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Abstract. The intestinal barrier is one of the body's most important defence barriers, preventing harmful substances in the
intestine from crossing the intestinal mucosa into the body. Impaired intestinal barrier function is commonly seen in patients with
inflammatory bowel disease (IBD) and is associated with structural and functional abnormalities in the tight junctions of
intestinal epithelial cells. Modulating the expression of specific inflammatory factors can effectively reduce intestinal
inflammation, promote intestinal barrier repair, and restore intestinal function. This review elucidates the role of modulating
inflammatory factors in promoting intestinal barrier restoration and treating intestinal diseases. The effects of regulatory
inflammatory factors on cell signaling pathways and gut microbiota were also explored. Technical references are provided for
modulating inflammatory factors to restore the intestinal barrier. Finally, the limitations and deficiencies in IBD treatment with
intestinal barrier damage and the challenges faced in clinical application are analysed in depth.
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1. Introduction

The intestinal barrier (IB) is an important part of defense for the maintenance of homeostasis of the intestinal microenvironment,
consisting of physical, chemical, immune, microbial and intestinal vascular barriers [1]. IB is broadly divided into three
interacting layers: the lumen layer of commensal microorganisms, the mucus layer of static water, glycocalyx and mucus, and the
epithelial layer [2]. The intestinal barrier responds to and interacts with different intestinal stimuli and microbiomes to protect
human health while absorbing nutrients. The passage of pathogenic bacteria and endotoxins through the intestinal wall into the
bloodstream may trigger a range of systemic hazards [3]. Disruption of the intestinal barrier provides conditions for the
proliferation of gram-negative bacteria in the intestinal lumen [4], and the systemic inflammatory response further triggered by
the endotoxins they produce can activate the release of various inflammatory factors (e.g., leukotrienes, prostaglandins), leading
to subacute and chronic inflammatory responses, which can lead to severe complications such as multiple organ dysfunction
syndrome (MODS), as well as sepsis, shock, etc. [5] . In addition, endotoxin damages the liver, heart and kidneys, inducing
metabolic disorders, liver damage and organ failure [6]. The intestinal barrier can prevent pathogenic bacteria and endotoxins,
etc. from penetrating the intestinal wall and entering human tissues, organs and microcirculation, etc. by maintaining or
increasing the favorable flora colonising microorganisms in the intestine [7-8]. Under normal conditions, the intestinal barrier
regulates the digestion and absorption of nutrients and prevents the invasion of pathogens and the displacement of harmful
substances from the intestine to other tissues and organs through the blood circulation. The intestinal barrier also induces
immunoglobulin A (IgA) production and regulates the expression of anti-inflammatory factors, which promotes adaptive
immunity in the gut by providing low levels of immune stimulation[9-10], preventing damage to the body from pathogenic
antigens. However, damage to the intestinal barrier triggers strong inflammatory reactions, metabolic disorders, autoimmune
diseases and even exacerbates organic pathologies.

Inflammatory factors, a group of biologically active molecules produced and released during an inflammatory response [11].
Inflammatory factors play an important role in regulating the immune response, promoting tissue repair and fighting infection
[12]. They are involved in the development of inflammation by regulating the activity of immune cells and promoting the
recruitment and activation of inflammatory cells [13]. There are various types of inflammatory factors, mainly including
cytokines and chemokines. Cytokines are small molecular polypeptides with broad biological activity synthesised and secreted
by immune cells and non-immune cells of the organism, which carry out information transfer between organisms and cells,
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participate in the physiological and pathological processes of the organism, and play an important regulatory role in the immune
system [14]. According to their role in the inflammatory response, cytokines can be divided into pro-inflammatory factors and
anti-inflammatory factors. Pro-inflammatory factors include interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-alpha) etc. [15-16]. And the anti-inflammatory factors include interleukin-4 (IL-4), interleukin-10 (IL-10) and
transforming growth factor-β (TFG-β), etc. [17]. Cytokines, as an important part of the body's natural immune response, play a
considerable role in the immune defence process [18]. Chemokines are able to attract immune cells to migrate towards the site of
inflammation and mainly include members of the CXC and CC families [19]. They enhance the local immune response by
binding to receptors on the surface of immune cells and directing them towards areas of inflammation [20].

