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Gut microbiota consists a majority of bacteriodetes, firmicutes, actinobacteria, proteobacteria, fusobacteria,
verrucomicrobiota which has evolved a long way alongside humans where it helps in digestion and even other
complex functions which include development of gut lymphoid tissue, vitamin synthesis, polarization of specific
immune responses, prevention of colonization by pathobionts. Innate and adaptive immunity has been set in the
body in contrast to gut microbiota involving helper T cells and cytotoxic cells along with immunoglobulins.
Hence immunomodulatory action of gut microbiota is already been studied and explained along with mast cell
degranulation. A few factors like age, diet, antibiotics, and others shape normal gut flora into dysbiosis possibly
through translocation of microbes, molecular mimicry, and altered metabolite production bringing unfavoured
immunological actions like imbalance in helper T cells and improper gut permeability in the body causing,
autoimmunity. Changes in microbes from phylum like bacteriodetes, firmicutes, actinobacteria, and proteo-
bacteria bring the changes that lead to various autoimmune diseases like multiple sclerosis, type 1 diabetes
mellitus, rheumatoid arthritis etc. This review explains the possible mechanisms along with causes leading to

autoimmunity.

1. Introduction

A failure in immunologic tolerance that triggers an immune response
to self-molecules is the cause of autoimmune diseases (Davidson and
Diamond, 2001). The majority of the time, it is unknown what triggers
the immune system’s reaction to self-molecules, however, several
studies have shown links to hereditary, environmental, specific infection
types, and gut microbiota (Alzabin and Venables, 2012). The gut
microbiota, a diverse and dynamic collection of microorganisms found
in the human gastrointestinal (GI) tract (Sekirov et al., 2010). But it’s
still unclear how the gut microbiota affects or causes systemic immunity
in autoimmune disorders. Aryl hydrocarbon receptor is a
ligand-activated transcription factor that influences host metabolism
and immune system formation, making it a master regulator of
host-microbiota interactions (Xu et al., 2019). Microbe phyla like Bac-
teroidetes, Firmicutes, Actinobacteria, Proteobacteria, Fusobacteria and
Verrucomicrobia constitute more than 90% of the gut microbes (Aru-
mugam et al., 2011; Rinninella et al., 2019) More than 200 distinct
genera, including Lactobacillus, Bacillus, Clostridium, Enterococcus, and
Ruminicoccus, make up the Firmicutes phylum which are gram-positive in

nature. To keep the gut healthy, there must be a complicated interplay
between the microbiota and the host immune system.

Functions of these gut microbiota include development of gut asso-
ciated lymphoid tissue, vitamin synthesis, digestion and fermentation of
carbohydrates, polarization of specific immune responses, prevention of
colonization by pathobionts (Allin et al., 2015; de Oliveira et al., 2017;
Littman and Pamer, 2011; Renz et al., 2012). The annual increases in the
incidence and prevalence of autoimmune illnesses globally are esti-
mated to be 19.1% and 12.5%, respectively (Lerner et al., 2015). The gut
microbiota, however, may be the cause of or contribute to the devel-
opment of infectious illnesses and autoimmune disorders when this
mutualistic connection is harmed by changes in bacterial activity and
diversity, a condition known as dysbiosis (de Oliveira et al., 2017;
Honda and Littman, 2012). Numerous variables, including infections,
nutrition, exercise, sleep habits, antibiotic exposure, and a number of
co-morbidities, might contribute to the instability of the gut microbiota.
A general term for the imbalance of the gut microbiota linked to unfa-
vorable outcomes is gut dysbiosis (Hooks and O’Malley, 2017; Martinez
et al., 2021).

In order to find future viable strategies based on the gut microbiota

* Correspondence to: Department of Natural Therapeutics, S.D.M College of Naturopathy and Yogic Sciences, Ujire, Belthangady (D.K.) Karnataka 574240, India.

E-mail address: nanjeshgowadhl@gmail.com (N. H L).

https://doi.org/10.1016/j.bbii.2024.100046

Received 18 September 2023; Received in revised form 2 January 2024; Accepted 11 January 2024

Available online 15 January 2024

2949-8341/© 2024 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:nanjeshgowadhl@gmail.com
www.sciencedirect.com/science/journal/29498341
https://www.editorialmanager.com/bbii
https://doi.org/10.1016/j.bbii.2024.100046
https://doi.org/10.1016/j.bbii.2024.100046
https://doi.org/10.1016/j.bbii.2024.100046
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbii.2024.100046&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Sai et al.

for avoiding autoimmune illnesses, we here present probable mecha-
nism connecting dysbiosis of the gut microbiota with autoimmune
pathways implicated in disease development.

