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Abstract: Gastric cancer is a common malignant tumor of digestive tract tumors. TLR4 is a natural
immune cell regulator. In recent years, the molecular mechanism and prevention and treatment of
TLR4-related pathways affecting the progression of gastric cancer have become a hot topic. This paper
reviews TLR4 and its related signaling pathways, the correlation between TLR4-related pathways and
gastric cancer, and the regulation of TLR4-related signaling pathways in the treatment of gastric
cancer, in order to provide more evidence for new approaches to treat gastric cancer in the future.
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1. Introduction

Gastric cancer is the fifth most common malignant tumor and the third largest cause of
tumor-related death in the world ['l. As a high incidence area of gastric malignant tumor in the world,
the incidence rate in China accounts for 44.1% of the global total ?1, nearly 50% of the global total 341,
At present, the proliferation, invasion and metastasis of gastric cancer are closely related to human
immune function. (toll like receptor, TLR) plays an important role in the occurrence of gastric cancer,
and TLR recognition plays a crucial role in resisting infection and immune system regulation. Its
polymorphism may lead to the imbalance of proinflammatory and anti-inflammatory cytokine
responses and regulate immune pathogenesis and cancer !, The polymorphism of toll like receptor 4
(TLR4) is related to the modified immune response of gastric mucosa, and can significantly promote
the occurrence and development of gastric cancer [, At present, surgical resection is still the first
choice for the treatment of gastric cancer, and chemotherapy is the most important way for middle and
advanced gastric cancer [°l. Recently, tumor immunotherapy has been regarded as a new treatment
method after traditional therapy [7). Its molecular targeted therapy is the core of precision tumor therapy,
and has gradually become a research hotspot in the field of tumor therapy ®°). Therefore, this paper
reviews the treatment of gastric cancer based on TLR4 related pathways.

2. Signal path related to TLR4

TLR4 is subdivided into three parts: the extracapsular region, transmembrane region and
cytoplasmic region. The extracapsular region is composed of leucine rearrangement, which is mainly
responsible for recognizing and binding with other auxiliary receptors to form receptor complexes. The
cytoplasmic region is the Toll/IL1R homology domain (TIR domain), which mainly transmits signals
downstream and is the core component. The transmembrane region is dominated by cysteine !9, TLR4
is the only receptor mediated by two pathways in TLR. The activated signaling pathways are the
myeloid differentiation factor 88 (MyD88) dependent pathway and the non-MyD88-dependent pathway.
The Myeloid differentiation protein2 (MD2) and cluster of differentiation 14 (CD14) are two important
co-receptors in the activation of TLR4 signaling pathway.

The MyD88-dependent pathway is that TLR4 forms TLR4\MD2 complex with the assistance of
CD14 and MD2 auxiliary receptors and dimerization occurs, which binds to the TIR domain of MyD88
and activates MyD88 to form TLR4/MyD88 active complex. The MyD88-dependent pathway is that
TLR4 forms TLR4\MD?2 complex with the assistance of CD14 and MD2 auxiliary receptors and
dimerization occurs, which binds to the TIR domain of MyD88 and activates MyD88 to form
TLR4/MyDS88 active complex. Further activation of interleukin-1 receptor associated kinase 4 (IRAK-4)
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results in phosphorylation of interleukin-1 receptor associated kinase 1 (IRAK-1) and interleukin-1
receptor associated kinase 2 (IRAK-2) to form the IRAK1/2 complex. Then activate tumor necrosis
factor receptor associated factor 6 (TRAF6), which in turn activates inhibitior of kappaB kinase (IKK),
which acts on nuclear factor kappa-B (NF-kB) Union IxB B complex, resulting in [xB subunit regulates
serine phosphorylation at sites.

The IkB subunit is modified with ubiquitination, and the dimer of NF-«B is released by protease
degradation. NF-kB enters the nucleus, binds to the genes at the binding site, and promotes the
expression and activation of various inflammatory cytokines through the initiation of signal
transduction in the nucleus. MyD88 independent pathway refers to activation of TIR-domain
containing adapter-inducing interferon-BTRIF and tumor necrosis factor receptor-associated molecule 3
receptor-associated factor 3 (TRAF3), interferon regulatory factor 3 (IRF-3) and further activation of
downstream signals, IRF-3 enters the cell and acts on NF-kB, inducing interferon production and
promoting various inflammatory responses.After recognizing or binding to pathogen-related molecular
patterns, TLR4 must activate the above two pathways to initiate downstream signals, and then release
cytokines and chemokines to cause inflammatory response, or promote the maturation of
antigen-presenting cells, induce immune response, and ultimately lead to the generation and
development of diseases. The MyD88 dependent pathway mainly promotes the expression of
inflammatory cytokines, and the MyD88 independent pathway mainly induces the production of type I
interferon 1. The two pathways exert different functions and affect the course of disease.