Intestinal inflammation (e.g. inflammatory bowel disease IBD) is often accompanied by local and systemic inflammatory
responses [21]. Numerous studies have shown that IBD patients have increased levels of pro-inflammatory cytokines and
decreased levels of anti-inflammatory cytokines, and the imbalance between the two is the main cause of inflammation [22]. The
interaction between cytokines leads to a cascading amplification effect of the inflammatory response, also known as the waterfall
response. Cytokines such as TNF-α and IL-6 are at the central of the inflammatory f storm response and are known as pro-
inflammatory cytokines (Pro-inflammatory cytokines), which are increased in expression and release during the occurrence of
inflammatory responses, interacting with the intestinal immune cells and the epithelial cells, leading to impairment of barrier
function [23-24]. Decrease in anti-inflammatory cytokines such as IL-10 and IL-4 leads to dysregulation of immune responses in
the gut, resulting in an overactive immune system that is unable to effectively suppress inflammatory responses, leading to
persistence and exacerbation of chronic inflammation [25]. Therefore, reducing the expression and activity of pro-inflammatory
cytokines, such as TNF-α and IL-6, while promoting the production of anti-inflammatory factors, such as IL-10 and IL-4, is
considered to be an effective protective mechanism(Figure 1). The reduction of pro-inflammatory cytokines facilitates the
reduction of inflammation, while the enhancement of anti-inflammatory cytokines maintains the immune homeostasis in the
intestinal tract, and the synergistic effect of the two helps to restore the metabolism of the intestinal barrier and further aids in the
maintenance of the integrity of the intestinal barrier.

The inflammatory response is a physiological protective mechanism for the body's response to external injury, infection or
autoimmune reaction, but when it is excessive or out of control, it may lead to chronic disease or tissue damage [26]. The
inflammatory pathway is a series of response processes in which cytokines and signaling molecules transmit inflammatory
signals inside and outside the cell, in which pro-inflammatory cytokines, such as TNF-α and IL-6, play a central role in the
process. TNF-α activates the NF-κB and c-Jun pathways by binding to its receptor TNFR1, triggering the expression of a variety
of pro-inflammatory cytokines such as IL-1, IL-6, GM-CSF(Granulocyte-macrophage Colony Stimulating Factor), etc., which
further exacerbate the inflammatory respons [27]. CSF, etc., which further exacerbate the inflammatory response and trigger
metabolic changes through multiple pathways [28]. Specifically, TNF-α and IL-6 can stimulate the upregulation of CD36(cluster
of differentiation 36) expression in tissues such as the liver and kidney, increase fatty acid uptake, and lead to the accumulation
of lipids in the liver, which may trigger non-alcoholic fatty liver disease (NAFLD) [29]. In addition, inflammatory factors affect
insulin signaling through activation of the JNK/NF-κB(nuclear factor kappa-B) signaling pathway, leading to insulin resistance,
which is particularly critical in metabolic syndrome [30]. Chronic low-intensity metabolic inflammation, induced by metabolic
disorders caused by nutrient and energy excess, is closely associated with metabolic diseases such as intestinal inflammation,
atherosclerosis, type 2 diabetes mellitus, obesity, and others [31]. Therefore, inflammatory factors not only play an amplifying
role in the inflammatory response, but also exacerbate the occurrence and development of metabolic diseases by promoting
metabolic disorders to form a vicious circle.

This review elaborates the role of modulating pro-inflammatory factors IL-6 and TNF-α as well as anti-inflammatory factors
IL-4 and IL-10 in promoting intestinal barrier restoration and treating intestinal diseases, and summarises the effects of
modulating inflammatory factors on cell signaling pathways and intestinal microbiota. The limitations of modulating
inflammatory factors in different intestinal barrier injury diseases and the challenges faced in clinical application are analysed in
depth, providing technical references for modulating inflammatory factors to restore the intestinal barrier.
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Figure 1. Modulating the expression of specific inflammatory factors can effectively reduce intestinal inflammation

