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ABSTRACT: Perfluoro-2-methoxyacetic acid (PEMOAA) is a R b o

short-chain perfluoroalkyl ether carboxylic acid that has been \1)('7\ B .
detected at high concentrations (~10 pg/L) in drinking water in o '9@99

North C lina, USA. dinh HEE finillcs Peﬂluoro-li-methoxylaceuc acid [PFMQ:AA}.

eastern INor arohna, ; and in human serum an reastmilk in IUPAG: 2, 2-difluoro=2-(trifluioromethoxy )acetic acid CHCD(SD)
China. Despite documented human exposure there are almost no CASRN;: 674-13-5

toxicity data available to inform risk assessment of PEMOAA. Here ?KSIE' Oo'tmﬁzlk 1 b
we exposed pregnant Sprague—Dawley rats to a range of PEMOAA  go0  60s |  dmalitura i dosa gecup ?5??- PND2

oses = m via oral gavage from gestation da Fy DOSING

doses (10—450 mg/kg/d) 1 gavage from g day (GD) 8 Fy| |

to postnatal day (PND) 2 and compared results to those we
previously reported for perfluorooctanoic acid (PFOA) and sl I s g s el
hexafluoropropylene oxide—dimer acid (HFPO-DA or GenX). it (e s S
Newbom PUPS disp]ayed reduced birthweight (230 mg/kg), 1 liver weight A liver mRMA Fatty acid metabelism genes

depleted liver glycogen concentrations (all doses), hypoglycemia

(>125 mg/kg), and numerous significantly altered genes in the liver associated with fatty acid and glucose metabolism similar to
gene changes produced by HFPO—DA. Pup survival was significantly reduced at >125 mg/kg, and at necropsy on PND2 both
maternal and neonatal animals displayed increased liver weights, increased serum aspartate aminotransferase (AST), and reduced
serum thyroid hormones at all doses (=10 mg/kg). Pups also displayed highly elevated serum cholesterol at all doses. PEMOAA
concentrations in serum and liver increased with maternal oral dose in both maternal and F1 animals and were similar to those we
reported for PFOA but considerably higher than HFPO—DA. We calculated 10% effect levels (ED10 or EC10) and relative potency
factors (RPF; PFOA = index chemical) among the three compounds based on maternal oral dose and maternal serum concentration
(1M). Reduced pup liver glycogen, increased liver weights and reduced thyroid hormone levels (maternal and pup) were the most
sensitive end points modeled. PEMOAA was ~3—7-fold less potent than PFOA for most end points based on maternal serum RPFs,
but slightly more potent for increased maternal and pup liver weights. PEMOAA is a maternal and developmental toxicant in the rat
producing a constellation of adverse effects similar to PFOA and HFPO—-DA.
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PFAS Developmental Toxicity

Maternal and offspring effects reported from PFAS exposure during pregnancy in animal models and

epidemiology studies

Maternal and developmental effects are complex and remain incompletely characterized

Most PFAS have not been evaluated in developmental toxicity studies

Human studies suggest
PFAS exposure may...

increase risk of thyroid
disease

increase blood cholesterol

evels

decrease the body’s
response to vaccines

decrease fertility

in women
increase risk of high blood
pressure & preeclampsia

lower infant birth
weight

:

in adults in children

2EPFAS

in pregnant
women

gistry | Additinal e boen mported and those highii

e of ol

H HORTH CARDLINA
Animal studies suggest AEPFAS
PFAS exposure is linked to...

damage to the immune
system

liver damage

birth defects, delayed
development, and newborn
deaths

Information sourced from Agency for Toxic Substances and Disease Registry | Additional health effects have been reported and those highlighted demonstrate a range of potential effects.




Emerging PFAS

* Long-chain per- and polyfluoroalkylether compounds
* Low drinking/surface water concentrations
* High detection frequency in human samples .
I
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E

e Short-chain perfluoroalkyl and perfluoroalkylether compounds
* High environmental concentrations
 Little/no detection in human samples
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GDO

In vivo study design for PFMOAA

GD8 GD22/PNDO PNDZ2

Fo Necropsy

* Serum
* Clinical chemistry
* Thyroid hormones
* Analytical chemistry

* Body weight

* Liver weight

* Uterine implants

* Liver analytical chemistry

F, Necropsy

* Serum - pooled
* Clinical chemistry
* Thyroid hormones
* Analytical chemistry

* Litter size
* Body weight
* Liver weight (1 male/female)

Newborn pups

0, 10, 30, 62.5,125, 450 mg PFMOAA/kg/d
5 dams/litters per dose group

e Litter size e Serum - pooled
* Litter weight * Clinical chemistry
* Liver RNA

* Liver glycogen
* Liver histopathology
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Dam BW gain (g)

Results
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Results
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Figure 2.

Serum cholesterol (mg/dL)
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Results

Figure 3.

