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The Role of Gastric Mucosal Immunity in Gastric Diseases
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Gastric mucosa plays its immune function through innate and adaptive immunity by recruiting immune cells and releasing
corresponding cytokines, which have an inseparable relationship with gastric diseases. Whether infective gastric diseases caused
by Helicobacter pylori, Epstein-Barr virus or other microbe, noninfective gastric diseases, or gastric cancer, gastric mucosal
immunity plays an important role in the occurrence and development of the disease. Understanding the unique immune-related
tissue structure of the gastric mucosa and its role in immune responses can help prevent gastric diseases or treat them through
immunotherapy. In this review, we summarize the basic feature of gastric mucosal immunity and its relationship with gastric
diseases to track the latest progress of gastric mucosal immunity, update relevant knowledge and provide theoretical reference
for the prevention and treatment of gastric diseases based on the gastric mucosal immunity.

1. Introduction

The human body exerts immune responses through innate
and adaptive immunity. After the invasion of pathogens,
innate immunity acts as the first line of immune defense by
recruiting innate immune cells, which belongs to natural
nonspecific immunity. Adaptive immunity acts as a process
of preventing infection by recruiting immune lymphocytes
and producing immunoglobulins, which belongs to specific
immunity. Gastrointestinal mucosal immune system is an
important immune organ of the human body and exerts
the same immune response as the human body [1]. However,
some scholars reject the stomach as part of the gastrointesti-
nal mucosal immune system, considering there is no
mucosa-associated lymphoid tissue (MALT) in the gastric
mucosa [2, 3]. With the deepening of research, it is now
believed that the gastric mucosa can play its immune func-

tion in a layer-by-layer progressive mode through innate
and adaptive immunity [4] and maintain the balance of
microbe in an immune homeostasis mechanism [5]. On the
one hand, when pathogens such as bacteria and viruses
invade the gastric mucosa, both epithelial cells and innate
immune cells begin to defend them through physical, chem-
ical and biological processes. On the other hand, cytokines
such as interleukin and chemokines secreted by immune cells
help present antigens to lymphocytes such as T cells and B
cells through antigen presentation, further triggering adap-
tive immunity. Understanding the unique immune-related
tissue structure of the gastric mucosa and its role in immune
responses can help prevent gastric diseases or treat them
through immunotherapy. In this review, we will describe
the basic feature of gastric mucosal immunity and its
relationship with gastric diseases to track the latest progress
of gastric mucosal immunity, update relevant knowledge
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and provide theoretical reference for the prevention and
treatment of gastric diseases based on the gastric mucosal
immunity.

2. Basic Features of Gastric Mucosal Immune
System (Composition and Function)

The gastric mucosa is the inner layer of the gastric wall,
which can be divided into three layers in histology: epithelial
layer, lamina propria, and mucosal muscle layer. The gastric
mucosa exerts different physiological functions through sub-
stances secreted by cells in different layers. Under normal cir-
cumstances, the lamina propria of the gastric mucosa does
not have the same diffuse lymphoid tissue as intestinal
mucosa and it does not have immune cells that immune
directly. When the gastric mucosa is infected, immune cells
are recruited to the gastric mucosa through a complex pro-
cess, in which chemokines play an important role [6]. When
antigens contact with the human body, immune cells in the
blood will interact with activated vascular endothelial cells,
slow down the movement of cells in the blood, and induce
them to roll along the vessel wall. During this rolling process,
the combination of immune cells and chemokines induces
immune cells to adhere to the cell adhesion factor of endo-
thelial cells via integrins and then migrate across the endo-
thelial cells to the stomach [7]. After the recruitment of
immune cells, many immune-related cells gather in the lam-
ina propria of the gastric mucosa and play an important role
in the subsequent inflammation and immune response
together with natural epithelial barrier of the gastric mucosa.