2. Mechanisms of action of inflammatory factors

2.1. Tumour Necrosis Factor (TNF-α)

TNF-α is a multifunctional pro-inflammatory cytokine and a key inflammatory factor in the pathogenesis of IBD, which up-
regulates the expression of the tight junction protein claudin-2, leading to the formation of cation-selective channels and
increased cellular interstitial permeability, which is associated with barrier dysfunction [32]. TNF-α overproduction is a major
cause of tissue damage and is produced by activated macrophages and monocytes (Figure 2). It not only triggers a cascade
response at the nuclear and subcellular levels, inducing upregulation of the expression of a variety of inflammatory factors, but
can also be sufficient to activate neutrophils and lymphocytes and act on endothelial cells, enhancing the permeability of vascular
endothelial cells and facilitating the exudation of inflammatory cells from the vasculature into the tissues, leading to localised
ischaemia and thrombosis [33]. As a key regulator of intestinal epithelial cell proliferation and apoptosis, TNF-α is involved in
the initiation and persistence of intestinal inflammation and influences the function of the intestinal barrier. In IBD, TNF-α acts
locally in the intestinal mucosa mainly through paracrine and autocrine modes, triggering chemotaxis of neutrophils and
monocytes and increasing the expression of intercellular adhesion molecules, thus exacerbating the inflammatory response [34].
In addition, TNF-α induces inflammatory responses, tissue cell survival and proliferation, and immune defence against pathogens
by activating NF-κB and MAPKs signaling pathways [35]. Meanwhile, TNF-α activates inflammatory cells and upregulates
adhesion factors, nitric oxide (NO) and oxygen free radicals, which further damage tissues and may cause sepsis and multiple
organ dysfunction syndrome (MODS).
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Figure 2. TNF-α triggers inflammatory metabolism in colon with functional impairment of the intestinal barrier

2.2. Interleukin-6 (IL-6)

IL-6 plays a crucial role in intestinal barrier function and inflammatory bowel disease (IBD).IL-6 is released by immune cells
(e.g., macrophages) along with TNF-α and is involved in both acute and chronic inflammatory responses.IL-6 activates immune
cells by increasing the synthesis of acute-phase proteins (e.g., the C-reactive protein CRP) [36], exacerbates inflammatory
responses and contributes to chronic inflammatory responses by activating Th17 cell differentiation and regulation of T-cell
function, which, together with TNF-α, promotes the persistence of chronic inflammation [37]. IL-6 also affects energy
metabolism by influencing glucose metabolism and fatty acid metabolism leading to insulin resistance and hyperglycaemia
(Figure 3).

In addition, IL-6 plays a dual role in regulating intestinal barrier function; on the one hand, it may exacerbate the increased
permeability of the intestinal barrier by affecting the function of intestinal epithelial cells (IECs), leading to the translocation of
intestinal contents and bacterial products and further activating inflammatory responses. On the other hand, it plays an important
role in host defence by regulating the immune and inflammatory response, promoting the proliferation and expansion of IECs
and maintaining the homeostatic function of the intestinal barrier [37]. IL-6 may exacerbate tissue damage in the early stages of
inflammation, but ultimately promotes the abatement of inflammation and the initiation of tissue repair, regulating the production
of macrophage cell types, particularly M2-type macrophages, which are involved in tissue repair [38]. IL-6 signaling is essential
for intestinal epithelial repair and regeneration, helping to restore the integrity of the intestinal barrier by promoting the
proliferation and differentiation of IECs [39]. In addition, IL-6 protects the intestinal barrier from further damage by inhibiting
neutrophil attraction of chemokines, promoting monocyte-directed chemokine production, and T-cell and B-cell
differentiation(Figure 2), targeting the immune response to specific exogenous antigens, and limiting the inflammatory response
[40].
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Figure 3. Mechanism of action of IL-6

2.3. IL-4 and IL-10

IL-4 is an anti-inflammatory factor produced by activated T-lymphocytes and mast cells, as well as basophils, which exerts an
immunosuppressive effect in the colon by stimulating B- and T-cells [41]. IL-10 is a multifunctional negative regulator produced
by Th2, monocytes, B-cells, macrophages, etc., which participates in the maintenance of immune cell homeostasis, the
suppression of over-immune responses, the It prevents damage to the organism due to excessive immune response. At the same
time, it plays an important role in regulating cell growth and differentiation, and participating in inflammatory and immune
responses(Figure 4).

