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Abstract

Sexual dimorphism exists in Homo sapiens in many systems. Lately, it was found that it also 
exists in autoimmune disorders. Generally, it was known that the two genders in humans have 
different endocrine systems, and therefore hormone hormone-regulated systems show sexual 
dimorphism. However, in the case of autoimmune disorders, it is not due to directly on hormonal 
milieu but depends on X-chromosome inactivation in males. Whereas every cell in a woman’s body 
produces Xist; this ribonucleoprotein contains about 81 proteins. This chromosomal inactivation 
in males and formation of Xist ribonucloprotein in females is responsible for sexual dimorphism in 
autoimmune disorders in humans.

Discussion
Sex diff erences and the immune system 

The milieu of sex hormones differs in men and women, and 
these hormones have different modes of action in cytokine 
production, B cell maturation, homing of lymphocytes, and 
antigen presentation [6,7] in men and women. It was observed 
that females have more susceptibility, which may be due to 
estrogen action [7,8]. The human immune system's main 
functions are antibody production and regulating cellular 
responses; these two important functions also manifest 
some degree of sexual dimorphism. Sex-related differences 
in autoimmune diseases are well documented and showed 
that females show a greater tendency to develop autoimmune 
diseases than their male counterparts. Sex hormones, namely 
dihydrotestosterone and estrogens, have been shown to 
regulate the severity of inϐlammatory diseases [7]. In general 
terms, women have an enhanced antibody production and 
increased cell-mediated responses following immunization 
[9] while men produce a more intense inϐlammatory response 
to infectious organisms. Further, women have higher CD4+ 
T cell counts than men which contributes to increased CD4/
CD8 ratio [9] and higher levels of plasma IgM production. 
Sex hormones play an important role in B cell development 
and function in physiology [8,10,11] and contribute to their 
dysfunction in autoimmune diseases. It has been known for 
a long time that estrogen enhances humoral responses, B cell 
differentiation, and immunoglobulin (Ig) production [7,8,11]. 

Introduction

Men and women two genders belong to the same species but 
show sexual dimorphism that includes differences in stature, 
weight, the morphology of the face, cognitive development, 
mortality, and more importantly disease frequency [1-3]. 
Autoimmune diseases disproportionately affect females 
more than males and this is the most prevalent category of 
disease after cancer and cardiovascular diseases, autoimmune 
disorders are four-fold higher in females than males [4]. By 
now, more than 80 autoimmune diseases have been identiϐied 
by scientists among them, some are well known, for example, 
type 1 diabetes, multiple sclerosis, lupus, and rheumatoid 
arthritis, while others are rare and difϐicult to diagnose [5]. 
With rare autoimmune disorders, patients may suffer for 
years before getting a proper diagnosis and treatment. Most 
autoimmune disorders have no proper cure only symptomatic 
medicines are provided; some require lifelong treatment to 
ease symptoms. These diseases are likely the result of genetic 
and environmental factors interactions. The other causative 
factors may be the gender, race, and ethnicity [5]. Autoimmune 
diseases are more common when people are in contact with 
certain environmental exposures. Indeed, are supposed to be 
associated with most autoimmune diseases. It was recorded 
that women have higher absolute levels of antibodies than 
men and since (auto) antibodies in women are also found at 
higher levels and therefore, differences in antibodies may 
cause an increased prevalence of autoimmune disease in 
women. 
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called Xist carry out its function. Xist molecules act a bit like 
quality control inspectors for women’s extra X chromosomes, 
preventing them from producing a toxic amount of proteins. 
The scientists suspect that when immune cells encounter large 
bunches of these Xist-related proteins—for instance when a 
dead cell spills them into the bloodstream—they may react 
by making antibodies to attack them throughout the body. To 
test the idea, the team studied genetically engineered mice 
in which both males and females produced Xist. Like their 
female counterparts, these males were also at an increased 
risk of developing severe cases of lupus. The researchers 
also found that people with autoimmune disorders had more 
antibodies for Xist-related proteins in their blood [16-18]. 
Still, Xist molecules may not be the only factor at play but 
multiple research efforts found many more reasons such as: 
Organic mercury may trigger autoimmune disease – In a study 
funded by NIEHS, methylmercury, even at exposure levels 
generally considered safe, may be linked to development of 
autoimmune antibodies in women of reproductive age. These 
antibodies could lead in turn to autoimmune diseases, such as 
inϐlammatory bowel disease, lupus, rheumatoid arthritis, and 
multiple sclerosis [19].

Mechanism of antibody generation against Xist-
associated proteins (Add these sections after the 
discussion section)

1. X chromosome inactivation and Xist role: In 
females, one of the two X chromosomes is inactivated in each 
cell to ensure dosage compensation between males (XY) and 
females (XX). This inactivation is mediated by the Xist RNP 
complex. Xist RNA coats the X chromosome to be inactivated 
and recruits a variety of proteins and epigenetic modiϐiers to 
silence its gene expression.

