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Programmed cell death (PCD) refers to cell death in a manner that depends on
specific genes encoding signals or activities. PCD includes apoptosis, pyroptosis,
autophagy and necrosis (programmed necrosis). Among these mechanisms,
pyroptosis is mediated by the gasdermin family and is accompanied by
inflammatory and immune responses. When pathogens or other danger signals
are detected, cytokine action and inflammasomes (cytoplasmic multiprotein
complexes) lead to pyroptosis. The relationship between pyroptosis and cancer
is complex and the effect of pyroptosis on cancer varies in different tissue and
genetic backgrounds. On the one hand, pyroptosis can inhibit tumorigenesis and
progression; on the other hand, pyroptosis, as a pro-inflammatory death, can
promote tumor growth by creating a microenvironment suitable for tumor cell
growth. Indeed, the NLRP3 inflammasome is known to mediate pyroptosis in
digestive system tumors, such as gastric cancer, pancreatic ductal
adenocarcinoma, gallbladder cancer, oral squamous cell carcinoma, esophageal
squamous cell carcinoma, in which a pyroptosis-induced cellular inflammatory
response inhibits tumor development. The same process occurs in hepatocellular
carcinoma and some colorectal cancers. The current review summarizes
mechanisms and pathways of pyroptosis, outlining the involvement of NLRP3
inflammasome-mediated pyroptosis in digestive system tumors.
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1 Introduction

Cancer has become a major cause of mortality in an aging world population,
necessitating clinical and basic research to aid treatment and survival rates. The
programmed cell death (PCD) model of pyroptosis leads to a release of intracellular
pro-inflammatory mediators, causing inflammation and promoting tumor progression, a
process known to involve the NLRP3 inflammasome. The four pathways of pyroptosis and
the role of NLRP3 inflammasome-mediated pyroptosis in digestive system tumors are
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reviewed below with the intention of aiding progress in the
treatment of digestive tract-related tumors. Cells may die as a
result of necrosis or PCD (1-8). PCD refers to spontaneous cell
death in response to the activation of specific genes and includes
apoptosis, pyroptosis, autophagy and necroptosis (1, 9). Pyroptosis
involves the formation of cell membrane pores mediated by
gasdermin proteins causing ion transport, accompanied by
inflammation and an immune response (1). Ion imbalance leads
to cell swelling, lysis and release of pro-inflammatory factors,
including interleukin (IL)-1f, IL-18, adenosine triphosphate
(ATP) and high mobility group box 1 (HMGBI1) protein (10).
Pyroptosis is considered to have ambiguous roles in tumorigenesis,
inhibiting the growth of some tumors and stimulating a pro-
inflammatory microenvironment that promotes the growth of
other tumor-types (1, 11-13). The process has attracted attention
for its potential as regards anti-tumor therapy. Four pyroptosis-
inducing pathways have been described: the classical caspase-1-
dependent, the non-canonical caspase-4/5/11-dependent, the
apoptosis-pyroptosis transition involving high expression of
Gasdermin-E (GSDME) and the granzyme-induced pathways (1,
9, 10). Chemotherapeutic drugs which activate caspase-3 to cleave
GSDME, induce a switch from apoptosis to pyroptosis which causes
cell death (14). Moreover, granzyme B induces pyroptosis via
GSDME cleavage (15) and granzyme A activates GSDMB pore-
forming and pyroptosis (16). The most studied remains the classical
pyroptosis pathway (1), involving an initiation and an activation
signal (17), in which the inflammasome plays a key role.

2 Overview of NLRP3 inflammasome

2.1 Composition and properties of the
NLRP3 inflammasome

The cytosolic inflammasome is a multiprotein signaling complex,
comprising pattern recognition receptor (PRR), apoptosis-associated
speck-like protein containing a CARD (ASC) and pro-Caspase-1 (18).
PRRs differ by subcellular localization (19) with Toll-like receptor
(TLR) and C-type lectin (CLR), which recognize extracellular damage-
associated molecular patterns (DAMPs) and pathogen-associated
molecular patterns (PAMPs) that are located in the plasma
membrane and endosome. By contrast, RIG-I-like receptor (RLR),
absent in melanoma 2 (AIM2), AIM2-like receptor (ALR), nucleotide-
binding and oligomerization (NOD), NOD-domain like receptor
(NLR) and cytosolic sensor cyclic GMP-AMP (cGAMP) synthase
(cGAS) influence intracellular compartmentalization, including
retinoic acid-inducible genes (19, 20). The much-studied NLRP3
inflammasome participates in the innate immune system (21) and is
expressed by antigen presenting cells (APC) and inflammation-
activated cells, including macrophages, dendritic cells (dendritic cells,
DC), neutrophils and monocytes (22). The NLRP3 inflammasome
consists of a sensor (NLRP3), an adaptor (ASC) and an effector
(caspase-1). NLRP3 is a tripartite protein that contains an amino-
terminal pyrin domain (PYD), a central NACHT domain and a
carboxy-terminal leucine-rich repeat (LRR) domain. The NACHT
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domain has ATPase activity that is vital for NLRP3 self-association
and function (23), whereas the LRR domain is thought to induce
autoinhibition by folding back onto the NACHT domain. The adaptor
ASC has two protein interaction domains, an N-terminal PYD and a
C-terminal caspase-recruitment domain (CARD). Full-length caspase-
1 has an N-terminal CARD, a central large catalytic domain (p20) and
a C-terminal small catalytic subunit domain (p10). Upon stimulation,
NLRP3 oligomerizes through homotypic interactions between
NACHT domains (Figure 1) (24, 25).

2.2 Activation and regulation of the NLRP3
inflammasome

NLRP3 is activated by a sequence of two signals (Figure 2). 1)
Inflammatory stimuli produced by TLR ligands or endogenous
molecules induce NF-kB expression (19) and reactive oxygen
species (ROS), hypoxia, metabolites, oxidized low density
lipoprotein (oxLDL), amyloid and complement may all be activated
during non-pathogen responsive sterile inflammatory diseases (24,
26). 2) PAMPs and DAMPs trigger potassium (K) efflux, increased
calcium (Ca*) flux, lysosomal damage or ROS production (26). The
activated NLRP3 undergoes a conformational change to expose the
NACHT domain and promote oligomerization (19) which allows the
binding of the PYD domain to ASC (PYCARD) (17). Pro-caspase-1 is
recruited and cleaved by the NLRP3-ASC complex in a CARD-
CARD homotypic interaction, resulting in the activated NLRP3
inflammasome, consisting of a NLRP3-ASC-Caspase-1 complex
(19). The NLRP3 inflammasome then mediates pyroptosis by
cleaving gasdermin proteins (6), including GSDMA, GSDMB,
GSDMC, GSDMD and GSDME/DFNAS5 (18), which differ in their
mechanisms of pyroptosis induction. GSDMD is the main substrate
of NLRP3 inflammasome-induced pyroptosis, although GSDME
regulates the granzyme pathway or Caspase-3 (6). Other
gasdermins have been linked to pyroptosis but little is known
about NLRP3 interactions. GSDMD has an N-terminal pore-
forming domain and a C-terminal auto-inhibitory domain (27). On
activation by caspase-1, cleavage separates the N- and C-terminal
domains disabling auto-inhibition and activating pore-formation (28,
29). Caspase-1 also cleaves and activates pro-IL-1f and pro-IL-18
which may be released through the GSDMD-N-terminal domain
channel, triggering an inflammatory response (29).

2.3 NLRP3 activation in the tumor
microenvironment

TME is closely related to tumorigenesis, and inflammation and
persistent infection may lead to various human malignancies.
Studies have demonstrated that NLRP3 inflammasome
polymorphisms are associated with different malignancies such as
colon cancer and melanoma (30). NLRP3 inflammasome can be
activated by microbial cell wall components and toxins (31). In
addition, NLRP3 inflammasomes are also proficient in sensing
stress or endogenous danger signals, including extracellular ATP
(32), extracellular glucose (33), crystalloids, reactive oxidants (ROS)
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FIGURE 1
NLRP3 inflammasome complex. The NLRP3 inflammasome complex has a central NACHT domain flanked by a C-terminal leucine-rich repeat (LRR)
and an N-terminal pyrin domain (PYD). NLRP3 activation allows interaction with ASC. ASC further interacts with pro-caspase-1.
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FIGURE 2

Simplified mechanisms for the canonical NLRP3- inflammasome activation. The formation of inflammasome requires two key steps: NLRP3 initiation
signal and activation signal. The initiation signal is triggered by Toll-like receptors (TLRs) and cytokine recognition receptors that recognize PAMPs/
DAMPs and cytokines (including IL1, TNF). These signals induce the transcription of NLRP3, pro-IL-1B, pro-IL-18 and pro-Caspasel through NF-kB.
Secondary signals are triggered by a wide range of stimuli, including K* efflux, Ca®* influx, phagocytosis of microbial and particulate matter (leading
to destabilization/rupture and release of lysosomal cathepsins and reactive oxygen species (ROS)), and Mitochondrial dysfunction. Then, a multi-
protein complex composed of NOD-like receptor protein, ASC and pro-caspase-1 is activated to activate the NLRP3 inflammasome, triggering the
release of IL-1B and IL-18 and cell pyroptosis.
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the impact of NLRP3 inflammasome-induced pyroptosis
on tumors.

3.1 Oral squamous cell carcinoma

Oral squamous cell carcinoma (OSCC) accounts for over 90%
of oral cancers (37) and has a poor prognosis (38, 39). Tumor-
associated chronic inflammation has been described as the 7th
biological feature of malignancy (40). Chronic inflammation
influences tumorigenesis, development, migration and invasion
through the NF-kB-IL-6-STAT pathway but also recruits immune
and inflammatory cells into tumor tissues. With tumor progression,
immune and inflammatory cells switch from immune surveillance
and tumor suppression to tumor promotion (41). Abnormal
activation of the NLRP3 inflammasome has been associated with
various chronic inflammation (19) and is known to be
overexpressed in OSCC cells and tissues, allowing it to be
associated with tumor stage and lymph node metastasis (42, 43).
Indeed, NLRP3 knockdown inhibited OSCC proliferation,
migration and invasion (44). IL-6 is a multifunctional immune
and inflammatory molecule (45) which is overexpressed in cancer.
IL-6 activates NLRP3, causing secretion of IL-1B/IL-18 and
promoting OSCC cell proliferation, migration and invasion.
Indeed, NLRP3 silencing prevented the IL-6-mediated
proliferation and NLRP3 inflammasome activation in OSCC cells.
In addition, the NLRP3 pathway can participate in the IL-6-
mediated OSCC process as a downstream target of Sox4 (46).

3.2 Esophageal squamous cell carcinoma

Esophageal cancer (EC) has a high incidence with distinct
geographical demarcation (47) which makes esophageal
squamous cell carcinoma (ESCC) the most common
pathological form of EC in China and other parts of Asia (48).
Epidemiological studies have linked the environmental
carcinogens, nitrosamines, to EC and gastric cancer (49, 50).
Nitrosamines trigger an inflammatory response and participate
in the malignant transformation of cells. Nitrosamine exposure of
esophageal epithelial Het-1A cells caused ROS-production to
trigger pyroptosis and the inflammatory response via the
NLRP3/caspase-1/GSDMD canonical pathway (51). NLRP3
inflammasome levels have been shown to be higher in ESCC
tumor tissues than in noncancerous tissues and to correlate
positively with the Ki-67 proliferation index (52). NLRP3
protein expression was also shown to correlate with tumor node
metastasis (TNM) and T stage but not with lymph node or
metastasis status, gender or age. Patients with higher NLRP3
expression were suggested to have a more malignant clinical
phenotype. In addition, knockdown or overexpression of NLRP3
in ESCC cell lines had the respective effects of abrogation or
promotion of cell migration and invasion. Thus, NLRP3
inflammasome activity appears to contribute to ESCC
development and progression (52).
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3.3 Gastric cancer

Gastric cancer is a high-incidence malignant tumor (53) related
to factors such as Helicobacter pylori, smoking and drinking.
Chronic inflammation may be a cause of gastric cancer (54),
through microenvironmental and metabolic changes which
promote proliferation, invasion and migration of tumor cells (55).
Helicobacter pylori (Hp) has been implicated in many digestive
system diseases, such as chronic and atrophic gastritis and gastric
ulcer (56), and is a susceptibility factor for gastric cancer (57, 58).
HP infection is considered the strongest single risk factor for gastric
cancer and NLRP3 may be involved via the production of IL-1f
(59). The pro-inflammatory IL-1 has been shown to be involved in
gastric mucosal atrophy, intestinal metaplasia, dysplasia and other
pathological changes of gastric mucosa (60) and induces gastric
mucosal atrophy by interfering with the Sonic hedgehog (SHH)
pathway in parietal cells (61). Rats with the high gastric mucosal
expression of IL-1 had a greater incidence of gastric mucosal
dysplasia and inflammatory cell infiltration, even in the absence of
HP infection than those with low expression (62). In HP-induced
gastric cancer, NODI protein and its inflammatory effects were
significantly increased (63). The NLRP3 inflammasome regulates
cyclin-D1, inducing IL-1B production to enhance differentiation of
gastric cancer cells. The IL-1B-dependent activation of NF-xB
stimulated the c-Jun N-terminal kinase (JNK) signaling pathway,
leading to tumor proliferation, invasion and progression (11). Thus,
the NLRP3 inflammasome promotes gastric cancer and its
downregulation by the activity of the aryl hydrocarbon receptor
(AhR), dopamine receptor D1 (DRD1) and G protein-coupled bile
acid receptor 1, (GPBAR1) may limit the occurrence of pyroptosis,
thereby affecting cancer progression (19).

