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Background and Importance of the Problem

Bottom line is that we cannot readily dig our way out of this
hole using only traditional testing approaches...
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(NAMs) to Help Fill Information Gaps

Research Area 1: What are the human health and ecological effects of

exposure to PFAS?
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. * Using computational toxicology approaches to fill in gaps. For the many PFAS for which
EPA’s Per- and Poiyfluoroalkyl published peer-reviewed data are not currently available, the EPA plans to use new approaches
Substances (PFAS) Action Plan such as high throughput and computational approaches to explore different chemical categories
of PFAS, to inform hazard effects characterization, and to promote prioritization of chemicals for
further testing. These data will be useful for filling gaps in understanding the toxicity of those
PFAS with little to no available data. In the near term, the EPA intends to complete assays fora
representative set of 150 PFAS chemicals, load the data into the CompTox Chemicals Dashboard
for access, and provide peer-reviewed guidance for stakeholders on the use and application of
the information. In the long term, the EPA will continue research on methods for using these
data to support risk assessments using New Approach Methods (NAMs) such as read-across and
transcriptomics, and to make inferences about the toxicity of PFAS mixtures which commaonly
occur in real world exposures. The EPA plans to collaborate with NIEHS and universities to lead
the science in this area and work with universities, industry, and other government agencies to
develop the technology and chemical standards needed to conduct this research.
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Antony Williams, Ann Richard, Chris Grulke, and Chemical Curation Team
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“HR.. Assembled a PFAS Chemical Library for

Research and Methods Development

m e e « Attempted to procure ~3,000 based on
chemical diversity, Agency priorities, and
other considerations

« Obtained 480 total unique chemicals
« 430/480 soluble in DMSO (90%)

« 54/75 soluble in water (72%)
(incl. only 3 DMSO insolubles)

« Issues with sample stability and volatility

« Categories assigned based on three
approaches

* Buck et al., 2011 categories
* Markush categories

* OECD categories

* Manual assignment

Kathy Coutros, Chris Grulke, and Ann Richard
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Selecting a Subset of PFAS for Tiered
Toxicity and Toxicokinetic Testing

Goals:

* Generate data to support development and
refinement of categories and read-across
evaluation

 Incorporate substances of interest to Agency

 Characterise mechanistic and toxicokinetic
properties of the broader PFAS landscape

Data collection; Maximiziﬂg Read-across Capturing Structural Diversity
Pre-defined \ A \
siri ucrur‘_af On Wkgrp-31 list; On EPA-PFAS list; Availability of EPA inferest Characterizing the
categories Availability of in vivo data  Availability of in vivo data in vivo data in vivo data lacking PFAS Landscape
Step 0: Step 1: Select Step 2; Select Step 3: Select Step 4. Select Step 5: Select
s I 1‘ d 1 50 PF A S H 1- h Characterizing the substances from substances from substances from substances from substances from
elecrte iIn TWo p ases PFAS library categories of greatest 7 cateqories of interestto / remaining categories categories of interest remaining
. . . interest to the Agency the Agency with in vivo data to the Agency categories
representing 83 different categories

* 9 categories with > 3 members
* Lots of singletons

Agency interest
10
5

o Mnalmn

53 structural
categories

Availability of in vivo data

5 structural categories +6 structural categories*

“2 categories contained only 1
chemical, so were notincluded
+2 structural categories

+9 structural categories +10 structural categories

O\ O\

VN

13 substances
10 categories

9 substances:

53 substances: 12 categories 6 categories
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In Vitro Toxicity and Toxicokinetic Testing

Toxicological Response
Hepatotoxicity

Developmental Toxicity
Immunotoxicity
Mitochondrial Toxicity
Developmental

Neurotoxici
Endocrine Disruption

General Toxicity

Toxicokinetic Parameter
Intrinsic hepatic
clearance

Plasma protein binding

Assa
3D HepaRG assay

Assay Endpoints
Cell death and transcriptomics

Purpose
Measure cell death and changes
in important biological pathways

Zebrafish embryo assay

Fertilisation, lethality, and
structural defects

Assess potential teratogenicity

Bioseek Diversity Plus

Protein biomarkers across
multiple primary cell types

Measure potential disease and
immune responses

Mitochondrial membrane
potential and respiration
(HepaRG)

Mitochondrial membrane
potential and oxygen
consumption

Measure mitochondrial health
and function

Microelectrode array assay (rat
primary neurons)

Neuronal electrical activity

Impacts on neuron function

ACEA real-time cell proliferation
assay (T47D)

Cell proliferation

Measure ER activity

Attagene cis- and trans-
Factorial assay (HepG2)

Nuclear receptor and
franscription factor activation

Activation of key receptors and
transcription factors involved
in hepatotoxicity

High-throughput franscriptomic
assay (multiple cell types)

Cellular mRNA

Measures changes in important
biological pathways

High-throughput phenotypic
profiling (multiple cell types)

