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Pyroptosis in gastric mucosal injury-related diseases (Review)
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Abstract. Gastric mucosal epithelial cells, immune cells
and signaling molecules constitute the innate and adaptive
immune systems of the gastric mucosa, working together to
maintain its integrity. Once the balance is disrupted, gastric
mucosal diseases may occur. Pyroptosis, as a unique inflam-
matory programmed cell death mechanism, participates in the
dynamic balance between innate and adaptive immunity by
identifying and responding to damage factors, and participating
in the maturation and release process of inflammatory factors.
Pyroptosis is involved in the association of gastric mucosal
resistance with microbial invasion and endogenous damage.
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By releasing inflammatory factors, the immune environment
of the gastric mucosa is reshaped, thereby affecting repair
mechanisms and the specific direction of cell differentiation.
The present review summarizes the important role of pyrop-
tosis in focal and diffuse gastric mucosal injury. The review
aims to provide a novel theoretical basis for the optimization
of prevention strategies and treatment plans for current gastric
mucosal diseases, and proposes a new option for the scientific
management of these diseases.
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1. Introduction

Under physiological conditions, the immune system of the
gastric mucosa interacts with gastric epithelial cells, immune
cells and signaling molecules to form a protective barrier (1).
Innate and adaptive immunity maintain the homeostasis of the
gastric mucosal immune microenvironment (2-8), whereas a
disruption of the balance of the immune microenvironment
results in gastric mucosal diseases, such as autoimmune
gastritis and gastric neoplasia (5,8,9). Chronic and persistent
inflammatory microenvironment stimulation can lead to
cellular differentiation disorders and tumor-related lesions;
for example, the occurrence and progression of spasmolytic
polypeptide-expressing metaplasia (SPEM) (9-11).

Pyroptosis is a type of inflammatory programmed cell
death (12,13), which can regulate the balance between innate
and adaptive immunity by identifying injury factors, and
participating in the maturation and release of inflammatory
factors (12,14-16). As an important target of immune regula-
tion, pyroptosis is involved in almost all processes related to
the resistance of the gastric mucosa to microbial infections
and endogenous damage. In addition, pyroptosis manipu-
lates immune remodeling in the gastric mucosa by releasing
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inflammatory factors, further affecting the repair process
and cell differentiation direction (17-21). The present review
summarizes the role of pyroptosis in gastric mucosal diseases,
including focal and diffuse gastric mucosal injury. The aim of
the current review is to provide a novel theoretical basis for the
optimization of prevention strategies and treatment plans for
current gastric mucosal diseases, proposing a new perspective
for disease management (Fig. 1).

2. Functional role of pyroptosis

Pyroptosis is an inflammatory form of programmed cell death
characterized by plasma membrane pore formation and the
release of inflammatory contents (12,22-24).

Triggering of pyroptosis. Inflammasomes, which include
pattern recognition receptors (PRRs), apoptosis-associated
speck-like protein containing a CARD (ASC) proteins and
caspase-1, recognize damage signals such as damage-asso-
ciated molecular patterns or pathogen-associated molecular
patterns (PAMPs) (16,25,26). PRRs are representative of
immune receptors involved in innate immunity, and the mutual
recognition and interaction between PRRs and PAMPs are key
to initiating innate immune responses (27). In cases of micro-
bial infection or tissue damage, PRRs rapidly activate innate
immunity and inflammasomes, promote pyroptosis and recruit
inflammatory cells to guide the initiation of adaptive immune
responses (28).

Activation of pyroptosis. Classical caspase-1-dependent acti-
vation occurs as follows: PRR signals activate caspase-1 via
ASC, and activated caspase-1 cleaves gasdermin (GSDM)
D causing membrane rupture and activation of IL-1p/IL-18,
thus amplifying inflammation (29). Non-classical activation
occurs as follows: Human caspase-4/5 or murine caspase-11
directly recognize cytosolic lipopolysaccharide, cleave
GSDMD and may indirectly activate caspase-1, exacerbating
inflammation (30).

Effector phase of pyroptosis. Cell rupture releases inflamma-
tory mediators [such as IL-1f, IL-18, IL-33 and high mobility
group protein Bl (HMGB1)], which recruit and activate
immune cells [such as dendritic cells (DCs) and macrophages]
to promote antigen presentation and initiate adaptive immu-
nity (16,24,21-33).