2.1. Gastric Mucosal Innate Immunity-Associated Cells. Gas-
tric mucosal innate immunity-associated cells consist of gas-
tric mucosal epithelial cells, macrophages, dendritic cells
(DCs), etc. Gastric mucosal epithelial cells locate in the epi-
thelium of the gastric mucosa as the first line of defensing
in the gastric mucosal immunity. Since gastric mucosal epi-
thelial cells can express the major class II histocompatibility
complex (MHC-II), we can consider it as an antigen-
presenting cell (APC) participating in the initiation of innate
immune response, which plays an important role in immune
alert [8–10]. Other immune cells (such as macrophages,
(DCs and natural killer cells) recruited in the lamina propria
of the gastric mucosa also play an important role in the gas-
tric mucosal immunity [11]. Macrophage microaggregates
are widely distributed in the gastric mucosa [12]. After acti-
vation, cytokines produced by macrophage stimulate the
occurrence of immune response, play a role in immune
regulation and also promote the occurrence of adaptive
immune response [13, 14]. In 2010, Bimczok et al. first iden-
tified the presence of dendritic cells in human gastric mucosa
and confirmed the role of DCs as key initiators of immune
response [15]. Interestingly, only activated mature DCs can
play the initial immune response to pathogens. In the process
of activation and maturation, DCs are affected by pathogen-
associated molecular patterns (such as lipopolysaccharide,
flagellin and bacterial DNA [16, 17]) and gastric stroma
[18]. After activation, mature DCs act as APCs to induce
adaptive immune responses via Toll-like receptor (TLR) sig-

naling by activating effector T and B cells [3, 7, 19–21].
Nature killer cells (NK cells) also play an important role in
innate immunity [22, 23]. In addition, when the gastric
mucosa is invaded by pathogens, lymphocytes can gather in
the lamina propria of the gastric mucosa through the forma-
tion of gastric lymph follicles; neutrophils and eosinophils
can perform the immune functions of phagocytosis of patho-
gens and inhibition of bacterial colonization by upregulating
the expression of chemokines and chemokine receptors [19].

2.2. Gastric Mucosa Adaptive Immunity-Associated Cells.
Gastric mucosa adaptive immunity-associated cells consist
of T cells, B cells, and other immune lymphocytes and are
closely related to the formation of immunoglobulin. In the
cellular immunity of the gastric mucosa, CD4+ T cells and
Treg cells play an important role [2, 24]. Previous studies in
mice have reported that Th1 and Th17 of CD4+ T cells play
a protective role under the intermediation of neutrophils to
maintain the dynamic balance of the immune system [6,
24]. Activated CD4+ T cells can also recruit neutrophils by
secreting cytokines such as IL-17 and interferon-γ (IFN-γ)
and upregulate the expression of β-protection and antimi-
crobial peptides [6]. The humoral immunity of the gastric
mucosa mainly involves B cells and immunoglobulins. With
the joint participation of macrophages, Th cells and chemo-
kine (such as CCL28), B cells exert humoral immune func-
tions [6]. As for immunoglobulins, as early as 40 years ago,
S. Baur et al. [25] confirmed the existence of IgA and IgG
containing cells in the glands of gastric lamina propria by
immunofluorescence staining, which was further confirmed
by A.J. Knox et al. [26]. They also confirmed the presence
of IgG autoantibodies in inflammatory cells of the gastric
mucosa. Nowadays, we believe that secretory IgA (sIgA)
and IgM system play an important role in humoral immu-
nity. After local immune cells produce immunoglobulins,
dimer IgA and pentamer IgM act as secretory receptors to
pass across the tight epithelium of the gastric mucosa
through the way of selective transport [27]. The production
of IgA is the first line of this immune defense. When the first
line is breached, IgG was produced in the local gastric
mucosa as the second line of defense and the number
increased as the increase of inflammation in the gastric
mucosa. Previous studies revealed that the ratio of IgA to
IgG cells in normal gastric mucosa was 6 : 1. Although IgM
is difficult to evaluate, a high proportion of IgM cells can also
be seen in the gastric mucosa [27].

2.3. Basic Functions of Gastric Mucosal Immunity. In accor-
dance with the immune response of the human body, the gas-
tric mucosal immunity also exerts through innate immunity
and adaptive immunity synergistically. The innate immunity
of the gastric mucosa recognizes and phagocytizes pathogens
through immune cells recruited in the lamina propria of the
gastric mucosa and corresponding cytokines, playing a role
of early immune alert as the first line of immune defense.
In the gastric mucosal innate immunity, related cells (such
as macrophages and dendritic cells) act as APCs to present
antigens and then stimulate the adaptive immunity, as the
second line of immune defense. As for the gastric mucosal
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adaptive immunity infected by pathogens, on the one hand,
mediums produced by immune cells play a protective role
to the gastric mucosa. On the other hand, pathogens play a
damaging role to the gastric mucosa by escaping immune
responses. When the damage of the gastric mucosa cannot
be repaired, the dynamic balance of gastric mucosa barrier
will be broken, which further leads to gastric diseases.

