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PFAS & The Immune System

United States

• EPA issued three new National Primary 
Drinking Water Regulations for PFOA, 
PFOS, and mixtures containing PFHxS, 
PFNA, HFPO-DA (GenX), and PFBS in 2024

• One of the non-cancer health effects 
considered for PFOA and PFOS in setting 
these regulations was a decreased antibody 
response to tetanus and diptheria, following 
PFAS exposure (although the regulation is 
based on their cancer classification)

Where Are We?

Europe

• EU Drinking Water Directive set a total PFAS 
limit in drinking water of 0.5 µg/l.

• In addition, it also specifies 20 individual 
PFAS that must have levels below 0.1 µg/l.

• In 2020, the EFSA changed the most critical 
endpoint in PFAS risk assessment to be 
vaccine responses measured in humans

Information from: US EPA; Bline et al. (2024); European Environment Agency; EFSA



Where Are We?

EFSA requested a project that would utilize new approach 
methodologies (NAMs) to further investigate PFAS mechanisms of 
action, as it pertains to the immune system, especially antigen-

specific antibody responses (i.e., responses to “vaccines").

PFAS & The Immune System

Information from: EFSA
Image from: Corsini et al. (2024)



Where Are We?

PFAS & The Immune System
Experimental outcomes

Functional outcomes Observational outcomes
The TDAR Immunophenotype

Delayed-type hypersensitivity Histopathology

Cytotoxicity (natural killer cell 
or cytotoxic T lymphocyte)

Host resistance

More accurate for 
prediction and 

translation

Challenges the 
whole immune 

system
Observational

Information from: vonderEmbse & DeWitt (2018) 



How Did We Get There?

Immunotoxicology & PFAS Timeline
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How Did We Get There?

Yang et al.

• Immunosuppression by peroxisome proliferators (PPs) like PFAS could be due to PPARα 
activation.

• Could be competition between peripheral tissues and the liver for serum lipids.
⚬ Leading to disturbance of membrane lipid structure and reduction in external lipid 

supply
Information and image from: Yang et al. (2002)



How Did We Get There?

Dong et al.

• PFOS might be involved in suppression of T 
and B cell proliferation/modulation.

• Could be a function of being a PPARα agonist 
- might suppress antibody response.
⚬ Mechanism for antibody secretion 

disruption is not yet known.
￭ More than just decreased total B cell 

numbers as this was not observed

Information and image from: Dong et al. (2009)



How Did We Get There?

Grandjean et al.

• Supports evidence of decreased 
humoral immunity following PFAS 
exposure, in rodent models.

• Supports regulations - even with 
a full schedule of vaccinations, a 
child still might not have 
adequate protection.

• This cohort study confirms the 
need for further immunotoxicity 
studies of PFAS.

Information and image from: Grandjean et al. (2012)



How Did We Get There?

Crawford et al.

• Antibody responses are a suitable endpoint for assessing risk and reductions in antibody 
responses could be indicative of an increased risk of infectious disease.

• There is an association between PFAS exposure and vaccine responses across different 
vaccines and antibody types investigated.

• Children are more susceptible to these effects.
Information and images from: Crawford et al. (2023)



How Did We Get There?

Ehrlich et al.

• The exact mechanism of 
action of PFAS, as it relates to 
immune endpoints is still 
unknown.

• There are many potential 
molecular interactions that 
PFAS can have with cells.
o Different PFAS can act on 

different pieces and still 
produce the same 
outcome
 More research is 

needed.

Information and image from: Ehrlich et al. (2023)



How Did We Get There?
Image from: Ehrlich et al. (2023)



How Did We Get There?

• Animal models looking at PFAS exposure 
(specifically to PFOA/PFOS) reported 
toxicological effects similar to effects 
observed in PPARα agonists, such as 
peroxisome proliferation and reductions in 
splenocyte and thymocyte numbers.

• PPARα ligands are involved in inflammation 
– since PPARα is expressed on 
lymphocytes, macrophages, and 
monocytes, these ligands might be act on 
immune cells directly.

• PPARα may also function as a negative 
transcription factor for proinflammatory 
cytokines. 

Information and image from: DeWitt et al. (2009)



How Did We Get There?

• There was a significant 
decrease in TDAR to keyhole 
limpet hemocyanin (KLH) in a 
mouse model following 4 
weeks of PFOA exposure.

• This TDAR decrease was 
accompanied by a significant 
reduction of IL-12, IL5, and IL-13, 
as well as a non-significant 
reduction of IL-4 and increase in 
IL-2 and IFNγ.

• Additionally, pro-inflammatory 
cytokines IL-17 and IL-1a were 
significantly decreased, IL-6 was 
decreased, and TNFα was 
significantly increased

Information and images from: De Guise & Levin (2021)



How Did We Get There?

• B6C3F1 adult mice exposed to PFOS by gavage for 28 days showed no alterations in overall 
lymphocyte proliferation.

• In females, immunophenotypes of splenic T-cells were altered minimally, however all T-cell 
subpopulations were altered in males beginning at 0.1 mg/kg.

• Measurement of both TDAR and TIAR showed reduction, pointing to B-cells, rather than T-
cells as the source of these immune effects.

Information and image from: Peden-Adams et al. (2008)



Current Research

DeWitt Laboratory

Information and image from: Taylor et al. (2023); timeline created with BioRender

15 days 5 days 1 day In archived serum

Adult male & female C57BL/6 
mice exposed to either 0 or 7.5 

mg/kg PFOA

Sheep red blood cell (SRBC) 
tail vein injections

B cell subset immunophenotyping 
via flow cytometry

Mitochondrial stress test

TDAR



Current Research

DeWitt Laboratory

Images from: Taylor et al. (2023)



Current Research

DeWitt Laboratory

Images from: Taylor et al. (2023)



Current Research

DeWitt Laboratory
• Performed the “B cell panel” immunophenotyping on 3 different novel PFAS since the Taylor et al. study

⚬ PFO4DANa (decreased average TDAR value with increased dose in males and females)
⚬ Nafion byproduct 1
⚬ PFO2HxA

* * *

*Unpublished data (do not copy/photograph)



Current Research

DeWitt Laboratory
• Performed the “B cell panel” immunophenotyping on 3 different novel PFAS since the Taylor et al. study

⚬ PFO4DANa (decreased average TDAR value with increased dose in males and females)
⚬ Nafion byproduct 1
⚬ PFO2HxA

Future Directions

• Sorting B cell subsets from spleen, following 30 day PFAS exposure

• Stimulating sorted memory and plasma cells to secrete antibodies

• Culturing naïve cells and stimulating cells to differentiate through to memory and plasma cells

• Stimulating cultured memory and plasma cells to secrete antibodies

*Unpublished data
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Immunotoxicology & PFAS Timeline

2024

Bline et al.



Conclusions

Bline et al.

• Healthy, robust immune function is a hallmark of a healthy population.

• It has been demonstrated through animal studies, epidemiological studies, and numerous reviews that 
PFAS exposure is linked to reduction in proper immune function.

• There are multiple potential mechanisms for this immune dysfunction and continued generation of 
immunotoxicological data for PFAS is critical to better understand these compounds.

Information from Bline et al. (2024)



Conclusions

Bline et al.

• Healthy, robust immune function is a hallmark of a healthy population.

• It has been demonstrated through animal studies, epidemiological studies, and numerous reviews that 
PFAS exposure is linked to reduction in proper immune function.

• There are multiple potential mechanisms for this immune dysfunction and continued generation of 
immunotoxicological data for PFAS is critical to better understand these compounds.

Information from Bline et al. (2024)
Images created with BioRender
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