2. Methods

Data were obtained from articles published in English belonging to
journals indexed in PubMed from inception to January 2023. Included
search terms were related to Gut microbiome, Gut dysbiosis, immune
dysregulation, Autoimmune diseases.

3. Interaction between gut microbiota and immune system

Gut microbiota has been coevolving and coexisting with human
beings since their birth. These gut microbiotas coexist with the human
body and play a role in immunity. despite of powerful immunity system
in the body (lacob et al., 2018). Important roles in inflammatory
signaling are played by gut microbial metabolites, which interact with
host immune cells both directly and indirectly (Kau et al., 2011). In a
state of optimal function and regularity, the immune system and gut
microbiota collaborate to integrate the innate and adaptive arms of
immunity in a dialogue that determines, modifies, and ends responses in
the most suitable way (Belkaid and Hand, 2014).

3.1. Innate immunity enhanced by microbiota

The intestinal tract is where innate immunity, which recognizes
microorganisms at the earliest stage, is most developed. There, a range
of immune and epithelial cells encode receptor molecules for ligands of
microbial origin, including flagellin, muramic acid, peptidoglycan,
capsular polysaccharides (PSA) and lipopolysaccharides (LPS), unme-
thylated CpG motifs typical of bacterial DNA, and peptidoglycan (Platt
and Mowat, 2008). There are several immune cells along which has role
on the homeostasis of innate immunity by the influence of gut micro-
biome as follows.

3.1.1. The intestinal antigen presenting cells (APCs)

has been coevolving with the gut microbiota since the starting and
hence few adjustments are made for the gut microbiota like Inflamma-
tion anergy, which refers to the noninflammatory profile of intestinal
macrophages when they meet microbial stimuli in homeostatic settings,
are critical for initiating, maintaining and shaping T-cell mediated im-
mune responses comprises of dendritic cells (DCs) and macrophages. DC
are unique in their ability to drive primary T-cell responses (Steinman,
2012), also it is a distinctive phenotype that gut macrophages develop as
a result of their intimate contact to the intestinal microbiota (Platt and
Mowat, 2008). In healthy individual gut because of thick mucosa
immunotolerance is maintained, Similarly when exposed to microbial
stimuli like Toll-like receptor (TLR) ligands, a group of molecular pat-
terns linked with microbes, intestinal macrophages do not create
pro-inflammatory cytokines (Smythies et al., 2010). While in a steady
state, the gut microbiota suppresses inflammation and autoimmune by
limiting the amount of bacteria that are transported to the mesenteric
lymph nodes (MLN) by mononuclear phagocytes (Diehl et al., 2013).

When compared to splenic dendritic cells (DCs) stimulated under the
same circumstances, maintain immune tolerance in the gut by genera-
tion of tolerogenic T-cell responses (Chirdo et al., 2005). (DCs) of Pey-
er’s patches (lymphoid nodules implanted in the gut wall) produce
higher quantities of interleukin-10 (IL-10)(Iwasaki and Kelsall, 1999). In
GF(germ free) animals, there were fewer intestinal but not systemic DCs,
and monocolonizing GF animals with Escherichia coli was sufficient to
draw DCs into the intestines (Williams et al., 2006). The microbiome
plays a critical role in gut development since TLR activation was suffi-
cient to teach extraintestinal DC gut-homing imprinting ability. Internal
homeostasis and DC function, Such changes in bacterial populations are
probably going to have an impact on gut DC function related to
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immunity and tolerance (Mann and Li, 2014).

3.1.2. Innate lymphoid cells (ILCs)

ILCs are produced from central immune organ bone marrow’s com-
mon lymphoid progenitors (CLPs) (Montaldo et al., 2015). Researchers
have found that the number of ILC1s in the fetal intestinal is extremely
low (Bernink et al., 2013, p. 1), suggesting that commensal bacteria are
necessary for the formation of ILC1s. In addition, the flexibility of ILC3s
to ILCls transition was hindered in the absence of symbionts (Gur-
y-BenAri et al., 2016). Studies have demonstrated that the microbiota
controls the activity of ILC2s in the gut by encouraging the production of
IL-25, which strengthens the intestinal barrier that ILC2s mediate (von
Moltke et al., 2016).

