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Abstract Digestive system diseases seriously threaten human physical and mental health, with their incidence remaining persistently high. The NLRP3 inflamma-

some is a core multiprotein complex of the innate immune system, regulating the maturation and release of pro-inflammatory factors such as IL-13 and IL-18. The

NLRP3 inflammasome, as a key innate immune sensor, plays a significant role in the occurrence and development of various digestive system diseases. This paper

reviewed the research progress on the NLRP3 inflammasome in digestive system diseases, and explored the relationship between the NLRP3 inflammasome and these

diseases, aiming to provide a theoretical basis for the treatment of digestive system diseases.
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Digestive system diseases refer to conditions where the normal
anatomical integrity or physiological function of the digestive sys-
tem is compromised due to structural abnormalities, functional dis-
orders, pathogen infections, or immune imbalances''’. Further-
more, these diseases exhibit a high lifetime prevalence in the gen-
eral population, and with the acceleration of population aging, the
incidence and mortality of digestive system diseases are also ris-
ing”. Therefore, great importance should be attached to digestive
system health, and proactive preventive measures should be taken
to reduce the occurrence of digestive diseases. The NLRP3 inflam-
masome, as a core pattern recognition receptor complex of the in-
nate immune system, plays a key role in recognizing pathogen-
associated molecular patterns ( PAMPs) and damage-associated
molecular patterns ( DAMPs ). Upon activation, it mediates
Caspase-1-dependent maturation of inflammatory factors and py-
roptosis, extensively participating in the onset and progression of
various inflammatory diseases™ . Abnormal activation of the NL-
RP3 inflammasome is closely associated with the development of

™) In-depth research into the

multiple digestive system diseases
mechanism of the NLRP3 inflammasome in digestive system disea-
ses holds significant importance for therapeutic strategies targeting

these conditions.

Overview of the NLRP3 Inflammasome

The NLRP3 inflammasome is a key multiprotein complex that
mediates intracellular inflammatory responses. Its functional activ-

ity is directly determined by its structural composition and dynamic
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assembly process. It is primarily composed of the NLRP3 protein,
apoptosis-associated speck-like protein containing a CARD
(ASC), and cysteine aspartic acid specific protease-1 ( caspase-
1). NLRP3 belongs to the NOD-like receptor ( nucleotide-binding
oligomerization domain-like receptor, NLR) family and is com-
posed of an N-terminal Pyrin Domain (PYD), a central NACHT
domain, and a C-terminal LRR domain. It interacts with the PYD
of the adaptor protein ASC through its own PYD domain, and ASC
further recruits caspase-1 via its CARD domain, and finally, an
active NLRP3 inflammasome complex is assembled>'. When cells
are stimulated, NLRP3 recognizes various danger signals through
its leucine-rich repeat (LRR) domain. Tt then interacts with the
ASC protein via its PYD domain, and subsequently recruits pro-
caspase-1 through the CARD domain to form a complete inflamma-

. [6]
some complex .

Activation of the NLRP3 Inflammasome

The activation mechanism of the NLRP3 inflammasome as a
critical component of the innate immune system plays a central
role in host defense against pathogens and inflammatory responses
triggered by cellular damage. The activation process of the NLRP3
inflammasome is highly complex and finely regulated, typically in-
volving two stages of signals; the priming signal and the activation
signal. The priming signal is triggered by Toll-like receptors
(TLRs), which promote the transcriptional expression of NLRP3
and pro-IL-1@ via the NF-kB pathway. The activation signal, on
the other hand, is triggered by various DAMPs or PAMPs, inclu-
ding ATP, reactive oxygen species (ROS), and mitochondrial
DNA""'. These signals lead to K* efflux, mitochondrial dysfunc-
tion, cathepsin release, and lysosomal rupture, thereby facilitating
the oligomerization of NLRP3 and the assembly of the inflamma-
some'*’. Among these, K* efflux serves as a common mechanism
for NLRP3 activation. Various NLRP3 agonists disrupt cell mem-

brane permeability to K* , reducing intracellular K* concentration
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Additionally, in-

creased generation of reactive oxygen species ( ROS) due to

and thereby activating the inflammasome®’.

Stepl initiation

mitochondrial dysfunction and the release of cathepsins from lysoso-

mal rupture are critical upstream signals for NLRP3 activation"”.

