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Abstract

The microbiome consists of bacteria that live in a mutually beneficial relationship with
mammals. Microorganisms has the capacity to have an impact on several physiological
systems, including the immune system, metabolism, and behavior. Recent research has
emphasized the significance of the microbiome in the development of autoimmune
disorders. It has been shown that there is a change in the composition of the gut bacteria
in individuals with systemic lupus erythematosus, specifically a decrease in the ratio of
Firmicutes to Bacteroidetes. On the other hand, alterations in the gut bacteria and the
presence of periodontal disease have been suggested as significant contributors to the
development of rheumatoid arthritis. Simultaneously, other autoimmune illnesses such as
systemic sclerosis, Sjogren’s syndrome, and anti-phospholipid syndrome also exhibit
alterations in the microbiome of the gastrointestinal tract and mouth microbiota. In this
article, we will discuss the function of the microbiome in maintaining immune system
homeostasis, as well as the changes in microorganisms that take place in systemic
autoimmune illnesses. Lastly, we will examine the use of probiotics and fecal
transplantation as innovative therapeutic objectives.
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1. Introduction

The human body has a high concentration of commensal and symbiotic microorganisms,
with bacteria being the most abundant kind of microorganism. These microorganisms
inhabit several environments, including the gastrointestinal tract, skin, vaginal area, and
oral cavity. The composition and prevalence of microorganisms vary not just across various
organs but also across different people. A microbiome is formed by the genes of these
bacteria and their environments. The broad microbial variety may be attributed to factors
such as nutrition, environment, host genetics, and mechanism of delivery [1]. The
microbiome and microbial products play a crucial role in controlling the development and
functioning of the host's immune system. In addition, commensal microbes have an impact
on other physiological features of mammals, such as metabolism and behavior [2]. In recent
times, several scientists have directed their attention on the significance of commensal
bacteria in the development of various illnesses, including autoimmune disorders. The
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objective of this review is to delineate the primary modifications of the microbiome that
manifest in autoimmune disorders [1].

2. Changes of the microbiota during pregnancy and childhood

Throughout pregnancy, the microbiome experiences significant changes, particularly in the
vaginal and intestinal regions. A recent study conducted by Koren et al. [2] revealed distinct
variations in the microbiome of women during different stages of pregnancy. Specifically,
the researchers observed that in the third trimester, there was a higher presence of
Proteobacteria and Actinobacteria, while the levels of Faecalibacterium, a bacterium
known for its butyrate-producing and anti-inflammatory properties, were significantly
reduced. Dysbiosis, which refers to changes in the microbiome, may lead to weight gain,
insulin resistance, and metabolic inflammation when microorganisms from the stomach of
mice in the third trimester are transplanted to germ-free animals [2,3].

It is often assumed that the gastrointestinal system of a fetus is free from
microorganisms, and the colonization of the gut by these bacteria occurs during the process
of delivery via the birth canal [4,5]. In early life, the composition of the gut microbiome
may be shaped by several environmental variables, including geographic location,
breastfeeding, introduction of solid foods, and method of delivery. Infants born via the
vaginal canal receive bacterial communities that closely resemble the microbiota present in
their mother's vagina, which often consists of Lactobacillus, Prevotella, and Sneathia
species. In contrast, newborns born after Caesarean-section have bacterial populations that
closely resemble those found on the surface of the skin, such as Staphylococcus,
Corynebacterium, and Propionibacterium [4,6].

The precise mechanism by which the gastrointestinal mucosa of newborns adapts to
the colonization of microbes remains incompletely known. In reality, colostrum and breast
milk contain a high concentration of immunoglobulin (Ig)A, which plays a crucial role in
neutralizing harmful pathogens and preventing their movement across the intestinal lining.
This helps maintain a balanced relationship between beneficial gut bacteria and the mucosal
lining of the intestines. Maternal milk includes several metabolites, including gangliosides,
lactoferrin (Lf), and human milk oligosaccharides (HMOs), which provide defense against
anti-infective drugs [1,7]. In addition, HMOs have prebiotic effects that promote the growth
of certain bacteria, such as Bifidobacterium longum, which helps maintain the integrity of
the intestinal barrier. In addition, the dendritic cells already present in breast milk may have
a role in shaping the immune response to the antigens from the normal bacteria, thereby
impacting the development of the newborn immune system [8-11].