Genes on both qPCR arrays

Genes only on one qPCR array

PFMOAA - PNDO pup liver
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Serum [PFAS] (ug/mL)

Results - dosimetry

PND2 Serum
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o A==
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Figure S1. Conley et al. (2024) PMID 38163761



Results — dosimetry comparison with PFOA and HFPO-DA (GenX)
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Response (%)

Response (%)

Results — dose response comparison with PFOA and HFPO-DA (GenX)
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Results — relative potency compared to PFOA and HFPO-DA (GenX)
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Exposure and toxic potency considerations

Elimination rate is a major factor in evaluating PFAS risk and interpreting toxicity data
PFMOAA elimination in female rat appears rapid, and likely rapid in humans due to chain length
* PFBA half-life in female rat ~1-2 hours
* PFBA half-life estimate in humans ~70-80 hours
PFOA elimination in female rat is rapid, but very long in humans
* PFOA half-life in female rat ~2-10 hours
* PFOA half-life in humans is ~2-10 years

Ability to achieve internal doses associated with toxicity is greater for compounds with longer half-life

Rapid elimination does not necessarily mean “no risk”

**The views expressed in this presentation do not necessarily represent the views or policy of the USEPA**



Main points

Emerging/replacement PFAS have essentially same maternal/developmental effects as legacy compounds
* Functional groups (carboxylate vs. sulfonate) are the primary drivers of toxic effects
* Ether linkages breaking carbon chain do not appear to reduce hazard
* Chain length largely dictates elimination/half-life and oral dose potency (species and sex differences)

Short-chain compounds produce hazardous effects despite rapid clearance
* Risk dependent on extent of exposure levels

High need for compound-specific data for multiple emerging PFAS with known human exposure in NC and
other US locations

Important to remember that exposure to multiple PFAS is essentially ubiquitous and joint effects occur from

combined exposure
« Common effects have shown to be dose additive regardless of functional group

**The views expressed in this presentation do not necessarily represent the views or policy of the USEPA**
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Impetus for studies

PFOA/PFOS blood levels

Decreased responses to

'.. vaccines/antigens in experimental
’ animal models, children, and adults
W% who have higher levels PFOA/PFOS in

‘ — their blood is a critical effect linked to

i . PFOA/PFOS exposure.




Impetus for studies

Systematic Review

Systematic review and meta-analysis of epidemiologic data on vaccine
response in relation to exposure to five principal perfluoroalkyl substances

Lori Crawford * ", Scott A. Halperin ™%, Michael W. Dzierlenga ©, Becky Skidmore
Matthew W. Linakis ¢, Shinichi Nakagawa ", Matthew P. Longnecker ®

Key takeaways:
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Faroes Cotarts | o GRS o o B 2 * Homogeneity of associations
il '5'” i e Pracision (1/5E) across antibody types for each
- e i PFAS.
30
Stein 2016a - e € -
sases || L e Anibody *  When Abs treated as one type,
T ) o . .
Faross cononts | ofEH0 o -0~ o v inverse associations for all
Pilkerton 2018 - @ @ Q ::.
Abraham 2020 | © =S —6— .\ :::;:; PFAS
Tioseriain 2008 | — @ - O * Confidence intervals excluded
: ' ) easles
japiwninnd | Y3 = zero for PFOA, PFOS, and
Shih 2021 -@— ’ ° + . R
Ti in 2022 - ——o-é— PFHXS
v |4 ¢ e Children appear more sensitive
-0.5 0.0 0.5 1.0 -0.5 0.0 0.5 1.0

Coefficient for Antibody-PFAS relation

than adults.



Basic experimental design

,/;’{\é‘»@o
Main experimental e
endpoints: e
s The T cell-dependent antibody Sy ormalimmunefincton
response (“the TDAR”) Yy
* Liver peroxisomal enzyme activity OQQ@;,«,@“
* Selected lymphoid cell subsets \««\W" \
from spleen & thymus
* Daily body weights and in-life
observations
* Organ weights at terminus Mw
* Urine and serum for PFAS OPPTS 870.7800 as guideline protocol
concentrations 30-day exposure period
. Male and female C57BL/6 mice (N = 6-8/dose)
P Oral exposures to include a dose close to the
_ 0«}—( concentration of PFOA known to induce
>/\ | oH suppression of the TDAR (7.5 mg/kg)
. as mid-range dose.



Organ and body weights

® @

No detectable effects on body
weights.

\ 4

No detectable effects on spleen
weights or numbers of cells in
the spleen (cellularity).

> W

50 mg/kg A F liver weights by 44%
(ns) and A\ M liver weight by 153%

No detectable effects on thymus
weights or numbers of cells in
the thymus (cellularity).




Liver peroxisomal enzyme activity

263% increase @
relative to 0 mg/kg

Males Females

Highest administered dose (50 mg/kg) given to males elevated liver
peroxisomal enzyme activity.




The T cell-dependent antibody response (the TDAR)

@ 80% increase
relative to 0 mg/kg

55% decrease
relative to 0 mg/kg

U

Males Females

The highest administered dose (50 mg/kg) given to males reduced
the TDAR and the lowest administered dose (0.5 mg/kg) given to
females increased the TDAR.
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