3. Gastric Mucosal Immunity and
Gastric Diseases

3.1. Gastric Mucosal Immunity and Helicobacter pylori
(H. pylori) Infection-Associated Gastric Diseases

3.1.1. Gastric Mucosal Immunity and H. pylori-Infective
Gastritis. H. pylori-infective gastritis is a very remarkable
clinical outcome ofH. pylori infection, which is closely related
to the gastric mucosal immunity. After the infection of H.
pylori, many innate immune cells play an important role.
For example, the H. pylori CagA+ chain can interact with
DCs to help them secrete IL-23, therefore promoting the
polarization of Th22 and the expression of IL-22 receptor 1
in gastric epithelial cells. Consequently, the increased release
of IL-22 stimulates gastric epithelial cells to secrete CXCL2,
which further suppresses the Th1 protective immune response
and leads to the occurrence of gastritis [28]. Some studies sug-
gest that pathogens phagocytized by macrophages can be
released byH. pylori and the damage effect ofH. pylori is grad-
ually greater than the protection effect, which eventually
causes the damage of the gastric mucosa [7]. Not only innate
immune-related cells but also other cells and molecules are
involved in the development of H. pylori-infective gastritis.
Recent evidence reveals that CCR6+ Treg cells in H. pylori-
infected area of the gastric mucosa are positively correlated
with the inflammation degree of H. pylori-related gastritis,
which may be involved in the process of immunosuppression
[29].H. pylori infection can activate nucleotide-binding oligo-
merization domain 1(NOD1) and unable to regulate inflam-
matory body activation through mucin MUC1, which is also
involved in the molecular mechanism of H. pylori infectious
gastritis [30].

3.1.2. Gastric Mucosal Immunity and Gastric Ulcer. Gastric
ulcer is another common clinical outcome of H. pylori infec-
tion. Different from the immune response in gastritis, gastric
ulcer is closely related to the distribution of gastric T cell sub-
populations, which mainly performs in the ratio difference of
CD4+/CD8+ T cell in the gastric mucosa [31]. When gastric
ulcer occurs, CD3+ T cells transform into CD4+ T cells and
CD19+ B cells [32]. The number of CD3+ T cells in H.
pylori-positive gastric ulcer patients is significantly higher than
that in gastritis, while the number of CD19+ B cells has no sig-
nificant change [31]. According to the results of flow cytome-
try and immunohistochemistry, the number of CD19+ B cells,
CD4+ Th cells, and CD8+ Tc cells in the gastric mucosa of gas-
tric ulcer patients was higher than that of non-gastric ulcer
patients. In addition, gastric ulcer can promote the expression
of upstream IL-8, IL-10, and IL-10 in chronic infection to

inhibit the occurrence of adaptive immune responses and
weaken the clearance effect on antigen [32].

3.1.3. Gastric Mucosal Immunity and Gastric MALT
Lymphoma.Gastric MALT Lymphoma (GML) is an adaptive
immune response to the immune inflammatory stimulation
caused by H. pylori. It is a disease highly mediated by
immune and inflammatory response. H. pylori infection ini-
tially leads to chronic infections, causing lymphoid hyperpla-
sia. Then, under the chronic infection of H. pylori, H. pylori
CagA is transferred from the human body to human B lym-
phocytes via type 4 secretion system encoded by cagPAI.
After entering the cytoplasm, CagA binds to SHP-2 to form
lymphoma by stimulating proliferation and inhibiting apo-
ptosis of B lymphocytes through regulating intracellular
pathway. CagA can also inhibit the proliferation of B lym-
phocytes by inhibiting the JAK-STAT signal pathway, help-
ing bacteria escape from human body’s specific immune
response [33]. Moreover, data from several sources have
identified the key role of directed mutation of immunoglob-
ulin (Ig) heavy chain genes and the continuous activation
of gene enhancer in the immune response of GML [34].
The involvement of Treg cells, BCR, and some cytokines
(such as IL-22) was also confirmed in GML [35]. Recent
evidence suggests that the chronic infection of H. pylori
may cause GML, in which low-grade GML can possibly
be cured by antibiotic therapy through eradicating H.
pylori [36, 37].