3.1.3. Neutrophils

are another important part of the innate immunity, are terminally
differentiated cells produced in the bone marrow (Y. P. Zhu et al., 2018)
and influence of gut microbes on the same has been demonstrated by
Ohkubo T et al.l in GF animals where the neutrophils were less in
number along with impaired superoxide anion, nitric oxide generation
and decreased phagocytic function(Ohkubo et al., 1999). Targeting the
hematopoiesis-promoting niche in the bone marrow, the microbiota also
controls the generation of neutrophils (D. Zhang and Frenette, 2019).
Which senses microbiota-derived signals with their own pattern recog-
nition receptors, including most TLRs (except for TLR3), NODs, and
inflammasome (Hayashi et al., 2003). A study found that the cytosolic
receptor-nucleotide oligomerization domain 1 (NOD1) recognized
peptidoglycan from the gut microbiota and improved the bone marrow
neutrophils’ capacity to kill (Clarke et al., 2010).

3.1.4. Intestinal mast cells

functions many regulatory mechanisms like blood flow control and
coagulation, smooth muscle peristalsis and permeability for electrolyte
exchange by intestinal epithelial cells(IEC’s) (Bischoff, 2009). It is hy-
pothesized that commensals facilitate mast cell migration into the in-
testine by inducing CXCR2 ligands from IECs in a TLR-dependent way
(Kunii et al., 2011). Also, GF mice were found to have lower intestinal
mast cell densities and higher systemic mast cell percentages. Numerous
investigations have shown that peptidoglycan and lipopolysaccharide
(LPS), which are produced by bacteria, activate macrophage C (MC)
through TLR2 and TLR4, respectively (Abraham and St John, 2010).
TLR4 triggers the release of cytokines without degranulation, whereas
TLR2 mediates the response by first causing degranulation and then
cytokine release (Supajatura et al., 2002).

3.1.5. Natural killer cells

were acknowledged that the sole cytotoxic population of ILCs. Their
capacity to discriminate between "non-self' and "self' through the
signaling pathway system, which is made up of activating and inhibitory
receptors, makes them special (Lang et al., 2012). Consequently,
Lactobacillus plantarum has the ability to effectively raise the expres-
sion of IL22 and members of the natural cytotoxicity receptor (NCR)
family in natural killer (NK) cells(Y. Qiu et al., 2017). In vitro, entero-
toxigenic Escherichia coli (ETEC)-induced damage to the intestinal
epithelium barrier was prevented in NCM460 cells by the transfer of PB
NK cells triggered by Lamina propria (Lp). The decrease in trans-
epithelial electrical resistance (TEER) of NCM460 cell monolayers
brought on by ETEC may be somewhat countered by PB NK cells induced
by Lp. Additionally, the addition of Lp-stimulated NK cells to
ETEC-infected NCM460 cells resulted in an increase in the expression of
p-Stat3, p-Tyk2, and IL22R1, which are known to be important factors in
the function of the intestinal epithelial barrier along with ZO-1, clau-
din-1, and occluding (Suzuki, 2013).
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3.2. Adaptive immunity and microbiota

Adaptive immunity involves specialized immune cells and antibodies
that help in maintaining proper health. Two main components of
adaptive immunity are B cells (antibody mediated) and T cells (cell
mediated).

3.2.1. T cells

of intestine are broadly classified into helper T cells (CD4 +), cyto-
toxic T cells (CD8 +) and Regulatory T cells (Treg). Intestinal regulatory
T (Treg)/effector T (Teff) cell differentiation is induced by the micro-
biome. Through different mechanisms, commensal bacteria like Clos-
tridium cluster IV, XIVa and XVIII, Bacteroides fragilis, and altered
Schaedler flora (ASF) encourage the differentiation and expansion of
Treg cells in the gut. Conversely, intestinal Th17 cells are stimulated by
microbially derived ATP and epithelium-adhering bacteria like
segmented filamentous bacteria (SFB). Listeria monocytogenes and
Toxoplasma gondii are examples of intracellular infections that can
stimulate antigen-specific Th1 cell development. Microbiota antigens
are obtained by (1) goblet cell-associated antigen passages (GAP), (2)
transcytosis via microfold cells (M cell), or (3) transepithelial dendritic
cells (DC) dendritic cells. T-cell differentiation is subsequently induced
in the mesenteric lymph nodes or de novo in the lamina propria. Both
Treg and Teff cells are malleable and can, in some circumstances,
differentiate into other T-cell subsets as well as each other (Q. Zhao and
Elson, 2018).

