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Issue to Address

- ToxCast experience with:
—General activity across different use categories
— Specific versus generalised activities
— Cosmetic relevant chemicals



For today “ToxCast” means

-
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- ToxCast HTS in vitro assays (~1000 assays)
—Many specific targets: NR, GPCR, Enzymes, ...
—Phenotypic assays
—Cell-base, cell free

- High-throughput transcriptomics (HTTr)
—Whole genome, 3 cell types

- Zebrafish assays
—Embryo / Developmental, behavior

« [n vitro toxicokinetics
—Allows IVIVE

« QSAR models
« Other kinds of models
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R Zebrafish Data: Subset of chemicals
SEPA are more potent than expected from
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stress or logP

Chemical showing “excess” toxicity
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Proposed Mode of Action

- Are target+ chemicals highly likely to be ZF+?
- Does target activity occur below cell stress and cytotoxicity?

RAR
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- Annotate use classes of all chemicals in HT Tr (and most
in ToxCast)
—Targets where available
—Develop some kind of use ontology

—Relevant to cosmetics: solvents, surfactants, preservatives,
fragrances, dyes, (others?)

- Look for trends in activity by use class
—Potency

—Specificity (Does the chemical hit some biological pathway at
concentrations well below cytotoxicity?)

—Particular classes of stress
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Issue to Address

- ToxCast experience with:
—Reference chemicals
—Considerations of chemical promiscuity and assay interference



s Reference Chemicals

« RefChemDB

—Database of candidate reference chemicals from open source
data

- Chemical Annotation Project
—Dig into specific MOA (not just gene targets) for all HTTr
chemicals
- Project specifically on finding reference chemicals for
cell stress pathways

—ER stress, DNA damage, Hypoxia, Oxidative stress, Metal
stress, Mitochondrial stress
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- Database of candidate reference chemicals from open
source data

« Goals:

—Set of reference chemicals for many targets for validating in
vitro assays

—Use in understanding specific vs. non-specific results in HTS
and HTTr assays
- Process
—Mine data from many databases
—Manually curate a subset to estimate accuracy
—Annotate each chemical-target pair with a level of “support”
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YEPA  RefChemDB Results
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- Total of 2995 targets had at least one chemical in one
data source

- The larger the support (number of independent
mentions of the chemical-target link) the more likely
was the chemical show specificity in the target assay

-« Recommend using support =2 5
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SEPA How do HTTr potencies compare
"o with other in vitro assays?
R2=0.79 RMSE=0.61
~ . Compare potency with
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Stress and Cytotoxicity

Cell stress and cytotoxicity can manifest
themselves differently based on:

* Cell type
e Celllines
 Primary cells
* Cell origin / tissue

 Readout technology
Heat map shows potency across 1000

chemicals with a collection of cell stress and
cytotoxicity assays



o All In vitro assays have false positives and
wEPA .
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Much of this “noise” is reproducible

- ‘“assay interference”

- Result of interaction of chemical
with complex biology in the assay

Assays cluster by technology,
suggesting technology-specific
non-ER bioactivity

Chemical universe is structurally diverse
g% -Solvents

R | % -Surfactants

— —— -Intentionally cytotoxic compounds
-Metals
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- Predict a point of departure (POD)
- Predict what pathology would occur at doses>POD

- Understand uncertainties about POD and pathology
predictions

23
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- Goals:
1. Quantitative point of departure (POD) (e.g. NOAEL)
2. Estimate of what effects will be seen (e.g. liver hypertrophy)

- Experimental approaches
—Battery of in vitro assays (ToxCast), one per target / pathway

—High-throughput whole genome transcriptomics

—Yield POD and MOA / AOP / mechanism information
- Modeling approaches

—QSAR models

—Read-across

—~TTC

—Better at POD estimation than mechanism prediction

m

>mC
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Putting it all together
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- In vitro assays yield POD in uM
—Select the minimum “relevant” in vitro POD

- TK yields in vitro to in vivo conversion factor
—“Concentration at Steady State”, C
—Blood concentration for a 1 mg/kg/day steady-state dose

- IVIVE POD (“oral equivalent dose”) = in vitro POD / C_
- Exposure model yields estimate of exposure (mg/kg/day)

- BER: Bioactivity to Exposure Ratio
—IVIVE POD / Exposure estimate
—BER >> 1 implies low concern for risk
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Efforts to Address Metabolism
Challenge
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Model predicts in vivo uterotrophic assay as well
as uterotrophic predicts uterotrophic

Restrict to chemicals with consistent
results from the literature

ER Agonist AUC

‘ True Positive 29

08 “ True Negative 50
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Oxidative Stress ER stress

DNA Reactivity Cell membrane disruption

Protein Reactivity Specific apoptosis

[ T] Mitochondrial stress

_
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& EpAMple chemicals:
Observe quantitative uncertainty

80-05-7 : Bisphenol A

80-05-7 : Bisphenol A
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log(In Vivo POD mg/kg/day)

Simple IVIVE Results ...

In vitro<in vivo: 290
In vitro~in vivo: 67
In vitro>in vivo: 13

-4 -2 0 2
log( IVIVE POD mg/kg/day)

Conservative: IVIVE POD <
POD in most cases

However:

- Correlation is almost zero

- Errors are large: 2-6 orders of
magnitude

Mitigated by uncertainty in both
in vitro and in vivo
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Tools /| Models / Data needed

- Hazard information or model
— Start with in vitro data
—Quantify concentration (uM) required to trigger bioactivity

« Toxicokinetics

—Use to convert between external dose and internal
concentration

- Exposure information or model
—Quantify in mg/kg/day

- Include uncertainties everywhere
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