IL-4 acts synergistically with IL-10 to regulate the activation state of Th1/Th2 cells, promoting Th2-type immune responses
and contributing to intestinal mucosal repair [42], while in the acute inflammatory phase of lung injury, IL-4 expression is
increased, showing an important role in inflammation and fibrosis [43], decreasing T-cell infiltration and inflammatory factor
production but in the later stages of fibrosis, the IL-4 and IL-13 may promote the fibrotic process, showing their complex roles at
different stages.
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Figure 4. Mechanisms of action of IL-4 and IL-10

3. Intestinal barrier repair and inflammation elimination

3.1. Pharmacological interventions

Studies have shown that down-regulating the expression of inflammatory factors by targeting the site where inflammation occurs
promotes the termination of the inflammatory state as well as the stabilisation of the normal state of the gut. A common
mechanism for down-regulating inflammatory factors is through the use of anti-inflammatory drugs or natural compounds, e.g.,
glucocorticosteroids inhibit the inflammatory response by modulating the production of the anti-inflammatory metabolite,
itaconic acid [44], and non-steroidal anti-inflammatory drugs decrease prostaglandin synthesis by inhibiting the activity of
cyclooxygenase [45], which results in a reduction of pain and inflammation. This reduces intestinal inflammation and improves
the intestinal barrier. In addition, certain natural anti-inflammatory compounds, such as soybean saponin Ab through the Nrf2 /
HO-1 / NQO1 signaling pathway; tea polyphenols modulate e.g. nuclear factor-κB, activator protein 1, signal transduction and
transcriptional activator-related signaling pathways; and curcumin inhibits IL-2, IL-6, IL-8, IL-12, TNF-α, macrophage
inhibitory protein (MIP) and monocyte chemotaxis protein-1 (MCP-1) [46]. Pro-inflammatory cytokine and chemokine
production, etc, which promotes the transition from inflammatory to normal homeostatic metabolism at the intestinal site and
restores intestinal barrier function. Many small molecule drugs have been developed to regulate the restoration of the intestinal
barrier, such as dichloromethane [47], allyl isothiocyanate [48], heptaphyllum saponin, etc. They can reduce oxidative stress and
enhance the protection of intestinal epithelial cells by activating the Nrf2-mediated NQO1 pathway [49]. In addition, small
molecule drugs targeting gut-specific inflammatory pathways, such as specific anti-IL-1β monoclonal antibodies, have also
shown potential to promote intestinal barrier restoration in clinical trials [50]. In addition, immunomodulators, such as anti-TNF-
α antibodies (e.g. infliximab) and IL-12/IL-23 inhibitors, are also used clinically for the treatment of enterocolitis, and are
effective in reducing the levels of inflammatory factors and improving intestinal barrier function [51]. Among them, IL-12/IL-23
blockers show potential in the treatment of IBD, and they protect the intestinal barrier function by inhibiting the differentiation
and activity of Th1 and Th17 cells and reducing the production of inflammatory factors [52].

3.2. Nutritional interventions

Proper nutritional therapy can improve the nutritional status of the patient and reduce the inflammatory response. For example,
enteral nutrition(EEN) can induce remission of Crohn's disease (CD), allowing the inflammatory response of the intestinal
mucosa to subside [53]. Probiotics promote nutrient absorption and reduce intestinal inflammation by restoring intestinal
microecological balance [54]. Certain specific probiotic strains (e.g., Bifidobacterium, Lactobacillus,etc) have been found to
enhance the tight junctions of intestinal epithelial cells, thereby improving the function of the intestinal barrier [55]. Prebiotics,
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as one of the nutritional sources of probiotics, can also influence immune stimulation, gut barrier enhancement and alteration of
gastrointestinal flora, and these effects seem to depend on bacterial composition and altered short-chain fatty acid (SCFA)
production [56].

In addition, the intake of specific nutrients is also beneficial in reducing inflammation levels, such as Omega-3 fatty acids
[57-58] (EPA and DHA) which promote the restoration of the intestinal barrier by inhibiting the synthesis of inflammatory
mediators and slowing down the chronic inflammatory state [59]. Vitamin D also plays an important role in regulating immune
responsesand inflammation [60,61]. Studies have shown that vitamin D modulates the intestinal immune response, reduces the
release of inflammatory factors, promotes the repair of epithelial cells, maintains lower levels of chronic inflammation [62], and
enhances the body's anti-inflammatory capacity. In addition, nutrients such as zinc and L-glutamine help regenerate epithelial
cells and maintain the integrity of the intestinal barrier.

3.3. Lifestyle changes

As an important line of defence for human health, the intestinal barrier plays a key role in maintaining the stability of the
intestinal internal environment and preventing the invasion of harmful substances [63]. The occurrence of inflammation often
affects the structure and function of the intestinal barrier, and immune cells also play an important role in it [64]. In addition to
the use of medications and other nutrients to help repair the intestinal barrier, changes in daily lifestyle can be made to reduce
inflammation or improve immunity as a way to promote the restoration of the intestinal barrier function.