2. Autoantigen formation: Some proteins that interact 
with Xist during the XCI process are crucial for its function. 
These proteins, when bound to Xist RNA, can form complexes 
that, under certain conditions, might be mistakenly recognized 
by the immune system as foreign or altered-self components. 
This misrecognition is especially plausible if these complexes 
are aberrantly expressed, misfolded, or released into the 
extracellular space due to cell damage or stress, leading to an 
autoimmune response.

3. Immune system recognition: The immune system 
constantly surveys for pathogens and damaged or altered self-
cells through pattern recognition receptors and the process 
of antigen presentation. If proteins associated with the Xist 
complex are perceived as non-self or altered-self, this can 
trigger an immune response, including the production of 
antibodies against these proteins. This response is part of the 
body's defense mechanism but can become pathological in the 
context of autoimmune diseases.

Reasons underlying antibody generation against Xist-
associated proteins

1. Genetic susceptibility: Individuals may have 

Production of Xist

Mammalian females have a XX and males have a XY 
genotype. In females (XX) and males (XY), both pairs of 
chromosomes have roughly equivalent gene expression. But, 
the X chromosome does not express in males, whereas every 
cell in a woman’s body produces Xist and not in men.

Chang and team [12] explained how autoimmune diseases 
in females could be linked with the Xist ribonucleoprotein 
(RNP) complex. This nucleoprotein comprises a lncRNA, 
bound RNA binding proteins, and bound to pieces of genomic 
DNA these autoantigen immune complexes are the hallmark 
of systemic autoimmune diseases.

Xist stops one of the two X chromosomes in every cell in 
the female body as shown in Figure 1. Therefore, due to this 
imbalance of gene products and altered endogenous material 
out of normal epigenetic context autoimmune diseases set in 
more females. This explains the key role of the X chromosome. X 
chromosome inactivation, a major epigenetic feature in female 
cells that provides dosage compensation of X-linked genes to 
avoid over-expression, presents special vulnerabilities that 
can contribute to the disease process. Xist is critical for the 
establishment of X chromosome inactivation spreading from 
the X-inactivation center and coating the entire inactive X in 
association with its protein partners. 

Xist associates with 81 unique binding proteins to form 
a ribonucleo-protein (RNP) complex, through direct RNA 
protein interaction and others through indirect protein-
protein interaction [13-15]. In addition to the female 
population, males also suffer from autoimmune diseases 
but do not seem to have the autoimmune condition as badly 
as females, suggesting there may be other factors at work. 
Research throws light on the mystery of why women are 
much more prone to autoimmune disorders: A molecule 
made by one X chromosome in every female cell can generate 
antibodies to a woman's tissues. 

Researchers noticed that many of the proteins commonly 
targeted by the immune system in people with autoimmune 
diseases had something in common: They help a molecule 

Figure 1: Set of XX chromosomes in females one of them is capable of expressing the 
Xist ribonucleoprotein (RNP) complex.
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genetic predispositions that affect how their immune 
system recognizes self and non-self components. These 
predispositions can lead to a higher likelihood of developing 
autoimmune responses against self-antigens, including those 
associated with Xist.

2. Environmental triggers: Exposure to certain 
environmental factors, such as viral infections or chemicals, 
can alter the normal expression or structure of self-proteins, 
including those associated with Xist. This alteration can make 
these proteins immunogenic, leading to the development of 
autoantibodies.

3. Molecular mimicry: There's a possibility that some 
Xist-associated proteins share epitopes with foreign antigens. 
The immune system's response to a foreign antigen might 
inadvertently target self-proteins that resemble the pathogen, 
leading to an autoimmune response.

4. Breakdown of folerance: Central and peripheral 
tolerance mechanisms ensure that autoreactive T and B cells 
are deleted or become unresponsive. However, a breakdown 
in these tolerance mechanisms can lead to the survival of 
autoreactive cells that may target Xist-associated proteins.

Gender-speci ic immune response: Females, having 
two X chromosomes, might have a higher expression of some 
X-linked genes before XCI is complete or in cases of XCI escape, 
leading to an increased antigenic load of X-linked proteins. 
This increased load could predispose to a higher chance of 
immune recognition and autoantibody production against 
Xist-associated proteins.

Conclusion 
Autoimmune diseases burden individuals and 

healthcare systems globally, particularly affecting females. 
Understanding sexual dimorphism complexity is crucial for 
tailored prevention, diagnosis, and treatment strategies. 
Future research should delve into genetic, hormonal, and 
environmental interactions, exploring gender-speciϐic 
interventions. Personalized medicine, accounting for sex 
differences, holds promise for improved outcomes in 
autoimmune diseases, addressing gender disparities.
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