3.4 Liver cancer

Primary liver cancer (PLC) refers to cancer that occurs
in hepatocytes or intrahepatic cholangiocarcinoma,
including hepatocellular carcinoma (HCC), intrahepatic
cholangiocarcinoma (ICC), and mixed types of both (64, 65).
Usually, HCC develops through three processes, hepatitis,
cirrhosis and primary liver cancer (66-70). Pyroptosis can be
involved in precancerous and malignant development of primary
liver cancer. Hepatic fibrosis and cirrhosis are the initiating factors
for the development of HCC, and to some extent, cirrhosis is the
precancerous stage of PLC. Liver cells are mainly composed of
hepatocytes, hepatic stellate cells (HSC), bile duct epithelial cells,
natural killer cells, and Kupffer cells (71). HSC are the main type of
hepatic fibrotic cells, and HSC proliferation and activation are the
key steps in liver fibrosis. Research shows that when HSC are
stimulated by mediators released from blast cells or inflammatory
cells, inflammasome induce pyroptosis by activating caspase-1 and
releasing pro-inflammatory factors IL-1f and IL-18, which in turn
drive the progression of liver fibrosis (72). NLRP3 inflammasome
may play a direct role in HSC activation and liver fibrosis. In NLRP3
overexpressing HCC mice, it was found that the mice had shorter
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survival time, poor growth, neutrophil infiltration and hepatic
stellate cell activation, severe hepatitis response, and significant
liver fibrosis (73). In vitro experiments have shown that
extracellular ATP can activate HSC NLRP3 via the purinoceptor
P2X ligand-gated cation channel 7 (P2X7) and promote the release
of fibrotic markers such as 0-SMA and type I collagen leading to
liver fibrosis. P2X7R-mediated NLRP3 activation involved in IL-15
production by hepatic stellate cells may be associated with
extracellular matrix deposition, suggesting that blocking the
P2X7R-NLRP3 axis may be a potential therapeutic target for liver
fibrosis (74). Transforming growth factor-B1 (TGF-B1) is a key
mediator of tissue fibrosis and dysregulation of the TGF-f1
pathway is an important pathogenic mechanism of liver fibrosis
(75). Activation of HSC leads to TGF-B1 production, which in turn
binds to transforming growth factor B (TGFp), leading to TGFf
pathway activation and HSC activation, thus promoting the process
of liver fibrosis (76, 77). Aldosterone can induce HSC activation and
liver fibrosis in mice by promoting NLRP3 assembly and expression
(78). The above studies suggest that pyroptosis-mediated
inflammation can induce HSC activation and promote liver fibrosis.

In addition, it has been shown that angiotensin Ang II induces
caspase-1-mediated hepatocyte pyroptosis by upregulating the
levels of reactive oxygen species and NOX4 protein in
hepatocytes and promoting the expression of NLRP3
inflammasome secretion axis-related proteins (NLRP3, ASC,
Caspase-1, IL-1B). This suggests that hepatocyte activation by
NLRP3 leads to a significant increase in cysteinase activity, which
in turn induces hepatocyte pyroptosis. Therefore, caspase inhibitors
can be used to inhibit hepatocyte pyroptosis to suppress the
progression of liver fibrosis (73, 79). In addition to
inflammasome, IL-1p and gasdermin proteins are also important
molecules that cause cirrhosis and liver fibrosis. IL-18 can induce
the conversion of microvascular endothelial cells into
myofibroblasts, leading to the proliferation of collagenous tissue.
It can also directly activate hepatic stellate cells, promote the
expression of inflammatory factors such as TNF-o and stimulate
the inflammatory cascade response, gradually developing liver
fibrosis and even cirrhosis. TGF-B1 is one of the important
pathways that contribute to liver fibrosis (75). It was found that
TGF-B1 can inhibit caspase-1 expression and suppress IL-1f
release, but this pathway has no significant effect on IL-18. The
above data suggest that during the progression of PLC, pyroptosis
induces fibrosis in the liver tissue, which leads to the development
of PLC.

The function of pyroptosis is different in different stages of
cancer development and progression. In the precancerous stage of
liver fibrosis and cirrhosis, the accumulation of inflammasome and
inflammatory factors will intensify the transformation of cirrhosis
to PLC; while in the tumor stage, when cancer cells are formed,
pyroptosis is inhibited, forming an intrinsic malignant
microenvironment that blocks cancer cell death and accelerates
the progression of PLC to the malignant level. The expression of
estrogen receptor B (ERP) and NLRP3 were reported to be
significantly downregulated in liver tissues of patients with HCC,
and their expression levels were positively correlated; estrogen can
inhibit HCC cell proliferation and metastasis by activating NLRP3
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through the ERP/mitogen-activated protein kinase (MAPK)
pathway (80, 81). Lin et al. (82) found that the levels of
interferon-inducible nucleoprotein 16 (IFI16) were lower in HCC
tissues than in normal tissues. Overexpression of IFI16 reduced cell
viability, which led to significant inhibition of tumor growth and
reduction of tumor size in HCC cells. Meanwhile, overexpression of
IFI16 could activate inflammasome through caspase-1 and thus
increase the levels of IL-1B and IL-18. Caspase-1 inhibitor (Ac-
YVAD-CMK) could effectively inhibit the tumor suppressive effect
of IFI16, thus it can be speculated that the tumor suppressive effect
of IFI16 may be closely related to caspase-1-mediated pyroptosis.
FUN14 structural domain protein 1 (FUNDCI) is a characteristic
mitogenic receptor in most human HCC, and knockdown of
FUNDCI activates NLRP3 inflammasome to promote
hepatocarcinogenesis during diethylnitrosamine (DEN)-induced
hepatocarcinoma in mice (83). High mobility group protein 1
(HMGBI), a nuclear damage-associated molecule released under
hypoxic stress, activates caspase-1 to promote HCC cell invasion
and metastasis (84). Hepatitis C virus (HCV) also affects HCC
scorching through its effect on NLRP3 inflammasome (85). In
conclusion, the activation of NLRP3, a key molecule in
pyroptosis, is closely related to the pathogenesis of HCC, and
may provide a new strategy for HCC treatment by
regulating pyroptosis.

3.5 Gallbladder cancer

Gallbladder cancer (GBC) is a highly malignant tumor, usually
an adenocarcinoma, of the biliary system with a median survival
time of only 6 months (86-88). Golgi phosphoprotein 3 (GOLPH3)
has been shown to promote tumor progression in a variety of
gastrointestinal malignancies. GOLPH3 and NLRP3 were shown to
be highly upregulated in clinical GBC samples and levels of each
were positively correlated with one another and with Ki-67
expression (89). GOLPH3 may be the upstream factor of NLRP3.
Excessive activation of GOLPH3 leads to Golgi fragmentation,
which is closely related to NLRP3 activation (85, 90, 91). In
addition, PtdIns4p is required when NLRP3 is activated, of
which, the free amount of PtdIns4p is associated with GOLPH3
(85, 92, 93). Moreover, there is evidence that mTOR can affect the
activation of NLRP3 inflammasomes by regulating reactive oxygen
species, and the activation of mTOR is also largely regulated by
GOLPH3 (94, 95). Additionally, GOLPH3 and NLRP3 have been
reported to both be regulated by the same upstream protein PD2
(95, 96). Further studies confirmed that GOLPH3 enhanced GBC
cell proliferation was associated with the promotion of NLRP3,
Caspase-1 pl10, IL-1B expression and pyroptosis, suggesting that
GOLPHS3 expression could play a role in promoting the further
development of GBC by promoting cellular pyroptosis (89). In
addition, it was found that the NLRP3 inflammasome could
enhance phosphorylation of Akt, ERK1/2, and CREB to promote
adenocarcinoma proliferation by activating caspase-1 and
producing mature IL-1B and IL18. It is suggested that NLRP3
inflammasome-induced cellular pyroptosis may play a role in
promoting adenocarcinoma growth (97).
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3.6 Pancreatic ductal adenocarcinoma

Pancreatic ductal adenocarcinoma (PDA) is one of the most
common and aggressive malignancies worldwide (98). PDA
morbidity and mortality currently show a rapid upward trend due
to changes in dietary and other lifestyle factors (99). Surgery is the
only treatment option for localized PDA (100) but ~80% of patients
have inoperable cancers due to metastasis at the usually advanced
stage on diagnosis (101). The incidence of complications following
radical resection is high (102, 103) but few alternative treatments
are effective due to resistance (104). In addition, conventional
therapy may suppress immune function and activate
inflammation (105-108) in patients who already exhibit an
aggressive inflammatory and immunosuppressive state (109).
PDA lung metastasis was found to be influenced by the tumor
microenvironment (TME) (110) and production of cytokines,
chemokines and growth factors by tumor-associated macrophages
(TAMs) resulting in an immunosuppressive TME which promoted
tumor progression and metastasis (111-113). Upregulation of
NLRP3 in PDA macrophages regulated TAM polarization and
immunogenic or tolerogenic CD4" T cell differentiation and
CD8" T cell activation. CD4"Thl cells mediated a tumor
protective effect in a mouse PDA model and were strongly
associated with prolonged survival of human PDA patients (114).
By contrast, CD4" Th2 cells promoted mouse PDA progression and
Th2 cell infiltration was strongly associated with reduced survival of
human PDA patients (114-116). CD4"CD25"Foxp3" regulatory T
cells (T reg cells) similarly promoted tumor immune escape and
CD4" Th17 cells promoted PDA epithelial cell proliferation (117,
118). Deletion of ASC or caspase-1 or pharmacological NLRP3
inhibition reversed the tolerogenic effects of NLRP3** TAMs but
did not enhance the immunogenic function of NLRP3”" TAMs.
Thus, NLRP3 promoted PDA development (119).

NLRP3-stimulated IL1-B-production has been shown to
influence PDA development and progression in human patients
and in a mouse model. Elevated IL-1P has been associated with
pancreatitis, a recognized risk factor for PDA (120) and high
intratumoral and serum IL-1P has been associated with poorer
overall survival and increased chemoresistance in PDA patients
(121-123). Adipocyte-secreted IL-13 promoted obesity-induced
pancreatic carcinogenesis and drug resistance by recruiting
tumor-associated neutrophils in a mouse PDA model (124). IL-1f
production by PDA-associated myeloid cells may also support
tumor progression by promoting immune tolerance (116, 119).
Overall, the heterotypic distribution of IL-1f3 expression in PDA
seems to be involved in disease pathogenesis.

3.7 Colorectal cancer

Colorectal cancer (CRC) is common and has high morbidity
and mortality (125). Genetic predisposition and recurrent
inflammatory bowel disease are two major independent risk
factors and 80% of colon cancers show mutation of the tumor

Frontiers in Immunology

10.3389/fimmu.2023.1074606

suppressor colon adenomatous polyposis coli (APC) gene (47).
Genes encoding tumor necrosis factor-alpha-inducible protein 3
(TNFAIP3), NLRP3 and NF-xB are prognostic markers for CRC
(126). TNFAIP3 is a CRC tumor suppressor but NLRP3 level is
associated with poorer survival in patients with aggressive CRC and
chronic intestinal inflammation, such as IBD, is considered a risk
factor for the development of colorectal cancer (127). Nlrp3”" mice
developed atypical hyperplasia and tumor formation due to elevated
inflammatory responses and disruption of the intestinal epithelial
barrier in response to CRC induction by (AOM)/dextransodium
sulfate (DSS) and similar results were observed in ASC and caspase-
1 deficient mice. Thus, the NLRP3 inflammasome is considered
instrumental in resistance to colitis-associated tumorigenesis (128,
129). Reduction of intestinal IL-18 levels in NLRP3 and caspase-1-
deficient mice exposed to AOM/DSS showed that recombinant IL-
18 prevented tumor development (129). In addition, AOM/DSS-
treated I18”" and IL18R1”" mice were more prone to development
of intestinal polyps than wild-type mice (12). Therefore, NLRP3-
mediated IL-18 secretion promoted differentiation of intestinal
epithelial cells, maintained intestinal epithelial integrity and
reduced intestinal epithelial cell proliferation during colitis
remission, protecting cells from malignant transformation (130).
The NLRP3 inflammasome may also inhibit CRC metastasis and
proliferation by enhancing the IL-18-induced activity of NK cells
independently of INF-y, in addition to counteracting enterocolitis-
associated intestinal carcinogenesis. NLRP3”" mice have an
increased risk of developing CRC liver metastases (131) and
caspase-1-deficient mice exhibited more severe tumorigenesis,
decreased STATI and IL-1P compared with the NLRP3”" mouse
model (132).