Strategies such as dietary changes, moderate exercise and stress reduction are all beneficial in reducing inflammation, which
in turn aids in the repair and maintenance of the intestinal barrier. Changes to the daily diet that are rich in fruits, vegetables, nuts
and fish, especially whole grains, can effectively reduce inflammatory water. Regular physical activity not only improves fitness,
but also helps regulate the immune system and lower inflammation levels. Meanwhile, managing stress is an important strategy
for down-regulating inflammation, and some studies have shown that in inflammatory bowel disease (IBD), psychological stress
is associated with increased disease flare-ups [65].

4. Experimental study of the treatment of intestinal inflammation by restoring the intestinal barrier

4.1. Experimental research

4.1.1. Results of animal experiments

In recent years, studies have shown that inhibition of intestinal inflammatory factors plays an important role in intestinal barrier
repair. Several animal experiments have found that certain natural compounds and drugs significantly improve intestinal barrier
function by down-regulating inflammatory factors [66,67]. For example, isochaetene (ISO) attenuated Crohn's disease-like colitis
induced by trinitrobenzene sulfonic acid (TNBS) in mice. It enhances intestinal barrier integrity by decreasing the expression of
pro-inflammatory factors such as TNF-α, IFN-γ, IL-1β, and IL-6 and enhancing the expression of intestinal tight junction
proteins such as ZO-1 and claudin-1 [68]. In addition, quercetin attenuates LPS-induced inflammatory responses and modulates
the intestinal microbiota by inhibiting ERK, c-Jun amino-terminal kinase (JNK) and p38 phosphorylation [69]. The anti-
inflammatory effect was further confirmed by improving gut health through down-regulation of inflammatory factors. In
addition, infliximab (Infliximab), which inhibits the production of inflammatory factors by administering it to mice, also
demonstrated a favourable therapeutic effect on IBD [70]. The results showed that the drug was able to significantly down-
regulate the level of inflammatory factors in the intestine, while promoting the proliferation and differentiation of intestinal
epithelial cells and accelerating the repair process of the intestinal barrier.

In addition, natural substances such as jujube polysaccharides and lycium barbarum polysaccharides reduce the synthesis and
release of inflammatory factors by inhibiting the activation of the NF-κB signaling pathway, thereby protecting the intestinal
barrier [71]. Similarly, thujaplicins reduce inflammatory responses and promote intestinal barrier repair by inhibiting the NF-κB
signaling pathway and decreasing the levels of TNF-α, IL-6 and IL-1β. Dihydroquercetin (DHQ), on the other hand, improves
intestinal dysbiosis and attenuates colitis by modulating the PI3K-Akt signaling pathway [72], further illustrating the potential
for modulating the intestinal barrier by inhibiting inflammatory signaling pathways.

In addition to this, probiotics, a common intervention, have been shown to have positive effects on gut health [73]. For
example, by feeding mice a diet containing Lactobacillus rhamnosus (Lactobacillus rhamnosus), a study found that these
probiotics were able to significantly down-regulate the expression levels of inflammatory factors, such as IL-1β, IL-6, and TNF-
α, in the gut. The down-regulation of inflammatory factors not only reduced intestinal inflammation, but also promoted the repair
of the intestinal barrier. By inhibiting the growth of pathogenic bacteria and increasing the abundance of beneficial bacteria,
probiotics not only improve the intestinal microecological environment, but also enhance the intestinal barrier function by
increasing the expression of tight junction proteins and reducing intestinal permeability. Studies have shown that probiotics such



Journal	of	Clinical	Technology	and	Theory	|	Vol.3	|	Issue	2	|	8989

as Bifidobacterium bifidum and Lactobacillus rhamnosus can significantly reduce intestinal inflammation [74] and improve the
integrity of the intestinal barrier.

In addition, other experimental studies have revealed the role of specific molecules and nutrients in intestinal barrier repair,
e.g., glutamine-fortified enteral nutrients enhance the expression of intestinal epithelial occludin proteins and promote intestinal
barrier recovery [75]. In contrast, the Dclk1 gene in intestinal Tuft cells plays a key role in intestinal barrier repair and
inflammatory regulation. It was found that mice knocked out of this gene showed inhibition of intestinal epithelial cell
proliferation, delayed mucosal repair and increased permeability [76], further emphasising the importance of this gene in
intestinal barrier function.