3.1.4. The Pathophysiological Mechanism of Gastric Mucosal
Immune-Related H. pylori Infection. The gastric mucosa is
protected and damaged by innate and adaptive immune
responses after H. pylori infection, but gastric diseases will
not occur in the early stage of infection. Therefore, the
immune mechanism of H. pylori infection in the gastric
mucosa is worth exploring. The study of the gastric mucosal
immunity in mice has shown the recruitment of eosino-
phils and CD4+ T cells in the lamina propria of the gastric
mucosa with increasing cell number as the increasing time
of infection [6]. The large accumulation of immune cells
and release of cytokines in the gastric mucosa offer a help
to the activation of adaptive immune response [6, 38, 39].
In the gastric mucosal innate immunity associated with H.
pylori infection, TIFA complex acting as the core regula-
tory factor and human β-defensin acting as the main
component of the innate immune defense mechanism
both stimulate the occurrence of adaptive immune
response [40, 41]. In the gastric mucosal adaptive immu-
nity associated with H. pylori infection, H. pylori initiates
the immune response by recognizing pathogen-related
molecular pattern through the pattern recognition receptor
on gastric epithelial cells and innate immune cells [42]
with the occurrence of Th1- and CD4+ T cell-related
response (Th17 and Tregs response), the infiltration of
corresponding immune cells and the participation of
TNF-α signal pathway [32, 38, 43]. H. pylori can lead to
the formation of gastric lymph follicles and the aggrega-
tion of lymphocytes in the lamina propria and induce
the adaptive immune response by promoting the

3Journal of Immunology Research



expression of T cells and B cells with the ability of adsorb-
ing cell adhesion molecule-1 and attracting chemokines
(CXCL10 and CCL28) [19].

At present, it is considered thatH. pylori has both protec-
tive and damaging effects on mucosal immunity. Th1 and
Th2 immune responses, along with cytokines and transcrip-
tion regulators produced in the immune process, play an
important role in the protective immune process of the
gastric mucosa [32, 44, 45]. For example, the expression of
chemokines CXCL1, CXCL2, and CXCL5 and their common
receptor CXCR2 will increase to recruit neutrophils after H.
pylori infection. The recruited neutrophils can kill H. pylori
by directly phagocytosing bacteria or releasing active inter-
mediates to resist H. pylori colonization and protect the
gastric mucosa [6]; the expression of IFN-regulatory factor
8 and diversified immune-related gene characteristics of
IL-11/STAT3 in the gastric mucosa are related to the inhibi-
tion of H. pylori colonization [45]. However, when the dam-
age of the gastric mucosa cannot be completely repaired by
the gastric mucosal immunity, H. pylori will smartly escape
the immune response to cause further damage to the gastric
mucosa, which is called immune escape. In this process, H.
pylori escapes from immune response by activating inflam-
mation and TLR cell signal pathways and changing surface
molecules to avoid the recognition of innate immune recep-
tors (such as TLRs and RIG-I of DCs) [38, 42]. In addition,
the infiltration of immune cells (Th1, Treg cells, etc.) and
the expression of corresponding cytokines (such as CCR6
ligand, chemokine CCL20, IFN-γ, and tumor necrosis fac-
tor-α) increase. Chemical gradients produced by cytokines
can regulate the expression of cell adhesion receptor-ligand
pairs and promote the recruitment of leukocytes to the site
of injury, which is beneficial for H. pylori to escape from
the host’s immune defense, causing chronic inflammation
and even gastric cancer [19, 42, 46–48].

3.2. Gastric Mucosal Immunity and Epstein-Barr Virus (EBV)
Infection-Associated Gastric Diseases. EBV infection is closely
related to gastritis and gastric cancer [49]. EBV can directly
inhibit the proliferation of T cells and the toxicity of natural
killer cells to maintain the activity of virus in host cells and
cause continuously damage to the gastric mucosa [50]. The
gastric mucosa infected by EBV can express high levels of
ncRNA (EBV-encoded RNA and BART), and EBV miRNA
can keep the virus at a very low expression level by targeting
regulation of viral gene expression to avoid being attacked by
human body’s immune response [50, 51]. Increased expres-
sion of EBV-related genes also promotes the infiltration of
immune cells and IFN-γ [52]. According to the infiltration
of lymph immune cells in cellular immune responses,
Epstein-Barr virus-associated gastric carcinoma (EBVaGC)
can be divided into three histological subtypes: lymphoe-
pithelial neoplasia (LELC), Crohn’s disease-like lymphoid
response (CLR), and conventional adenocarcinoma (CA)
[52]. During the recruitment of immune lymphocytes to
the gastric mucosa in EBVaGC, the expression of EBVaGC-
related genes plays an important role. For example, IL-1β
overexpression can recruit nonspecific lymphocytes to pre-
vent direct contact between EBV-specific cytotoxic T cells