Assa | Purpose |
Hepatocyte stability assay Time course metabolism of Measure metabolic breakdown
(primary human hepatocytes) parent chemical by the liver

Nuclear, endoplasmic reticulum,
nucleoli, golgi, plasma
membrane, cytoskeleton, and

mitochondria morpholog
Assa Endpoints

Changes in cellular organelles
and general morphology

Ultracentrifugation assay

Fraction of chemical not bound

Measure amount of free

to plasma protein

chemical in the blood

*Assays being performed by NTP and EPA



ST i Objectives

- To inform
-Chemical Category and Read-across approaches

-Bioactive Dose Level (BDL) Approach (in vitro to in vivo extrapolation
to define administered dose equivalent (ADE) values)

- Translate learnings to make inferences for a broader landscape of
PFAS

Initially use structural categories to evaluate the degree of
concordance in NAM results (per technology) within categories and
across categories as a means to qualitatively and quantitatively infer
in vivo toxicity




Preliminary Category-Based Analysis of the
Attagene Transcription Factor Assay
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Keith Houck and Grace Patlewicz

<EPA

United States

Environmental Protection

Agency




<EPA

Agency

...  In Vitro Toxicokinetic Assays and In

Vitro-to-In Vivo Extrapolation

o

Hepatocytes

)_

Plasma

Rotroff et al., Tox Sci., 2010
Wetmore et al., Tox Sci., 2012
Wetmore et al., Tox Sci., 2015
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Relationship Between
Administered Dose and Blood
Concentration at Steady State

David Crizer & Barbara Wetmore
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Preliminary Analysis of the Toxicokinetic Assays
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David Crizer, Barbara Wetmore, and

Grace Patlewicz

*Results are preliminary.




“EM\ . Current PFAS Structural Grouping Approaches
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AAAAAA

Use Different Levels of Aggregation

[ R

e

A B C D

Level of Structural Aggregation

Chemical Categories/Group

*Available source in vivo tox study
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Incorporating Mechanistic and Toxicokinetic
Data to Inform PFAS Category Aggregation

Toxicological Response
Hepatotoxicity

Assay Endpoints
Cell death and transcriptomics

Measure cell death and changes
in im sortant biological pathways

Developmental Toxic ity Zebrafish embryo assa

Fertilization, lethality, and

structural defects

* 1 Bioseek Diversity Plus

Phenotypic =

rotein biomarkers across

Imultiple primary cell types

S

Asse ss potential feratogenicity

Mea:ure potential disease and
immt ne responses

Mitochondrial Toxic ty Mitochondrial membrane

——a PPN PP o +lain

Mifochondrial membrane
potential and oxygen

Developmental Microelectrode array assay (rat

Neurotoxici

primary heurons)

cohsumption

Mea:ure mitochondrial health
and “‘unction

Impc cts on neuron function

Endocrine Disruption ACEA real-fime cell proliferation

] Translational
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assay (14/D)
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Nuclear receptcr and
transcription fattor activation

=High—‘rhr'oughpu1 transcriptomic
B assay (multiple cell types)
High-tk roughput phenotypic
profiling (multiple cell types)

| ] Biochemical, Molecular

Bioactivity Categories/Group

Intrinsic hepatic
clearance

Hepatocyte stability assay
(primary human hepatocytes)

Cellular mRNA

Nuclear, endopl 1smic reticulum,
nucleoli, golgi, p asma
membrane, cytc skeleton, and
mitochondria morpholoay

Assay Endpoints L Purpose ______|

Time course metabolism of
parent chemical

Mea:ure ER activity

Actiration of key receptorsand
trancription factors involved
in he patotoxicity

Mea:ures changes in important
biole gical pathways

Char ges in cellular organelles
and general morphology

Measure metabolic breakdown
by the liver

Plasma protein binding Ultracentrifugation assay

Fraction of chemical not bound
to plasma protein

Measure amount of free
chemical in the blood

*Assays being performed by NTP and EPA

* Map HTTK & TK to Adverse Outcome Pathways (AOP) to facilitate context
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PFAS Category Aggregation that incorporates
Structural, Mechanistic and Toxicokinetic Data

Mechanistic and TK Informed
Structural Aggregation

A B C1 C2 D E F G H I J

Chemical Categories/Group

*Needed in vivo tox study * Available source in vivo tox study
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Take Home Messages...

- Chemical curation efforts are important to harmonise

structure, naming, and identifiers across the PFAS
space

- A chemical library of 430 PFAS has been assembled

for chemical screening, analytical method
development, and other research needs

- A subset of 150 PFAS selected for in vitro toxicity

and toxicokinetic testing to refine/support read
across categories

- In vitro toxicity and toxicokinetic testing and analysis

are underway and demonstrate the diverse biological
activities and toxicokinetic properties of PFAS

- More information at https://www.epa.gov/chemical -

research/pfas-chemical-lists-and-tiered-testing-

methods-descriptions

18
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