The results of these animal experiments not only confirm the promotive effect of reducing inflammatory factor levels on the
restoration of intestinal barrier function, but also provide key insights for a deeper understanding of the association between
intestinal inflammation and intestinal barrier function. These studies provide a scientific basis for the development of therapeutic
strategies for diseases associated with intestinal inflammation (e.g., inflammatory bowel disease, Crohn's disease, etc.).

4.1.2. Clinical trial data

Although animal experiments have yielded remarkable results, the application of strategies to down-regulate inflammatory
factors in the treatment of human intestinal diseases requires further clinical trial validation [77]. Several clinical trials have
already begun to explore the potential of downregulating inflammatory factors in the treatment of intestinal diseases. For
example, a clinical trial in patients with ulcerative colitis (UC) found that administration of a specific probiotic preparation to
patients significantly down-regulated inflammatory factor levels in the intestines and reduced intestinal inflammatory symptoms.
It was also observed that the intestinal barrier function of the patients was restored to a certain extent, with a decrease in
intestinal permeability and an increase in the expression of tight junction proteins.

Hypoxia inducible factor (FIH and PHD1-3) are cellular oxygen sensors that confer hypoxia sensitivity to the hypoxia
inducible factors HIF-1α and HIF-2α. Microenvironmental hypoxia strongly affects epithelial and immune cell function through
HIF-dependent gene expression, thereby influencing the disease progression process in ulcerative colitis (UC). It was found that
in a mouse model of DSS-induced colitis, treatment with HIF-1α stabilisers (e.g. DMOG) resulted in a significant reduction of
inflammation and restoration of the intestinal barrier function, suggesting that HIF-1α has a protective effect on the intestinal
tract. In contrast, reduced inflammation and restoration of barrier function were also observed after treatment of the same mouse
model with a HIF-2α inhibitor (e.g., PT2385), further confirming that HIF-2α disrupts the intestinal barrier function and
promotes the disease process in IBD [78]. In addition, a number of clinical trials in patients with Crohn's disease (CD) have
found that down-regulation of inflammatory factor levels by medication or dietary modification has resulted in improvement of
intestinal symptoms and restoration of intestinal barrier function after treatment. The key finding was that in non-responders, the
TNFRSF1B gene was significantly down-regulated in both inflamed and non-inflamed colonic tissues, whereas the FCGR3A and
interleukin 1B genes were significantly up-regulated in inflamed colonic regions. In addition, in vitro studies further revealed
that anti-TNF drugs significantly reduced the expression of TNFRSF1B and FCGR3A genes in non-responders. These results
suggest that the expression levels of TNFRSF1B, FCGR3A, and interleukin 1B genes may serve as important predictors of
response to anti-TNF therapy in patients with Crohn's disease (CD) [79]. These clinical trial data further support the important
role of down-regulating inflammatory factors in the treatment of intestinal diseases. However, it is important to note that the
exact effects and mechanisms of down-regulated inflammatory factors in the treatment of intestinal diseases still need to be
further investigated and validated at this time due to the complexity and individual differences of clinical trials. In the future,
with more high-quality clinical trials, we are expected to gain a deeper understanding of the potential and mechanisms of down-
regulated inflammatory factors in the treatment of intestinal diseases.

4.2. Dual mechanisms of intestinal barrier regulation

4.2.1. Effects of inflammatory signaling pathways

Intestinal barrier function is closely related to inflammatory signaling pathways. Inflammatory signaling pathways (e.g. NF-κB,
MAPK, etc.) directly affect the integrity of the intestinal barrier and the inflammatory state by regulating the function, structure
and immune response of intestinal epithelial cells. The most typical is the NF-κB signaling pathway, which acts as a major
inflammatory regulator of cells and promotes the release of a variety of inflammatory mediators [80], such as tumour necrosis
factor (TNF), interleukins (IL-1, IL-6, etc.), which further exacerbate local inflammatory responses through stimulation of
receptors, such as Toll-like receptor (TLR), in intestinal epithelial cells [81]. It has been shown that persistent activation of NF-
κB is closely associated with the loss of intestinal barrier function, as NF-κB is able to up-regulate the expression of proteins
associated with cellular junctions (e.g., adhesion molecules, tight junction proteins), leading to disruption of cellular junctions
and reduction of barrier function.

