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Tiered testing strategy

Tier O0: Pre-assessment Threshold for Toxicological Concern (TTC) Evaluation

- Exposure Assessment
- QSAR / Read-Across

Chemical Read-Across

Tier 1: HT - In Vitro Screening
Transcriptomics / Bio-informatics
Battery of selected assays (ToxCast 2.0)
Consideration of metabolic activation

Tier 2: Fit-for-Purpose Assays
- Suite of appropriate assays based on Tier 1
- Full consideration of metabolism

Tier 3: Targeted Animal Testing
RAMBOLL BECHSSN.. - L|r.n.|ted. in vivo studies fie5|gned to confirm
critical in vitro effects, if necessary




Tier 0:Property-Based Categorization
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Example: Chemical Space Analysis
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Scatter plot of the physicochemical properties of environmental chemicals (gold dots) and pharmaceuticals (blue dots)
in the CERAPP database. The axes represent vapor pressure (log VP), water solubility (log WS) and lipophilicity (log P).
Two different views are shown to illustrate the properties of dioctyl phthalate (left) and PFOSA (right).
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(Moreau et al. 2022)



Other Tier O In Silico Analyses

e Estimation of physical properties like volatility,
water solubility and lipophilicity (OPERA)

e Recently updated to include more PFAS in training set
(https://github.com/NIEHS/OPERA/releases/tag/v2.9.1)
e Estimation of PFAS half-lives

e Exposure And Safety Estimation (EAS-E) Suite
(Www.eas-e-suite.com)

® Trained on organic chemicals, some PFAS in training set

e EPA Machine Learning Model (Dawson et al. 2023)
® Mechanistically motivated descriptors for renal resorption

® Based on existing in vivo measured t12 across four
species (human, monkey, rat, mouse) and eleven PFAS

® Structural read-across from other PFAS



https://github.com/NIEHS/OPERA/releases/tag/v2.9.1
https://eur03.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.eas-e-suite.com%2F&data=05%7C02%7CHClewell%40ramboll.com%7C9aa4905738fc40fe488e08dc233a372f%7Cc8823c91be814f89b0246c3dd789c106%7C0%7C0%7C638423982808975509%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=kTH7ynjveuEjqfCARsbn4qAOa12Pp4VmCDQjnfRVjlk%3D&reserved=0

Tier 1 In Vitro Analyses

e ToxCast Assays

e To support categorization through read-across from
PFAS compounds with similar profiles

e Example of PFAS with different ToxCast profiles:

- Lowest AC50 Largest Scaled Response

PFOA CYP1A1l (metabolism) PPAR assays
CD69 (lymphocyte activation) ESR1/2 assays
transthyretin (T4 displacement)
PPP1CA (protein phosphatase)
THBD (anticoagulant)

GenX Serpinel (viral immunity) CXCLS8 (inflammation)
CSF1 (inflammation) PPAR assays
IL1A (inflammation)
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ToxCast High-Throughput Transciptomics Summary fior PFOA
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Tier 1/2 In Vitro Analyses

e In vitro transcriptomic studies

e To support read-across from PFAS compounds known
to activate key receptors for lipid

transport/metabolism and steroidogenesis (e.g., PPAR-
a,B,y,0, CAR, PXR, FXR, LXR)

e Similar approach to previous studies (Rowan-Carroll et
al. 2021).

e In vitro assays for activation of key receptors
(Takacs and Abbott 2007)

e In vitro assays for membrane incorporation (e.g.,
Kasten-Jolly and Lawrence 2022)

R A M B L L glzis%g?riggﬁesbhange.




Gene Expression changes from different PFAASs

Studies conducted
with various PFAS
using human
primary hepatocyte
spheroids.

Ingenuity pathway
enrichment showed
qualitative
differences between
<PFOA and >PFOS.

(Rowan-Carroll et al. 2021)
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Tier 3 In Vivo Analyses

e Short-term in vivo transcriptomic dose-response
studies

e Example: EPA Transcriptional Assessment Product
® 5-day rodent study
® Transcriptomic BMDs for multiple tissues
® predicts PODs from 2-year bioassays

® Transcriptomic data publicly available for mode of action
evaluation

e Similar data could be derived from in vitro studies using
organotypic tissues
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Log,, Transcriptomic BMD
(mg/kg-day, HED mg/kg-day, ppm, or mg/m?)

EPA Transcriptional Assessment Product
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Log,, Transcriptomic BMDL
(mg/kg-day, HED mg/kg-day, ppm, or mg/m?)
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e Short-Term Transcriptomic BMDs
predict 2-year bioassay PODs
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