3.2.2. CD4 + cells

of intestine are mostly present in the lamina propria of the intestine.
Naive CD4 + T cells upon specific stimulation, differentiate into Th1(T
helper 1), Th2(T helper 2), Th17(T helper 17), regulatory T cell (Treg),
follicular T helper (Tfh) (X. Zhu and Zhu, 2020). After differentiation
each of the helper cells have specific functions and some of them are
being mediated by some of the bacteria and their metabolites like SCFA.
Th1 cells are said to protect against intracellular microbes hyperfunction
and B. Fragilis helps in systemic development of Th1 response through
polysaccharide A (PSA). Th2 cells function against the intestinal para-
sites and its over response causes allergy. Th17 cells work on promoting
and attenuating inflammation, hence control of infection and segmented
filamentous bacteria are potent inducers of these cells. Imbalance be-
tween Thl and Th1l7 occurs upon altered SCFA production causing
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autoimmunity. Immunotolerance is achieved through Treg cells by
regulation of immune responses and clostridium species is said to induce
effect on Treg whose irregulation may lead to autoimmunity as shown in
Fig. 1.

3.23. CD8+T

(intestinal) cells are usually present in the intraepithelial compart-
ment of the intestine. There are studies showing decreased number and
cytotoxicity of these cells in germ free mice which indicates that the gut
microbiota has its upper hand over these cells. CD8 + T cells are
conditioned by the gut microbiota to influence other peripheral immune
cells such marginal zone B cells, plasmacytoid DCs, and invariant nat-
ural killer T cells (Qin et al.,, 2023; Shimizu et al., 2013). The
microbiota-derived short-chain fatty acid (SCFA) butyrate promoted
cellular metabolism, enhanced memory potential of activated CD8 + T
cells, and SCFAs were required for optimal recall responses upon antigen
re-encounter also reveal a role for the microbiota in promoting CD8 + T
cell long-term survival as memory cells and suggest that microbial me-
tabolites guide the metabolic rewiring of activated CD8 +T cells to
enable this transition (Bachem et al., 2019).

The IgA secreting B cells of intestine are usually found in the Peyer’s
patches in the mucous membrane of the small intestine. Toll-like re-
ceptor (TLR) and B cell receptor (BCR) signaling coordinate the mucosal
B-cell reaction. B cells can function as antigen-presenting cells (APC)
and can generate a significant number of cytokines in addition to
generating antibodies. Bregs, or regulatory B cells, which produce IL-10,
have the ability to reduce autoimmune inflammation (Mu et al., 2020).
B-cell activation and response in the gut shape the gut microbiota
through IgA secretion. When naive B cells reach the mature state, they
can activate and differentiate toward plasma cells (PC) through two
pathways in the gut. B cells can encounter antigens in extrafollicular
areas within the lamina propria, a process that induces their trans-
formation into IgM-secreting PC, Alternatively, B cells can enter the
follicular areas located in the Peyer’s patches, where they closely
interact with previously primed CD4 + T cells (Botia-Sanchez et al.,
2021).

3.3. Factors influencing on gut

Numerous studies have demonstrated that the structure and function
of the gut microbiota vary greatly across people and are influenced by

segmented filamentous bacteria

intracellular microbes against

parasites

B. fragilis Clostridium
A 4
A 4 A 4 A4
Thi Th2 Th17 Tth Treg
Protection against Protection Control of infection Induction of Regulation of immune

affinity responses

matured IgA

Fig. 1. : Influence of gut microbiota in intestinal CD4 T cells: (1) B fragilis helps in development of T helper 1 (Th1) cell response which is said to have protection
against intracellular microbes. (2) Segmented filamentous bacteria are potent inducers of following cells, a) T helper 2 (Th2) cells function against the intestinal
parasites and facilitate tissue repair through release of cytokines, b) Th17 controls infection through its action on inflammation through release of cytokines
especially interleukin-17 (IL-17). c) Follicular T helper (Tfh) acts on affinity maturation of IgA and help B cells to produce antibodies. (3) Regulatory T cells or Treg
cells helps in achieving immunotolerance by regulating immune responses and Clostridum species is one among acting on these.
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both intrinsic and dietary variables (He et al., 2018; Moran-Ramos et al.,
2020). Age-specific variances may also hold the key to understanding
the effects of the human gut microbiome on health (Greenhalgh et al.,
2016). A few addition to age-related changes in the GIT microbiota of
healthy persons, additional elements such as environment, social
context, gender, host genetics, food, and antibiotic use may also have a
significant impact on the GIT microbiome’s composition (Dethlefsen
et al., 2008). Few of the important factors are discussed below.