In addition, MAPK signaling pathways (e.g. ERK, JNK and p38 pathways) also play an important role in intestinal
inflammation. Activation of these pathways can lead to the upregulation of pro-inflammatory factors and affect the intestinal



9090	|	Journal	of	Clinical	Technology	and	Theory	|	Vol.3	|	Issue	2

barrier repair process by altering apoptosis, proliferation and migration behaviour [82]. Especially in acute enteritis or chronic
inflammatory states, hyperactivation of the MAPK pathway is often associated with dysfunction of the intestinal barrier and
persistence of inflammation [83].

Down-regulation of these pathways became an important strategy to restore the intestinal barrier function. Inhibition of NF-
κB, MAPK, and other pathways can reduce the excessive release of inflammatory factors, thereby attenuating the damage to
intestinal epithelial cells. For example, the use of NF-κB inhibitors (e.g., BAY 11-7082) or MAPK inhibitors (e.g., SP600125)
has shown significant improvement in gut barrier function in experimental animals [84]. By these methods, the restoration of
tight junction proteins (e.g., occludin, ZO-1) can be promoted, thereby enhancing the barrier integrity of the intestinal epithelium,
attenuating intestinal permeability, and avoiding the invasion of harmful substances. The interactions and regulatory mechanisms
between these signaling pathways still need to be further studied and explored.

4.2.2. Regulation of the intestinal microbiota

The gut microbiota, an important component of gut health, also plays an important role in the restoration of the intestinal barrier.
Down-regulation of inflammatory factors may contribute to the restoration of the intestinal barrier by modulating the
composition and structure of the gut microbiota [85]. On the one hand, down-regulation of inflammatory factors may reduce
negative effects on the gut microbiota, such as reduced inhibition of beneficial bacteria and proliferation of harmful bacteria [86].
This effect helps to restore the balance and diversity of the intestinal microbiota and improves intestinal immunity and resistance.
On the other hand, down-regulation of inflammatory factors may also promote the production of beneficial metabolites by the
gut microbiota, such as short-chain fatty acids (SCFAs) [87]. These metabolites can improve the intestinal environment, promote
the proliferation and differentiation of intestinal epithelial cells, and strengthen the function of the intestinal barrier. At the same
time, they can inhibit the growth and reproduction of harmful bacteria, further maintaining intestinal health.

In summary, the promotional effect of down-regulated inflammatory factors on intestinal barrier recovery may involve
multiple mechanisms, including the regulation of cellular signaling pathways and the improvement of the composition and
structure of the intestinal microbiota. In the future, with deeper research and technological advances, we are expected to gain a
more comprehensive understanding of these mechanisms and provide new ideas and approaches for the treatment of intestinal
diseases. At the same time, it is also necessary to note the impact of factors such as individual differences and complexity on the
results of the study in order to develop more personalised and precise treatment plans.

5. Summary

This curren review presents the role of down-regulation of inflammatory factors in promoting intestinal barrier recovery and
treating intestinal diseases, discusses their effects on cell signaling pathways and gut microbiota, and analyses the limitations and
challenges of the clinical application of this approach in different intestinal barrier-injury diseases. It was shown that by
modulating inflammatory factors, intestinal inflammation can be reduced and intestinal barrier function can be enhanced,
providing a new perspective for the treatment of IBD and other intestinal diseases. Maintaining the integrity of the intestinal
barrier is essential for the prevention of inflammatory bowel disease, allergic reactions, metabolic syndrome, and other health
problems. Therefore, inhibiting the expression and activity of these inflammatory factors or enhancing the expression and
activity of anti-inflammatory factors is an effective strategy to protect and restore intestinal barrier integrity, reducing intestinal
inflammation and enhancing barrier function. However, current research on the intestinal barrier and inflammatory factors is
faced with a lack of model diversity, challenges in clinical applications, and limited research perspectives. To overcome these
challenges, future research needs to expand disease models, deepen the understanding of the regulatory mechanisms of
molecules such as miRNAs, and explore the interactions of gut microbial communities and their effects on the host, as well as
develop new therapeutic approaches such as fecal transplants to optimise and personalise therapeutic strategies(Figure 5). This
will provide more precise and effective strategies for the treatment of intestinal diseases.
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Figure 5. Future perspectives on the repair of intestinal damage and the treatment of inflammation
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