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Autoimmunity in female reproduction and fertility

Autoimmune diseases are characterized by organ

and tissue damage caused by self-reactive immune

responses mediated by antibodies and/or T cells.
Tabarkiewicz et al., 2018

Autoimmune disorders predominantly affect

women and often occur during reproductive

years and have implications for fertility and

pregnancy.

Glover et al., 2021



https://www.invitra.com/en/progesterone/cycle-progesterone/

Corpus luteum progesterone production

Clarke and Clarke, 2017

Oocyte development Ovulation

The ovary requires active immune regulation



What Breaks Ovarian Immune Tolerance, and Can Vitamin C Help Restore It?

How does autoimmunity reshape immune response in the ovary?

Can Vitamin C improve immune suppressive function?



The Lupus Prone ARE-/- Mouse Model

The 3’UTR region is enriched in

AUUA sequences that make up

what is termed the AU-Rich

Element (ARE).

Hodge et al., 2014; J. Immunol



The IFN-γ ARE-Deficient Mouse (ARE-/-) express chronic elevated IFN-γ

Increased IFN-γ mRNA stability

(n= 12)

Elevated circulating IFN-γ

n = 8-12

Hodge et al., 2014; J. Immunol



Bafor et al., 2024, Front Immunol 

The Immune Balance in the Ovary and Uterus - What Happens When It Tips

ARE-/- = Au Rich Element deleted
CL = Corpus luteum



Effector CD8+T cells drive ovarian dysfunction in ARE-/- mice

Bafor et al., 2024, Front Immunol 
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Are regulatory T cells decreased in

the ARE ovary and uterus?

Summary so far

• Autoimmunity can drive

expansion of effector CD8+T

cells in the ovary which

disrupts ovarian function

and fertility
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Decreased Double Negative T cells in ARE-/- mouse ovary
C

D
4

Foxp3

Ovary

No significant change in CD4+

Foxp3+ cells in the ovary.

Blue = WT CD4 Tregs.

Black = Heterozygous CD4 Tregs.

Red = Homozygous CD4 Tregs.

n=3
n=6-11

Bafor et al., 2024, Front Immunol 
Bafor et al., Sci rep (under review)



DNT cells exist as Immunoregulatory T cell subsets

DNTs play a homeostatic role in autoimmune diseases

Double-negative T cells are a distinct suppressive T-cell population

CD45+CD3+CD4-CD8-NK1.1-

Zhang et al., 2000, Nat Med



DNTs decrease in ovarian inflammation

Bafor et al., Front Immunol 2024; Martin et al., Cell Mol Sci (under review)

DNT cells decrease in the ovary during immune-mediated infertility

ZP3 = Zona pellucida 3



Adoptive Transfer of DNTs Rescues Fertility in ARE-/- Mice

ARE-/- Mouse (13.5 dpc)

Littered

20.5 dpc

Live pups delivered
Pregnant Mouse

Adoptive DNT transfer to ARE-/- mice, paired with fertile males

Bafor et al., Front Immunol 2024   
Martin et al., Cell Mol Sci (under review)



DNTs Suppress Activated CD8+ T Cells and Redirect Their Differentiation 

Bafor et al., Front Immunol 2024    
Martin et al., Cell Mol Sci (under review)



Double-Negative T Cell: A Foxp3-Independent Suppressive Population

Suppressive Function

• Suppress conventional T cell responses including 
CD8+ T cell proliferation

• Foxp3-independent - mechanistically distinct 
from Tregs

• Key suppressive effectors: CD39/CD73/adenosine 
axis; Fas/FasL cytotoxicity

• Enriched in the ovary - key regulators of local 
immune balance

Zhang et al., 2000, Nat Med  
Priatel et al., 2003, Immunity  
Bafor et al., 2024, Sci Rep (under review)



Vitamin C can stabilize regulatory programs in other T-cell subsets

Kasahara et al., 2017, Blood

Vitamin C demethylates Foxp3 CNS2 to natural Treg levels

Hwang et al., 2021, PLOS ONE

Kouakanou et al., 2020, Sci Rep

Vitamin C stabilizes Treg’s suppressive identity

VitC treated  γδT cells
suppress CD4 
responder proliferation



Does Vitamin C Augment the DNT-CD8 Suppressive Interaction?

