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What are “PFASs?”

Perfluoroalkyl and polyfluoroalkyl substances
(PFASS): highly fluorinated aliphatic substances that
contain one or more carbon atoms on which all the H
substituents have been replaced by F atoms, so that
they contain the perfluoroalkyl moiety CnF2n+1—

(Buck et al, 2011).




How are PFASs used?

e Surfactants

- Processing aids for fluoropolymer and fluoroelastomer
manufacture

- Aqueous film-forming foams (AFFFs)

o Polymers
- Oll, stain, grease, and water repellent coatings
- Grease-resistant food contact paper

Buck et al., 2011 and US EPA, 2015
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PFASS as contaminants

o PFASs are “emerging contaminants”

- Agents that have “a perceived, potential, or real threat to
human health or the environment by a lack of public
health standards (emphasis added).”

- Agents for which new sources or pathways to humans
have been discovered.

- Agents for which new detection methods or treatment
technologies have been discovered.

US EPA, 2014
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Two common PFASsS
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Perfluorooctanoic acid (PFOA) - a
perfluorinated carboxylic acid
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Perfluorooctane sulfonate (PFOS) - a
perfluorinated sulfonic acid
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PFAS In a regulatory context

e US Manufacturer of PFOS terminated production in
late 1990s.

e In 2006 US EPA and eight major US companies
agreed to a voluntary PFOA stewardship program:

- A 95% reduction in facility emissions and product content
levels of PFOA, precursor chemicals that can break
down to PFOA, and related higher homologue chemicals.

- A commitment to working toward eliminating these
chemicals from products and emissions by 2015.

US EPA, 2015
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PFASSs In food

e PFASs may enter foods from
- Soil and/or water where food is grown
- Food packaging

PFOA was most abundant PFAS in vegetable
- Cookware samples collected from Norway, Belgium, and ltaly
(perfluorinated hexanoic acid was most abundant in
Czech Republic and second most abundant overall).

Highest PFOA concentration was 121 ng/kg in
spinach from Italy.

Italy had highest PFOA intake estimation, followed
by Belgium, Norway, and Czech Republic.

- Herzke et al., 2013




PFOA and PFOS in wildlife

Up to 0.993 (PFOA) and 96.8 ng/mL (PFQOS) in
plasma of Loggerhead sea turtle

Up to 163 (PFOA) and 3073 (PFOS) ng/mL in
plasma of Bottlenose dolphin

Up to 13 (PFOA) and 1325 (PFOS) ng/g in liver of
/ polar bear
33 % Not detectable (PFOA) and 450 (PFOS) ng/mL in
# plasma of Herring gulls

(DeWitt et al., 2012)




PFOA and PFOS in human serum, US

0.2-88 (PFOA) and 0-1656 (PFOS) ng/mL general
population

17-5100 (PFOA) and 37-3490 (PFOS) ng/mL
occupational

(DeWitt et al., 2012)
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Highlights of iImmune observations

Observational Observational

Reductions in Reductions in

relative spleen lymphocytes
and thymus from the spleen

weights and thymus

Functional Functional

Reductions in Reductions in

antigen-specific natural killer cell

IgM and 1gG cytotoxicity
antibodies
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Lymphoid organ weights - PFOA

Dose (mg/kg) Spleen Wt.  Thymus Reference
Wi.
C57BL/6 M 30; diet V~40% Vv~80%  Yang et al., 2002b

BALB/c F 25&50;dermal W¥~30% V~40%*  Fairley et al., 2007

C57BL/6 F 15 & 30; water V~40% W~40%  DeWitt et al., 2008

*Reductions in thymus weight only observed at 50 mg/kg dose.
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Lymphoid organ weights - PFOS

Dose (mg/kg) Spleen Wt.  Thymus Reference
W.