3.3.1. Age

Chronic, low-grade, systemic inflammation is one of the hallmarks of
ageing. It is unknown why levels of cytokines in the tissues and circu-
lation rise with age, despite the fact that age-associated inflammation
affects the ageing process (Franceschi et al., 2000) by Netusha Thevar-
anjan et al.l (Thevaranjan et al., 2017) concludes that microbial dys-
biosis develops with age, even in minimal microbiota, and that these
changes are sufficient to promote age-associated inflammation. How-
ever, they were not yet been able to determine whether this is because
specific species are enriched, microbe-microbe interactions change, the
ageing microbiota’s functional capacity changes (such as changes in the
production of SCFA), or the microbiota has lost its ability to compart-
mentalize (Li et al., 2016).

3.3.2. Diet

Chenhong Zhang et al. evaluated the relative roles of host genetics
and diet in forming the gut microbiota and regulating metabolic syn-
drome symptoms in mice showed that the composition of the gut
microbiota closely corresponds with diet. Numerous significant gut
population alterations, including the absence of Bifidobacteria spp.,
which defend the gut barrier, occurred in mice fed a diet high in fat.
Overall, dietary modifications may account for 57% of the structural
variation in gut microbiota, while genetic changes could only account
for 12% (C. Zhang et al., 2009). This suggests that diet strongly in-
fluences how the gut microbiota develops, and that altering certain
critical populations may turn healthy gut microbiota into a
disease-causing entity. The "Western" diet, which is heavy in fat and
sugar, disrupts the balance of the host’s gut microbiome and immune
system (Sekirov et al., 2010). In a humanized mouse model, GF mice
were given adult human fecal microbiota as a transplant. The microbiota
composition of the mice changed when they were switched from a
low-fat, high-plant polysaccharide diet to a "Western" diet, resulting in
an overgrowth of Firmicutes such as Clostridium innocuum, Eubacterium
dolichum, Catenibacterium mitsuokai, and Enterococcus spp., as well as a
significant decrease in several Bacteroides spp. (Turnbaugh et al., 2009)
In mice, calorie-restricted diets prevent the growth of Clostridium coc-
coides, Lactobacillus spp., and Bifidobacteria spp., all of which are
important butyrate producers necessary for colon homeostasis.
Carbohydrate-reduced diets also result in enriched populations of bac-
teria from the Bacteroidetes phyla (Santacruz et al., 2009; Walker et al.,
2010). Although it has not been shown in humans, it has been hypoth-
esized that a mother’s diet may affect her unborn child’s microbiota like
the influence of diet on the human colonic microbiota as shown in

Table 1
Diet responsive groups of bacteria in human colonic microbiota.
Diet Bacteria Altered Effect on Reference
Bacteria
High fat Bifidobacteria spp. Decreased (Walker et al.,
(absent) 2010)
High-fat and Clostridium innocuum, Increased (Walker et al.,

high-sugar Catenibacterium mitsuokai and 2010)
Enterococcus spp.
Bacteroides spp. Decreased (Walker et al.,
2010)
Carbohydrate- Bacteroidetes Increased (Santacruz
reduced et al., 2009)
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Table 1.

3.3.3. Gut microbiota metabolite - short-chain fatty acids (SCFAs)

one of the gut microbiota-derived metabolites that has received the
most attention, are produced from undigested carbohydrates by the
phyla Bacteroidetes and Firmicutes (Yang et al., 2022). SCFAs sensi-
tively control Th17 polarization in a context-dependent manner while
inducing Thl cells and suppressing Th2 differentiation (Park et al.,
2015). Additionally, SCFAs stimulate the synthesis of IL-10 and IL-22 by
effector T cells, which are important immune response mediators (Sun
et al., 2018; Yang et al., 2022). The regulation of specific cd4 +T cell
subtypes caused by the gut microbiota can result in either a detrimental
or favorable effect when the nature of the gut microbiota changes. A
SCFA highly produced by Bifidobacteria, also regulates intestinal
inflammation by stimulation of G protein-coupled receptors-43 (GPR43)
(Lukasova et al., 2011). Additionally, NOD-like receptors (NLRs) such
leucine-rich repeat (LRR) and pyrin domain-containing protein 3
(NLRP3) are attenuated by SCFA-mediated GPR43 signalling, which
lowers inflammasome activity and the IL-18 production that follows
(Nowarski et al., 2015).