Most studies suggest an inhibitory effect of NLRP3 on CRC.
However, DSS-induced colitis was attenuated in Nlrp3'/' mice and
ameliorated by caspase-1 inhibition. A local decrease in the
proinflammatory cytokines, IL-18, TNF-a. and IFN-y, may be
responsible (13). The cancer-promoting function of NLRP3 is
also apparent in the interaction of macrophages with tumor cells
which enhances CRC invasion and metastasis (133). The NLRP3
inflammasome has also been reported to be highly expressed in
mesenchymal-like colon cancer cells (134). During the epithelial-
mesenchymal transition (EMT), tumor necrosis factor-o. (TNF-ct)
and transforming growth factor-f1 (TGF-fB1) act on NLRP3,
although ASC and cleaved caspase-1 do not seem to be involved
despite being upregulated in CRC epithelial cell-lines, HCT116 and
HT29, leading to cancer progression. Therefore, a necessary
condition for the EMT seems to be the expression, rather than
the activation, of the NLRP3 inflammasome (134). Overall, the role
of the NLRP3 inflammasome in the occurrence and development of
colorectal tumors remains controversial and further studies
are needed.

RAS mutations are the most common oncogenic mutations in
human cancers. The hallmark KRAS mutated cancers are
pancreatic cancer, colorectal cancer, lung adenocarcinoma and
urogenital tract cancer (135). KRAS is a commonly mutated
oncogene in CRC, occurring in approximately 40% of CRC cases;
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its mutation leads to constitutive activation of KRAS protein, which
acts as a molecular switch to continuously stimulate downstream
signaling pathways, including cell proliferation and survival, leading
to tumorigenesis (136, 137). It was found that in addition to the
direct translational effects generated by RAS/MEK/ERK signaling,
the inflammation-related effects of KRAS play an important role in
tumorigenesis. KrasG'*" oncogene-driven myeloproliferation is
dependent on NLRP3 inflammasome activation (138). This work
revealed the existence of KRAS/RAC1/ROS/NLRP3/IL-1f pathway
in human myeloid leukemia. krasG;,p-induced NLRP3 activation is
dependent on RACI1-mediated accumulation of ROS in myeloid
leukemia cells.

4 NLRP3 and natural killer cell

NK cells are important immune cells, and once activated, NK
cells perform cell lysis functions in different ways. First, they can
release lysis granules containing perforin and granzyme (139).
Then, death receptors such as Fas ligand (FasL) and tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL) are also
contributors to NK cell-mediated cytotoxicity (140). In addition,
NK cells can recognize and induce antibody encapsulation and lysis
of target cells via CD16 (FcyRIIIa), a process known as antibody-
dependent cytotoxicity (ADCC) (141). In addition to direct
cytotoxicity, NK cells can regulate innate and adaptive immunity
by secreting a range of cytokines, growth factors and
chemokines (142).

4.1 Function of NK cells in Gl cancers

NK cells can act as effector cells and respond to stimuli within a
few hours without pre-immunization. Currently, activation of NK
cells through the receptor NKG2D is the most well-defined
mechanism in tumor surveillance. The level of NKG2D
expression in gastric cancer was positively correlated with clinical
survival, and in vitro experiments confirmed the cytotoxicity of NK
cells on gastric cancer cell lines (143). In human pancreatic cancer,
NK cells recognize cancer stem cell (CSCs) markers such as CD133
and CD24 in an NKG2D-dependent manner, which is important
for exerting cytotoxic (144). NK cells can induce significant
apoptosis in the HCC cell line Hep3B through TRAIL/TRAIL
(tumor necrosis factor-related apoptosis-inducing ligand) receptor
interactions (145). The same mechanism is involved in the NK cell-
mediated inhibition of liver metastasis from CRC (146).

TABLE 1 List of NLRP3 inhibitors.

10.3389/fimmu.2023.1074606

In addition to this, NK cells can play an adjuvant function in GI
cancers. NK cells can act on other immune cells, such as dendritic
cells (DCs) (147), neutrophils (148), and T cells (149), by secreting
cytokines, resulting in adaptive immunity.

4.2 Role of NLRP3 on NK cells

Tumor cells, stromal cells and other types of immune cells in
the TME can influence the function of NK cells. ATP has a key role
in the energy metabolism of TME components and influences
cancer immunosurveillance. Increased levels of extracellular ATP
(eATP) trigger activation of the P2X7-NLRP3-inflammasome,
which drives macrophage pyroptosis, enhances maturation and
antigen-presentation of dendritic cells (DCs) and improves
cytotoxic function of NK cells (150). In a mouse CRC-liver
metastasis model, the NLRP3 inflammasome increases IL-18
secretion, promotes maturation of hepatic NK cells, increases
FasL expression, and Fas/FasL interaction can exert cytotoxicity
on tumor cells (131). The deletion of NLRP3 in human
hepatocellular carcinoma can cause upregulation of MICA/B
expression which interacts with the NKG2D receptor in NK-92
cells, resulting in cytotoxicity of NK cells (151). Activation of the
NLRP3 inflammasome can cause elevated IL-1J levels in TME. In
vivo, tumor-associated NLRP3/IL-1 signaling induces the expansion
of myeloid-derived suppressor cells (MDSCs), leading to reduced
NK cell activity (152).

5 Therapeutic targeting of NLRP3

The clinical relevance of the NLRP3 inflammasome in GI
cancers allows it to be an important molecular target. An
important future study is the understanding of the molecular
mechanisms of NLRP3 inflammasome activation and the
identification of effective NLRP3 inhibitors or inhibitory
pathways. Here, we list some inhibitors of NLRP3 that can
influence cancer progression (Table 1).

The diarylsulfonylurea compound MCC950 (originally
reported as CRID3/CP-456773) is the most potent and specific
NLRP3 inhibitor (153). Mechanistically, MCC950 interacts directly
with the Walker B motif within the NLRP3 NACHT structural
domain, thereby blocking ATP hydrolysis (154) and inducing the
transition of NLRP3 to an inactive conformation (155). In cancer
therapy, MCC950 improves T-cell function by reducing the number
of immunosuppressive cells, thereby inhibiting and retarding tumor

Inhibitor Mechanism Effective Gl Cancer Type References

MCC950 Binds Walker B motif, NLRP3 NACHT, ATPase inhibitor DSS-induced experimental colitis in mice (153-157)

Compound 6 Binds NLRP3 NACHT domain, blocking ATPase activity and ASC oligomerization (158)

Fclla-2 Targets NLRP3 inflammasome, inhibits cytokines release (159)
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2023.1074606

Inhibitor Mechanism Effective Gl Cancer Type References
VI-16 Inhibits the binding of TXNIP to NLRP3 by reducing NLRP3 activation (160)
Fraxinellone Inhibits NF-kappaB pathway and NLRP3 inflammasome activation (161)
Alpinetin (162)
Celastrol (163)
C1-27 Inhibits NLRP3 activation by reducing ASC speck formation CRC (164)
Oridonin Binds NLRP3 NACHT domain, blocks NEK7-NLRP3 interaction ESCC (165)
Thalidomide inhibits caspase-1 activation / (166-168)
CY-09 Binds ATP-binding motif, NLRP3 NACHT, inhibits ATPase (169)
Tranilast Binds NACHT Inhibits the NLRP3-NLRP3 interaction (170)

SI-2 Disrupts the interaction between NLRP3 (171)
Canakinumab IL-1B inhibitor CRC (172, 173)
Rilonacept Binds IL-1P and IL-1o / (174)
Anakinra IL-1 receptor antagonist CRC (175)

growth (156). In addition, MCC950 was shown to effectively inhibit
IL-1PB secretion and Caspase-1 activation in ulcerative colitis in
mice (157).

A variety of compounds have been shown to be effective in the
treatment of experimental colitis in mice caused by DSS.
Compound 6, a novel tetrahydroquinoline NLRP3 inhibitor.
Specifically inhibits NLRP3 activation in vivo by binding to the
NLRP3-NACHT structural domain, inhibiting its ATPase activity
and blocking ASC oligomerization (158). Fcl1a-2, a synthetic small
molecule compound that inhibits cytokine release by targeting the
NLRP3 inflammasome (159). VI-16 is a ynthetic flavonoid
compound that reduces ROS production and inhibits NLRP3
inflammasome activation by inhibiting the binding of TXNIP to
NLRP3 (160). Fraxinellone (lactone compound) (161), alpinetin
(novel plant flavonoid) (162) and Celastrol (natural triterpene)
(163) both are able to affect NLRP3 inflammasome activation by
inhibiting NF-kappaB signaling.

NEK7 is a member of the family of NIMA-related kinases
(NEKs) and acts as an NLRP3-binding protein capable of regulating
their oligomerization and activation. The omega class glutathione
transferase (GSTO1-1) inhibitor C1-27 promotes NEK7
deglutathionylation to regulate the release of IL-1B and IL-18
(164), thereby promoting CRC formation. Oridonin, an ent-
kaurane diterpenoid, inhibits NLRP3 activation by binding to
NLRP3-NACHT and blocking the interaction of NLRP3 with
NEK7 (165). Thalidomide, a potent anti-inflammatory agent that
inhibits caspase-1 activation (166), has antitumor activity in the
treatment of MM and PCa (167, 168). C172 is an inhibitor of the
cystic fibrosis transmembrane conductance regulator channel
(CFTR), and its analogue CY-09 inhibits the ATPase activity and
oligomerization of NLRP3 by binding to its ATP-bound Walker A
motif (169). Tranilast is a tryptophan metabolite analogue that
blocks NLRP3-NLRP3 interactions and oligomers by binding to the
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NACHT structural domain of NLRP3, but does not affect its
ATPase activity (170). SI-2, an acetylase inhibitor, specifically
inhibits NLRP3 inflammasome activation by disrupting the
interaction between NLRP3 and ASC and blocking ASC spot
formation (171).

Although small molecules and drugs have been shown to
modulate inflammasome activity, IL-1 signaling blockade is
currently being used clinically to treat NLRP3-driven immune
disorders. Three biologics are approved by the U.S. Food and
Drug Administration for the treatment of multiple inflammatory
diseases: Canakinumab, a human anti-IL-13 monoclonal antibody,
has significant antitumor effects in NSCLC (172, 173); Rilonacept, a
decoy receptor that binds IL-1f and IL-1lo (176); Anakinra is a
recombinant IL-1 receptor antagonist (IL-1RA) that blocks IL-1ot
and IL-1f signaling via IL-1R (174). In addition, the combination of
Anakinra with 5-FU and bevacizumab improved the survival and
overall survival of patients affected by CRC (175).

In summary, targeting the NLRP3 inflammasome or its
downstream pathways as a research target has begun to attract
attention as a potential strategy for the development of novel
anticancer therapies.

6 Conclusions

Evidence suggests that NLRP3 plays a dual role in
tumorigenesis and anticancer immunity (Table 2). However, its
roles in different tumor types, at different stages of tumor
development and mechanisms of action in tumor formation,
development and invasion all remain controversial. Pyroptosis
may induce varied outcomes in different tumors, meriting
unprecedented attention in the field of tumor therapy. Inhibition
or promotion of pyroptosis is a new approach to tumor therapy.
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TABLE 2 Role of NLRP3 inflammasome activation or suppression in cancer development.

