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Abstract

Background: The gut barrier comprises physical, chemical, and immunological components that
collaborate to safeguard the gastrointestinal tract. The mucus layer is considered the most important
layer of the gut barrier that plays an important role in maintaining the gut barrier integrity and any
changes in the structure and unity of the mucosal layer lead to impairment of the gut barrier which is
related to hazardous intestinal tract disease. On the other hand, the human gut microbiota and
sometimes gut virome plays a vital role in maintaining gut barrier integrity. Any dysbiosis can disrupt
this balance, affecting the mucus layer's function and the gut barrier.

Method: A thorough search of 169 papers was carried out across databases including PubMed,
Google Scholar, and Web of Science. Out of these, 57 articles published up to 2017 were chosen for
the study. Furthermore, 6 papers from before 2017 were included as there were no recent studies
available. The titles, abstracts, and full texts of these articles were reviewed using the Mendeley
application.

Conclusion: In normal status of body, gut microbiota can maintain the structure and function of the
gut mucus layer through various mechanism while dysbiosis negatively affect the expression,
structure, and function of, disrupting the mucus layer's role as a critical component of the gut barrier.
Limited research has been done on the virome in the gut, and its effects on the gut barrier and mucus
layers are still under investigation.
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Introduction

I he gut microbiota, a community of

bacteria in the human gut, is essential
for maintaining health by supporting digestion,
the immune system, and providing energy to
host cells. On the other hand, the gut barrier is
crucial for gut function and serves as the
primary interface for interactions between the
microbiota and the host (1). Any disruptions in
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gut barrier function can lead to diseases such
as inflammatory bowel diseases and in this
regard, the gut microbiota helps maintain gut
barrier integrity by influencing the production
of gut barrier-associated components. Research
indicates that the gut microbiota can enhance
mucus layer restoration, increase mucus pro-
duction, and impact the glycosylation profiles
of mucins. Additionally, the gut microbiota can
uphold the integrity of the epithelial barrier,
reduce intestinal permeability, and exhibit anti-
inflammatory properties (1). Such that any
imbalances in the gut microbiota are linked to
chronic diseases and increased gut barrier
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permeability. Preserving intestinal barrier func-
tion is crucial for overall health, and the gut
microbiota plays a pivotal role in maintaining
gut barrier integrity by modulating its elements
to support gut homeostasis.

This review focuses on the structure of the gut
barrier, its components, and the gut microbio-
ta's role in maintaining gut barrier integrity (2).
The gut virome consists of viruses in the gas-
trointestinal tract, including bacteriophages,
eukaryotic viruses, and archaeal viruses. It regu-
lates the gut microbiome, bacterial populations,
gene transfer, and immune responses. A balan-
ced virome supports gut health, while disruptions
are linked to diseases like inflammatory bowel
disease, obesity, and infections. Research on
the virome holds potential for novel therapies,
such as using phages to treat bacterial imba-
lances (3).

Gut Barrier Components

Physical Barrier

The gut barrier comprises physical, chemical,
and immunological components that work to-
gether to maintain its integrity. The mucosal
layer acts as the primary barrier where micro-
biota interact and play a crucial role in
preserving gut function (4). It is a physical
barrier protecting underlying layers from
harmful stimuli and facilitating food transfer.
The mucus layer also influences inflammation-
related cell signaling pathways and regulates
processes like proliferation, differentiation, and
apoptosis. Additionally, the presence of chemi-
cal barrier components in the mucous layer
gives it antimicrobial properties. The mucous
layer is primarily composed of proteins, water,
carbohydrates, and lipids, and is distributed
differently in the gastrointestinal tract (5). Any
changes in the mucosal layer can lead to struc-
tural and functional impairments, creating con-
ditions for infections like IBD. The epithelial
layer forms a key physical layer of the gut
barrier, consisting of enterocytes, goblet cells,
enteroendocrine cells, Paneth cells, microfold
cells, and tuft cells (6). Enterocytes play a
crucial role in digestion and immune respon-
ses, while goblet cells produce mucins and
molecules essential for the immune response
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(7). Enteroendocrine cells produce gut hormones
that regulate host metabolism, and alterations
in their function can impact digestion (6).
Paneth cells maintain the stem cell niche and
produce antimicrobial peptides, contributing to
the innate immune system (8). Microfold cells
initiate immune responses by capturing and
transporting antigens, while tuft cells function
as chemosensory cells with neuromodulatory
and immunomodulatory activities (9). The epi-
thelial layer regulates the passage of water,
electrolytes, and nutrients while blocking harm-
ful antigens through paracellular and trans-
epithelial permeability mechanisms. Tight
junction proteins play a crucial role in main-
taining the integrity of the gut barrier, and
dysfunction in these proteins is associated with
diseases like IBD. The vascular barrier, com-
posed of intestinal endothelial cells, regulates
the passage of antigens, gut microbiota, fluids,
and solutes into the blood-stream, maintaining
the barrier's integrity (10).