Therefore, pyroptosis acts as a bridge between innate and
adaptive immunity, clearing infected/damaged cells and remod-
eling the immune microenvironment for antimicrobial defense
and tissue repair (34,35). However, excessive inflammation
exacerbates damage, remodels the microenvironment, and can
promote autoimmune diseases or tumorigenesis (6,9,12,14).
Research regarding pyroptosis-mediated microenvironment
remodeling is crucial for understanding disease mechanisms
and developing therapeutic strategies (34,36-38).

3. Pyroptosis in gastric mucosal diseases
Gastric mucosal diseases can be divided into focal mucosal

injury and diffuse mucosal injury (2,39). Focal mucosal injury
is a repairable injury that does not alter cell differentiation

patterns (4,40). When injury and chronic inflammation persist,
cells undergo changes in differentiation patterns and develop
diffuse mucosal injury (4,41). Notably, damage to the gastric
mucosa (via factors such as stress, Helicobacter pylori
infection and alcohol) is recognized by inflammasomes, and
pyroptosis activates the rapid response of the innate immune
response, initiates adaptive immunity, reshapes the immune
microenvironment, affects cell differentiation, and participates
in the occurrence and development of various gastric mucosal
diseases.

Role of pyroptosis in focal mucosal injury diseases
Pyroptosis may serve a bidirectional regulatory role in
stress-induced gastric mucosal injury. Stress-induced gastric
mucosal injury refers to ulcers or erosions that occur due to
strong and persistent stress stimuli, such as trauma, shock,
burns or surgery, causing an imbalance between the protec-
tive and injury mechanisms of the gastric mucosa (42,43).
Stress-induced gastric mucosal injury is a serious complica-
tion of physical and mental stress caused by factors such as
neuroendocrine imbalance (44), disruption of the gastric
mucosal protective barrier (45) and enhancement of gastric
mucosal injury factors (46).

Stress activates pro-IL-18 in the adrenal cortex via the
adrenocorticotropic hormone/superoxide-mediated caspase-1
activation pathway, converting it into mature IL-18 for release
into the bloodstream (17). IL-18 has been reported to mediate
water immersion restraint stress (WIRS)-induced gastric
injury in an animal model by increasing gastric histidine
decarboxylase activity and histamine production, and syner-
gizes with sympathetic overexcitation to exacerbate gastric
hemorrhage following WIRS (47).

Local reactive oxygen species (ROS) serve as initiating
factors in stress-induced gastric mucosal injury (48). ROS
promote gastrokine 2 expression, activate NF-«kB, increase
nucleotide-binding domain and leucine-rich repeat protein 3
(NLRP3) activation and ultimately exacerbate WIRS-induced
inflammation (49). This process triggers neutrophil-domi-
nated inflammation, in which elevated NLRP3/IL-1f
levels are positively associated with neutrophil infiltra-
tion and ulcer severity (49). Zhang et al (50) demonstrated
that cold-induced stress increases IL-1p/IL-18 expression,
whereas the caspase-1 inhibitor AC-Y VAD-CMK protects
the gastric mucosa by suppressing the NLRP3 inflamma-
some, thereby mitigating inflammation and pyroptosis.
However, Higashimori et al (51) reported opposing conclu-
sions. NLRP3/IL-1p levels in the gastric mucosa were
revealed to be transiently increased at 0.5 h post-stress
(returning to baseline by 3 h) without a concurrent elevation
in IL-18. The NLRP3 inflammasome-derived IL-1{3 exerted
gastric protective effects by activating NF-xB, inducing the
cyclooxygenase-2/prostaglandin E2 (PGE2) axis, and upreg-
ulating PGE2 production. The notable discrepancy with the
observations of Zhang et al (50) of elevated IL-13/IL-18 at 8 h
post-stress may stem from distinct observational timepoints
(0.5-3 h vs. 8 h). Therefore, a phase-dependent bidirectional
regulatory role for the NLRP3 inflammasome may be
hypothesized in stress-induced gastric injury: In the early
phase (<3 h), IL-1p secretion may mediate mucosal protec-
tion, whereas in the late phase (=8 h), IL-18 release could
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Figure 1. Role of pyroptosis in gastric mucosal injury-related diseases, including both focal injuries (such as stress-induced gastric mucosal injury and gastric
ulcers) and diffuse injuries, which can be initiated by AIG, and include SPEM, GC and gastric MALT lymphoma. AIG, autoimmune gastritis; SPEM, spasmo-
lytic polypeptide-expressing metaplasia; GC, gastric cancer; MALT lymphoma, mucosa-associated lymphoid tissue lymphoma.