Step2 activation

ATP @ Stimulus

1
I
I
I
I + L J
: DAMPs  PAMPs K o,
I L J
I
I
i
1
I
TLR NLRP3 | L | ® endogenous
! &%, © danger signals
: |
I
I— NLRP3|'ASC! Caspase:l), 'veosome
: — — < proteolytic mitochondria
| enzymese
\ / : /
// -~ ~~.u\‘\\\ : | [ e—-
{ \.' |
\\‘\-»,. o = I
== ! \
NF-kB 1
IL-1p
1 pro-IL-1B 1L-18
I
I pro-IL-18¢® @
I

Classical conditions for NLRP3 inflammasome oligomerization and activation include the action of ATP (adenosine triphosphate) , DAMPs and PAMPs, lysoso-

mal damage, cathepsin release, K* efflux, and mitochondrial ROS damage.

Fig. 1 The priming step of NLRP3 mediated by TLRs promoting NF-kB activation and inducing NLRP3 expression

NLRP3 Inflammasome and Digestive System

Diseases

In recent years, with the deepening research on the regulatory
mechanisms and signaling pathways of NLRP3 inflammasome acti-
vation, the NLRP3 inflammasome has been implicated in numerous
digestive tract diseases, including liver injury, liver cancer, acute
pancreatitis, inflammatory bowel disease, gastric ulcers, and gas-
tric cancer. An in-depth analysis of the association between the
NLRP3 inflammasome and various digestive system diseases not
only helps elucidate the molecular mechanisms underlying disease
pathogenesis and progression, but also provides a theoretical basis
for developing novel therapeutic targets.
NLRP3 inflammasome and non-alcoholic fatty liver disease

Non-alcoholic fatty liver disease ( NAFLD) is a progressive
liver condition characterized by ectopic fat accumulation in the liv-
Activation of the

NLRP3 inflammasome in hepatocytes is associated with the patho-

er caused by factors other than alcohol .

genesis of liver disease'""’. In the canonical pathway of NLRP3 in-
flammasome activation, the NF-«kB signaling pathway is first acti-
vated, creating conditions for NLRP3 inflammasome activation.
Subsequently, NLRP3 assembles with ASC and Caspase-1 to form
an active complex, mediating the cleavage and maturation of the
pro-inflammatory cytokines IL-1 and IL-18. This process triggers
local liver inflammation, exacerbating hepatocellular steatosis and

injury'”. Wang et al. """’ observed that in a mouse NAFLD model
induced by an MCD diet, the levels of NLRP3-related proteins
were significantly elevated in the livers of wild-type (WT) mice.
It was accompanied by increases in triglycerides, serum alanine
aminotransferase (ALT), and aspartate aminotransferase ( AST),
indicating hepatocellular injury. In contrast, NLRP3 gene knock-
out (NLRP3 -/ —) mice exhibited only half the hepatic lipid ac-
cumulation of WT mice, along with significantly reduced levels of
inflammatory factors and diminished severity of hepatocellular dam-
age. MCC950, a targeted inhibitor of the NLRP3 inflammasome,
directly binds to the Walker B motif in the NACHT domain of the
NLRP3 protein, inhibiting ATP hydrolysis and thereby suppressing
NLRP3 activation and inflammasome assembly ',
shown that MCC950 treatment has the potential to alleviate liver
inflammation and improve liver fibrosis, mitigating pathological
damage in NAFLD'"”’. Thus, inhibiting NLRP3 inflammasome as-
sembly can effectively ameliorate the progression of NAFLD.

Studies have

NLRP3 inflammasome and liver cancer

Hepatocellular carcinoma (HCC) is a malignant tumor origi-
nating from liver cells. Chronic persistent inflammation can cause
hepatocellular damage, leading to liver fibrosis and cirrhosis, and
ultimately progressing to HCC™'®'. The activation of the NLRP3 in-
flammasome is closely associated with tumorigenesis. As a core

component of the inflammatory response, the inflammasome plays a
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dual role in tumor development. Lee’s study found that NLRP3
gene knockout in HCC cells led to increased surface expression of
MICA/B, reducing tumor growth and metastasis'”’. Li et al. "
discovered that anisodamine inhibited NLRP3 inflammasome acti-
vation, further suppressing caspase-1 activation and the release of
IL-1B and IL-18, ultimately inhibiting the occurrence of HCC. In
targeted therapy research, when sorafenib was combined with the
NLRP3 inflammasome-targeted inhibitor MCC950, antitumor activ-
ity increased, accompanied by an expansion of tumor necrotic are-
as and a reduction in proliferating cell nuclear antigen ( PCNA)-