The underdeveloped state of the newborn's immune system and the presence of
elements that promote tolerance might account for the acceptance of the microbiome by the
gut of the neonate. Hence, the interaction between commensals and the host is of utmost
importance in the formation and maintenance of the immune system [1,12,13]. Pattern
recognition receptors (PRRs) such as Toll-like receptor (TLR) families, nucleotide-binding
oligomerization domains (NOD) as receptors (NLR), type C lectin receptors (CLR),
cytosolic DNA receptors (CDR), and retinoic acid-inducible gene I (RIG-I)-like receptors
(RLRs) enable this process [14]. TLRs are primarily located on the surface of immune and
epithelial cells and have the ability to identify conserved molecular patterns, such as
microbial-associated molecular patterns (MAMPS) produced by the resident microbiota or
pathogen-associated molecular patterns (PAMPS) created by invading microbes [15,16].

The commensal microorganisms are also involved in the formation of lymphoid
structures in the digestive tract, such as Payer's patch and isolated lymphoid follicles.
Additionally, they contribute to the maturation of epithelial cells and the growth of blood
vessels in the gastrointestinal mucosa [1,17,18]. In addition, the symbiotic bacteria
Bacteroides fragilis may impact the activation of invariant natural killer T (iNK T) cells
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and train the immune system throughout adulthood via the formation of sphingolipids
[19,20]. The role of the microbiome in inducing regulatory responses and immunological
tolerance is now well-established via many mechanisms.

The regulatory T cell (Treg) forkhead box protein 3 (FoxP3+) plays a role in both the
thymus and extrathymus. It produces regulatory cytokines such as transforming growth
factor (TGF)-B, interleukin (IL)-10, and IL-35. It also modulates the function of antigen-
presenting cells (APCs) through lymphocyte-activation gene 3 (LAG-3), cytotoxic T
lymphocyte antigen (CTLA)-4, and granzyme/perforin. Additionally, it alters cellular
metabolism through CD25, CD39/CD73, and indoleamine 2,3-dioxygenase (IDO)
induction in dendritic cells (DC). These functions of Treg cells have been observed in
various inflammatory contexts [21,22]. Commensal bacteria in the digestive tract may
influence the activity of Treg cells by producing IL-10 and TGF-p.

Bacteroides fragilis generates a substance called polysaccharide A (PSA) that may
stimulate the synthesis of IL-10 by T cells in the intestines. This helps to reduce the immune
response known as T helper type 17 (Th17) during inflammation in the intestines [23].
Simultaneously, other bacterial metabolites, including short-chain fatty acids (SCFAS),
particularly butyrate, enhance the activity of Treg cells and macrophages by suppressing
the expression of the histone deacetylases gene (HDAC) [23,24]. Nevertheless, changes in
the microbiome (dysbiosis) may occur due to exposure to many environmental variables,
such as nutrition, chemicals, medicines, and viruses. Among them, gastrointestinal
infections possess the highest capacity to induce microbial dysbiosis and may initiate
inflammation both locally and systemically. The modification of the microbiome's
composition and barrier function may lead to the emergence of autoimmune and chronic
inflammatory disorders, metabolic dysfunction, and cancer [1,5].

3. The relationship between the microbiome and autoimmune disorders

Autoimmune disorders (AIDs) occur when an individual's immune system mistakenly
attacks their own tissues. It is believed that AIDs have a global occurrence rate of about 3-
5%. The entire understanding of the pathophysiology is lacking, however, it has been
suggested that environmental variables such as lifestyle, nutrition, medicines, and
infections, together with certain genetic backgrounds, may play a role [25,26]. Microbial
composition alterations in the human microbiome may significantly contribute to the
development of autoimmunity by disrupting immunological tolerance [1,5]. If the
mechanisms of tolerance fail for various reasons, microorganisms might trigger the
immune response against the host (Fig. 2) [27-29,30,31].

In a recent study, Rinaldi et al. [32] discovered that autoantibodies targeting the cell
wall mannan of the yeast Saccharomyce cerevisiae (phosphopeptidomannan), which is a
common microorganism that lives in harmony with the human body, were found in various
autoimmune diseases with varying susceptibilities (such as rheumatoid arthritis, systemic
lupus erythematosus, and anti-phospholipid syndrome). Anti-S. cerevisiae antibodies
(ASCAS) are a serological marker that particularly indicates the presence of Crohn's disease
(CD). They may be detected before the beginning of CD in 32% of patients. Furthermore,
S. cerevisiae is used as an adjuvant in vaccines, which has prompted scientists to consider
the potential danger of aberrant immune activation that might be linked to the development
of an autoimmune/inflammatory syndrome induced by adjuvants (ASIA) [32,33].