3. Correlation between gastric cancer and TLR4-related signaling pathways

TLR4 can regulate the activation of signaling pathway by up-regulating or inhibiting its own
expression, causing or inhibiting the inflammatory and immune responses of the body, thus affecting
the occurrence and development direction of gastric cancer. Zou Xinmei et al. ['? have shown that the
positive rate of TLR2/4 in the gastric cancer group is significantly higher than that in the paracancer
group and the hyperplasia group, and the overexpression of TLR2/4 leads to inflammatory response
and promotes the occurrence and development of gastric cancer. Li et al. [31 found the correlation
between TLR genetic polymorphism and genetic susceptibility to gastric cancer in case-control studies,
indicated that TLR4 is highly expressed in gastric cancer and affects the inflammatory and immune
response of the body, and genetic variation of TLR4 can reduce the susceptibility to gastric cancer.
TLR4 can affect the progression of gastric cancer by regulating related signaling pathways. Because
multiple cytokines in its related pathways participate in the whole process of inflammatory response
and immune response, different inhibition of pathways may lead to different directions of disease
development. Zhang Yameng et al. '¥ have been confirmed that Helicobacter pylori infection promotes
chronic atrophic gastritis and intestinal metaplasia by regulating the expression of TLR4 and NF-«B
signaling pathway related molecules, thus gradually leading to gastric cancer in animal experiments.
TLR4 can also directly participate in the proliferation of gastric tumor cells, thus promoting the
progression of gastric cancer. Hu Chenghao et al. ['31 have confirmed that TLR4 may be involved in the
occurrence and development of gastric malignant tumor cells by affecting the growth of tumor
microvessels and increasing the density of microvessels. In clinic, TLR4 and its related pathways can
also predict the occurrence and development of gastric cancer, Zou Xinmei et al. 1?1 suggests that
TLR2/4 can be used as a serum marker to evaluate the disease status and predict the prognosis of
gastric cancer. Wang Yang et al. ['! showed that the expression levels of TLR4, MyD88 and NF-«B in
peripheral blood mononuclear cells of patients with gastric cancer were significantly increased, which
further suggested that the expression levels of TLR4-related signaling pathway could objectively reflect
Helicobacter pylori infection in patients with gastric cancer, and could be used to evaluate the severity
of gastric cancer.

4. Research progress of regulating TLR4-related pathways in the treatment of gastric cancer
4.1. Inhibition of TLR4 expression

TLR4 is a type I pattern recognition receptor, widely distributed on a variety of cell surfaces, and its
ligands are mainly of two types, endogenous damage associated molecular pattern (DAMP) and
exogenous pathogen associated molecular pattern (pathogen-associated molecular pattern, PAMP) [17],
The first step in the occurrence and development of gastric cancer is that the extracapsular region of
TLR4 first plays the biological function of recognizing ligands. The TIR domain of the cytoplasmic
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region of TLR4 can combine with downstream TIR signaling molecules, and then activate two
signaling pathways to cause inflammatory response and immune response, thus leading to the
generation and development of gastric cancer. Current studies have shown that TLR4, due to its own
polymorphism, as a result, the transcriptional signals and encoded proteins are different from the
normal ones, which leads to the susceptibility of certain people to gastric cancer !'3!°]. Therefore,
inhibition of TLR4 expression can reduce the recognition of pathogene-related molecular patterns and
activation of downstream signaling pathways, regulate the inflammatory response and immune
response of the body, and play a role in protecting gastric mucosa and preventing the occurrence of
gastric cancer.