contribute to mucosal damage. The dynamic equilibrium
between IL-1f and IL-18 dictates pathological progression.

Collectively, pyroptosis-associated mediators serve key
regulatory roles, although their precise mechanisms require
further elucidation to establish novel therapeutic targets.

Role of pyroptosis in gastric ulcers. The occurrence of
gastric ulcers is the comprehensive result of one or more inva-
sive and damaging factors. When the action of mucosal injury
factors exceeds that of mucosal protective factors, causing an
imbalance between resistance to injury and self-repair ability,
the injury can penetrate the muscle layer of the mucosa,
leading to the occurrence of gastric ulcers (52). The present
review discusses the role of pyroptosis in gastric ulcers from
two perspectives: Mucosal injury and mucosal protection.

Pyroptosis serves an important proinflammatory role
in the formation of gastric ulcers. In gastric ulcers caused
by Helicobacter pylori infection, macrophages simultane-
ously activate the classical caspase-1-dependent pyroptosis
pathway and the non-classical pyroptosis pathway mediated
by caspase-11 (a direct murine homolog of human caspase-4),

activating the NLRP3 inflammasome, triggering pyroptosis,
and promoting the maturation and secretion of IL-1f (18,53,54).
IL-1B can inhibit gastric acid secretion and contraction of the
stomach muscles, and further drive the expression of adhesion
molecules on immune cells; regulate neutrophil recruitment,
macrophage activation, circulating monocyte infiltration
and T-cell expansion; amplify inflammatory responses; and
reshape the microenvironment of gastric mucosal tissue (55).
In ethanol-induced gastric mucosal injury, the expression of
NLRP3 and GSDMD has been shown to be increased in gastric
tissue. Further research revealed that ethanol can directly induce
pyroptosis in GES-1 cells, leading to the activation of caspase-1,
and the release of IL-1p and IL-18, causing tissue inflamma-
tory damage (19). Moreover, ethanol can activate NF-kB p65
and the NLRP3 inflammasome, leading to an increase in
HMGBI expression in the gastric mucosa (56). HMGBI can
stimulate cytokine production through receptor for advanced
glycation end products or Toll-like receptor 4, trigger inflam-
matory responses, attract immune cells to the site of injury
and further shape the immune microenvironment (57-60). The
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increased expression of HMGBI in gastric ulcers can accel-
erate and maintain inflammatory damage, delay tissue healing
and increase the risk of tumor formation (60). The inhibition
of the HMGB1/NLRP3/NF-«B pathway results in notable
anti-inflammatory and anti-ulcer effects in ethanol-induced
gastric ulcers (55). In addition, the caspase-1 inhibitor
AC-YVAD-CMK can protect mice from ethanol-induced acute
gastric injury by reducing pyroptosis and the inflammatory
response, further confirming the important proinflammatory
role of pyroptosis in ethanol-induced acute gastric ulcers (50).

Furthermore, research regarding treatment strategies for
gastric ulcers has shown that various drugs, such as rabe-
prazole (61), fucoidan (62), ALDH2 (63), saxagliptin (64),
C-phycocyanin (56) and irbesartan (65), inhibit the activation
of NLRP3 and pyroptosis, reduce IL-1f release, notably alle-
viate inflammation and promote ulcer healing. Therefore, in the
complex pathological process of gastric ulcers, pyroptosis has
been identified as a key proinflammatory factor, and exploring
pyroptosis as a potential therapeutic target may provide new
effective avenues for the treatment of gastric ulcers.

