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Slow integration of sex and gender in immunological research

for centuries, immunology research 
focused on cisgender males 
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adapted from Forsyth et al. | Nat. Rev. Immunol. 2024

Impact of variations in genes encoded by X/Y chromosomes 
and in sex steroid hormones on immunity



Libert et al. | Nat. Rev. Immunol. 2010

Autoimmunity

People assigned female at birth are more frequently affected 
by autoimmune diseases



adapted from Forsyth et al. | Nat. Rev. Immunol. 2024

Infectious diseases
BACTERIA PARASITES VIRUSES

Autoimmunity Immune interventions
VACCINATION CANCER IMMUNE 

THERAPIES

Variations in genes encoded by X/Y chromosomes and in sex steroid 
hormones impact infectious diseases and vaccinations



Immune interventions
VACCINATION CANCER IMMUNE 

THERAPIES

Higher testosterone levels at time of vaccination are associated 
with lower vaccine-induced immune responses



How do variations in expression of 
genes encoded by X/Y chromosomes 

and in steroid hormones impact 
immune function?



Impact of variations in expression of genes 
encoded by X and Y chromosomes on immune function



Genes on X chromosome Fish, Nat Rev Imm 2008



Inactivation of second X chromosome (Barr Body)

www.bioninja.com

TLR7 escapes X chromosomal inactivation (XCI) 
Souyris et al., Sci Immunol 2018



Stronger TLR7-induced IFNα responses in cisgender females

Berghöfer et al. JI 2006

TLR7 TLR9

• TLR7 senses viral RNAs and induces
IFNα production by immune cells

• IFNα has strong antiviral activity



Stronger TLR7-induced IFNα responses to HIV-1 
and better control of viremia in cisgender females

Meier et al. Nat Med 2006 Meditz et al. JID 2011



Escape from XCI for many genes on the X chromosome

38% 34%

SNPs

Hagen et al. Cell Rep 2020



pDCs with biallelic expression of TLR7
produce more IFNα after TLR7 stimulation

Hagen et al. Cell Rep 2020



Several genes in the TLR7/IFN-I pathway are located
on the X chromosome and can escape XCI

Heinz et al. Nature 2020
Schmacke & Hornung, Nature 2020 
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Impact of variations in expression of genes 
encoded by X and Y chromosomes on immune function



Impact of variations in 
steroid hormone levels on immune function



Estrogen regulates TLR7 responses of pDCs

Sublethal irradiated
NOD/SCID/ß2M-/-

CD34+

TLR-7 mediated pDC response is shaped by

sex of the host rather than cell-intrinsic

X-linked genetic factors.

Pre-MPW
18-45 yrs

Post-MPW
(early) 

• Oestradiol deprivation results in decreased IFNa

production by pDC. 

• Oestradiol treatment upregulate TLR-responsivness

in pDC. 
Seillet, C et al (2012) Blood



Variations in expression of genes encoded by X and Y chromosomes 
and in steroid hormone levels can impact immune function

pDCs
TLR7
IFNα
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Decline in TLR7-induced IFNα responses 
during testosterone treatment in trans men

Grünhagel et al, iScience 2023



Decline in Type I IFN responses 
under testosterone treatment in 

trans men

Grünhagel et al, iScience 2023



N = 23



Lakshmikanth et al., Nature 2024

IFNα

TNF







• Reduction of Type I IFN responses by pDCs in TM
• Reduction of effector CD4+ T cell activity in TM
• Reduction of B cell activity in TM

• Increase in TNF responses of monocytes in TM
• Increase in Treg activity in TM

• Reduction of Treg activity in TW

Changes in immune function during GAHT 
are immune cell-type specific

GAHT
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White et al., Ther Adv Endocrinol Metab 2022

Implications of GAHT for transgender health – limited data





Henze et al, JCI insights 2025

Reduction of pathogenic CD4+ T cells inflammation during GAHT 
resulted in clinical improvement of AIH in a transman



Libert et al. | Nat. Rev. Immunol. 2010

Impact of GAHT on autoimmune diseases

TW

TM

GAHT



Murthy et al., Atherosclerosis 2023

Impact of GAHT on cardiovascular risk



Conclusions

Cardiovascular

TW > TM

TM ≥ TW

?

GAHT
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