In recent years, TLR4 expression has been regulated in different ways in order to treat gastric
cancer. Among them, traditional Chinese medicine has achieved good clinical efficacy and can also
prevent the occurrence of gastric cancer by multi-link, multi-target and comprehensive targeting of
TLR4 in patients with gastric cancer. Kang Zhenchao et al. [*) up-regulated the expression of
microRNA-448 (miRNA-448) in gastric cancer cells through ophiopogonin D, the main active
monomer component of Radix ophiopogonis, and TLR4, as the target gene of miRNA-448, indirectly
inhibited the expression of target gene TLR4. Furthermore, lipopolysaccharide-induced gastric cancer
cells secreted interleukin-6, tumor necrosis factor-p, vascular endothelial growth factor and other
immune cytokines, and blocked the immune escape of gastric cancer cells. This study also
demonstrated that overexpression of miRNA-448 or knockout of TLR4 inhibited the secretion of
interleukin-6, tumor necrosis factor-B, and vascular endothelial growth factor in lipopoly
accharids-induced human undifferentiated gastric cancer cells. Kang Zhenjo et al. 2% have confirmed
that the effect of TCM components on gastric cancer cytokines plays a role through indirect regulation
of TLR4, but more studies have proved that TCM or other methods directly regulate TLR4 expression.
Geng Jing et al. [*!1 have confirmed that tripterygium lactone alcohol, the main active ingredient of
Tripterygium wilfordii, can directly inhibit the expression of TLR4 to enhance the sensitivity of gastric
cancer to therapeutic drugs and play an anti-gastric cancer role. The mechanism of action is that
triptolide alcohol can enhance the sensitivity of gastric cancer cells to 5-fluorouracil by inhibiting the
expression of TLR4 on gastric cancer cells, blocking the phosphatidylinositol 3 kinase/protein kinase B
signal transduction pathway, down-regulating Survivin and promoting the activation of Caspase-3. The
reduction of drug resistance eventually reached the 5-fluorouracil effect in the treatment of gastric
cancer. And Zhong Chan et al. 2! found that Qingrehuasu prescriptions could down-regulate the
mRNA expression of interleukin 8, tumor necrosis factor-o and TLR4 in gastric mucosa to achieve the
effect of treating gastric cancer through the intervention of Qingrehuasu prescription on mice after
gavage of Methylnitrosourea (MNU) combined with Helicobacter pylori. Yi Qingting et al. %]
demonstrated that polyene phosphatidylcholine combined with oxaliplatin can down-regulate the
mRNA and protein expressions of TLR4, ABCF2 and Nanog through experiments in nude mice, thus
playing a role in inhibiting the development of human gastric cancer.

4.2. Block the MyD88 dependent pathway

The MyD88-dependent pathway is a classical signaling pathway of TLR4 involved in inflammatory
response and innate immunity. After the TLR4 extracellular region recognizes the ligand, the
cytoplasmic region binds to the joint molecule and activates the downstream signaling molecules of the
MyD88-dependent pathway to play a role. Current studies have shown that through the characteristics
of the multi-direction of drug effect and wide range of intervention of traditional Chinese medicine,
molecules in the myD88-dependent pathway play a regulatory and inhibitory role. Wang Xue et
al[24]The results showed that the total flavonoids of Hydoglossum japonicum extract can reduce the
serum tumor markers of MFC tumor bearing mice, regulate immune cytokines, maintain the balance of
helper T cell 1/ helper T cell 2, inhibit the activation of TLR4/MyD88/NF-kB signaling pathway, and
show anti-tumor activity, improve immune function and anti-tumor purpose. Lv Pintian and Duan
Xinbo ?9 showed that the expression of TLR4, MyD88, NF-xkB and mRNA in spleen of mice in
high-dose and low-dose groups were significantly decreased by the treatment of polygonum
polygonum polysaccharide, which indicated that polygonum polygonum polysaccharide could inhibit
the activation of TLR4/MyDS88/NF-«kB signaling pathway. And play the effect of inhibiting tumor and
regulating immune prescription. Lei Shengping et al. 291 also had similar results. Wang Juanyi et al. 7
showed that the protein expressions of TLR4, MyD88 and NF-kB65 phosphorylated sites in gastric
mucosa of rats in the model group were significantly higher than those in the conventional feeding
blank group after n-methyl-N '-nitroso-n-nitroso guanidine compound modeling. The expression of
TLR4, MyD88 and NF-kB65 phosphorylated proteins in gastric mucosa of rats was significantly
down-regulated after different doses of matrine, which indicated that matrine could protect gastric
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mucosa and prevent the development of tumor by inhibiting the activation of the signaling pathway of
TLR4/MyD88/NF-kB65 phosphorylated sites. Zhang Manling [2* have confirmed that Jianpi Huoxue
formula has a significant therapeutic effect on chronic atrophic gastritis accompanied by precancerous
lesionsthrough traditional Chinese medicine data mining, clinical studies and in vitro experiments. The
results of in vitro studies show that administering Jianpi Huoxue medicated serum to rats stimulated by
I-methyl-3-nitro-1-nitroso guanidine is better than adding folic acid tablets medicated serum. By
regulating TLR4/MyD88/NF-kB signaling pathway, the drug-containing serum of Jianpi Huoxuene
formula can inhibit the malignant characteristics of malignant transformation of gastric epithelial cells.
High mobility group protein B1, as a protein in the high mobility group box superfamily, has a wide
range of expression. The main biological characteristics of malignant progression of gastric cancer are
invasion and migration, and high mobility group protein B1 plays an important role in the migration of
inflammatory and tumor cells. Therefore, the relationship between high mobility group protein B1 and
gastric cancer is currently studied. Wu Qi et al. ! further confirmed that high mobility group protein
B1 can promote the invasion and metastasis of gastric cancer cells by activating TLR4/MyD88/NF-kB
signaling pathway through cell experiments, and inhibit the expression of high mobility group protein
B1 in gastric cancer cells. The expression of TLR4/MyD88/NF-kB signaling pathway was also
inhibited, and the invasion and metastasis ability of corresponding tumor cells were also inhibited.