Pyroptosis may lead to an increase in the release of the
gastric mucosal protective factor PGE2, which is beneficial
for promoting wound repair. PGE2 is an important mucosal
protective factor for gastric ulcers (66). PGE2 can inhibit
caspase-11-driven pyroptosis in macrophages, limiting
the activation of typical and atypical inflammasomes, and
effectively blocking the inflammatory cascade (54). Notably,
a recent study (67) confirmed the protective role of pyrop-
tosis in epithelial injury repair from a new perspective. This
previous study used a system (denoted Pyro-1) that was shown
to induce macrophage pyroptosis without the release of IL-1p
or IL-1a, and reported that Pyro-1 supernatant can promote
the migration of primary fibroblasts and macrophages, facili-
tate faster wound closure in vitro and improve tissue repair
in vivo. The presence of oxidized lipids and metabolites in
the supernatant of Pyro-1 was identified through lipidomics
and metabolomics. The mechanism of action of Pyro-1 was
shown to involve the synthesis of PGE2 during the late stage
of pyroptosis and PGE2 release through pores opened by
GSDMD during pyroptosis to promote tissue regeneration.
These findings suggest that the occurrence of pyroptosis may
balance tissue damage and regeneration, and that pyroptotic
secretion may promote wound repair. Although it is unknown
whether pyroptosis also participates in tissue repair through
the same mechanism in gastric ulcer injury repair, these results
highlight the ‘double-edged sword’ of pyroptosis in immune
microenvironment regulation. Therefore, extensive research
is needed to further clarify whether pyroptosis serves a dual
role in promoting inflammation and repair in gastric mucosal
injury and repair.

Overall, pyroptosis has an important regulatory role in
damage to and repair of the gastric mucosa in gastric ulcers
by reshaping the gastric mucosal tissue microenvironment.
Elucidating the specific related mechanisms of pyroptosis may
enrich the understanding of gastric mucosal injury and repair,
and provide new targets for the treatment of gastric ulcers.

Functional role of pyroptosis in diffuse mucosal injury
diseases. Diffuse gastric mucosal injury alters cell differentia-
tion patterns, and is typically associated with gastric tumors

Role of pyroptosis in autoimmune gastritis
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Figure 2. Pyroptosis participates in the regulation of the immune micro-
environment of autoimmune gastritis by affecting CD4* T cells. GSDMB,
gasdermin B; IFNy, interferon v; IFNy, IFNy receptor; NLRP3, nucleo-
tide-binding domain and leucine-rich repeat protein 3; ROS, reactive oxygen
species; Th, T helper; PCA, parietal cell antibody.

and precancerous lesions (4,40,41). Pyroptosis affects immune
remodeling of the gastric mucosa by releasing inflammatory
factors, further affecting cell differentiation, determining cell
fate and causing diffuse damage to the gastric mucosa, leading
to disease.

Role of pyroptosis in autoimmune gastritis (AIG)
(Fig. 2). AIG is type of chronic progressive inflammation
mediated by organ-specific immunity, which character-
ized by anti-parietal cell antibodies that target the H*/K*
ATPases of parietal cells, leading to CD4* T cell-mediated
parietal cell death and progressive atrophy of the secretory
gland (68). AIG can lead to hypergastrinemia, resulting in
enhanced lymphocyte proliferation and an increased risk of
type 1 gastric neuroendocrine tumor development (69). In
addition, immune cell-cytokine interactions further disrupt
chief/mucous neck cell differentiation, triggering cellular
phenotype transformation, SPEM, intestinal metaplasia and
intestinal-type gastric carcinogenesis (70). Therefore, AIG is
considered the basis for the occurrence of diffuse damage to
the gastric mucosa.