Type of cancer Source of experimental evidence

0sCC -OSCC and adjacent
normal tissue

NLRP3”" mouse

ESCC -ESCC and adjacent
normal tissue

ESCC cell lines Het-1A

GC -GC tissue

-GC cell lines (SGC-7901, BGC-823,
HGC-27 and AGS)

-normal gastric epithelial cell

line (GES-1)

HCC -HCC and adjacent

normal tissue

Effect on tumor References

promoting effect (42-44, 46)

promoting effect (51, 52)

Tumor promoting effect (11, 19, 59, 63)

suppressor effect (66-70, 81)

GBC -GBC and adjacent

normal tissue

ASC”" mouse
Caspase—l'/' mouse
NLRP3”" mouse
-PDA and adjacent
normal tissue

PDA

CRC -CRC and adjacent
normal tissue
NLRP3”" mouse
IL-18"" mouse

ILI8R1” mouse

Colon cancer epithelial cells HCT116 and HT29

However, pathways of pyroptosis in tumors and molecular
mechanisms still lack convincing explanations. The NLRP3
inflammasome mediates pyroptosis and a study of its in vivo
impact on the tumor process may allow applications of PCD
targeting in tumor therapy.

Author contributions

YW designed the review article. JW wrote the manuscript and
prepared the figures and tables. BX, YL, LW, LH, XM and TZ
revised the manuscript. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by the National Natural Science
Foundation of China (Grant No. 81802372), the Natural Science
Foundation of Hebei Province (Grant No. H2020107005 &
H2020107002) and the Scientific and Technological Project of the
Hebei Province of China (Grant No. 14397702D).

Frontiers in Immunology

09

promoting effect (85, 89-97)

promoting effect (116, 119)

promoting effect
suppressor effect

(12, 128-131, 133, 134).

Acknowledgments

The authors would like to express their gratitude to EditSprings
(https://www.editsprings.com/) for the expert linguistic
services provided.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.editsprings.com/
https://doi.org/10.3389/fimmu.2023.1074606
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wen et al.

References

1. Xia X, Wang X, Cheng Z, Qin W, Lei L, Jiang J, et al. The role of pyroptosis in
cancer: pro-cancer or pro-"host"? Cell Death Dis (2019) 10(9):650. doi: 10.1038/s41419-
019-1883-8

2. Obeng E. Apoptosis (programmed cell death) and its signals - a review. Braz J Biol
(2021) 81(4):1133-43. doi: 10.1590/1519-6984.228437

3. Carneiro BA, El-Deiry WS. Targeting apoptosis in cancer therapy. Nat Rev Clin
Oncol (2020) 17(7):395-417. doi: 10.1038/s41571-020-0341-y

4. Kesavardhana S, Malireddi RKS, Kanneganti TD. Caspases in cell death,
inflammation, and pyroptosis. Annu Rev Immunol (2020) 38:567-95. doi: 10.1146/
annurev-immunol-073119-095439

5. Kovacs SB, Miao EA. Gasdermins: Effectors of pyroptosis. Trends Cell Biol (2017)
27(9):673-84. doi: 10.1016/j.tcb.2017.05.005

6. ShiJ, Gao W, Shao F. Pyroptosis: Gasdermin-mediated programmed necrotic cell
death. Trends Biochem Sci (2017) 42(4):245-54. doi: 10.1016/j.tibs.2016.10.004

7. Tower J. Programmed cell death in aging. Ageing Res Rev (2015) 23(Pt A):90-100.
doi: 10.1016/j.arr.2015.04.002

8. Zheng M, Kanneganti TD. The regulation of the ZBP1-NLRP3 inflammasome
and its implications in pyroptosis, apoptosis, and necroptosis (PANoptosis). Immunol
Rev (2020) 297(1):26-38. doi: 10.1111/imr.12909

9. Galluzzi L, Vitale I, Abrams JM, Alnemri ES, Baehrecke EH, Blagosklonny MV,
et al. Molecular definitions of cell death subroutines: Recommendations of the
nomenclature committee on cell death 2012. Cell Death Differ (2012) 19(1):107-20.
doi: 10.1038/cdd.2011.96

10. Tang R, Xu J, Zhang B, Liu J, Liang C, Hua J, et al. Ferroptosis, necroptosis, and
pyroptosis in anticancer immunity. ] Hematol Oncol (2020) 13(1):110. doi: 10.1186/
s13045-020-00946-7

11. Hai Ping P, Feng Bo T, Li L, Nan Hui Y, Hong Z. IL-1beta/NF-kb signaling
promotes colorectal cancer cell growth through miR-181a/PTEN axis. Arch Biochem
Biophys (2016) 604:20-6. doi: 10.1016/j.abb.2016.06.001

12. Salcedo R, Worschech A, Cardone M, Jones Y, Gyulai Z, Dai RM, et al. MyD88-
mediated signaling prevents development of adenocarcinomas of the colon: Role of
interleukin 18. J Exp Med (2010) 207(8):1625-36. doi: 10.1084/jem.20100199

13. Bauer C, Duewell P, Mayer C, Lehr HA, Fitzgerald KA, Dauer M, et al. Colitis
induced in mice with dextran sulfate sodium (DSS) is mediated by the NLRP3
inflammasome. Gut (2010) 59(9):1192-9. doi: 10.1136/gut.2009.197822

14. Wang Y, Gao W, Shi X, Ding J, Liu W, He H, et al. Chemotherapy drugs induce
pyroptosis through caspase-3 cleavage of a gasdermin. Nature (2017) 547(7661):99-
103. doi: 10.1038/nature22393

15. Zhang Z, Zhang Y, Xia S, Kong Q, Li S, Liu X, et al. Gasdermin e suppresses
tumour growth by activating anti-tumour immunity. Nature (2020) 579(7799):415-20.
doi: 10.1038/541586-020-2071-9

16. Zhou Z, He H, Wang K, Shi X, Wang Y, Su Y, et al. Granzyme a from cytotoxic
lymphocytes cleaves GSDMB to trigger pyroptosis in target cells. Science (2020) 368
(6494):eaaz7548. doi: 10.1126/science.aaz7548

17. Hamarsheh S, Zeiser R. NLRP3 inflammasome activation in cancer: A double-
edged sword. Front Immunol (2020) 11:1444. doi: 10.3389/fimmu.2020.01444

18. LuF, Lan Z, Xin Z, He C, Guo Z, Xia X, et al. Emerging insights into molecular
mechanisms underlying pyroptosis and functions of inflammasomes in diseases. J Cell
Physiol (2020) 235(4):3207-21. doi: 10.1002/jcp.29268

19. Moossavi M, Parsamanesh N, Bahrami A, Atkin SL, Sahebkar A. Role of the
NLRP3 inflammasome in cancer. Mol Cancer (2018) 17(1):158. doi: 10.1186/s12943-
018-0900-3

20. Seo GJ, Kim C, Shin WJ, Sklan EH, Eoh H, Jung JU. TRIM56-mediated
monoubiquitination of ¢GAS for cytosolic DNA sensing. Nat Commun (2018) 9
(1):613. doi: 10.1038/s41467-018-02936-3

21. Duan Y, Zhang L, Angosto-Bazarra D, Pelegrin P, Nunez G, He Y. RACK1
mediates NLRP3 inflammasome activation by promoting NLRP3 active conformation
and inflammasome assembly. Cell Rep (2020) 33(7):108405. doi: 10.1016/
j.celrep.2020.108405

22. Zhong Y, Kinio A, Saleh M. Functions of NOD-like receptors in human diseases.
Front Immunol (2013) 4:333. doi: 10.3389/fimmu.2013.00333

23. Duncan JA, Bergstralh DT, Wang Y, Willingham SB, Ye Z, Zimmermann AG,
et al. Cryopyrin/NALP3 binds ATP/dATP, is an ATPase, and requires ATP binding to
mediate inflammatory signaling. Proc Natl Acad Sci USA (2007) 104(19):8041-6.
doi: 10.1073/pnas.0611496104

24. Schroder K, Zhou R, Tschopp J. The NLRP3 inflammasome: a sensor for
metabolic danger? Science (2010) 327(5963):296-300. doi: 10.1126/
science.1184003

25. Swanson KV, Deng M, Ting JP. The NLRP3 inflammasome: molecular
activation and regulation to therapeutics. Nat Rev Immunol (2019) 19(8):477-89.
doi: 10.1038/s41577-019-0165-0

26. Malik A, Kanneganti TD. Inflammasome activation and assembly at a glance. J
Cell Sci (2017) 130(23):3955-63. doi: 10.1242/jcs.207365

Frontiers in Immunology

10.3389/fimmu.2023.1074606

27. Kayagaki N, Stowe IB, Lee BL, O'Rourke K, Anderson K, Warming S, et al.
Caspase-11 cleaves gasdermin d for non-canonical inflammasome signalling. Nature
(2015) 526(7575):666-71. doi: 10.1038/nature15541

28. Kuang S, Zheng J, Yang H, Li S, Duan S, Shen Y, et al. Structure insight of
GSDMD reveals the basis of GSDMD autoinhibition in cell pyroptosis. Proc Natl Acad
Sci USA (2017) 114(40):10642-7. doi: 10.1073/pnas.1708194114

29. ShiJ, Zhao Y, Wang K, Shi X, Wang Y, Huang H, et al. Cleavage of GSDMD by
inflammatory caspases determines pyroptotic cell death. Nature (2015) 526(7575):660—
5. doi: 10.1038/nature15514

30. Karki R, Man SM, Kanneganti TD. Inflammasomes and cancer. Cancer
Immunol Res (2017) 5(2):94-9. doi: 10.1158/2326-6066.CIR-16-0269

31. Sutterwala FS, Ogura Y, Flavell RA. The inflammasome in pathogen recognition
and inflammation. J Leukoc Biol (2007) 82(2):259-64. doi: 10.1189/j1b.1206755

32. Mariathasan S, Weiss DS, Newton K, McBride ], O'Rourke K, Roose-Girma M,
et al. Cryopyrin activates the inflammasome in response to toxins and ATP. Nature
(2006) 440(7081):228-32. doi: 10.1038/nature04515

33. Hornung V, Bauernfeind F, Halle A, Samstad EO, Kono H, Rock KL, et al. Silica
crystals and aluminum salts activate the NALP3 inflammasome through phagosomal
destabilization. Nat Immunol (2008) 9(8):847-56. doi: 10.1038/ni.1631

34. Halle A, Hornung V, Petzold GC, Stewart CR, Monks BG, Reinheckel T, et al.
The NALP3 inflammasome is involved in the innate immune response to amyloid-beta.
Nat Immunol (2008) 9(8):857-65. doi: 10.1038/ni.1636

35. He Y, Hara H, Nunez G. Mechanism and regulation of NLRP3 inflammasome
activation. Trends Biochem Sci (2016) 41(12):1012-21. doi: 10.1016/j.tibs.2016.09.002

36. Hofbauer D, Mougiakakos D, Broggini L, Zaiss M, Buttner-Herold M, Bach C,
et al. beta(2)-microglobulin triggers NLRP3 inflammasome activation in tumor-
associated macrophages to promote multiple myeloma progression. Immunity (2021)
54(8):1772-87 €9. doi: 10.1016/j.immuni.2021.07.002

37. Mignogna MD, Fedele S, Lo Russo L. The world cancer report and the burden of
oral cancer. Eur ] Cancer Prev (2004) 13(2):139-42. doi: 10.1097/00008469-200404000-
00008

38. Chen SMY, Krinsky AL, Woolaver RA, Wang X, Chen Z, Wang JH. Tumor
immune microenvironment in head and neck cancers. Mol Carcinog (2020) 59(7):766—
74. doi: 10.1002/mc.23162

39. Panarese I, Aquino G, Ronchi A, Longo F, Montella M, Cozzolino 1, et al. Oral
and oropharyngeal squamous cell carcinoma: Prognostic and predictive parameters in
the etiopathogenetic route. Expert Rev Anticancer Ther (2019) 19(2):105-19.
doi: 10.1080/14737140.2019.1561288

40. Komohara Y, Fujiwara Y, Ohnishi K, Takeya M. Tumor-associated
macrophages: Potential therapeutic targets for anti-cancer therapy. Adv Drug Deliv
Rev (2016) 99(Pt B):180-5. doi: 10.1016/j.addr.2015.11.009

41. Tian W, Jiang X, Kim D, Guan T, Nicolls MR, Rockson SG. Leukotrienes in
tumor-associated inflammation. Front Pharmacol (2020) 11:1289. doi: 10.3389/
fphar.2020.01289

42. Feng X, Luo Q, Wang H, Zhang H, Chen F. MicroRNA-22 suppresses cell
proliferation, migration and invasion in oral squamous cell carcinoma by targeting
NLRP3. ] Cell Physiol (2018) 233(9):6705-13. doi: 10.1002/jcp.26331

43. Wang H, Luo Q, Feng X, Zhang R, Li J, Chen F. NLRP3 promotes tumor growth
and metastasis in human oral squamous cell carcinoma. BMC Cancer (2018) 18(1):500.
doi: 10.1186/s12885-018-4403-9

