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from their exposures to PFAS, and am a proponent 
of the essential use concept and the class approach 

for PFAS management.
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(doctoral students), five undergraduate students, and two 
high school students. 

The DeWitt Lab 



Why are we 
concerned about 
effects of PFAS 
exposure on the 
immune system?



Decreased responses to 
vaccines. This may 

decrease protection from 
the vaccine but also may 

indicate that other parts of 
the immune system are 

affected.

PFAS immunotoxicity
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Other immune effects supported the NTP’s weight-of-evidence classification 
for PFOA and PFOS:

• Increased hypersensitivity-related outcomes.
• Suppression of innate immune responses (i.e., NK cell function).
• Alterations in disease resistance/infectious disease outcomes.
• Findings of autoimmunity.

These findings indicate that PFAS (as represented by PFOA and PFOS) can 
have multiple effects on the immune system.

Weighing of the evidence



Weighing of the evidence

The RfD selected for PFOA is 1.5 x 10-9 mg/kg-day based on 
the critical effect of decreased serum anti-tetanus antibody 
concentration in children. 

The RfD selected for PFOS is 7.9 x 10-9 mg/kg-day based on 
the critical effect of decreased serum anti-diphtheria antibody 
concentration in children. 

Note that I am serving as a member of the EPA PFAS Science Advisory Board and the Board is 
currently reviewing these maximum contaminant level goals.

Reference doses for recommended maximum contaminant level goals (MCLGs) by the U.S. EPA are 
currently based on risks immunotoxicity as represented by impacts of PFAS exposure on vaccine 

responses in children.



Weighing of the evidence



How is immune 
suppression 
measured?



Immune suppression:
A reduced ability of the immune 
system to respond to a challenge 
from a level considered normal, 

regardless of whether clinical disease 
results (DeWitt et al., 2016). May 

also include inappropriate 
inflammatory responses.

Immune stimulation:
Inappropriate immune responses to common 

substances, i.e., allergic hypersensitivity, or responses 
to self-antigens, i.e., autoimmunity (DeWitt et al., 

2016). May also include inappropriate inflammatory 
responses.

A focus on immune suppression



Image information from: Burleson, 2015.

Antibody production is a functional outcome. The immune system is challenged and the 
response to that challenge is measured. This happens during a vaccination and it can be 

evaluated experimentally with “the T cell-dependent antibody response” or “the TDAR.”

The “challenge” of a vaccine
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PFOS data: Dong et al. 2009. PFOA data: DeWitt et al. 2008. 

Oral PFOA exposure in female C57BL/6 
mice (15d of exposure) and 

measurement of the TDAR.

Oral PFOS exposure in male C57BL/6
mice (60d of exposure) and 

measurement of the TDAR.

*

The TDAR in experimental models
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The vaccine response in people

Figure from: DeWitt et al. 2019.

Children

Adults



What is my lab 
doing to understand 

PFAS-induced 
immune 

suppression?



PFAS immunotoxicity in the DeWitt Lab

Evaluation of the 
TDAR

For PFAS detected in NC that 
are toxicologically 

understudied. These include 
the “perfluoroether acids” 

such as GenX, Nation 
byproduct 2, PFMOAA, other 
individual PFEAs and mixtures 

of these PFEAs.

Innate Adaptive (cellular) Adaptive (humoral)

Challenge
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Our descriptive immunotoxicological studies 
are important first steps in uncovering deficits in how 

the immune system is able to function.



How does PFAS exposure 
affect the TDAR?
One focus of our lab is on B cells, the 
cells that eventually transform to become 
antibody-secreting plasma cells.

Future Dr. Krystal Taylor
is asking about how PFAS
exposure affects subsets of 
B cells.

PFAS immunotoxicity in the DeWitt Lab

Source of funding: NIEHS/NC State University (1 P42 ES031009-01: 
NC State University Center for Environmental and Human Health Effects of PFAS).



PFAS immunotoxicity in the DeWitt Lab

Male and female C57BL/6 mice orally exposed to PFHxA for 30 days had a 
redution in the TDAR (Males: ~13% and 9% reduction in 0.5 and 50 mg/kg dose 

groups. Females: 14-20% reduction in all dose groups).



PFAS immunotoxicity in the DeWitt Lab
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Male and female C57BL/6 mice orally exposed to PFHxA for 30 days had a 
redution in the number of plasmablasts (pre-cursors to memory B cells and 

antibody-secreting plasma cells). 



How does PFAS exposure 
affect the TDAR?
One focus of our lab is on B cells, the 
cells that eventually transform to become 
antibody-secreting plasma cells.

Dr. Tracey Woodlief Research
Instructor is asking about
how PFAS exposure affects
how B cells use energy at
the level of their
mitochondria.

PFAS immunotoxicity in the DeWitt Lab

Source of funding: NIEHS/NC State University (1 P42 ES031009-01: 
NC State University Center for Environmental and Human Health Effects of PFAS).



PFAS immunotoxicity in the DeWitt Lab

B cells are unstimulated in culture or 
stimulated with CD40 and IL4. 
Different lines = different B cell 

concentrations.

OCR: oxygen consumption rate
in real time.

A, B, C panels = different 
concentrations of FCCP (disrupts ATP 

synthesis).

Non-stimulated cells (OCR)

Stimulated cells (OCR)



Final thought –
the risk of immunotoxicity from 

PFAS exposure is real

New Jersey & Michigan
MCL for PFOS in drinking water is based on 

suppression of the TDAR. Six states have RfDs
for PFOS based on immune suppression.

European Food Safety Authority
Tolerable daily intake is based on 

epidemiological data linking maternal PFAS 
exposure with a decreased antibody responses 

to vaccines in their breastfed children.

ATSDR
Incorporated a modifying factor into its 

minimal risk level for PFOS citing concerns of 
the sensitivity of the immune system. 

EPA
RfD for PFOA/PFOS MCLGs based on risk of 

immune suppression.
Source of (some) information: Post, 2020.



I welcome your 
questions!