3.3.4. Antibiotics

Antibiotics have without a doubt proven to be incredibly effective
against a variety of bacterial species (Neuman et al., 2018) but the
composition of the microbiota and its possible metabolic functions are
altered by macrolides, according to a study of 142 Finnish children aged
2 to 7, compared to children not receiving antibiotics, usage of macro-
lides increased the abundance of members of the Bacteroidetes and
Proteobacteria phyla (including Enterobacteriaceae) and decreased the
abundance of Actinobacteria, including the species Bifidobacteria
(Korpela et al., 2016). Even though there’s not much study on adults,
Dethlefsen et al., demonstrated that exposure to two courses of cipro-
floxacin quickly affected the gut flora in a 10-month prospective
experimental trial of three human volunteers. After 10 months, the
microbiota’s makeup stabilized, but in a different manner (Dethlefsen
and Relman, 2011).

3.3.5. Others

Other factors include host genetics, genetics, and environmental
factors like climate and pollution. Studies on the same are very few but
there’s positive outlook towards its negative effects on gut microbiota by
the scientific and medical community. Type I diabetes (T1D), an auto-
immune illness occurring with a male to female ratio of 3:2 in pop-
ulations of European origin aged 15 to 40 years, is associated with the
sex-biased nature of diseases, despite the fact that relatively few
research has identified this connection (Gale and Gillespie, 2001). Few
of other factors will be explained in the possible mechanisms of
dysbiosis.

3.4. Possible mechanisms of factors influencing on gut dysbiosis leading to
autoimmunity

3.4.1. Translocation of gut microbiota

“Everything has its own place and function,” just like the well said
proverb the gut microbiota has its own place and function. Due to above
mentioned factors, there are chances that the gut microbes translocate
themselves from its innate position causing further immune responses.
Earlier evidence for the same have been given by Elizabeth Ogunrinde
et al.l in her research where they found high levels of plasma lipo-
polysaccharide in first degree relatives of systemic lupus erythematosus
patients which was the proof for bacterial translocation (Ogunrinde
etal., 2019). Bacterial symbionts and MAMPs can enter the liver through
the portal vein following translocation from the gut, It is possible to find
live, metabolically active bacteria in the lung, ovary, breast, and
mesenteric lymph nodes (MLNs) of healthy people (Sedman et al.,
1994). Patients with chronic liver diseases, such as cirrhosis, alcoholic
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liver disease (ALD), and non-alcoholic fatty liver disease (NAFLD),
which are linked to increased intestinal permeability, have higher
translocation of bacterial symbionts and their constituents, such as LPS
(Miele et al., 2013).

3.4.2. Bacterial metabolites induced activation of immune system

Speaking of bacterial metabolites, SCFA will be the first one of
choice. SCFAs function as anti-inflammatory through mediating IL 10
and Tregs, in its absence or altered levels causes unwanted immune
responses (Gill et al., 2018). Evidence for the same has been given in
case of inflammatory bowel disease (IBD) where the altered levels of
SCFA production was directly linked to altered gut microbiota compo-
sition (increase in proteobacteria and reduction in firmicutes and Bac-
teroidetes ratio (Xu et al., 2019). Indole-3 Lactic Acid (ILA) which is said
to reduce Th17 differentiation was significantly depleted in high dietary
salt intake as a result of lactobacillus depletion promoting Th17 causing
impactful symptoms in humans and mouse (Wilck et al., 2017). Lacto-
bacillus catabolites like indoles are ligands for some if the aryl hydro-
carbon receptors which has immunomodulatory function surrounding
cytokines (Wang et al., 2019). Altered levels Secondary bile acids are
also among the bacterial metabolite causing the unwanted immune
responses.

3.5. Molecular mimicry and trigger of autoimmunity

Molecular mimicry causes due to similarities between self-antigens
and bacterial antigens, cross activation of immunomodulatory cells to

Stress Alcohol

Brain Behavior and Immunity Integrative 5 (2024) 100046

attack self-antigens. However, the role of host genetics in the detection
of HLA-DR related antigens is crucial for molecular mimicry to trigger an
autoimmune response (Z. Zhao et al., 2019).once molecular mimicry
load an autoimmune response, attacks can be done on any of the sites in
the human body involving both innate and adaptive immunity including
Th-1, Th17, ILCs, NKT, T-Reg, and B-lymphocytes.

Example Prevotella copri has been hypothesized to imitate synovial
membrane self-antigens by presenting antigens in RA, which encourage
auto-reactive T cells to cause autoimmunity. It has been demonstrated
that two prominent RA autoantigens, filamin A and N-acetylglucos-
amine-6-sulfatase, are identical to Prevotella generated epitopes (T.
Zhao et al., 2022)..

4. Above mentioned factors all together results in autoimmunity
4.1. Autoimmune disorders and gut microbiota

Even though autoimmune disorders are a wide category we will be
discussing a few here with the altered gut microbiota leading to auto-
immune diseases as list in Table 2.