11 Dai et al. ™ found that Shuanghua decoction

positive cells
promoted ROS release, and thus activated the NLRP3 inflamma-
some while inhibiting the NF-«kB signaling pathway. These respon-
ses further led to the upregulation of NLRP3, pro-IL-13, and
cleaved-caspase-1 expression, enhanced LPS + ATP-induced NL-
RP3 inflammasome activation and ultimately inhibited HCC. These
findings reveal the multifaceted role of the NLRP3 inflammasome
in HCC, providing new insights for developing therapeutic strate-
gies targeting HCC.
NLRP3 inflammasome and acute pancreatitis

Acute pancreatitis (AP) is characterized by inflammation of
the exocrine pancreas, primarily caused by gallstones, alcohol
consumption, and hypertriglyceridemia[m . In AP, the NLRP3 in-
flammasome serves as a key mediator of pancreatic inflammatory
responses. lts activation is closely associated with macrophage in-
filtration and activation, and it regulates downstream caspase-1 ex-
pression via the MyD88/NF-kB pathway, exacerbating pancreatic
Therefore, the
NLRP3 inflammasome is a critical driver of pathological progres-

edema, cytokine storms, and tissue damage.

sion in AP™'. Wen et al. ™’ induced a mouse AP model by intra-
peritoneal injection of cerulein. In AP mice, both the NLRP3 in-
flammasome and caspase-1 were activated, and as the expression of
NLRP3 inflammasome components increased, the levels of IL-13
and IL-18 also rose correspondingly. Matthias Sendler™’ reported
that NLRP3 activation mediated IL-18 secretion, induced an in-
crease in Th2 cell numbers, and promoted neutrophil infiltration
and T-cell activation, thereby exacerbating pancreatic inflammato-
ry damage. In contrast, NLRP3 gene knockout or intervention with
its inhibitor MCC950 significantly reduced T-cell activation and
neutrophil infiltration, suppressed Th2-mediated immune respon-
ses, and alleviated AP. Tn severe acute pancreatitis ( SAP) , acti-
vation of the NLRP3 inflammasome can synergize with the TLR4-
MAPK/NF-kB pathway to promote the release of pro-inflammatory
factors such as IL-1B and IL-6, exacerbating pathological damage
in pancreatic and ileal tissues™’. Therefore, intervention strate-
gies targeting the NLRP3 inflammasome provide a new direction for
the treatment of AP.
NLRP3 inflammasome and inflammatory bowel disease
Inflammatory bowel disease (IBD ), primarily comprising
Crohn’s Disease (CD) and Ulcerative Colitis (UC) , is character-
ized by hyperactive immune responses leading to abnormal inflam-

201 Liao

mation in the digestive system and intestinal tissues
et al. "*" revealed that abnormal activation of NLRP3 could lead to
disruption of the intestinal mucosal barrier and excessive inflamma-

tory responses. VSIG4 expression was downregulated in IBD

patients and negatively correlated with NLRP3 inflammasome activ-
ity, and overexpression of VSIG4 could inhibit NLRP3 activation
and the expression of pyroptosis-related proteins in M1-type macro-
phages. Studies have found that in the DSS-induced colitis model ,
the NLRP3 inflammasome serves as a core inflammatory regulatory
mechanism. Gene knockout studies showed that deletion of NL-
RP3, ASC or caspase-1 could completely block the production of
IL-1B induced by DSS. In-vivo experiments further revealed that,
compared with wild-type mice, NLRP3 knockout mice exhibited
significantly alleviated colitis damage and reduced levels of pro-in-
flammatory cytokines after DSS induction”’. The NLRP3 inflam-
masome plays a driving role in the pathogenesis of UC. When in-
testinal immune homeostasis is disrupted, various PAMPs and
DAMPs can trigger the activation of the NLRP3 inflammasome, in-
It further
leads to permeable swelling and lysis of macrophages, releasing

itiating the Caspase-1-dependent pyroptosis process.

large amounts of lactate dehydrogenase and inflammatory factors
such as IL-1B and IL-18'. As a key molecular target for the
treatment of ulcerative colitis, the NLRP3 inflammasome opens
new research directions for IBD therapy.
NLRP3 inflammasome and colorectal cancer

Colorectal cancer (CRC) is a major global health issue. Per-
sistent intestinal inflammatory responses can lead to genetic dam-
age in colon cells, and the frequent renewal of damaged intestinal
mucosal cells disrupts intestinal homeostasis, ultimately potentially
inducing CRC™’. Studies have shown that high expression of NL-
RP3 is associated with poor prognosis in CRC patients. The activa-
tion of the NLRP3 inflammasome not only affects the state of tumor
cells, but also directly influences the function of immune cells in
the tumor microenvironment and the secretion of inflammatory fac-