B6C3F1 M, F Upto5; gavage Nochange Nochange Peden-Adams et
al., 2008

C57BL/6 M 25, 50, 125; V~40% V~50% Dong et al., 2009
gavage

C57BL/6 M 20, 40; gavage  W~30% V~45%  Zheng et al., 2009

C57BL/6 M 20; gavage V~20% V~25%  Zheng et al., 2011
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Lymphoid organ weights

e Changes in lymphoid organ weights observed only
at relatively high doses.

Did other changes
accompany reductions
In lymphoid organ
weights?
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Splenic & thymic lymphocytes - PFOA

Dose (mg/kQ) Spleen Thymus Reference

C57BL/6 M 30; diet VinTcells WYinTcells Yangetal., 2002b

C57BL/6 F 3.75 & 7.5; No d-r -- DeWitt et al., 2015
water changes in
T cells; no
changes in
B cells
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Splenic & thymic lymphocytes - PFOS

Dose (mg/kQ) Spleen Thymus Reference

B6C3F1F Upto5;gavage W& ANINT Minimal Peden-Adams et

cells in M al., 2008
C57BL/6 M 25, 50, 125; VinT WV InTcells Dongetal., 2009
gavage cells

C57BL/6 M 20, 40; gavage VinT WV In T cells Zheng et al., 2009
cells
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Splenic & thymic lymphocytes

e Changes in splenic and thymic lymphocytes
observed only at relatively high doses.

Did other changes
accompany changes in
lymphocyte numbers?
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The TDAR
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The TDAR as a “gold standard”

o The T cell-dependent antibody
response requires

The TDAR - Antigen prgsentatlon
requires - T cell function
Immune - B cell function

coordination. _ B cell transformation

- Cytokine production
- Genetic/epigenetic signals
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The TDAR - PFOA

: PFOA + hRBC
Animals exposed

to PFOA and
Immunized with

hRBCs had
reduced hRBC-
specific IgM ‘
antibodies.

Absorbance (405 nm)
Lo [

=h
i

20 0 an 160 320 640

Reciprocal serum dilution

Figure modified from Yang et al., 2002a
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The TDAR - PFOA
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Figures modified from DeWitt et al., 2008
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The TDAR - PFOS

: A 504]1] - NOAEL
Animals exposed
to PFOS and 3 LOAEL
immunized with | 2 so0-
sRBCs had % 0.
reduced sRBC- | £
specific IgM 1000 - . . . I l
antibodies. 0
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Figure modified from Peden-Adams et al., 2008
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The TDAR - PFOS

oo
Animals exposed e
to PFOS and T
immunized with | 27| 5
sRBCs had F o
reduced sRBC- E 1500 ;
specific IgM 1000 - I _
antibodies. 00 - E
Control | 3 mgkg'd | 20 mg/fkgid | 40 mgfkg'd |
PFOS

Figure modified from Zheng et al., 2009
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Are PFOA & PFOS immunomodulatory?

e Suppression of the TDAR occurred in absence of
Impacts on lymphoid organ weights and cell
subsets.

- Both PFOA and PFOS exposure suppressed TDAR at
doses below those associated with impacts on lymphoid
organ weights and cell counts.

e Are data from the TDAR alone sufficient for
classifying a toxicant as iImmunomodulatory?
- What about impacts on other immune endpoints?
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Adaptive cellular responses - PFOA
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Innate immune cell responses - PFOS

NK cells from Ak
animals exposed to .
PFOS in vivo lysed | 3 ¥
a greater number of | £ -
target cells 3 104
compared to control 5 - I
group. : i N . . s |
] 0,005 0.05 0.1 0.5 1 5
PFOS (mg'kg TAD)

Figure modified from Peden-Adams et al., 2008
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Impacts on cytokine production

e Changes in pro-inflammatory cytokines
- IL-1b
- TNFa
- IL-6

e Shifts in Th1l/Th2 cytokine profiles
— Cytokine production seems to favor Th2 (PFOS only)

e PFOA and PFOS exposure alter inflammatory
pathways, but not necessarily in similar directions.
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Disease resistance - PFOA

