncertainty

Key Event
Relotionships

Chemical ”"fl?”'_""‘" Adverse
Initiator(s) -'r‘gl'.'ll:g Outcome
ven Key Events
Many available methods . -
-QSAR High uncertainty about Lots of historical data
-HTS (ToxCast) -Which key events

-Non-linear relationships
-Quantitative thresholds
-Interacting pathways

-toxicogenomics



Risk Assessment by Analogy

Animal Toxicity Data Dose-response

UFs

Chemical similarity (Confidence adjust)

Common metabolism 7

Common MOA PK adjust T«

D Acceptable
variability Level




Predictive Toxicology workflow

High quality

analogs
Cheminformatics PK Models
More data /
needed
Mechanistic models [ Systems biology
models



Sixty Years of Toxicology Data

Databases that have toxicology (or at least
relevant) data on 800,000+ chemicals

DART data: 23,000+ c
Database searchable

Analysis of the toxico
driven

nemicals
oy chemical structure

ogy data is still expert-



Output — Substructure Searching
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Analogs as hypothesis generation

* Analogs have similar toxicity because one of
the following is true:

— They share a common metabolite, or one is
metabolized to the other (e.g., the acetate ester of
EGME has the same toxicity as EGME because it is
hydrolyzed to EGME)

— They have the same biological activity

e Can be tested if MOA is known

* Can be tested in a more global system if MOA is not
known



Predictive Toxicology workflow

exposure
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Mechanistic models [ Systems biology
models



How many MOAs?

 Unknown, but finite

* An expansion of the druggable genome

— Macromolecular targets for small molecules that
change the function of the macromolecule or cause its
normal function to be excessive or inadequate

e Less than 10% of genome

— Add chemical reactivity, non-protein targets

* Can be estimated by retrospective literature
analysis



Expert system decision tree for repro/dev toxicity
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Sample page from MOA ontology

Generic
category

Main category

Sub-category 1

Sub-category 2

Prototype
chemical

Prototype structure
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mediated
toxicity

Nuclear
hormone
receptor ligands

Estrogen
receptor ligands

Estradiol-like

17-beta-estradiol

Phytoestrogens
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Testing at an MOA level

* Requirement is for broad coverage
— HTS batteries with broad coverage
— Global gene expression analysis

* Need to have an appropriate number of cell types for
broad coverage



Inferring common MOA from gene

expression
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genistein

Daidzein : (MCF-7)

epitiastonol

Top 20:

Steroidal estrogens: 9
Androgen/progestagen: 4
Phytoestrogen/ polyphenol: 5
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Nordihydroguaiaretic acid

tomatidine



Reserpine (MCF-7)

* |nhibits vesicular monoamine (dopamine,
serotonin, norepinephrine) transporter

* 10 of top 20 have an effect on the transporter
or inhibit monoamine receptors

* An additional two are monoamine reuptake
inhibitors



Conclusions

* Hypothesis-driven toxicity testing requires a lot of
data to ensure that the range of possible MOAs
has been covered, but the data are increasingly
available

— 60 years of testing at the organismal level

— Increasing understanding of the universe of possible
modes of toxicity (the “intoxicable” genome)

— Techniques that provide global coverage

— Computational power to find appropriate data (and to
create and test systems-level models)
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