and tumor cells [52]; IFN-γ overexpression can inhibit the
proliferation and activation of CTL and NK cells [53]; PD-
L1 expansion can inhibit the proliferation of T cells and the
release of cytokines by interacting with PD-L1 receptors on
T cells, and they can also induce CTL apoptosis and promote
the differentiation from CD4+ T cells into Treg cells [53]. If
the above-mentioned reactive immune cells are recruited
into the tumor site or the surrounding area of EBVaGC, it
may play a role in prolonging the survival time of EBVaGC
patients.

3.3. Gastric Mucosal Immunity and Other Microbial
Infection-Associated Gastric Diseases. In recent years, it has
been suggested that microbiota is closely related to the occur-
rence and development of gastric diseases, and the immunity
status is an important determinant of gastric microbiota [54].
Under normal circumstances, gastric microbiota is mainly
composed of Prevotella, Neisseria, Streptococcus, Fusobac-
teria, and other microorganisms [55]. However, under the
influence of host factors (anatomical characteristics, physio-
logical characteristics, gender, age, etc. [56, 57]), external fac-
tors (diet, drug treatment, etc. [58]), and environmental
factors (race, geographical location, etc. [59]), the composi-
tion of microorganisms in the stomach will change. Interest-
ingly, the normal or abnormal stomach function composed
by various microorganisms is regulated by both innate and
adaptive immune responses. For example, recent studies on
Fusobacterium are very popular. According to the 16S rRNA
gene sequencing result of gastric cancer tissue, the distribu-
tion of Fusobacterium in gastric cancer tissues is significantly
different from the adjacent tissue [60, 61]. Some studies have
shown that Fusobacterium can protect tumors from the kill
of NK cells and tumor-infiltrating T cells; therefore, we have
reason to believe that the change of microbiota also has a cer-
tain impact on the gastric mucosal immunity [62].

3.4. Gastric Mucosal Immunity and Noninfective Gastric
Diseases. The noninfective gastric disease is mainly autoim-
mune gastritis. Autoimmune gastritis is a chronic gastritis
characterized by gastric mucosa atrophy, which is closely
related to the lack of intrinsic factors [63]. The main targets
of autoimmune reaction are parietal cells and intrinsic fac-
tors, in which the parietal cell antibody (PCAs) can be found
in the gastric mucosa of 90% patients with atrophic gastritis
[64]. Treg cells also play an important role in autoimmune
gastritis and maintain certain tolerance to gastric autoanti-
bodies. Treg cells can control the response of Tfh cells (follic-
ular helper T cells) and the production of autoantibodies
caused by gastric H+-K+-ATP enzymes and internal factors.
They can also produce immunosuppressive cytokines (IL-
10, TGF-β, IL-35, etc.) to exert immunosuppressive effects
[65]. Studies have shown that the occurrence of autoimmune
gastritis in Treg-deficient mice is closely related to the Th2
immune response. The immune response allows eosinophils
to penetrate from the submucosal layer to the deeper layer,
accompanied by the decrease in parietal cells and the produc-
tion of autoimmune antibodies, leading to serious CD+ T cell
dependent-autoimmune gastritis [66].
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3.5. Gastric Mucosal Immunity and Gastric Cancer. Immuno-
suppression is an important factor in the development of gas-
tric cancer. In recent years, immunotherapy for immune
checkpoints represented by anti-PD-1/PD-L1 comes into
the public eyes and plays an important role in tumor immu-
notherapy [67]. Immune checkpoint inhibitors enable
immune cells such as T cells to recognize and kill tumor cells
by lifting the restrictions of immune system and tumor cell
defense system. Understanding the role and regulation of
the gastric mucosal immunity in the development of gastric
cancer may provide valuable reference for the diagnosis and
treatment of gastric cancer. On the one hand, the activation
of the gastric mucosal innate immunity and the increase of
inflammatory cell infiltration lead to the increased risk of
gastric cancer. On the other hand, the gastric mucosal adap-
tive immunity prevents the body from clearing pathogens,
helping the pathogen escape the host’s immune defense,
leading to aggravated gastric mucosal damage and further
developing gastric cancer.