44. Feng X, Luo Q, Zhang H, Wang H, Chen W, Meng G, et al. The role of NLRP3
inflammasome in 5-fluorouracil resistance of oral squamous cell carcinoma. J Exp Clin
Cancer Res (2017) 36(1):81. doi: 10.1186/s13046-017-0553-x

45. Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation, immunity, and
disease. Cold Spring Harb Perspect Biol (2014) 6(10):a016295. doi: 10.1101/
cshperspect.a016295

46. Xiao L, Li X, Cao P, Fei W, Zhou H, Tang N, et al. Interleukin-6 mediated
inflammasome activation promotes oral squamous cell carcinoma progression via
JAK2/STAT3/Sox4/NLRP3 signaling pathway. J Exp Clin Cancer Res (2022) 41(1):166.
doi: 10.1186/513046-022-02376-4

47. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394-424. doi: 10.3322/
caac.21492

48. Napier KJ, Scheerer M, Misra S. Esophageal cancer: A review of epidemiology,
pathogenesis, staging workup and treatment modalities. World ] Gastrointest Oncol
(2014) 6(5):112-20. dok: 10.4251/wjgo.v6.i5.112

49. Sang C, An W, Han M, Yang M. Health risk assessment on n-
nitrosodimethylamine in drinking water and food in major cities of China with
disability-adjusted life years (DALYs). Ecotoxicol Environ Saf (2019) 170:412-7.
doi: 10.1016/j.ecoenv.2018.11.128

50. Zhao C, Zhou J, Gu Y, Pan E, Sun Z, Zhang H, et al. Urinary exposure of n-
nitrosamines and associated risk of esophageal cancer in a high incidence area in China.
Sci Total Environ (2020) 738:139713. doi: 10.1016/j.scitotenv.2020.139713

frontiersin.org


https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1590/1519-6984.228437
https://doi.org/10.1038/s41571-020-0341-y
https://doi.org/10.1146/annurev-immunol-073119-095439
https://doi.org/10.1146/annurev-immunol-073119-095439
https://doi.org/10.1016/j.tcb.2017.05.005
https://doi.org/10.1016/j.tibs.2016.10.004
https://doi.org/10.1016/j.arr.2015.04.002
https://doi.org/10.1111/imr.12909
https://doi.org/10.1038/cdd.2011.96
https://doi.org/10.1186/s13045-020-00946-7
https://doi.org/10.1186/s13045-020-00946-7
https://doi.org/10.1016/j.abb.2016.06.001
https://doi.org/10.1084/jem.20100199
https://doi.org/10.1136/gut.2009.197822
https://doi.org/10.1038/nature22393
https://doi.org/10.1038/s41586-020-2071-9
https://doi.org/10.1126/science.aaz7548
https://doi.org/10.3389/fimmu.2020.01444
https://doi.org/10.1002/jcp.29268
https://doi.org/10.1186/s12943-018-0900-3
https://doi.org/10.1186/s12943-018-0900-3
https://doi.org/10.1038/s41467-018-02936-3
https://doi.org/10.1016/j.celrep.2020.108405
https://doi.org/10.1016/j.celrep.2020.108405
https://doi.org/10.3389/fimmu.2013.00333
https://doi.org/10.1073/pnas.0611496104
https://doi.org/10.1126/science.1184003
https://doi.org/10.1126/science.1184003
https://doi.org/10.1038/s41577-019-0165-0
https://doi.org/10.1242/jcs.207365
https://doi.org/10.1038/nature15541
https://doi.org/10.1073/pnas.1708194114
https://doi.org/10.1038/nature15514
https://doi.org/10.1158/2326-6066.CIR-16-0269
https://doi.org/10.1189/jlb.1206755
https://doi.org/10.1038/nature04515
https://doi.org/10.1038/ni.1631
https://doi.org/10.1038/ni.1636
https://doi.org/10.1016/j.tibs.2016.09.002
https://doi.org/10.1016/j.immuni.2021.07.002
https://doi.org/10.1097/00008469-200404000-00008
https://doi.org/10.1097/00008469-200404000-00008
https://doi.org/10.1002/mc.23162
https://doi.org/10.1080/14737140.2019.1561288
https://doi.org/10.1016/j.addr.2015.11.009
https://doi.org/10.3389/fphar.2020.01289
https://doi.org/10.3389/fphar.2020.01289
https://doi.org/10.1002/jcp.26331
https://doi.org/10.1186/s12885-018-4403-9
https://doi.org/10.1186/s13046-017-0553-x
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1101/cshperspect.a016295
https://doi.org/10.1186/s13046-022-02376-4
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.4251/wjgo.v6.i5.112
https://doi.org/10.1016/j.ecoenv.2018.11.128
https://doi.org/10.1016/j.scitotenv.2020.139713
https://doi.org/10.3389/fimmu.2023.1074606
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wen et al.

51. Liu Q, Zhao C, Zhou J, Zhang H, Zhang Y, Wang S, et al. Reactive oxygen
species-mediated activation of NLRP3 inflammasome associated with pyroptosis in
het-1A cells induced by the co-exposure of nitrosamines. ] Appl Toxicol (2022) 42
(10):1651-61. doi: 10.1002/jat.4332

52. YuS, Yin JJ, Miao JX, Li SG, Huang CZ, Huang N, et al. Activation of NLRP3
inflammasome promotes the proliferation and migration of esophageal squamous cell
carcinoma. Oncol Rep (2020) 43(4):1113-24. doi: 10.3892/0r.2020.7493

53. Graham DY. Helicobacter pylori update: gastric cancer, reliable therapy, and
possible benefits. Gastroenterology (2015) 148(4):719-31 e3. doi: 10.1053/
j.gastro.2015.01.040

54. Wagner EF, Nebreda AR. Signal integration by JNK and p38 MAPK pathways in
cancer development. Nat Rev Cancer (2009) 9(8):537-49. doi: 10.1038/nrc2694

55. Lim W, An Y, Yang C, Bazer FW, Song G. Chrysophanol induces cell death and
inhibits invasiveness via mitochondrial calcium overload in ovarian cancer cells. J Cell
Biochem (2018) 119(12):10216-27. doi: 10.1002/jcb.27363

56. Na HK, Lee JH, Park SJ, Park HJ, Kim SO, Ahn JY, et al. Effect of helicobacter
pylori eradication on reflux esophagitis and GERD symptoms after endoscopic
resection of gastric neoplasm: A single-center prospective study. BMC Gastroenterol
(2020) 20(1):123. doi: 10.1186/s12876-020-01276-1

57. Guo Y, Zhang Y, Gerhard M, Gao JJ, Mejias-Luque R, Zhang L, et al. Effect of
helicobacter pylori on gastrointestinal microbiota: a population-based study in linqu, a
high-risk area of gastric cancer. Gut (2020) 69(9):1598-607. doi: 10.1136/gutjnl-2019-
319696

58. Polk DB, Peek RMJr. Helicobacter pylori: Gastric cancer and beyond. Nat Rev
Cancer (2010) 10(6):403-14. doi: 10.1038/nrc2857

59. Semper RP, Mejias-Luque R, Gross C, Anderl F, Muller A, Vieth M, et al.
Helicobacter pylori-induced IL-1beta secretion in innate immune cells is regulated by
the NLRP3 inflammasome and requires the cag pathogenicity island. ] Immunol (2014)
193(7):3566-76. doi: 10.4049/jimmunol.1400362

60. Saqui-Salces M, Coves-Datson E, Veniaminova NA, Waghray M, Syu LJ,
Dlugosz AA, et al. Inflammation and Gli2 suppress gastrin gene expression in a
murine model of antral hyperplasia. PloS One (2012) 7(10):e48039. doi: 10.1371/
journal.pone.0048039

61. Waghray M, Zavros Y, Saqui-Salces M, El-Zaatari M, Alamelumangapuram CB,
Todisco A, et al. Interleukin-1beta promotes gastric atrophy through suppression of
sonic hedgehog. Gastroenterology (2010) 138(2):562-72, 72 el-2. doi: 10.1053/
j.gastro.2009.10.043

62. Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, Rickman B, et al.
Overexpression of interleukin-1beta induces gastric inflammation and cancer and
mobilizes myeloid-derived suppressor cells in mice. Cancer Cell (2008) 14(5):408-19.
doi: 10.1016/j.ccr.2008.10.011

63. Suarez G, Romero-Gallo J, Piazuelo MB, Wang G, Maier R]J, Forsberg LS, et al.
Modification of helicobacter pylori peptidoglycan enhances NODI1 activation and
promotes cancer of the stomach. Cancer Res (2015) 75(8):1749-59. doi: 10.1158/0008-
5472.CAN-14-2291

64. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics in
China, 2015. CA Cancer J Clin (2016) 66(2):115-32. doi: 10.3322/caac.21338

65. Torre LA, Bray F, Siegel RL, Ferlay ], Lortet-Tieulent ], Jemal A. Global cancer
statistics, 2012. CA Cancer J Clin (2015) 65(2):87-108. doi: 10.3322/caac.21262

66. Kim SJ, Lee SM. NLRP3 inflammasome activation in d-galactosamine and
lipopolysaccharide-induced acute liver failure: role of heme oxygenase-1. Free Radic
Biol Med (2013) 65:997-1004. doi: 10.1016/j.freeradbiomed.2013.08.178

67. Wei Q, Zhu R, Zhu J, Zhao R, Li M. E2-induced activation of the NLRP3
inflammasome triggers pyroptosis and inhibits autophagy in HCC cells. Oncol Res
(2019) 27(7):827-34. doi: 10.3727/096504018X15462920753012

68. Imaeda AB, Watanabe A, Sohail MA, Mahmood S, Mohamadnejad M,
Sutterwala FS, et al. Acetaminophen-induced hepatotoxicity in mice is dependent on
TIr9 and the Nalp3 inflammasome. J Clin Invest (2009) 119(2):305-14. doi: 10.1172/
JCI35958

69. Fan SH, Wang YY, Lu J, Zheng YL, Wu DM, Li MQ, et al. Luteoloside
suppresses proliferation and metastasis of hepatocellular carcinoma cells by
inhibition of NLRP3 inflammasome. PloS One (2014) 9(2):e89961. doi: 10.1371/
journal.pone.0089961

70. Kofahi HM, Taylor NG, Hirasawa K, Grant MD, Russell RS. Hepatitis ¢ virus
infection of cultured human hepatoma cells causes apoptosis and pyroptosis in both
infected and bystander cells. Sci Rep (2016) 6:37433. doi: 10.1038/srep37433

71. Petrasek J, Bala S, Csak T, Lippai D, Kodys K, Menashy V, et al. IL-1 receptor
antagonist ameliorates inflammasome-dependent alcoholic steatohepatitis in mice. ]
Clin Invest (2012) 122(10):3476-89. doi: 10.1172/JCI60777

72. Takahashi T, Yoshioka M, Uchinami H, Nakagawa Y, Otsuka N, Motoyama S,
et al. Hepatic stellate cells play a functional role in exacerbating ischemia-reperfusion
injury in rat liver. Eur Surg Res (2019) 60(1-2):74-85. doi: 10.1159/000499750

73. Wree A, Eguchi A, McGeough MD, Pena CA, Johnson CD, Canbay A, et al.
NLRP3 inflammasome activation results in hepatocyte pyroptosis, liver inflammation,
and fibrosis in mice. Hepatology (2014) 59(3):898-910. doi: 10.1002/hep.26592

74. Jiang S, Zhang Y, Zheng JH, Li X, Yao YL, Wu YL, et al. Potentiation of hepatic
stellate cell activation by extracellular ATP is dependent on P2X7R-mediated NLRP3

Frontiers in Immunology

11

10.3389/fimmu.2023.1074606

inflammasome activation. Pharmacol Res (2017) 117:82-93. doi: 10.1016/
j.phrs.2016.11.040

75. Hu HH, Chen DQ, Wang YN, Feng YL, Cao G, Vaziri ND, et al. New insights
into TGF-beta/Smad signaling in tissue fibrosis. Chem Biol Interact (2018) 292:76-83.
doi: 10.1016/j.cbi.2018.07.008

76. LiJ, Zhao YR, Tian Z. Roles of hepatic stellate cells in acute liver failure: From
the perspective of inflammation and fibrosis. World ] Hepatol (2019) 11(5):412-20.
doi: 10.4254/wjh.v11.i5.412

77. Liu D, Wang K, Li K, Xu R, Chang X, Zhu Y, et al. Ets-1 deficiency alleviates
nonalcoholic steatohepatitis via weakening TGF-betal signaling-mediated hepatocyte
apoptosis. Cell Death Dis (2019) 10(6):458. doi: 10.1038/s41419-019-1672-4

