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Per- and polyfluoroa

FAS) exposure isa m

kyl substance

ixtures problem

Humans are exposed to mixtures of PFAS through

drinking water, food, air, household dust, soil, and
consumer, personal care products, and more

Multiple PFAS are found in humans:

PFOS, PFOA, PFHxS, and PFNA are consistently
measured in more than 90% of the U.S. population




Different PFAS have similar health effects
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Drinking Water Standards and Guidance
Values are Based on Reference Doses

Health Effects Research

Reference Dose =

Uncertainty
Factors

EPA, 1993




Adverse Outcome Pathway
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Diagram from “Pathways to a Better Future” video series, © The Human Toxicology Project Consortium



Nuclear receptor activation is an important
molecular initiating event for PFAS

Nuclear receptors = proteins in cells that
recognize and respond to molecules in
the body (like hormones), therapeutic
drugs, and environmental chemicals




Nuclear receptor activation is an important
molecular initiating event for PFAS

Ligands

Cell Nucleus

Transcription

Nuclear receptor Ilgands can be full agonists,
partial agonists, and antagonists




PFAS Engage Multiple Nuclear Receptor Pathways

Human Liver Cell Model

PFOA and PFOS upregulated target gene expression of:

* Peroxisome Proliferator-Activated Receptor a (PPAR)
* Pregnane X Receptor (PXR)

* Constitutive androstane receptor (CAR) PPARo. - ADRP PXR/CAR - CYP3A4
* Liver X receptor _ o _ o
* Farnesoid X receptor b 7 4]
* Receptor affinity studies have shown that PFOA binds to 5 53 N
human ERa E FE T
l "
PNy O %O M Q..{@\\&\ Y > uMm

()
? PFOA PFOS PFOA PFOS



PFAS Engage Multiple Nuclear Receptor Pathways

PPARa accounts 80-90% of PFAS
regulated genes in WT mice!

but only ~¥55-60% in mice expressing
human PPARa

1. PMIDs: 18281256, 28558994
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Multiple PFAS Activate PPARa
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Can we model the effects of
multiple PFAS on a single
molecular initiating event (PPARa

activity)?




Can we model the effects of multiple PFAS on PPARa

activity?
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2. Generate data on
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v PFAS mixtures
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3. Compare activity
predicted by models to
empirical PFAS
mixtures activity




Models of Additivity

Concentration/Dose Addition .
Applied to chemicals with “similar” mechanisms of action =3 Potency = Concentration producing 50%
- of the maximum response
2
FAR\
Iog[b'o{e]
Maximum or Efficacy
Sums: doses as dilutions of a @
reference compound §
Assumes: equal efficacy o
y=5(x+7,%,)

log[Dose]




Models of Additivity

Concentration/Dose Addition

Applied to chemicals with “similar” mechanisms of action

Sums: doses as dilutions of a Sums: doses
reference compound Assumes: equal or unequal e BT v

Assumes: equal efficacy efficacy P Y Assumes: Linear dose response curves
K

1 2
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=f(x +7v.x S
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How do we study nuclear receptor
activity?

Reporter Construct

Cells we can grow easily in the

Regulatory sequence to Reporter gene lab
be studied (e.g. encoding GFP or

(e.g. a gene’s promoter) luciferase)

DNA

Nuclear Receptor
Response
Element




Environmental Chemicals

NR Response Element
on DNA

‘i

Cell makes
fluorescent
protein




Measure light
intensity

Treat cells with
chemicals or
chemical
mixtures

Analyze Results
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Data Analysis

|.  Fit individual dose response curves normalized to PC (GW7647)

Il. Extract potency and efficacy for modeling

Ill. Create and test binary and complex mixtures with known concentrations of
each component

V. Employ individual dose-response data to predict mixture activity with
different models of additivity

V. Statistically compare predicted activity to experimental activity



Ligand Ligand Type Potency Efficacy
(EC5o) M (% Max. Activity)

GW7647 Full Agonist 1.8x1011 99
Pemafibrate Full Agonist 2.2x10 104
MEHP Partial Agonist  5.2x10° @
GW6471 Antagonist *7.3x107° 0
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Perfluoroalkyl Substances Polyfluoroalkyl Substances
[ I
|| I |
Perfluoroalkyl acids (PFAAs) Fluorotelomer-based substances Fluoropolymers
Perfluoroalkyl carboxylic acids/ . u“ﬂiﬁ‘i‘;g’;"';:?:n o PeriRigrpolystners (FFFE)
Perfluoroalkyl carboxylates (PFCAs)
Side-chain fluorinated polymers

Polyfluoroalkyl ether carboxylic acids

Perfluoroalkane sulfonic acids/
PFOS Perfluoroalkane sulfonates (PFSAs)
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Image from: https://pfas-1.itrcweb.org/fact_sheets_page/PFAS_Fact_Sheet_Naming_Conventions_April2020.pdf (Thanks to Jamie DeWitt)



PFCAs more efficaciously activate PPARa
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GCA predicts the effects of binary PFAS mixtures: GenX
and NBP2

1
=
=
=
=
L]
i iy
=
o
o
E
=3
E
=
m
E
==




o~
o
e
P
©
c
O
x
c
@
O
7
g
S
X
£
=
a
-
@
=
S
8
c
2
g
(1)
g
o
&
o
©
.
S
O

=] o

" RIAOY Ex¥dd WnIXEW %

" fumay dd Wnwew %

=10.9)

GCA (RMSE

=] o

" RIAJoY 2 dd Wnuixew o

=] o

" AingoY BXYdd WUINeW %

)

25.7

(RMSE

ES




GCA predicts PPARa activation by binary PFAS mixtures:

PFOA and PFOS

% maximum PPARa Activity
% maximum PPARa Activity

GCA (RMSE = 11.9)

RPF RMSE =19.1, ES RMSE = 19.8



RPF and GCA Predict PPARa Activation by Mixtures of PFCAS

GCA Predicts PPARa Activation by Mixtures of PFSAs
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* Reference compound for RPF modeling



GCA Predicts PPARa Activation by Human-

Relevant Mixtures

PFOS, PFOA*, PFHxS, PFNA — — ES Prediction

(fixed ratios based on concentrations in human serum) RPE Prediction
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* Reference compound for RPF modeling



Conclusions

I.  Human relevant biological systems provide insight into the interaction between
environmental chemicals and key molecular initiating events

Il.  PFAS are human PPARa agonists that vary in potency and efficacy

Ill.  Modeling approaches that incorporate both potency and efficacy provide the most accurate
predictions of PPARa activity by diverse ligands

V. Generalized Concentration Addition accurately predicts the effects of PFAS mixtures on
human PPARa activity in vitro




We can model the effects of
multiple PFAS on single molecular
Initiating event.

Can we use these modeling

approaches to support regulatory
efforts to group PFAS?




More about this project: Thanks again to the team:
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Follow up with any questions
Greylin Nielsen
nielseng@bu.edu
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