Chemical barrier

The chemical barrier in the gut consists of bile
acids, secretory Immunoglobulin A (SIgA),
and antimicrobial peptides (AMPs) that help
maintain gut homeostasis. Bile acids, produced
during cholesterol metabolism, are converted
into secondary bile acids by an enzyme called
bile salt hydrolase in the gastrointestinal mic-
robiota. Secondary bile acids play a role in
Killing bacteria by disrupting their membranes
and regulating various receptors and signaling
pathways (11). Intestinal plasma cells produce
and secrete SIgAs into the gut lumen, preven-
ting bacterial attachment to intestinal cells and
countering pathogens. SIgAs also influence the
microbiota composition and reduce mucosal
immunity stimulation (12).

Antimicrobial peptides, produced by Paneth
cells in the gastrointestinal tract, target bacteri-
al cell wall components and help maintain gut
barrier integrity. Generally, dysfunction of an-
timicrobial peptides has been associated with
intestinal bowel disease (13).

Immunological Barrier

More than 70% of immune cells are located in
the gut, where the gut and its immune system
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Fig.1. Different components of Gut barrier

work together to promote overall health. These
cells, including Type-l interferon-producing
plasmacytoid dendritic cells, innate lymphoid
cells, and mucosa-associated invariant T cells,
play a crucial role in maintaining gut health
(14,15).

The Gut-Associated Lymphoid Tissue (GALT)
which is a significant component of the imm-
une system, works in conjunction with the gut
microbiota to protect against foreign substan-
ces, regulate intestinal balance, and preserve
the integrity of the intestinal barrier. When
harmful antigens breach the gut barrier, ina-
ppropriate immune responses can lead to infla-
mmation and disrupt the barrier's integrity,
increasing the risk of gastrointestinal and meta-
bolic diseases (16) (Fig.1).

The Effect of Gut Microbiota on Gut
Barrier Components

The gut microbiota plays a vital role in
regulating gut barrier function by influencing
various components of physical, chemical and
immunological barriers (17). Colonization by
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beneficial microbes and the production of
metabolites (postbiotics) positively impact the
gut mucus layer, the initial barrier against
pathogens. For instance, Escherichia coli
Nissle 1917 (EcN), a probiotic, enhances epi-
thelial barrier integrity by modulating tight
junction protein expression. Its Outer Mem-
brane Vesicles (OMVs) protect against entero-
pathogenic Escherichia coli-induced damage
by increasing transepithelial resistance and pro-
moting tight junction protein expression (18).
Bifidobacterium infantis, another probiotic,
prevents increased epithelial barrier permeabi-
lity and maintains TJ proteins, crucial in disea-
ses like necrotizing enterocolitis (19).
Additionally, Roseburia intestinalis and Bac-
teroides faecis reduce intestinal inflammation
by enhancing epithelial barrier integrity and
tight junction protein expression in various cell
lines (20, 21). Faecalibacterium prausnitzii is
a key indicator of human health and a crucial
member of the gut microbiota. Numerous clini-
cal and animal studies have shown a lower
presence of this bacterium in the fecal samples
of patients and mice compared to control groups.
It exerts protective effects on the epithelial
barrier through its extracellular vesicles and a
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novel protein found in its supernatant (22).