78. Li Y, Zhang Y, Chen T, Huang Y, Zhang Y, Geng S, et al. Role of
aldosterone in the activation of primary mice hepatic stellate cell and liver
fibrosis via NLRP3 inflammasome. ] Gastroenterol Hepatol (2020) 35(6):1069—
77. doi: 10.1111/jgh.14961

79. Witek RP, Stone WC, Karaca FG, Syn WK, Pereira TA, Agboola KM, et al. Pan-
caspase inhibitor VX-166 reduces fibrosis in an animal model of nonalcoholic
steatohepatitis. Hepatology (2009) 50(5):1421-30. doi: 10.1002/hep.23167

80. Wei Q, Guo P, Mu K, Zhang Y, Zhao W, Huai W, et al. Estrogen suppresses
hepatocellular carcinoma cells through ERbeta-mediated upregulation of the NLRP3
inflammasome. Lab Invest (2015) 95(7):804-16. doi: 10.1038/labinvest.2015.63

81. Wei Q, Mu K, Li T, Zhang Y, Yang Z, Jia X, et al. Deregulation of the NLRP3
inflammasome in hepatic parenchymal cells during liver cancer progression. Lab Invest
(2014) 94(1):52-62. doi: 10.1038/labinvest.2013.126

82. Lin W, Zhao Z, Ni Z, Zhao Y, Du W, Chen S. IFI16 restoration in hepatocellular
carcinoma induces tumour inhibition via activation of p53 signals and inflammasome.
Cell Prolif (2017) 50(6):e12392. doi: 10.1111/cpr.12392

83. Li W, Li Y, Siraj S, Jin H, Fan Y, Yang X, et al. FUN14 domain-containing 1-
mediated mitophagy suppresses hepatocarcinogenesis by inhibition of inflammasome
activation in mice. Hepatology (2019) 69(2):604-21. doi: 10.1002/hep.30191

84. Yan W, Chang Y, Liang X, Cardinal JS, Huang H, Thorne SH, et al. High-
mobility group box 1 activates caspase-1 and promotes hepatocellular carcinoma
invasiveness and metastases. Hepatology (2012) 55(6):1863-75. doi: 10.1002/hep.25572

85. Chen J, Chen ZJ. PtdIns4P on dispersed trans-golgi network mediates NLRP3
inflammasome activation. Nature (2018) 564(7734):71-6. doi: 10.1038/s41586-018-
0761-3

86. Hundal R, Shaffer EA. Gallbladder cancer: Epidemiology and outcome. Clin
Epidemiol (2014) 6:99-109. doi: 10.2147/CLEP.S37357

87. Gamboa AC, Maithel SK. The landmark series: Gallbladder cancer. Ann Surg
Oncol (2020) 27(8):2846-58. doi: 10.1245/s10434-020-08654-9

88. Song X, HuY, Li Y, Shao R, Liu F, Liu Y. Overview of current targeted therapy in
gallbladder cancer. Signal Transduct Target Ther (2020) 5(1):230. doi: 10.1038/s41392-
020-00324-2

89. Zhu Z, Zhu Q, Cai D, Chen L, Xie W, Bai Y, et al. Golgi phosphoprotein 3
promotes the proliferation of gallbladder carcinoma cells via regulation of the NLRP3
inflammasome. Oncol Rep (2021) 45(6):113. doi: 10.3892/0r.2021.8064

90. Farber-Katz SE, Dippold HC, Buschman MD, Peterman MC, Xing M, Noakes
CJ, et al. DNA Damage triggers golgi dispersal via DNA-PK and GOLPH3. Cell (2014)
156(3):413-27. doi: 10.1016/j.cell.2013.12.023

91. Bergeron JJM, Au CE, Thomas DY, Hermo L. Proteomics identifies golgi
phosphoprotein 3 (GOLPH3) with a link between golgi structure, cancer, DNA
damage and protection from cell death. Mol Cell Proteomics (2017) 16(12):2048-54.
doi: 10.1074/mcp.MR117.000068

92. Kuna RS, Field SJ. GOLPH3: a golgi phosphatidylinositol(4)phosphate effector
that directs vesicle trafficking and drives cancer. J Lipid Res (2019) 60(2):269-75.
doi: 10.1194/jlr.R088328

93. Dippold HC, Ng MM, Farber-Katz SE, Lee SK, Kerr ML, Peterman MC, et al.
GOLPH3 bridges phosphatidylinositol-4- phosphate and actomyosin to stretch and
shape the golgi to promote budding. Cell (2009) 139(2):337-51. doi: 10.1016/
j.cell.2009.07.052

94. Li X, Zhang X, Pan Y, Shi G, Ren J, Fan H, et al. mTOR regulates NLRP3
inflammasome activation via reactive oxygen species in murine lupus. Acta Biochim
Biophys Sin (Shanghai) (2018) 50(9):888-96. doi: 10.1093/abbs/gmy088

95. Zhou X, Xue P, Yang M, Shi H, Lu D, Wang Z, et al. Protein kinase D2 promotes
the proliferation of glioma cells by regulating golgi phosphoprotein 3. Cancer Lett
(2014) 355(1):121-9. doi: 10.1016/j.canlet.2014.09.008

96. Zhang Z, Meszaros G, He WT, Xu Y, de Fatima Magliarelli H, Mailly L, et al.
Protein kinase d at the golgi controls NLRP3 inflammasome activation. ] Exp Med
(2017) 214(9):2671-93. doi: 10.1084/jem.20162040

97. Wang Y, Kong H, Zeng X, Liu W, Wang Z, Yan X, et al. Activation of NLRP3
inflammasome enhances the proliferation and migration of A549 lung cancer cells.
Oncol Rep (2016) 35(4):2053-64. doi: 10.3892/0r.2016.4569

98. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J Clin (2016)
66(1):7-30. doi: 10.3322/caac.21332

99. Chen W. Cancer statistics: updated cancer burden in China. Chin ] Cancer Res
(2015) 27(1):1. doi: 10.3978/j.issn.1000-9604.2015.02.07

frontiersin.org


https://doi.org/10.1002/jat.4332
https://doi.org/10.3892/or.2020.7493
https://doi.org/10.1053/j.gastro.2015.01.040
https://doi.org/10.1053/j.gastro.2015.01.040
https://doi.org/10.1038/nrc2694
https://doi.org/10.1002/jcb.27363
https://doi.org/10.1186/s12876-020-01276-1
https://doi.org/10.1136/gutjnl-2019-319696
https://doi.org/10.1136/gutjnl-2019-319696
https://doi.org/10.1038/nrc2857
https://doi.org/10.4049/jimmunol.1400362
https://doi.org/10.1371/journal.pone.0048039
https://doi.org/10.1371/journal.pone.0048039
https://doi.org/10.1053/j.gastro.2009.10.043
https://doi.org/10.1053/j.gastro.2009.10.043
https://doi.org/10.1016/j.ccr.2008.10.011
https://doi.org/10.1158/0008-5472.CAN-14-2291
https://doi.org/10.1158/0008-5472.CAN-14-2291
https://doi.org/10.3322/caac.21338
https://doi.org/10.3322/caac.21262
https://doi.org/10.1016/j.freeradbiomed.2013.08.178
https://doi.org/10.3727/096504018X15462920753012
https://doi.org/10.1172/JCI35958
https://doi.org/10.1172/JCI35958
https://doi.org/10.1371/journal.pone.0089961
https://doi.org/10.1371/journal.pone.0089961
https://doi.org/10.1038/srep37433
https://doi.org/10.1172/JCI60777
https://doi.org/10.1159/000499750
https://doi.org/10.1002/hep.26592
https://doi.org/10.1016/j.phrs.2016.11.040
https://doi.org/10.1016/j.phrs.2016.11.040
https://doi.org/10.1016/j.cbi.2018.07.008
https://doi.org/10.4254/wjh.v11.i5.412
https://doi.org/10.1038/s41419-019-1672-4
https://doi.org/10.1111/jgh.14961
https://doi.org/10.1002/hep.23167
https://doi.org/10.1038/labinvest.2015.63
https://doi.org/10.1038/labinvest.2013.126
https://doi.org/10.1111/cpr.12392
https://doi.org/10.1002/hep.30191
https://doi.org/10.1002/hep.25572
https://doi.org/10.1038/s41586-018-0761-3
https://doi.org/10.1038/s41586-018-0761-3
https://doi.org/10.2147/CLEP.S37357
https://doi.org/10.1245/s10434-020-08654-9
https://doi.org/10.1038/s41392-020-00324-2
https://doi.org/10.1038/s41392-020-00324-2
https://doi.org/10.3892/or.2021.8064
https://doi.org/10.1016/j.cell.2013.12.023
https://doi.org/10.1074/mcp.MR117.000068
https://doi.org/10.1194/jlr.R088328
https://doi.org/10.1016/j.cell.2009.07.052
https://doi.org/10.1016/j.cell.2009.07.052
https://doi.org/10.1093/abbs/gmy088
https://doi.org/10.1016/j.canlet.2014.09.008
https://doi.org/10.1084/jem.20162040
https://doi.org/10.3892/or.2016.4569
https://doi.org/10.3322/caac.21332
https://doi.org/10.3978/j.issn.1000-9604.2015.02.07
https://doi.org/10.3389/fimmu.2023.1074606
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wen et al.

100. Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland JH, et al.
Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin (2016) 66(4):271-
89. doi: 10.3322/caac.21349

101. Vincent A, Herman J, Schulick R, Hruban RH, Goggins M. Pancreatic cancer.
Lancet (2011) 378(9791):607-20. doi: 10.1016/50140-6736(10)62307-0

102. Katz MH, Wang H, Fleming JB, Sun CC, Hwang RF, Wolff RA, et al. Long-
term survival after multidisciplinary management of resected pancreatic
adenocarcinoma. Ann Surg Oncol (2009) 16(4):836-47. doi: 10.1245/s10434-008-
0295-2

103. Philip PA. Improving treatment of pancreatic cancer. Lancet Oncol (2008) 9
(1):7-8. doi: 10.1016/S1470-2045(07)70391-1

104. Binenbaum Y, Na'ara S, Gil Z. Gemcitabine resistance in pancreatic ductal
adenocarcinoma. Drug Resist Updat (2015) 23:55-68. doi: 10.1016/j.drup.2015.10.002

105. Forget P, Simonet O, De Kock M. Cancer surgery induces inflammation,
immunosuppression and neo-angiogenesis, but is it influenced by analgesics? F1000Res
(2013) 2:102. doi: 10.12688/f1000research.2-102.v1

106. Kazma R, Mefford JA, Cheng I, Plummer SJ, Levin AM, Rybicki BA, et al.
Association of the innate immunity and inflammation pathway with advanced prostate
cancer risk. PloS One (2012) 7(12):¢51680. doi: 10.1371/journal.pone.0051680

107. Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation.
Nature (2008) 454(7203):436-44. doi: 10.1038/nature07205

108. Mills PJ, Parker B, Dimsdale JE, Sadler GR, Ancoli-Israel S. The relationship
between fatigue and quality of life and inflammation during anthracycline-based
chemotherapy in breast cancer. Biol Psychol (2005) 69(1):85-96. doi: 10.1016/
j.biopsycho.2004.11.007

109. Shalapour S, Karin M. Immunity, inflammation, and cancer: An eternal fight
between good and evil. J Clin Invest (2015) 125(9):3347-55. doi: 10.1172/JCI80007

110. Sasaki T, Nishiwada S, Nakagawa K, Nagai M, Terai T, Hokuto D, et al.
Integrative analysis identifies activated anti-tumor immune microenvironment in lung
metastasis of pancreatic cancer. Int J Clin Oncol (2022) 27(5):948-57. doi: 10.1007/
s10147-022-02131-x

111. Xavier CPR, Castro I, Caires HR, Ferreira D, Cavadas B, Pereira L, et al.
Chitinase 3-like-1 and fibronectin in the cargo of extracellular vesicles shed by human
macrophages influence pancreatic cancer cellular response to gemcitabine. Cancer Lett
(2021) 501:210-23. doi: 10.1016/j.canlet.2020.11.013

112. Geng Y, Fan J, Chen L, Zhang C, Qu C, Qian L, et al. A notch-dependent
inflammatory feedback circuit between macrophages and cancer cells regulates
pancreatic cancer metastasis. Cancer Res (2021) 81(1):64-76. doi: 10.1158/0008-
5472.CAN-20-0256

113. Yang J, Li Y, Sun Z, Zhan H. Macrophages in pancreatic cancer: An
immunometabolic perspective. Cancer Lett (2021) 498:188-200. doi: 10.1016/
j.canlet.2020.10.029

114. De Monte L, Reni M, Tassi E, Clavenna D, Papa I, Recalde H, et al. Intratumor
T helper type 2 cell infiltrate correlates with cancer-associated fibroblast thymic stromal
lymphopoietin production and reduced survival in pancreatic cancer. ] Exp Med (2011)
208(3):469-78. doi: 10.1084/jem.20101876