4.3. Down-regulated TLR4/NF-xB

NF-kB, as a homologous or heterodimer protein composed of NF-kB/Rel family proteins, contains
two subunits, P65 and P50, and its main role is to induce transcription of related genes. TLR4
expression in gastric cancer plays the role of information transcription through NF-kB entering the
intracellular binding site gene, so as to promote the release of inflammatory factors and chemokines.
Therefore, NF-kB plays a key role in the regulation of gastric cancer progression through TLR4
signaling pathway. As the active component of Codonopsis Codonopsis, Codonopsis polysaccharide
has great potential in the targeted treatment of tumors. However, there are few studies on the
therapeutic mechanism in gastric cancer, which needs further exploration. Yang Zihao and Zhou
Henglu et al. B% investigated that the molecular mechanism of Codonopsis polysaccharide regulating
proliferation, apoptosis and inflammatory factor expression of gastric cancer cells through cell
proliferation and flow cytometry. The results showed that the expression of TLR4, pp65 and p-IkB-a
protein decreased after Codonopsis polysaccharide treatment, which confirmed that Codonopsis
polysaccharide could inhibit the expression of TLR4/NF-kB signaling pathway. Thus, it can play an
anti-gastric cancer role and provide more possibilities for TCM prevention and treatment of gastric
cancer.

As nanoscale vesicles secreted by tumor cells, tumor exosomes also play a role in regulating tumor
proliferation, metastasis and immune escape, and its genetic material, long-chain RNA CASCI11, can
regulate the development of gastric cancer. Zhou Anfu et al. 3! have shown that both gastric cancer
exosomes and long-chain RNA CASCI1 containing genetic material can promote the M2 polarization
of macrophages by inhibiting the expression of TLR4 and phosphorylation of NF-kB, and inhibit the
activation of TLR4/NF-kB signaling pathway, thus affecting the development of gastric cancer.
Existing studies suggest that Lactobacillus casei can enhance immunity and inhibit cancer B2, A
controlled experiment was set up to further observe the effect of Lactobacillus casei on the occurrence
and development of gastric cancer rats. The results showed that the expression of TLR4 and NF-xB65
phosphorylated protein decreased significantly in gastric cancer rats after the administration of
Lactobacillus casei. It is concluded that Lactobacillus casei can down-regulate the expression of TLR4
and NF-kB65 phosphorylated protein. Inhibition of TLR4/NF-kB signaling pathway can inhibit the
growth and development of gastric cancer cells, and the experimental effect is best when the level of
Lactobacillus casei is adjusted to 8ml/kg.

5. Summary

As the primary barrier against infectious diseases, the activation or inhibition of TLR4 is closely
related to immune diseases and inflammatory responses. Every factor and cell in the TLR4 signaling
pathway has a significant impact on the course of diseases. Therefore, in-depth research on the
molecular mechanism of TLR4 signaling pathway is of great importance for disease treatment. TCM
has the advantages of small adverse reactions, high safety factor, good therapeutic effect, holistic
syndrome differentiation and multi-target and comprehensive action.Therefore, under the guidance of
immunological theory, the targeted treatment of TLR4 signaling pathway by traditional Chinese
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medicine on its molecular mechanism is discussed, in order to play a great potential in the treatment of
gastric cancer in the future. TLR4 is closely related to the occurrence and development of gastric
cancer. Inhibition of TLR4 or TLR4/MyD88/NF-kB or TLR4/NF-kB can inhibit the progression of
gastric cancer to varying degrees, and activation of these signaling pathways can accelerate the
progression of gastric cancer. Based on the existing research results, it is also possible to search for
treatment of gastric cancer by inhibiting TLR4 or TLR4/MyD88/NF-kB or TLR4/NF-«kB.

However, the current research still has the following deficiencies: (1) The specific mechanism of
TLR4 signaling pathway and related signal transduction factors has not been fully clarified, which
lacks guidance for accurate use of drug targets for treatment. (2) TLR4 signaling pathway involves a
large number of cells and factors and requires a large amount of research data and in-depth analysis of
results, which leads to limited research results on the correlation between TLR4 and gastric cancer.
Therefore, the correlation between TLR4 and gastric cancer cannot be fully clarified at first. (3)
Traditional Chinese medicine has the characteristics of multiple components and multiple parts, which
makes it more difficult to study the specific mechanism of traditional Chinese medicine. In this regard,
relevant studies will be further carried out in the hope of providing more possibilities for targeted
treatment of gastric cancer through traditional Chinese medicine, Chinese herbal compound and other
methods.
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