The extracellular vesicles derived from Faeca-
libacterium prausnitzii lead to an increase in
the transcriptional levels of the genes of tight
junctions in the enterocyte-like cells. Microbial
anti-inflammatory molecule (MAM) is a novel
protein found in Faecalibacterium prausnitzii
supernatant and it helps maintain gut barrier
integrity by upregulating the expression of a
gene of tight junctions in Caco2 and HT-29
cells transfected with FLAG-tagged MAM
plasmid (23). Additionally, in db/db mice that
received recombinant His-tagged MAM pro-
tein, MAM also increased ZO-1 expression,
further supporting its role in gut barrier func-
tion modulating immune responses is crucial
for maintaining gut barrier integrity and pre-
venting intestinal inflammation (24).
Modulating immune responses is crucial for
gut barrier function, and certain gut microbiota
and their postbiotics have been shown to
stimulate anti-inflammatory cytokine produc-
tion. Bacteroides fragilis and its outer mem-

)
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brane vesicles have anti-inflammatory proper-
ties (25). It is also reported that F. prausnitzii
and its metabolite butyrate induce anti-inflam-
matory effects by regulating immune responses
(26). The presence of gut microbiota leads to
increased production of chemical barrier com-
ponents such as SIgA and beta-defensin. Stu-
dies on high-fat diet-fed mice and rat models
with intestinal obstruction have shown changes
in the composition and abundance of gut mic-
robiota, as well as reduced levels of SIgA.
Studies have shown that changes in gut micro-
biota composition can impact the levels of
these components (27,28) (Figure 2).

The Effect of Gut Virome on the Gut
Barrier

The gut virome, a key component of the gut
microbiota, consists of a diverse population of
viruses in the gastrointestinal tract, including
bacteriophages, eukaryotic viruses, and archae-
al viruses. Bacteriophages are the predominant
viruses in this ecosystem, regulating bacterial
populations through lytic and lysogenic cycles,
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influencing microbial diversity, and facilitating
horizontal gene transfer, which drives bacterial
adaptation and evolution. Eukaryotic viruses
like norovirus and rotavirus can impact gut
health by infecting host cells directly or interac-
ting indirectly with the microbiota and immune
system. The gut virome plays a crucial role in
maintaining gut homeostasis, supporting micro-
bial balance, regulating immune responses, and
contributing to the metabolic and functional
stability of the microbiome. Disruptions in the
virome, known as virome dysbiosis, are associa-
ted with diseases such as inflammatory bowel
disease, obesity, metabolic disorders, and the
spread of antibiotic resistance (3,29).

Advances in metagenomics and virome resea-
rch have improved our understanding of this
complex viral community and highlighted its
potential for therapeutic applications, such as
phage therapy to target pathogenic bacteria, the
development of viral-based probiotics, and the
identification of virome-based biomarkers for
early disease detection. As a dynamic and in-
tegral part of the microbiome, the gut virome
represents a frontier in understanding human
health and exploring innovative medical inter-
ventions. The gut virome plays a significant role
in maintaining the integrity of the gut barrier,
which is essential for protecting the body from
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harmful pathogens while allowing the
absorption of nutrients. The gut barrier consists
of a physical layer of epithelial cells, tight
junctions that seal the spaces between them,
and the underlying immune system that cons-
tantly monitors and responds to potential threats.
Disruptions to this barrier are linked to various
diseases, including inflammatory bowel dis-
ease (IBD), leaky gut syndrome, and metabolic
disorders. The gut virome, through its inter-
actions with the microbiota and the host, can
influence the structure and function of this
barrier in both beneficial and detrimental ways
(29,30).