The type 1 immune response, which is characterized by
T helper (Th)l CD4* cells and the appearance of interferon-y
(IFN-y), is a key driving factor in the pathology of AIG (71,72).
This pathological cascade is initiates when CD4" T cells
specifically recognize H'/K* ATPase (73,74), activating the
NLRP3 inflammasome/ROS pathway (75) to induce pyrop-
tosis and exacerbate gastric inflammation (76,77). Pyroptosis
further fuels disease progression by regulating CD4" T-cell
differentiation. Complement-driven assembly of the NLRP3
inflammasome in CD4" T cells triggers pyroptosis-dependent
IL-1B secretion, which promotes Thl differentiation and
IFN-vy production via autocrine signaling (78). Upon binding
with IFN-y receptor on gastric epithelial cells, IFN-y not only
directly induces epithelial death but also upregulates GSDMB
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Figure 3. Parietal cells are regulated by mitochondrial GRIM-19 and activate the NLRP3 inflammasome through the ROS/NRF2/HO-1/NF-«B axis, initiating
the classical pyroptosis pathway. GRIM-19, gene associated with retinoid-interferon-induced mortality 19; GSDMD, gasdermin D; HO-1, heme oxygenase-1;
NLRP3, nucleotide-binding domain and leucine-rich repeat protein 3; NRF2, nuclear factor (erythroid-derived 2)-like 2; ROS, reactive oxygen species; SPEM,

spasmolytic polypeptide-expressing metaplasia.

expression to accelerate pyroptotic cell death (79), collectively
reshaping the gastric mucosal immune microenvironment.

Additionally, CD4" T cells differentiate into Thl7
cells (79) that secrete IL-17 to recognize H'/K*-ATPase and
activate the NLRP3 inflammasome/ROS pathway, driving
parietal cell death and AIG pathogenesis (80-82). Notably the
Th17 immune response is regulated by the nucleotide-binding
domain and leucine-rich repeat containing family CARD
domain-containing protein (NLRC)4 inflammasome (83,84).
Several studies (84-88) have confirmed that mutations in
NLRC4 and NLR family apoptosis inhibitory proteins are
involved in the occurrence of various autoinflammatory
diseases in humans by affecting pyroptosis and inflam-
matory responses. Therefore, it may be hypothesized that
NLRC4-mediated pyroptosis further regulates the immune
microenvironment of the gastric mucosa by modulating the
Th17 immune response, and may thus be a novel target for the
treatment of AIG.

In summary, pyroptosis critically regulates CD4* T cells
in the pathogenesis of AIG, although its precise mechanisms
require further validation. Elucidating pyroptosis-mediated
remodeling of the gastric mucosal immune microenvironment
is essential for discovering novel therapeutic targets.

Pyroptosis is involved in regulating SPEM (Fig. 3). SPEM
cells express mucin 6 and trefoil factor 2, and have a morphology
similar to that of deep pyloric gland cells or duodenal Brunner
gland cells. SPEM cells can be seen as a repair lineage, and
under continuous stimulation by chronic inflammation, SPEM
can develop into intestinal metaplasia, which is an important
precancerous lesion in gastric cancer (GC) (40,41,89).

Recent research has suggested that the absence of
parietal cells is the initiating factor for the occurrence of
SPEM (90). Parietal cells are regulated by gene associated
with retinoid-IFN-induced mortality 19, which activates
the NLRP3 inflammasome through the ROS/nuclear factor
(erythroid-derived 2)-like 2/heme oxygenase-1/NF-«xB
axis, initiating the classical pyroptosis pathway (20). After
pyroptosis in parietal cells, intracellular activated GSDMD
mediates the transport of the inflammatory factor IL-33 from
the nucleus to the cytoplasm under the synergistic effect of
Ca?* (91). The cell membrane of parietal cells ruptures, and
IL-33 in the cytoplasm is passively released into the extra-
cellular space (92,93). The release of IL-33 promotes the
secretion of Th2 cytokines (mainly IL-13) and the polarization
of M2 macrophages through the IL-33/ST2 signaling pathway,
reshapes the immune microenvironment of the gastric mucosal
region, initiates epithelial cell reprogramming and promotes
the occurrence of SPEM (94,95).