Hypothesis: 
VitC augments the DNT-CD8+T suppressive interaction

Zreik et al., 1999 Molecular Human reproduction  

Why?
The ovary accumulates ascorbic acid to exceptionally 
high, actively regulated concentrations.

It has been suggested that the high accumulation in 
the ovary contributes to increased fertility.



Vitamin C Attenuates DNTs Suppression of CD8+ T Cell Proliferation In Vitro

Key finding: VitC (50 µM) reduces 
DNT suppressive potency. 

VitC does not increase CD8 
proliferation in the absence of DNTs -
suggesting the effect is DNT-
dependent.

Does VitC 
augment CD8+T 
cell proliferation?



Vitamin C Reshapes CD8+ T Cell Activation In Vitro

S
tim

 a
lo

ne

+ 
D
N
T 2

:1

+ 
V
C
 5

0 
um

+ 
V
C
 1

00
 u

m

0

20

40

60

C
D

2
5
 e

x
p

re
s
s
s
io

n

(%
 C

D
8

+
T

 c
e
ll
s
) ✱

Key finding: VitC preserves CD25 
activation under suppressive pressure



Vitamin C Reshapes CD8+ T Cell Differentiation In Vitro

Key finding: VitC biases CD8+T cell differentiation toward TE/EM (effector/effector-memory)
away from the TCM-like state induced by DNT co-culture.
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Vitamin C dampens DNTs Adenosinergic Program

Key Finding: VitC significantly reduces CD39+CD73+ DNTs and CD39+ CD8+ 
T cells, blunting the activation-induced adenosinergic program.

Antonioli et al., 2013, Nat Rev Cancer  |  Stagg & Smyth, 2010, Oncogene

+ ARL67156



Ascorbic acid expands the CD8 compartment in vivo

Mi et ., 2025 Immun Ageing



Ascorbic Acid Shifts Lymphoid Composition and Primes CD8+T cell Activation In Vivo

Key finding: Ascorbic acid is associated with increased 
CD8+ T and cytotoxic T/NK compartments and higher 
activation module scores.

Mi et ., 2025 Immun Ageing



Ascorbic acid reinforces CD8/TCR signaling while suppressing restraint programs

Manning et al., 2013

Key finding: Ascorbate (72h) 
upregulates Cd8a/b, Zap70, and 
effector genes (Gzmb, Ifng, Prf1); 
downregulates exhaustion markers 
(Pdcd1, Havcr2, IL2ra, Sell) - a 
coherent CD8-lineage transcriptional 
program, convergent with in vitro and 
in vivo findings.



Summary so far: VitC acts as an Immune-Tuning Signal



Ongoing work + Future direction

Track 1: In Vivo  VitC-
responsive DNT 

transcriptional Landscape

1

2

3

In vivo VitC Supplementation 
(WT/GULO-/- female mice) 

scRNA-seq of ovarian 
immune cells

Single cell resolution map of 
how a dietary signal 
reshapes ovarian DNT 
identity in vivo

What changes?

Track 2: TET2-Mediated 
Epigenetic Reprogramming 

in DNTs

1

2

3

CUT&RUN on sorted DNTs ±
VitC

Histone marks at CD39, 
CD73, suppression loci

Tet2 conditional KO as 
mechanistic probe

How does it change?

Track 3: Functional 
confirmation of 

Adenosinergic axis

1

2

3

Direct adenosine 
measurement in co-culture 
supernatants

A2A/A2B receptor blockade 
± VitC ± DNTs

CD39/CD73 CRISPR KO in 
DNTs

What pathway actually 
mediates the functional effect?



What This Means for Reproductive Medicine

Bafor et al., 2021, Reprod Sci  |  Henmi et al., 2003, Fertil Steril  |  Mor et al., 2017, Nat Rev Immunol

• Vitamin C is used empirically across reproductive medicine contexts and no mechanistic 
framework exists to guide that use. 

• This work identifies the cellular lever VitC acts on- which is what is needed before 
responsible clinical translation.
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Thank You

Vitamin C is not just an antioxidant - it is an immune-tuning signal that acts on some suppressive
mechanisms in a cell-type-dependent manner.

The ovary is where this story is going.

Questions & Discussion

bafor.enitome@ufl.edu 
Bafor Lab, University of Florida CVM
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