In innate immune response, NK cells can play the role of
innate immune response, and its mutation is closely related
to the risk of gastric cancer. The activity of NK cells by killer
cell immunoglobulin-like receptor (KIR), whose gene muta-
tions can cause the mutation of NK cell activity to aggravate
the inflammatory reaction of the gastric mucosa and the
occurrence of gastric mucosa damage, eventually leads to
gastric cancer [22, 23]. NOD1 is a sensor of intracellular
innate immunity. Studies have shown that the expression
level of NOD1 and TRAF3 in gastric cancer is lower than that
in noncancer tissues. When the activation of the NOD1-
TRAF3 signal pathway is impaired, it will appear intestinal
metaplasia in the gastric mucosa [68]. Some other studies
have reported that genetic mutations or gene polymorphisms
are closely related to the gastric mucosal immunity in gastric
cancer. For example, a Japanese study found that mutations
of RIPK2 gene (receptor-interacting serine/threonine kinase
2) (rs16900627 minor allele genotype) increased the aggrega-
tion of inflammatory cells by changing the innate immune
response of the gastric mucosa, leading to the atrophy of
the gastric mucosa and increased risks of intestinal gastric
cancer [69]. When pathogens pass APCs (such as DCs),
aggregate through lymphocyte subsets and present antigens
to corresponding immature T cells through TLRs, the adap-
tive immune response is activated [49]. In this way, under
the specific conditions of foreign antigen presentation and
cytokine aggregation, different types of T cells prevent the
body from the elimination of pathogens through the corre-
sponding inflammatory response and secretion of immuno-
suppressive cytokines, resulting in chronic infection and
disease. Th17 can induce the production of specific matrix
metalloproteinases by releasing IL-17 and IL-21, causing
the damage of the gastric mucosa [46]. There are also studies
showing that B cells are active in gastric cancer and can
reflect the immune status of the gastric mucosa [70].

In addition to immune cells and cytokines in the above
processes, genes that involved in the carcinogenesis of gastric
cancer also play an important role in immune regulation. For
example, when the gastric mucosa is infected with H. pylori,
the expression of GATA-binding protein 3, a transcription

factor regulating adaptive immune response, is increased,
which inhibits the normal expression of Cx43 and causes
the gastric mucosa to undergo a malignant transformation
from inflammation to tumor [71]. Another transcription fac-
tor, Foxp3, promotes tumor growth by suppressing IL-10-
and/or TGF-β-mediated tumor cell killing after increased
infiltration of Treg cells [72]. SLFN5, as an IFN-α regulatory
gene in immune cells, is also associated with the occurrence
of gastric cancer [73]. When the gastric mucosa is infected
with EBV, as mentioned above, PD-L1 and other immune
checkpoints are closely related to the occurrence and progno-
sis of EBVaGC.

4. Conclusions and Prospect

In summary, the various immune cells, cytokines, and signal
pathways effecting in the process of the gastric mucosal
immunity have an inseparable relationship with gastric
diseases. Whether H. pylori, EBV and other pathogen
infective-associated gastric diseases, or noninfective-
associated gastric diseases, the gastric mucosal immunity
plays an important role in the occurrence and development
of the disease. However, the gastric mucosal immunity
induced by pathogen is a dynamic balance between protec-
tive immunity and damage immunity, by which this specific
balance function mechanism needs further study. Among
many pathogens, the study of microbial flora is in a hot spot
and its mechanism of gastric mucosal immune regulation for
gastric diseases still needs to be explored. Meanwhile, in view
of the rapid development of immunotherapy, whether gastric
diseases can be treated through more perfect and accurate
immune targets according to the research progress of the
gastric mucosal immunity and the corresponding mecha-
nism is still worth further exploration. At present, some gas-
tric cancer immune checkpoint inhibitors (such as PD1/PD-
L1 inhibitors) have entered Phase 2 and Phase 3 clinical trials
[74, 75] and immunotherapy combined with chemotherapy
or radiotherapy has the opportunity to be used as first-line
treatment for gastric cancer [76, 77]. In the future, based
on the theory of the gastric mucosal immunity, searching
for specific tumor microenvironment-related indicators as
biomarkers for assessing treatment efficacy will play an
important role in precision immunotherapy of gastric
diseases.
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