In the absence of parietal cells, the immune microenvi-
ronment is reshaped, and epithelial cells are reprogrammed,
leading to the transdifferentiation of mature host cells,
mucinous neck cells or isthmus stem cells into SPEM cells.
SRY-box transcription factor 9 (Sox9) is the main regulatory
factor for the differentiation of mucinous neck cells during
gastric development (89) and is also an essential mediator of
chief cell recruitment to promote SPEM after acute gastric
injury. Under inflammatory conditions, macrophage Sox9
directly targets the transcription of SI00A9 in the nucleus.
Macrophage S100A9 is involved in regulating the inflammatory
response and pyroptosis driven by macrophage NIMA-related
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kinase 7/NLRP3 (96). However, the role of pyroptosis in
the process of gastric mucosal epithelial cell differentiation
remains unclear, and its specific regulatory role requires
extensive research. In summary, exploring the mechanisms
by which pyroptosis reshapes the immune microenvironment
and initiates epithelial cell reprogramming can help identify
therapeutic targets for SPEM, and prevent the development of
more severe phenotypes of gastric mucosal damage.

Role of pyroptosis in the development of gastric neoplasia

Accurately locating and identifying the cell types that
undergo pyroptosis will help achieve precise treatment of GC.
GC is a common malignant tumor of the digestive system.
A number of reviews have summarized pyroptosis as an
inflammatory cell death mechanism that reshapes the tumor
microenvironment, and affects the occurrence and develop-
ment of GC. However, due to the high heterogeneity of GC,
the role of pyroptosis among different cells in tumor tissue is
not consistent, and pyroptosis also dynamically changes as a
tumor progresses, making targeted interventions for GC more
challenging (97-100).

Asanexample,the pyroptosis inflammasome NLRP3 serves
a dual role in the pathological and physiological processes of
GC. First, H. pylori infection and its virulence factor CagA
promote the upregulation of the NLRP3 inflammasome in
GC by enhancing the microRNA (miR)-1290/NKDI1/NLRP3
axis (21). NLRP3 upregulation not only drives cancer cell
pyroptosis, invasion, migration (via inflammasome activation)
and malignant progression, but also induces M2 macrophage
polarization through the IL-6/IL-10/JAK2/STAT3 signaling
pathway, and modulates the infiltration of CD4* T cells and
M2 macrophages within the tumor microenvironment (21).
NLRP3 upregulation ultimately accelerates GC progression
and is a predictor of poor prognosis (21). In addition, miR-22
has been confirmed to directly target and suppress NLRP3
expression, inhibiting its pro-tumorigenic effects. H. pylori
infection suppresses miR-22, leading to NLRP3 upregulation,
disruption of gastric mucosal homeostasis and initiation of
carcinogenesis (38). By inhibiting NLRP3 activity, the carci-
nogenic potential of NLRP3 has been shown to be effectively
suppressed in in vitro experiments and animal models, further
confirming the core role of NLRP3 in the progression of
GC (101).

However, the functional complexity of NLRP3 is not
limited to its carcinogenic potential. The occurrence of pyrop-
tosis may increase the sensitivity of GC to chemotherapy.
Specifically, activation strategies targeting lengsin (a crystal-
line lens protein highly expressed in cancer stem cells that is
associated with malignant progression in patients with GC)
can induce pyroptosis in GC stem cells, thereby restoring the
responsiveness of GC to chemotherapy drugs (102). In addition,
low-dose diosbulbin-B activates the endogenous programmed
death ligand 1/NLRP3 signaling pathway in tumors, triggering
pyroptosis and notably increasing the sensitivity of GC cells to
cisplatin chemotherapy (103). Furthermore, West et al (104)
suggested that NLRP3 has no notable prognostic value in
predicting patient survival outcomes and that it does not serve
a dominant role in the inflammatory environment-driven
development of gastric tumors. These findings challenge
the traditional understanding of the comprehensive role of

NLRP3 in promoting cancer, emphasizing the diversity and
complexity of pyroptosis functions under specific pathological
conditions. Therefore, only by mechanistically elucidating the
bidirectional regulation of pyroptosis and its critical molecular
switches can human trials of pyroptosis inhibitors be ratio-
nally guided, ultimately achieving the precise therapeutic goal
of selectively inducing pyroptosis in target cells, enhancing
treatment sensitivity while circumventing tumor-promoting
microenvironments.