Bacteriophages, the most abundant viruses in
the gut, affect gut barrier function primarily by
modulating microbial populations. Phages help
maintain a balance in the microbial community
by controlling the abundance of specific bacte-
ria, including pathogenic strains that may dis-
rupt the gut lining. By preventing the over-
growth of harmful bacteria, phages indirectly
contribute to maintaining the integrity of the
intestinal epithelium and preventing an inflam-
matory response that could compromise the
barrier. Furthermore, phages may influence the
production of microbial metabolites like short-
chain fatty acids (SCFAs), which are critical
for gut health and epithelial cell function.
SCFAs have been shown to strengthen tight
junctions between epithelial cells, thereby rein-
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forcing the gut barrier. Disruptions to the gut
virome, such as an imbalance or depletion of
beneficial phages, can contribute to a compro-
mised gut barrier. For example, an overgrowth
of pathogenic bacteria due to reduced phage
activity could trigger an immune response that
damages the epithelial lining. Additionally,
some viruses, particularly eukaryotic viruses
like rotavirus, can directly infect intestinal epi-
thelial cells, causing damage and increasing
intestinal permeability. This may lead to a
"leaky gut" scenario, where the barrier becom-
es permeable to harmful substances, triggering
systemic inflammation and immune dysregula-
tion.

The gut virome can also influence the immune
system, which plays a critical role in gut
barrier function. Phages can modulate immune
responses by interacting with the microbiota
and influencing the production of antimicrobial
peptides and cytokines that regulate the per-
meability of the gut barrier. An altered virome
may contribute to an inflammatory state, weak-
ening the gut barrier and making it more sus-
ceptible to injury or infection (3,29,30) (Figure
3).

MUC2 and TFF3 in the Mucus Layer
of the Thysical Barrier

MUC2 and its Function

There are two categories of mucins in the
mucus layer: secreted mucins and transmem-
brane mucins. Secreted mucins contribute to
mucus gel formation, while transmembrane
mucins are involved in signaling pathways and
barrier defense. Transmembrane mucins adhere
to the apical surfaces of enterocyte cells (31).
Human-secreted mucins MUC2, MUCS5AC,
MUC5B, MUC6, and MUC19 share structural
similarities with their murine counterparts.
These mucins are located at specific chromo-
somal loci in both humans and mice. In the
large intestine, there are two layers of mucus
covering it, unlike the small intestine.

The main component of the mucus layer in the
colon is MUC2, which is produced and secre-
ted by goblet cells along with other forms of
mucin (32). MUC2, found in the mucus layer
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of the colon, acts as a barrier against harmful
substances and bacterial translocation (33). So
that, mice lacking MUC2 exhibit increased
inflammation and colitis due to a loss of the
mucus layer (34). Additionally, MUC2 is
essential for intestinal homeostasis and immune
regulation by influencing dendritic cells and
suppressing inflammatory responses.

So, any changes in glycan glycosylation, parti-
cularly in MUC2, are associated with mucosal
inflammation and inflammatory bowel disease
(IBD) because glycans in MUC2 serve as ad-
herence sites for commensal bacteria, enhan-
cing the protective effects of the mucus layer
(35). MUC2, in the large intestine, interacts
with proteins from the trefoil factors family
known as TFF3, which stabilizes the mucus
hydrogel, increasing its viscosity and thick-
ness, and repairing the mucosal layer in the
mucus layer (36).

TFF3 and its Function

Trefoil factors (TFFs) are essential components
of the mucus layer that are resistant to protea-
ses and are widely distributed in the gastroin-
testinal tract. TFF1 and TFF2 are prominently
expressed in the stomach and duodenum, res-
pectively, while TFF3 is extensively expressed
in the small and large intestines, particularly in
the colon. These factors act as divalent lectins
that bind to the GlcNac-a-1,4Gal disaccharide
on mucins, preserving the mucosal layer,
increasing mucus viscosity, and stabilizing
mucin. Additionally, TFFs play a crucial role
in promoting cell migration, epithelial cell
restitution, nitric oxide (NO) production, and
anti-apoptotic features (37). Among the TFFs,
TFF3 stands out as a key protein essential for
the restoration of epithelial cells. It plays a
vital role in repairing intestinal mucus, promo-
ting wound healing, and exhibiting anti-inflam-
matory properties in the gut. Research has
shown that TFF3 can induce the recovery of
tight junction proteins.