115. Fukunaga A, Miyamoto M, Cho Y, Murakami S, Kawarada Y, Oshikiri T, et al.
CD8+ tumor-infiltrating lymphocytes together with CD4+ tumor-infiltrating
lymphocytes and dendritic cells improve the prognosis of patients with pancreatic
adenocarcinoma. Pancreas (2004) 28(1):e26-31. doi: 10.1097/00006676-200401000-
00023

116. Ochi A, Nguyen AH, Bedrosian AS, Mushlin HM, Zarbakhsh S, Barilla R, et al.
MyD88 inhibition amplifies dendritic cell capacity to promote pancreatic
carcinogenesis via Th2 cells. ] Exp Med (2012) 209(9):1671-87. doi: 10.1084/
jem.20111706

117. Hiraoka N, Onozato K, Kosuge T, Hirohashi S. Prevalence of FOXP3+
regulatory T cells increases during the progression of pancreatic ductal
adenocarcinoma and its premalignant lesions. Clin Cancer Res (2006) 12(18):5423-
34. doi: 10.1158/1078-0432.CCR-06-0369

118. McAllister F, Bailey JM, Alsina J, Nirschl CJ, Sharma R, Fan H, et al. Oncogenic
kras activates a hematopoietic-to-epithelial IL-17 signaling axis in preinvasive
pancreatic neoplasia. Cancer Cell (2014) 25(5):621-37. doi: 10.1016/j.ccr.2014.03.014

119. Daley D, Mani VR, Mohan N, Akkad N, Pandian G, Savadkar S, et al. NLRP3
signaling drives macrophage-induced adaptive immune suppression in pancreatic
carcinoma. J Exp Med (2017) 214(6):1711-24. doi: 10.1084/jem.20161707

120. Mayer J, Rau B, Gansauge F, Beger HG. Inflammatory mediators in human
acute pancreatitis: Clinical and pathophysiological implications. Gut (2000) 47(4):546—
52. doi: 10.1136/gut.47.4.546

121. Maker AV, Katabi N, Qin LX, Klimstra DS, Schattner M, Brennan MF, et al.
Cyst fluid interleukin-1beta (IL1beta) levels predict the risk of carcinoma in intraductal
papillary mucinous neoplasms of the pancreas. Clin Cancer Res (2011) 17(6):1502-8.
doi: 10.1158/1078-0432.CCR-10-1561

122. Mitsunaga S, Ikeda M, Shimizu S, Ohno I, Furuse J, Inagaki M, et al. Serum
levels of IL-6 and IL-1beta can predict the efficacy of gemcitabine in patients with
advanced pancreatic cancer. Br ] Cancer (2013) 108(10):2063-9. doi: 10.1038/
bjc.2013.174

123. Zhang D, Li L, Jiang H, Li Q, Wang-Gillam A, Yu J, et al. Tumor-stroma
IL1beta-IRAK4 feedforward circuitry drives tumor fibrosis, chemoresistance, and poor

Frontiers in Immunology

12

10.3389/fimmu.2023.1074606

prognosis in pancreatic cancer. Cancer Res (2018) 78(7):1700-12. doi: 10.1158/0008-
5472.CAN-17-1366

124. Incio J, Liu H, Suboj P, Chin SM, Chen IX, Pinter M, et al. Obesity-induced
inflammation and desmoplasia promote pancreatic cancer progression and resistance
to chemotherapy. Cancer Discov (2016) 6(8):852-69. doi: 10.1158/2159-8290.CD-15-
1177

125. Boyle P, Leon ME. Epidemiology of colorectal cancer. Br Med Bull (2002) 64:1-
25. doi: 10.1093/bmb/64.1.1

126. Ungerback J, Belenki D, Jawad ul-Hassan A, Fredrikson M, Fransen K,
Elander N, et al. Genetic variation and alterations of genes involved in
NFkappaB/TNFAIP3- and NLRP3-inflammasome signaling affect
susceptibility and outcome of colorectal cancer. Carcinogenesis (2012) 33
(11):2126-34. doi: 10.1093/carcin/bgs256

127. Brenner H, Kloor M, Pox CP. Colorectal cancer. Lancet (2014) 383
(9927):1490-502. doi: 10.1016/S0140-6736(13)61649-9

128. Allen IC, TeKippe EM, Woodford RM, Uronis JM, Holl EK, Rogers AB, et al.
The NLRP3 inflammasome functions as a negative regulator of tumorigenesis during
colitis-associated cancer. J Exp Med (2010) 207(5):1045-56. doi: 10.1084/jem.20100050

129. Zaki MH, Vogel P, Body-Malapel M, Lamkanfi M, Kanneganti TD. IL-18
production downstream of the Nlrp3 inflammasome confers protection against
colorectal tumor formation. J Immunol (2010) 185(8):4912-20. doi: 10.4049/
jimmunol.1002046

130. Zaki MH, Lamkanfi M, Kanneganti TD. The Nlrp3 inflammasome:
contributions to intestinal homeostasis. Trends Immunol (2011) 32(4):171-9.
doi: 10.1016/j.it.2011.02.002

131. Dupaul-Chicoine ], Arabzadeh A, Dagenais M, Douglas T, Champagne C,
Morizot A, et al. The Nlrp3 inflammasome suppresses colorectal cancer metastatic
growth in the liver by promoting natural killer cell tumoricidal activity. Immunity
(2015) 43(4):751-63. doi: 10.1016/j.immuni.2015.08.013

132. Dulai PS, Singh S, Ohno-Machado L, Sandborn WJ. Population health
management for inflammatory bowel disease. Gastroenterology (2018) 154(1):37-45.
doi: 10.1053/j.gastro.2017.09.052

133. Deng Q, Geng Y, Zhao L, Li R, Zhang Z, Li K, et al. NLRP3 inflammasomes in
macrophages drive colorectal cancer metastasis to the liver. Cancer Lett (2019) 442:21-
30. doi: 10.1016/j.canlet.2018.10.030

134. Wang H, Wang Y, Du Q, Lu P, Fan H, Lu J, et al. Inflammasome-independent
NLRP3 is required for epithelial-mesenchymal transition in colon cancer cells. Exp Cell
Res (2016) 342(2):184-92. doi: 10.1016/j.yexcr.2016.03.009

135. Buday L, Downward J. Many faces of ras activation. Biochim Biophys Acta
(2008) 1786(2):178-87. doi: 10.1016/j.bbcan.2008.05.001

136. Zhu G, Pei L, Xia H, Tang Q, Bi F. Role of oncogenic KRAS in the prognosis,
diagnosis and treatment of colorectal cancer. Mol Cancer (2021) 20(1):143.
doi: 10.1186/s12943-021-01441-4

137. Timar J, Kashofer K. Molecular epidemiology and diagnostics of KRAS
mutations in human cancer. Cancer Metastasis Rev (2020) 39(4):1029-38.
doi: 10.1007/s10555-020-09915-5

138. Hamarsheh S, Osswald L, Saller BS, Unger S, De Feo D, Vinnakota JM, et al.
Oncogenic Kras(G12D) causes myeloproliferation via NLRP3 inflammasome
activation. Nat Commun (2020) 11(1):1659. doi: 10.1038/s41467-020-15497-1

139. Wallin RP, Screpanti V, Michaelsson J, Grandien A, Ljunggren HG. Regulation
of perforin-independent NK cell-mediated cytotoxicity. Eur J Immunol (2003) 33
(10):2727-35. doi: 10.1002/¢ji.200324070

140. Screpanti V, Wallin RP, Grandien A, Ljunggren HG. Impact of FASL-induced
apoptosis in the elimination of tumor cells by NK cells. Mol Immunol (2005) 42(4):495-
9. doi: 10.1016/j.molimm.2004.07.033

141. Lanier LL, Yu G, Phillips JH. Co-Association of CD3 zeta with a receptor
(CD16) for IgG fc on human natural killer cells. Nature (1989) 342(6251):803-5.
doi: 10.1038/342803a0

142. Ferlazzo G, Munz C. NK cell compartments and their activation by dendritic
cells. J Immunol (2004) 172(3):1333-9. doi: 10.4049/jimmunol.172.3.1333

143. Mimura K, Kamiya T, Shiraishi K, Kua LF, Shabbir A, So J, et al. Therapeutic
potential of highly cytotoxic natural killer cells for gastric cancer. Int J Cancer (2014)
135(6):1390-8. doi: 10.1002/ijc.28780

144. Ames E, Canter R], Grossenbacher SK, Mac S, Chen M, Smith RC, et al. NK
cells preferentially target tumor cells with a cancer stem cell phenotype. J Immunol
(2015) 195(8):4010-9. doi: 10.4049/jimmunol.1500447

145. Kim HR, Park HJ, Park JH, Kim SJ, Kim K, Kim J. Characteristics of the killing
mechanism of human natural killer cells against hepatocellular carcinoma cell lines
HepG2 and Hep3B. Cancer Immunol Immunother (2004) 53(5):461-70. doi: 10.1007/
500262-003-0461-0

146. Takeda K, Hayakawa Y, Smyth MJ, Kayagaki N, Yamaguchi N, Kakuta S, et al.
Involvement of tumor necrosis factor-related apoptosis-inducing ligand in surveillance
of tumor metastasis by liver natural killer cells. Nat Med (2001) 7(1):94-100.
doi: 10.1038/83416

147. Bottcher JP, Bonavita E, Chakravarty P, Blees H, Cabeza-Cabrerizo M,
Sammicheli S, et al. NK cells stimulate recruitment of ¢cDCI1 into the tumor
microenvironment promoting cancer immune control. Cell (2018) 172(5):1022-37
el4. doi: 10.1016/j.cell.2018.01.004

frontiersin.org


https://doi.org/10.3322/caac.21349
https://doi.org/10.1016/S0140-6736(10)62307-0
https://doi.org/10.1245/s10434-008-0295-2
https://doi.org/10.1245/s10434-008-0295-2
https://doi.org/10.1016/S1470-2045(07)70391-1
https://doi.org/10.1016/j.drup.2015.10.002
https://doi.org/10.12688/f1000research.2-102.v1
https://doi.org/10.1371/journal.pone.0051680
https://doi.org/10.1038/nature07205
https://doi.org/10.1016/j.biopsycho.2004.11.007
https://doi.org/10.1016/j.biopsycho.2004.11.007
https://doi.org/10.1172/JCI80007
https://doi.org/10.1007/s10147-022-02131-x
https://doi.org/10.1007/s10147-022-02131-x
https://doi.org/10.1016/j.canlet.2020.11.013
https://doi.org/10.1158/0008-5472.CAN-20-0256
https://doi.org/10.1158/0008-5472.CAN-20-0256
https://doi.org/10.1016/j.canlet.2020.10.029
https://doi.org/10.1016/j.canlet.2020.10.029
https://doi.org/10.1084/jem.20101876
https://doi.org/10.1097/00006676-200401000-00023
https://doi.org/10.1097/00006676-200401000-00023
https://doi.org/10.1084/jem.20111706
https://doi.org/10.1084/jem.20111706
https://doi.org/10.1158/1078-0432.CCR-06-0369
https://doi.org/10.1016/j.ccr.2014.03.014
https://doi.org/10.1084/jem.20161707
https://doi.org/10.1136/gut.47.4.546
https://doi.org/10.1158/1078-0432.CCR-10-1561
https://doi.org/10.1038/bjc.2013.174
https://doi.org/10.1038/bjc.2013.174
https://doi.org/10.1158/0008-5472.CAN-17-1366
https://doi.org/10.1158/0008-5472.CAN-17-1366
https://doi.org/10.1158/2159-8290.CD-15-1177
https://doi.org/10.1158/2159-8290.CD-15-1177
https://doi.org/10.1093/bmb/64.1.1
https://doi.org/10.1093/carcin/bgs256
https://doi.org/10.1016/S0140-6736(13)61649-9
https://doi.org/10.1084/jem.20100050
https://doi.org/10.4049/jimmunol.1002046
https://doi.org/10.4049/jimmunol.1002046
https://doi.org/10.1016/j.it.2011.02.002
https://doi.org/10.1016/j.immuni.2015.08.013
https://doi.org/10.1053/j.gastro.2017.09.052
https://doi.org/10.1016/j.canlet.2018.10.030
https://doi.org/10.1016/j.yexcr.2016.03.009
https://doi.org/10.1016/j.bbcan.2008.05.001
https://doi.org/10.1186/s12943-021-01441-4
https://doi.org/10.1007/s10555-020-09915-5
https://doi.org/10.1038/s41467-020-15497-1
https://doi.org/10.1002/eji.200324070
https://doi.org/10.1016/j.molimm.2004.07.033
https://doi.org/10.1038/342803a0
https://doi.org/10.4049/jimmunol.172.3.1333
https://doi.org/10.1002/ijc.28780
https://doi.org/10.4049/jimmunol.1500447
https://doi.org/10.1007/s00262-003-0461-0
https://doi.org/10.1007/s00262-003-0461-0
https://doi.org/10.1038/83416
https://doi.org/10.1016/j.cell.2018.01.004
https://doi.org/10.3389/fimmu.2023.1074606
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wen et al.