Inflammatory bowel illnesses (IBD), such as Crohn's disease (CD) and ulcerative
colitis (UC), provide as an illustration of how changes in the gut microbiota may lead to
the development of disease. Multiple studies have shown that both Crohn's disease (CD)
and ulcerative colitis (UC) are linked to a decrease in the diversity of the normal bacteria
in the body and constant changes towards an unhealthy condition of the microbiota. Both
Crohn's disease (CD) and ulcerative colitis (UC) exhibit a similar pattern to what is seen in
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acute mucosal infections. This pattern involves the proliferation of certain phyla of bacteria,
namely the proteobacteria phylum, with a particular focus on the Enterobacteriaceae family
and Fusobacteriaceae [34-36]. Furthermore, persons with Crohn's disease are more likely
to have higher prevalence of adherent-invasive E. coli, Yersinia, and Clostridium difficile
compared to healthy individuals. In some animal models, these bacteria have been shown
to play a significant role in the development of inflammatory bowel disease (IBD) [37-39].

Neuroscience research provides evidence indicating that the microbiome plays a
crucial role in the development and maturity of the central nervous system, as well as in
behavioral and cognitive functioning. The communication between the central nervous
system and the gut is two-way, and it is known as the 'gut microbiota-brain axis'. The
gastrointestinal system may communicate with the central nervous system via many routes,
including commensal metabolism involving substances such short-chain fatty acids
(SCAFs), 5-hydroxytryptamine (5-HT), and gamma-aminobutyric acid (GABA) [40,41].
Multiple sclerosis (MS) is an autoimmune disorder where immune cells (namely CD4 and
CD8 T cells, B cells, and activated monocytes) invade the central nervous system, causing
damage to the protective covering of nerve cells (demyelination) and resulting in various
health issues [42].

Patients with multiple sclerosis (MS) show a reduction in the proportion of various
Bacteroides species (namely B. stercoris, B. coprocola, B. coprophilus), Faecalibacterium,
and SCAFs-producing bacteria. Additionally, there is an increase in Methanobrevibacter,
Enterobacteriaceae, and Akkermansia in MS patients [43]. In contrast, the administration
of disease-modifying medicines leads to a rise in Prevotella levels as compared to untreated
individuals [44]. Moreover, the presence of C. perfringens type B in the intestines is linked
to the recurrence of multiple sclerosis. The toxins generated by C. perfringens have the
ability to cause microvascular problems, which may result in damage to neurons and
oligodendrocytes [43-45]. Dysbiosis is believed by several studies to have a role in the
development of type 1 diabetes mellitus (TLDM). A fascinating Chinese research found
that the fecal samples of children with T1DM had a decreased number of bacteria compared
to healthy controls. Specifically, the bacterium Intestinimonas, which is a recently
discovered Gram-positive and anaerobic bacteria that produces butyrate, was shown to be
particularly reduced. These individuals had a higher presence of Blautia compared to
others, as shown by a study [46].

Microorganisms can trigger the immune response against the host when the
mechanisms of tolerance fail in various ways. One such way is epitope spreading, which
involves the development of autoimmune responses to internal epitopes after the release of
self-antigens during an inflammatory response. This release is caused by a modification in
protein structure, specifically the substitution of an arginine amino acid residue with
citrulline. This can lead to an immune response targeting not only the original protein or its
citrullinated form, but also other citrullinated proteins [27]. Molecular mimicry is a process
in which infections can trigger autoimmunity by sharing sequence or structural similarities
with self-antigens.

4, Conclusion

Immune responses may target peptides that have similar charge distribution and overall
structure [28]. (iii) Bystander activation happens when microbial infection triggers Toll-
like receptors (TLRs) and other pattern recognition receptors on antigen-presenting cells
(APCs), causing the release of proinflammatory substances that can damage tissues [29];
and (iv) persistent infection with a virus, like EBV or HCV, can cause continuous activation
and growth of T cells, leading to the production of monoclonal and polyclonal antibodies
as well as immune complexes, which can result in loss of tolerance [30,31].
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