The gastrointestinal mucosal layer can be dama-
ged, affecting gut barrier function, with two
types of injuries: deep and superficial. Mitosis
is a repair process for large lesions, while epi-
thelial restitution is crucial for rapid primary
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repair, involving cell detachment and migration
to the injury site. Various factors, including
transforming growth factor- (TGF-B), human
growth factor (HGF), and epidermal growth
factor (EGF), stimulate cell migration in
mucosal epithelial cells. EGF activates the
ERK/MAPK signaling pathway, essential for
cell dispersion and migration (38).

TFFs, particularly TFF3, are vital for inducing
restitution and promoting migration into wo-
und areas, with protective effects enhanced by
mucins. In vitro studies have shown that TFF3
accelerates epithelial migration and prevents
necrosis of gastric mucosal epithelial cells.
Animal studies have demonstrated that mice
lacking intestinal trefoil factor (ITF) experi-
ence impaired mucosal healing and increased
apoptosis in colonocytes (39). ITF, in conjunc-
tion with decay-accelerating factor (DAF),
protects host tissue against autologous comple-
ment damage. TFF3 has therapeutic potential
in inflammatory bowel disease by inhibiting
the TLR4/NF-xB signaling pathway. Under-
standing the mechanisms regulating TFF3 and
MUC?2, key components of the mucus layer, is
crucial for maintaining gut barrier integrity and
promoting healing in the gastrointestinal tract
(40).

MUC2 and TFF3 in Gut Related
Diseases

Studies have shown that mice lacking MUC2
experience more severe inflammation when
exposed to dextran sulfate sodium. In this
study, mice with an inactive Muc2 gene
displayed altered intestinal homeostasis and
metabolic signatures (41).Clinical research has
revealed changes in MUC2 expression and
quality in gastrointestinal diseases. Patients
with ulcerative colitis and colitis have lower
MUC2 levels compared to healthy individuals
(42,43). In Barrett's metaplasia patients, MUC2
immunohistochemical tests were negative, and
most ulcerative colitis patients had a thin
mucus layer due to altered MUC2 glycan
profiles (44). Maintaining MUC2 expression
and structure is crucial for gut barrier function.
TFF3, which helps stabilize MUC2 and the
mucus layer, is downregulated in the affected
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tissue of inflammatory bowel disease patients,
linked to increased miR-7-5p levels (45).
Treatment with TFF3 peptides or Recombinant
Human Keratinocyte Growth Factor (rHUKGF)
in mice with inflammatory bowel disease can
alleviate symptoms (46). Thus, balancing MUC2
and TFF3 levels is essential for pre-venting and
managing gastrointestinal diseases like inflam-
matory bowel disease.

Regulatory and Epigenetic
Mechanisms of MUC2, and TFF3

Goblet cells in the intestinal epithelium pro-
duce and secrete mucus, with MUC2 being the
main component in their cytoplasmic granules.
The TFF3 promoter in these cells contains the
goblet cell-specific enhancer element (GCRE)
and the goblet cell-silencer inhibitor (GCSI).
This shared regulatory elements in the TFF3
and MUC2 promoters suggest potential co-
regulation (47). Th2 cell activation increases
mucus production, protecting the gut barrier
from invading pathogens. In fact, IL-4 and IL-
13 cytokines as the produced cytokines thro-
ugh the Th2 activation pathway, can enhance
the production of goblet cell markers such as
TFF3 and MUC2 by binding to the IL-4R and
paired IL-4R/IL-13R receptors. This binding
activates STATG6, which increase the transcri-
ption of the TFF3 gene (48,49).

Moreover, Phosphatidylinositol 3-kinase (P13-
K) as a modulator and activator of myogenic
differentiation, playing a role in transforming
enterocyte-like cells such that inhibition of
PI3-K has been shown to impair mucus pro-
duction processes. On the other side, ex-posure
of mucus-producing cells to PI13-K leads to an
increase in MRNA levels of MUC2 and TFF3,
indicating a role for P13-K in goblet cell differ-
entiation in the intestine (50-52).