Type 1 diabetes (T1D) is a long-term autoimmune inflammatory
condition that damages the pancreatic beta cells that produce insulin,
which reduces the amount of insulin produced (Notkins and Lernmark,
2001, p. 1). Ninety percent of beta cells must be destroyed before clinical
symptoms appear (Islam et al., 2014). T1D is very important because of
the early start of the disease and its chronic nature. Human and animal
studies in the past have demonstrated the importance of genetic

Obstructive jaundice

A 4

Impaired mucosal permeability

h 4

Translocation of microbes

AUTOIMMUNITY

Altered bacterial

metabolite production

4

Vit B6, D, B12 deficiencies

Excess dietary salt intake

Molecul . Dietary
ar mimi
olecu cry e
Viral Stress
infections

Fig. 2. : Probable mechanism of gut dysbiosis: Stress, alcohol, obstructive jaundice acts on mucosal permeability and causes in its impairment which in turn
results in translocation of microbes from its innate position to out. Improper dietary pattern, stress, viral infections produce an unwanted molecular mimicry to occur
which results in attacking of body cells by immune system itself. Dietary pattern resulting in deficiencies of B6, D, B12 and excess intake of salt results in altered

bacterial production especially short chain fatty acids.
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Table 2

List of gut microbiota responsible for autoimmune diseases.
Autoimmune Gut microbiome Reference
diseases

Rheumatoid arthritis Increased Prevotella copri and
Lactobacillus levels

Decreased Bacteriodetes, Bifidobacteria
levels

Reduced microbial diversity (Lee and Chang,
Reduced abundance of firmicutes 2021)

Increase in proteobacteria

higher abundance of Akkermansiaand ~ (Mirza et al.,
Methanobrevibacter 2020)

lower abundance of Prevotella,

(T.Zhao et al.,
2022b)

Inflammatory bowel
disease

Multiple sclerosis

Bacteroides
Type 1 diabetes Reduced microbial diversity (Zheng et al.,
mellitus Increase in Bacteriodetes 2018)

Reduced bifidobacteria

Reduced Firmicutes/ Bacteroidetes (L.Zhang et al.,
Increased proteobacteria 2021)
Increased Ruminococcus

Systemic lupus
erythematosus

variables such as human leukocyte antigen (HLA) DQ and DRB in the
aetiology of illness; however, more recent research suggests that envi-
ronmental factors such gut colonising bacteria play a major role as well
(Alkanani et al., 2015). Individuals with preclinical T1D have gut
microbiotas that are dominated at the phylum level by Bacteroidetes,
with few butyrate-producing bacteria, low community stability, and
decreased bacterial and functional diversity. Nevertheless, these modi-
fications appear to occur after to the development of autoantibodies
predictive of type 1 diabetes, indicating that the gut microbiota may
play a role in the development of clinical illness rather than in the first
stages of p-cell autoimmunity (Knip and Siljander, 2016).

IBD is characterised by continuous colonic LP inflammation, which is
caused by an overreaction to bacterial antigens, enhanced DC, and
macrophage activation through TLRs (Tatiya-aphiradee et al., 2019),
with excessive cytokine production and persistent inflammation, which
are mostly seen in Crohn’s disease and ulcerative colitis (Baumgart and
Carding, 2007). The necrotic intestinal mucosal cells activate macro-
phages to produce IL-6 and TGF-p through STAT3 and RORyt, which
induce the differentiation of Th17 cells. IL-6 and low levels of TGF-f can
stimulate T cells to differentiate into Th 17. High-levels of TGF-§ can
inhibit the production of Th 17 cells and promote the production of Treg
cells. SFB can induce Th17 cells to secrete IL-17 and IL-22 and promote
intestinal inflammation. The Clostridium spp. resulted in the production
of Tregs. B. fragilis induced Tregs by the IBD-related genes Atg16L1 and
NOD2. B. thetaiotaomicron recapitulate the effects of gut microbiota and
induce Tregs to influence the immune system in IBD. Klebsiella pneu-
moniae improve the induction of Thl cell to induce the occurrence of
inflammation (P. Qiu et al., 2022).