However, a relative lack of precise identification and
related evidence for the phenomenon of pyroptosis in specific
single-cell populations in GC tissues remains. How different
cell subpopulations in the GC microenvironment trigger
complex interactions between cells through pyroptotic mecha-
nisms and further reshape the specific mechanisms of the
tumor microenvironment remains unclear; this directly leads
to notable differences in the conclusions of the aforementioned
studies. Therefore, the scientific validity and effectiveness of
solely adopting strategies to inhibit or promote pyroptosis as
a cancer treatment method are questionable. Furthermore,
considering that the role of pyroptosis is regulated by complex
factors, such as the tumor microenvironment and cell type,
its biological effects exhibit marked bidirectionality and can
affect the development trajectory and treatment response of
tumors through diverse mechanisms. This complexity requires
the use of a more comprehensive and detailed strategy when
designing experiments. In summary, future research regarding
pyroptosis in GC should focus on specific analyses of cell types
and occurrence periods, in order to achieve a comprehensive
evaluation and precise regulation of the effects of pyroptosis.
The findings of these studies may provide a solid theoretical
basis for optimizing treatment strategies for patients with
cancer, and novel ideas for improving patient prognosis and
survival status.

Pyroptosis serves a role in the immune regulation of
gastric mucosa-associated lymphoid tissue lymphoma
(MALT lymphoma). Gastric MALT lymphoma is one of the
most common types of non-Hodgkin's lymphoma (105). The
proliferation and differentiation of gastric mucosal-associated
lymphoma cells are regulated by antigen-specific intratumoral
T cells (via CD40-mediated signaling, Th2-type cytokines,
chemokines, costimulatory molecules and FOXP3* regulatory
T cells) and their communication with B cells (106).

There is a strong causal relationship between MALT
lymphoma and chronic H. pylori-associated gastritis (107,108).
NLRCS expression is upregulated in the macrophages and
gastric tissues of mice and humans after H. pylori infec-
tion (109). Mice with bone marrow-specific deletion of
NLPCS5 develop precursor B-cell lesions of MALT lymphoma
3 months after H. pylori infection (109). The absence of
NLRCS inhibits GSDMD cleavage and the activation of IL-13
and caspase-3, leading to the upregulation of IFNYy expression
and the activation of lipopolysaccharide-induced proinflam-
matory responses in macrophages (110), as well as increased
IL-1f and CD40 (111). Anti-CD40L antibodies can prevent
gastric B-cell damage in NLRC5-deficient mice, reduce the
number of DCs, and CD8* and FOXP3* T cells, and decrease
B-cell lymphoma gene expression in the stomach (109,111).
Therefore, the involvement of NLRCS5 in pyroptosis affects
antigen-specific T cells and their communication with
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B cells in tumors, and further regulates the occurrence of
MALT lymphoma. However, further research and exploration
regarding the specific intercellular dialog and mechanisms
involved are needed.

4. Conclusion

As scientific research progresses, the understanding of the
mechanisms by which pyroptosis contributes to gastric
mucosal injury and repair has become increasingly refined.
However, key questions remain unanswered. In stress-induced
injury, elucidating the phase transition mechanism whereby
the NLRP3 inflammasome shifts from early protection to
late damage requires the definition of precise neural signaling
controls. Furthermore, gastric ulcer healing hinges on cellular
sources of pyroptosis, inflammatory mediator (such as IL-1$
and IL-18) and microenvironmental integration, particu-
larly regarding how PGE2 spatiotemporally coordinates
anti-inflammatory and pro-repair functions. For SPEM, the
molecular mechanisms underlying GSDMD-mediated IL-33
release (especially Ca2?'-dependent regulation) and whether
additional factors from pyroptotic parietal cells directly drive
mucous neck/stem cell reprogramming must be resolved.
Furthermore, it remains unknown as to whether pyroptosis
or its effectors directly modulate key transcription factors to
initiate SPEM, or whether targeting pyroptosis can halt/reverse
SPEM progression. In heterogeneous GC microenvironments,
identifying which cellular subpopulations undergo pyroptosis
at specific stages (with cell type-dependent triggers) and
defining their stage-dependent roles (early tumor suppression
vs. late metastasis) are essential for developing strategies
for selectively inducing cancer cell pyroptosis to enhance
chemosensitization while avoiding tumor-promoting microen-
vironments. These focused efforts will provide more precise
targets for elucidating disease pathogenesis, and hold promise
for facilitating innovative and highly effective interventions
for gastric mucosal disorders.
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