Leucine, an essential amino acid involved in
protein biosynthesis, can also enhance MUC2
levels in goblet cell-like cells through the PI3-
K signaling pathway. An anti-inflammatory
cytokine, IL-10, plays a role in preserving the
intestinal mucus layer by promoting the pro-
duction of MUC2 in human goblet cell-like
cells, which helps prevent MUC2 misfolding
(53). Pro-inflammatory cytokines like IL-1p,


http://journal.isv.org.ir/article-1-528-en.html

[ Downloaded from journal.isv.org.ir on 2026-08-24 ]

IL-6, and TNF-a are associated with IBD. In
both in vitro and in vivo experiments, IL-1p,
IL-6, and TNF-a have been shown to decrease
TFF3 transcription, which hinders the healing
process during inflammation. Additionally, IL-
6 derived from macrophages can reduce the
expression of MUC2 in enterocyte-like cells
(54). MicroRNAs (miRNAs) are small, non-
coding RNAs that regulate gene expression,
and their dysregulation is linked to various
diseases. In inflammatory bowel disease (IBD),
altered miRNA expression contributes signifi-
cantly to disease progression by impacting gut
barrier integrity. For example, inhibition of
miR-155 in IBD models has shown promise in
reducing intestinal injuries and weight loss,
potentially by upregulating hypoxia-inducible
factor la (HIF-10) and trefoil factor 3 (TFF3)
to maintain epithelial barrier function.
Moreover, miR-125b influences disease seve-
rity in ulcerative colitis (UC) by directly regu-
lating mucus production and modulating colo-
nic mucus layer components like MUC2 and
TFF3, highlighting miRNASs' intricate roles in
IBD pathogenesis alongside inflammatory cy-
tokines (55).

The Effect of Gut Microbiota on
MUC2 and TFF3

The glycans profiles of the mucins in the intes-
tinal mucus layer play a crucial role in shaping
the bacteria that rely on glycans for coloni-
zation and energy within the mucus layer.
Some reports demonstrate how the gut micro-
biota can influence the phenotypes and inte-
grity of the mucus layer through various
mechanisms (56). The composition of gut
microbiota plays a crucial role in maintaining
the integrity of the mucus layer.

In animal studies, mice with impermeable
mucus layers exhibited higher abundance of
two species, Allobaculum and Anaerostipes,
compared to the group with a permeable inner
mucus layer (57) (Table 1). The composition
of gut microbiota can influence the glycosy-
lation of the mucus layer, impacting its struc-
ture and function. Bacteroides thetaiotao-
micron, a key member of the microbiota in
both mice and humans, promotes the fucosy-
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lation of glycans in the intestinal mucus layer
and also enhances the transcription of glycans
containing sialic acid residues.

Furthermore, Bacteroides thetaiotaomicron,
known for its acetate production, can stimulate
goblet cell differentiation. Interestingly, altera-
tions in the glycan profile of the intestinal
mucosa and goblet cell differentiation induced
by Bacteroides thetaiotaomicron are reversed
when it is combined with Faecalibacterium
prausnitzii (58, 59) (See Table 1). Butyrate, a
metabolite produced by gut microbiota that can
help preserve the mucus layer.