Rheumatoid arthritis (RA) is a long-term autoimmune inflammatory
disease that is typified by the generation of autoantibodies and the
destruction of bone in many joints (Harris, 1990). It has been shown by
recent research that more than 100 genetic susceptibility loci are
implicated in RA (Okada et al., 2014). It is unclear, therefore, exactly
what environmental elements influence the onset of RA.
Anti-citrullinated protein antibody (ACPA) immunoglobulin A (IgA) has
been demonstrated to be detectable prior to the start of arthritis (Nielen
et al., 2004). RA may have its origins at mucosal locations, including the
gut and mouth cavity. The onset of RA may be correlated with Por-
phyromonas gingivalis, a prominent pathogenic bacteria of periodontal
disorders (Lappin et al., 2013). Variations in the gut microbiota’s
makeup during the course of RA. In the active RA phase, the abundance
of Lactobacillus salivarius, Collinsella, and Akkermansia is increased,
while that of Haemophilus spp. is decreased. At an early stage, the levels
of Prevotella copri and Lactobacillus are increased, while those of Bac-
teroidetes, Bifidobacteria, and Eubacterium rectale are decreased. Which
leads to activation of B cell and T cell with results in imbalance between
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T cells and Th17 leads to activation B cells which progress with the
production of autoantibodies (anti-citrullinated protein antibody and
rheumatoid factor) (T. Zhao et al., 2022a).

Multiple sclerosis (MS) is a chronic immune-mediated disease of the
brain and spinal cord, resulting in physical and cognitive impairment in
young adults (Reich et al., 2018). Axonal damage and demyelination,
which are the histopathological hallmarks of multiple sclerosis, are
believed to result from an immune-mediated onslaught involving B cells,
macrophages, CD4 + T cells, and cytotoxic CD8 + T cells on myelinated
axons and the myelin sheath (Baecher-Allan et al., 2018). It is hypoth-
esised that the pathophysiology of neurological disorders involves the
gut microbiome (Cryan et al., 2020) and It’s been proposed that changes
to the gut microbiota might be an additional disease mechanism in
multiple sclerosis since these disruptions could cause the immune sys-
tem to become activated for pro-inflammatory purposes (Kadowaki and
Quintana, 2020). MS and gut microbiota study shows lower presence of
the genera Bacterioides, Parabacteroides, Prevotella, and Lactobacillus;
on the other hand, there is a higher abundance of Akkermansia, Rumino-
coccus, Blautia, and Bifidobacterium. Endotoxemia and neuro-
inflammation are also giving waves of altered SCFA production (Altieri
et al., 2023). The phyla and genera changes are truly significant in all
the above-mentioned conditions and hence treatment perspective
should focus on balancing the gut microbiota along with the symp-
tomatic treatment.

Chronic autoimmune illness known as systemic lupus erythematosus
(SLE) is characterized by the production of autoantibodies and immune
complexes, which can harm many organs, including the kidney, skin,
and central nervous system (Kaul et al., 2016). The intricate patho-
physiology of SLE is conventionally believed to be strongly linked to
both inherited and environmental risk factors (Tsokos, 2020). More and
more data has demonstrated that intestinal infection-related dysbac-
teriosis, which is intimately linked to the onset of SLE, occurs in varying
degrees in both SLE humans and SLE mice (Chen et al., 2021). Potential
mechanisms of gut microbiota dysbiosis in SLE, E. gallinarum has the
ability to cross the intestinal barrier and go into livers, MVs, and MLNs.
In addition, E. gallinarum increased the expression of ERV gp70 in the
liver, which aided in the promotion of systemic autoimmunity. R. gnavus
encapsulates itself to aid in intestine colonisation and expresses a B-cell
superantigen to increase the generation of IgA antibodies. Moreover,
R. gnavus has the ability to synthesize a glucorhamnan inflammatory
polysaccharide that stimulates DCs to release TNF-a via TLR4.
Furthermore, R. gnavus has the ability to impair the function of the in-
testinal barrier, which raises the levels of LPS and calprotectin in sera
and stool samples, respectively. The weakened intestinal barrier then
makes the intestinal commensal R. gnavus antigen visible, which triggers
the molecule’s mimicking to create anti-dsDNA autoantibodies and ag-
gravates lupus nephritis (Pan et al., 2021).

5. Conclusion

Gut microbiota as explained helps in attaining immune homeostasis
in the body. Its further functions are yet another scope for study in this
field. The dysbiosis or its alteration caused various factors starting from
genetics to environment including lifestyle causes various autoimmune
conditions. Changes in the gut microbiota affect both innate and adap-
tive immunity by influencing the neutrophil-activating capacity,
impairing CD4 and CD8 T cells, and affecting B cells, among other im-
mune responses. This presented mechanistic evidence for future bene-
ficial strategies based on the gut microbiota for avoiding autoimmune
illnesses, which links dysbiosis of the gut microbiota with autoimmune
pathways implicated in disease development.
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