Japanese quall ji ]
exposed to PFOA| £ 43
for eight weeks | 2 42
had reduced | 2 41
survival after 2 40 -
Infection with E. *g 39 -
coli (not = 38 1
statistically > 22 ]
significant). 0 . 10

Dose (mg/kg) of PFOA by water

Data from Smits & Nain, 2013
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Disease resistance - PFOS

B6C3F1 mice
exposed to PFOS
for 21 days had
reduced survival
after infection
with Infuenza A
virus (statistically
significant).

i

% Survival

50
45
40
35
30
25
20
15
10

0 5 25
Dose (ug/kg) of PFOS by gavage

Data from Guruge et al., 2009
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Summary of assays

e Suppression of the TDAR

o Alteration of cytokine production
- Increases and decreases in inflammatory cytokines
- Shifts in Th cytokine profiles

o Alteration of innate immune function
- But no apparent alteration of adaptive cellular immunity

e Possible impacts in disease resistance
- Risk of infection?
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Mechanisms of immunomodulation

PFOS, PFBS, PFDA

LPS, cytokines,
] —— ROS, etc.
™ degradation®~_
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A on PPAR-related gene expression WV on PPAR-related gene expression

Figure modified from Corsini et al., 2014
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Developmental immunotoxicity

EXPOSURE
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Figure modified from DeWitt et al., 2012
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Developmental immunotoxicity
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Figures modified from Keil et al., 2008
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Evidence for functional
Immunomodulation in exposed humans

e Reduced vaccine responses in children

— Prospective study of birth cohort from the
National Hospital in the Faroe Islands
(Grandjean et al., 2012)

e 5-7 year old children with high serum PFASs had
reduced responses to immunizations with diphtheria
and tetanus; both PFOA and PFOS serum
concentrations were negatively associated with
antibody responses.
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Evidence for functional
Immunomodulation in exposed humans

e Reduced vaccine responses in children

- Prospective study of the BraMat Norwegian birth
cohort (Granum et al., 2013)
e Anti-rubella antibodies in 3 year old children were

Inversely associated with maternal plasma
concentrations of PFASSs.

e PFOA and PFNA also were associated with number of
episodes of common cold in the children.
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Are PFOA & PFOS immunomodulatory?

e Both suppress the TDAR

e Both associated with changes in cytokine
expression

e PFOS associated with alterations to cellular
Immunity

e Both associated with immune-related changes in
humans

SOT FDA Colloquia on Emerging Toxicological Science Challenges in Food and Ingredient Safety




Are PFOA & PFOS immunomodulatory?

Laboratory
rodent LOAEL

.1 1 10 100 L0 10000 10oDoo

PFOA serum/plasma concentration (ng/g or ng,/mL)

I Mouse immunotox LOAEL (DeWittet al,, 2008b)
Sea turtle range (O'Connelletal., 2010)
Generalhumanrange (Olsenetal., 2003a)

Bottlenose dolphinrange (Houde etal., 2005)
[I Occupational human range (Costa etal,, 2009)

Figure modified from DeWitt et al., 2012
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Are PFOA & PFOS immunomodulatory?

Laboratory
rodent LOAEL

1 10 100 1000 10000 100000

PFOS serum/plasma concentration (ng/g or ng/mL)

Mouse immunotox LOAEL (Peden-Adamsetal., 2008)
Seaturtle range (Kelleret al., 2005)
General human range (Olsen etal., 2003a)

Bottlenose dolphinrange (Houde et al., 2005)
U Oceupational human range (Olsen etal., 2003b)

Figure modified from DeWitt et al., 2012
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PFAS immunotoxicity — future needs

Unresolved questions Exposome

e Do all chain lengths act e \What are major and
similarly with respect to minor exposure routes for
the iImmune system? the general population?

e Do replacement e Do children represent
compounds differ from sensitive subpopulations?
legacy compounds? e Do replacement

e Do PFASSs share a similar compounds carry same
mechanism of risk of persistence as
Immunomodulation? legacy compounds?

And the big one for all of you,
how does any of this impact food safety?
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