B Liang et al. ™' found that ROS generated by abnormal

tors
metabolism in CRC cells activated the NLRP3 inflammasome,
thereby exacerbating the proliferation, invasion, and metastasis of
CRC cells. Abnormal activation of the NLRP3 inflammasome
played a central role in maintaining the malignant phenotype of
CRC cells and constructing an immunosuppressive tumor microen-
vironment. The study by Zhang et al. ™ confirmed that inhibiting
the NF-kB pathway could block NLRP3 inflammasome activation,
reduce apoptosis and pyroptosis in CRC cells, and arrest the cell
cycle at the G2/M phase to inhibit cell growth and migration. It
could also reverse the immunosuppressive tumor microenviron-
ment. Therefore, the NLRP3 inflammasome can be used as a po-
tential target for CRC treatment.
NLRP3 inflammasome and gastric ulcer

Gastric ulcer (GU) is a common chronic ulcerative disease of
the digestive system, characterized by localized erosion and necrot-
ic lesions in the gastric mucosal and submucosal layers, represen-

B4 Key etiological factors

ting a significant global health burden
of GU include Helicobacter pylori (Hp) infection, long-term use of
non-steroidal anti-inflammatory drugs ( NSAIDs ), and ethanol
consumption. In ethanol-induced GU models, ethanol stimulation
leads to gastric mucosal damage and extensive edema, reduced
glandular structure, significant inflammatory cell infiltration into
the mucosal layer, and upregulation of NLRP3, ASC, and

caspase-1 expression in gastric tissues, triggering inflammasome
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] Multiple natural products can inhibit the NLRP3 in-

flammasome to exert anti-GU effects. Liang et al. ™ found that

activation

CRP significantly alleviated ethanol-induced GU by targeting the
NLRP3/ASC/Caspase-1 signaling axis, thereby producing a gas-
tric mucosal protective effect. Therefore, inhibiting the NLRP3/
ASC/Caspase-1 signaling axis may play an important role in the
treatment of GU.
NLRP3 inflammasome and gastric cancer

Gastric cancer (GC) is a highly prevalent and life-threaten-

ing gastrointestinal malignancy worldwide' """

Chronic inflamma-
tion is a major contributing factor to GC. NLRP3, as a key inflam-
masome component, plays a critical role in triggering inflamma-
tion. Studies have shown that the NLRP3 inflammasome is local-
ized in gastric cancer tissues. The expression levels of NLRP3 and
ASC, as well as the activity of caspase-1, are significantly upregu-
lated in both GC cells and GC tissues. Moreover, the activation of
the NLRP3 inflammasome is closely associated with the NF-kB
pathway. In LPS-treated mouse GC models and human gastric
cancer BGC-823 cells, inhibition of the NF-kB pathway suppresses
NLRP3 inflammasome activation, thereby curbing inflammatory re-
B8 The study by Zhang et al. ™
revealed that CagA could induce intracellular ROS generation, ac-

sponses and tumor proliferation

tivate the NLRP3 inflammasome, upregulate the expression of NL-
RP3, caspase-1, and ASC proteins, and promote the release of IL-
1B and IL-18, thereby facilitating pyroptosis in gastric cancer
cells. Therefore, blocking NLRP3 inflammasome activation could
attenuate the pro-migration and pro-invasion effects of CagA.
These findings further clarify the role of the NLRP3 inflammasome
in promoting GC progression, providing a theoretical basis for tar-
geting the NLRP3 signaling pathway to intervene in GC.

Conclusions and Prospects

The NLRP3 inflammasome, as a key molecular complex in in-
nate immune responses, has been extensively reported in in-vivo
experiments, in-vitro models, and clinical studies for its associa-
tion with digestive system diseases, establishing it as a core target
in the molecular mechanisms of these conditions. Understanding
the functional differences of the NLRP3 inflammasome in various
digestive system diseases, elucidating its regulatory relationship
with disease onset and progression and targeting the inhibition of
the NLRP3 inflammasome or its downstream inflammatory cyto-
kines such as IL-1B and IL-18 can provide new insights for the
treatment of digestive system diseases including non-alcoholic fatty
liver disease, liver cancer, acute pancreatitis, inflammatory bowel
disease, colorectal cancer, gastric ulcer, and gastric cancer. It al-
so lays a theoretical foundation for developing novel drugs that tar-
get the regulation of inflammatory pathways.
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