148. He H, Geng T, Chen P, Wang M, Hu J, Kang L, et al. NK cells promote
neutrophil recruitment in the brain during sepsis-induced neuroinflammation. Sci Rep
(2016) 6:27711. doi: 10.1038/srep27711

149. Li H, Zhai N, Wang Z, Song H, Yang Y, Cui A, et al. Regulatory NK cells
mediated between immunosuppressive monocytes and dysfunctional T cells in
chronic HBV infection. Gut (2018) 67(11):2035-44. doi: 10.1136/gutjnl-2017-
314098

150. Wu L, Xie W, Li Y, Ni Q, Timashev P, Lyu M, et al. Biomimetic nanocarriers
guide extracellular ATP homeostasis to remodel energy metabolism for activating
innate and adaptive immunity system. Adv Sci (Weinh) (2022) 9(17):e2105376.
doi: 10.1002/advs.202105376

151. Lee HH, Kim D, Jung J, Kang H, Cho H. NLRP3 deficiency in hepatocellular
carcinoma enhances surveillance of NK-92 through a modulation of MICA/B. Int ] Mol
Sci (2021) 22(17):9285. doi: 10.3390/ijms22179285

152. Tengesdal IW, Menon DR, Osborne DG, Neff CP, Powers NE, Gamboni F,
et al. Targeting tumor-derived NLRP3 reduces melanoma progression by limiting
MDSCs expansion. Proc Natl Acad Sci USA (2021) 118(10):e2000915118. doi: 10.1073/
pnas.2000915118

153. Laliberte RE, Perregaux DG, Hoth LR, Rosner PJ, Jordan CK, Peese KM, et al.
Glutathione s-transferase omega 1-1 is a target of cytokine release inhibitory drugs and
may be responsible for their effect on interleukin-1beta posttranslational processing. J
Biol Chem (2003) 278(19):16567-78. doi: 10.1074/jbc.M211596200

154. Coll RC, Hill JR, Day CJ, Zamoshnikova A, Boucher D, Massey NL, et al.
MCC950 directly targets the NLRP3 ATP-hydrolysis motif for inflammasome
inhibition. Nat Chem Biol (2019) 15(6):556-9. doi: 10.1038/s41589-019-0277-7

155. Tapia-Abellan A, Angosto-Bazarra D, Martinez-Banaclocha H, de Torre-
Minguela C, Ceron-Carrasco JP, Perez-Sanchez H, et al. MCC950 closes the active
conformation of NLRP3 to an inactive state. Nat Chem Biol (2019) 15(6):560-4.
doi: 10.1038/s41589-019-0278-6

156. Chen L, Huang CF, Li YC, Deng WW, Mao L, Wu L, et al. Blockage of the
NLRP3 inflammasome by MCC950 improves anti-tumor immune responses in head
and neck squamous cell carcinoma. Cell Mol Life Sci (2018) 75(11):2045-58.
doi: 10.1007/s00018-017-2720-9

157. Perera AP, Fernando R, Shinde T, Gundamaraju R, Southam B, Sohal SS, et al.
MCC950, a specific small molecule inhibitor of NLRP3 inflammasome attenuates
colonic inflammation in spontaneous colitis mice. Sci Rep (2018) 8(1):8618.
doi: 10.1038/5s41598-018-26775-w

158. Dai Z, Chen XY, An LY, Li CC, Zhao N, Yang F, et al. Development of novel
tetrahydroquinoline inhibitors of NLRP3 inflammasome for potential treatment of
DSS-induced mouse colitis. ] Med Chem (2021) 64(1):871-89. doi: 10.1021/
acs.jmedchem.0c01924

159. Liu W, Guo W, Wu J, Luo Q, Tao F, Gu Y, et al. A novel benzo[d]imidazole
derivate prevents the development of dextran sulfate sodium-induced murine
experimental colitis via inhibition of NLRP3 inflammasome. Biochem Pharmacol
(2013) 85(10):1504-12. doi: 10.1016/j.bcp.2013.03.008

160. Zhao Y, Guo Q, Zhu Q, Tan R, Bai D, Bu X, et al. Flavonoid VI-16 protects
against DSS-induced colitis by inhibiting txnip-dependent NLRP3 inflammasome
activation in macrophages via reducing oxidative stress. Mucosal Immunol (2019) 12
(5):1150-63. doi: 10.1038/s41385-019-0177-x

161. Wu XF, Ouyang ZJ, Feng LL, Chen G, Guo WJ, Shen Y, et al. Suppression of
NF-kappaB signaling and NLRP3 inflammasome activation in macrophages is
responsible for the amelioration of experimental murine colitis by the natural

Frontiers in Immunology

13

10.3389/fimmu.2023.1074606

compound fraxinellone. Toxicol Appl Pharmacol (2014) 281(1):146-56. doi: 10.1016/
j.taap.2014.10.002

162. He X, Wei Z, Wang J, Kou J, Liu W, Fu Y, et al. Alpinetin attenuates
inflammatory responses by suppressing TLR4 and NLRP3 signaling pathways in
DSS-induced acute colitis. Sci Rep (2016) 6:28370. doi: 10.1038/srep28370

163. Yu X, Zhao Q, Zhang X, Zhang H, Liu Y, Wu X, et al. Celastrol ameliorates
inflammation through inhibition of NLRP3 inflammasome activation. Oncotarget
(2017) 8(40):67300~-14. doi: 10.18632/oncotarget.18619

164. Hughes MM, Hooftman A, Angiari S, Tummala P, Zaslona Z, Runtsch MC,
et al. Glutathione transferase omega-1 regulates NLRP3 inflammasome activation
through NEK7 deglutathionylation. Cell Rep (2019) 29(1):151-61 e5. doi: 10.1016/
j.celrep.2019.08.072

165. He H, Jiang H, Chen Y, Ye J, Wang A, Wang C, et al. Oridonin is a covalent
NLRP3 inhibitor with strong anti-inflammasome activity. Nat Commun (2018) 9
(1):2550. doi: 10.1038/s41467-018-04947-6

166. Keller M, Sollberger G, Beer HD. Thalidomide inhibits activation of caspase-1.
J Immunol (2009) 183(9):5593-9. doi: 10.4049/jimmunol.0900476

167. Singhal S, Mehta ], Desikan R, Ayers D, Roberson P, Eddlemon P, et al.
Antitumor activity of thalidomide in refractory multiple myeloma. N Engl ] Med (1999)
341(21):1565-71. doi: 10.1056/NEJM199911183412102

168. Dahut WL, Gulley JL, Arlen PM, Liu Y, Fedenko KM, Steinberg SM, et al.
Randomized phase II trial of docetaxel plus thalidomide in androgen-independent
prostate cancer. J Clin Oncol (2004) 22(13):2532-9. doi: 10.1200/JCO.2004.05.074

169. Cocco M, Pellegrini C, Martinez-Banaclocha H, Giorgis M, Marini E, Costale
A, et al. Development of an acrylate derivative targeting the NLRP3 inflammasome for
the treatment of inflammatory bowel disease. ] Med Chem (2017) 60(9):3656-71.
doi: 10.1021/acs.jmedchem.6b01624

170. Huang Y, Jiang H, Chen Y, Wang X, Yang Y, Tao J, et al. Tranilast directly
targets NLRP3 to treat inflammasome-driven diseases. EMBO Mol Med (2018) 10(4):
€8689. doi: 10.15252/emmm.201708689

171. Liu L, Xu X, Zhang N, Zhang Y, Zhao K. Acetylase inhibitor SI-2 is a potent
anti-inflammatory agent by inhibiting NLRP3 inflammasome activation. Int
Immunopharmacol (2020) 87:106829. doi: 10.1016/j.intimp.2020.106829

172. Ridker PM, MacFadyen ]G, Thuren T, Everett BM, Libby P, Glynn R], et al.
Effect of interleukin-1beta inhibition with canakinumab on incident lung cancer in
patients with atherosclerosis: Exploratory results from a randomised, double-blind,
placebo-controlled trial. Lancet (2017) 390(10105):1833-42. doi: 10.1016/S0140-6736
(17)32247-X

173. Wong CC, Baum ], Silvestro A, Beste MT, Bharani-Dharan B, Xu S, et al.
Inhibition of ILlbeta by canakinumab may be effective against diverse molecular
subtypes of lung cancer: An exploratory analysis of the CANTOS trial. Cancer Res
(2020) 80(24):5597-605. doi: 10.1158/0008-5472.CAN-19-3176

174. Dinarello CA. Why not treat human cancer with interleukin-1 blockade?
Cancer Metastasis Rev (2010) 29(2):317-29. doi: 10.1007/s10555-010-9229-0

175. Isambert N, Hervieu A, Rebe C, Hennequin A, Borg C, Zanetta S, et al.
Fluorouracil and bevacizumab plus anakinra for patients with metastatic colorectal
cancer refractory to standard therapies (IRAFU): A single-arm phase 2 study.
Oncoimmunology (2018) 7(9):e1474319. doi: 10.1080/2162402X.2018.1474319

176. Dinarello CA, Simon A, van der Meer JW. Treating inflammation by blocking
interleukin-1 in a broad spectrum of diseases. Nat Rev Drug Discov (2012) 11(8):633—
52. doi: 10.1038/nrd3800

frontiersin.org


https://doi.org/10.1038/srep27711
https://doi.org/10.1136/gutjnl-2017-314098
https://doi.org/10.1136/gutjnl-2017-314098
https://doi.org/10.1002/advs.202105376
https://doi.org/10.3390/ijms22179285
https://doi.org/10.1073/pnas.2000915118
https://doi.org/10.1073/pnas.2000915118
https://doi.org/10.1074/jbc.M211596200
https://doi.org/10.1038/s41589-019-0277-7
https://doi.org/10.1038/s41589-019-0278-6
https://doi.org/10.1007/s00018-017-2720-9
https://doi.org/10.1038/s41598-018-26775-w
https://doi.org/10.1021/acs.jmedchem.0c01924
https://doi.org/10.1021/acs.jmedchem.0c01924
https://doi.org/10.1016/j.bcp.2013.03.008
https://doi.org/10.1038/s41385-019-0177-x
https://doi.org/10.1016/j.taap.2014.10.002
https://doi.org/10.1016/j.taap.2014.10.002
https://doi.org/10.1038/srep28370
https://doi.org/10.18632/oncotarget.18619
https://doi.org/10.1016/j.celrep.2019.08.072
https://doi.org/10.1016/j.celrep.2019.08.072
https://doi.org/10.1038/s41467-018-04947-6
https://doi.org/10.4049/jimmunol.0900476
https://doi.org/10.1056/NEJM199911183412102
https://doi.org/10.1200/JCO.2004.05.074
https://doi.org/10.1021/acs.jmedchem.6b01624
https://doi.org/10.15252/emmm.201708689
https://doi.org/10.1016/j.intimp.2020.106829
https://doi.org/10.1016/S0140-6736(17)32247-X
https://doi.org/10.1016/S0140-6736(17)32247-X
https://doi.org/10.1158/0008-5472.CAN-19-3176
https://doi.org/10.1007/s10555-010-9229-0
https://doi.org/10.1080/2162402X.2018.1474319
https://doi.org/10.1038/nrd3800
https://doi.org/10.3389/fimmu.2023.1074606
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	NLRP3 inflammasome-induced pyroptosis in digestive system tumors
	1 Introduction
	2 Overview of NLRP3 inflammasome
	2.1 Composition and properties of the NLRP3 inflammasome
	2.2 Activation and regulation of the NLRP3 inflammasome
	2.3 NLRP3 activation in the tumor microenvironment

	3 NLRP3 inflammasome and digestive system tumors
	3.1 Oral squamous cell carcinoma
	3.2 Esophageal squamous cell carcinoma
	3.3 Gastric cancer
	3.4 Liver cancer
	3.5 Gallbladder cancer
	3.6 Pancreatic ductal adenocarcinoma
	3.7 Colorectal cancer

	4 NLRP3 and natural killer cell
	4.1 Function of NK cells in GI cancers
	4.2 Role of NLRP3 on NK cells

	5 Therapeutic targeting of NLRP3
	6 Conclusions
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