A study found that butyrate can increase the
expression of MUC2 in the human colon
cancer cell line LS174T (60). Lactic acid bac-
teria are important in promoting the integrity of
the gut barrier. Studies have shown that they
can increase the production of MUC2 and
TFF3 in intestinal goblet cell-like cells. For
example, treating the goblet cell-like cell with
four commercial probiotics, including Bifido-
bacterium animalis subsp. Lactis, Lactoba-
cillus acidophilus, Lactobacillus plantarum,
and Streptococcus thermophilus, significantly
increased the expression of MUC2.
Specifically, Streptococcus thermophilus sho-
wed a higher increase in TFF3 expression
compared to the other species in the cell line
(61) (See Table 1). Treating a DSS-induced
colitis-associated colorectal cancer (CAC)
mouse model with a synbiotic combination of
Lactobacillus gasseri 505 (LG) and Cudrania
tricuspidata leaf extract (CT) as a novel pre-
biotic resulted in an increase in anti-inflamma-
tory cytokines and a decrease in inflammatory
cytokines. In addition to LG anti-inflammatory
properties, this treatment also upregulated the
expression of MUC2 and TFF3, contributing to
its therapeutic effects on CAC (62) (See Table
1). An investigation into Lactobacillus casei
ethyl acetate soluble supernatant (LC-EAS)
showed that it has anti-inflammatory effects by
inhibiting NF-kB phosphorylation in RAW
264.7 cells. Additionally, it was found to
upregulate the expression of TFF3, which is
known to have a regulatory effect on NF-xB
(63) (Table 1). The gut microbiota can indirectly
influence the expression of MUC2 and TFF3 by
regulating immune system responses. key
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Table 1. Gut microbiota and their effects on the mucus
layer of the gut barrier

Gut Microbiota | Effects on Ref Gut Effects on Ref Gut Effects on Ref Effects on Ref
Mucus Microbiota Mucus Microbiota Mucus Mucus
Layer Layer Layer layer
Increase of Increase of
Anaerostipes Production Bifidobacterium the Lactobacillus the Production
of butyrate | (57) animalis expression of | (61) plantarum expression of | (61) | of butyrate
MUC2 & MUC2 & (61)
TFF3 TFF3
Production Lactobacillus Increase of Streptococcus Increase of Production
Allobaculum of butyrate | (57) acidophilus the (61) | thermophilus the (61) | of butyrate
expression of expression of (61)
MUC2 & MUC2 &
TFF3 TFF3
Fucosylation Inhibition of Fucosylation
of glycans in the of glycans in
the intestinal expression of the intestinal
mucus layer Increase of the mucus layer
Bacteroides Lactobacillus the inflammatory
thetaiotaomicron | Enhancing | (58) gasseri 505 expression of Lactobacillus cytokines Enhancing
the anti- (62) case the
transcription inflammatory (63) | transcription | (63)
of glycans cytokines of glycans
Increase of
the
Production expression of Production
of acetate (59) TFF3 of acetate

members of the gut microbiota can stimulate
the body to increase anti-inflammatory cytokines
and decrease inflammatory cytokines, which in
turn impact the expression of MUC2 and TFF3.

Conclusion

The mucus layer is the primary defense barrier
that gut microbiota encounter in the gut.
Beneficial gut bacteria play a crucial role in
maintaining the gut barrier by influencing the
structure and function of the mucus layer. Two
key components of this layer are the trefoil
factors family, specifically TFF3, and secreted
or gel-forming mucins like MUC2, which
protect the mucus layer and the gut barrier.
Research indicates that under normal condi-
tions, gut microbiota can positively regulate
the expression of TFF3 and MUC2 through
various mechanisms, preserving the structure
and function of the gut barrier. In contrast,
dysbiosis can negatively impact the expression,
structure, and function of TFF3 and MUC?2,
disrupting the mucus layer's role as a critical
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component of the gut barrier. The viruses present
in the gut microbiota are essential for the health
and stability of the gut ecosystem. While much
remains to be discovered, the virome represents
a promising frontier in understanding human
health and developing innovative therapies. Its
dynamic interplay with the microbiome and host
under-scores its potential as both a tool and
target in medicine.

In summary, the gut virome plays a crucial role
in maintaining the integrity of the gut barrier.
Through its regulation of microbial communi-
ties, production of metabolites, and modulation
of immune responses, the virome helps ensure
proper functioning of the gut barrier. Disruptions
in the virome, however, can compromise the
barrier, increasing susceptibility to inflammation,
infection, and various gut-related diseases.
Further research into the gut virome's impact
on gut barrier function may lead to new thera-
peutic approaches for preventing or treating
disorders related to gut permeability.
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