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The NLRP3 inflammasome is a multi-subunit complex consisting of the NLRP3

receptor protein, apoptosis-associated speck-like protein (ASC), and the effector

protein caspase-1. The activation mechanisms of the NLRP3 inflammasome are

diverse and complex, primarily involving both classical and non-classical pathways.

The activation process is generally considered to occur in two stages: the first,

“priming,” which involves the initial immune signaling trigger, followed by the

second stage, “activation,” during which further signaling leads to the formation

and functional activation of the NLRP3 inflammasome. Upon activation, the NLRP3

inflammasome activates caspase-1, triggering the maturation and release of

downstream pro-inflammatory cytokines, such as IL-18 and IL-1b, which in turn

promote the inflammatory response. In recent years, an increasing body of

research has highlighted the close association between the NLRP3

inflammasome and its downstream signaling pathways with the development

and progression of urogenital system cancers. These studies suggest that the

NLRP3 inflammasome may serve as a potential therapeutic target, holding

significant clinical application value in cancer treatment. Despite the growing

number of related studies, a comprehensive and systematic review summarizing

the role of the NLRP3 inflammasome in urogenital cancers and its potential

therapeutic strategies is still lacking. This review aims to provide an extensive

overview of the composition and activation mechanisms of the NLRP3

inflammasome, explore its involvement in urogenital system cancers, delve into

related targeted therapy strategies, and discuss future research directions, with the

goal of offering valuable insights for researchers in this field.
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1 Introduction

In recent years, urogenital system tumors, including prostate

cancer, bladder cancer, cervical cancer, endometrial cancer, ovarian

cancer, and kidney cancer, have garnered significant attention due

to their major threat to public health. Among these, prostate cancer

ranked as the second most common cancer globally in 2022 and is

reported to be one of the leading causes of cancer-related mortality

among men in Western countries (1). For women, cervical cancer

ranks as the fourth most common cancer in both incidence and

mortality. Ovarian cancer (OC), recognized as the most fatal

gynecological malignancy, remains a leading cause of cancer-

related death among women (2).

Inflammation occurs as a self-protective and reparative

response when tissues are damaged by toxins, bacteria, infections,

or other causes; thus, it represents a fundamental defense

mechanism against external stimuli. While normal inflammatory

responses are a beneficial aspect of the immune system, recent

studies increasingly suggest that inflammation is often associated

with cancer initiation and progression (3). In fact, approximately

25% of carcinogenic factors are attributed to infection and

inflammation, which play roles at various stages of cancer,

including initiation, promotion, malignant transformation,

invasion, and metastasis (4). Cellular and molecular mediators of

inflammation regulate tumor growth by modulating adaptive

immune responses, adjusting the balance of immune cell types

and signaling within the tumor microenvironment, thereby exerting

either tumor-supportive or tumor-suppressive effects. For instance,

the “injury and regeneration”model proposes that damage induced

by pathogens or pro-inflammatory cytotoxins can lead to the

proliferation of prostate cells, resulting in epithelial lesions known

as “proliferative inflammatory atrophy” (PIA), a precursor to

prostate cancer (5).

The innate immune system serves as a critical first line of

defense against inflammation. It identifies infections and

disruptions in cellular homeostasis, triggering responses to

e l iminate pa thogens and repa i r t i s sue damage (6) .

Inflammasomes are multiprotein complexes that assemble within

cells in response to pathogen-associated molecular patterns

(PAMPs) and damage-associated molecular patterns (DAMPs).

Early studies established inflammasomes as essential components

of innate immunity (7). Among them, the NLRP3 inflammasome

has been extensively studied in recent years (8). Comprising the

receptor protein NLRP3, the adaptor protein ASC, and the effector

protein caspase-1, the NLRP3 inflammasome detects external

stimuli, recruiting and activating the caspase-1 precursor. This

activation cleaves the precursors of cytokines IL-1b and IL-18,

releasing their active forms into the extracellular space to induce

inflammatory responses and trigger pyroptosis (9). Although recent

studies have examined its role and clinical relevance in cancer

development, findings remain limited and inconsistent (10). This

review focuses on summarizing the structure and activation

mechanisms of the NLRP3 inflammasome and elucidates its role

in urogenital system tumors, such as prostate and bladder cancers,

highlighting its potential as a therapeutic target.
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2 NLRP3 inflammasome

2.1 Structure of the NLRP3 inflammasome

Inflammasomes are multiprotein complexes assembled by

cytoplasmic pattern recognition receptors (PRRs), playing a

crucial role in innate immunity. Currently, five primary types of

inflammasomes have been identified: NLRP1, NLRP3, NLRC4,

IPAF, and AIM2. Among these, the NLRP3 inflammasome is the

most extensively studied. Like other inflammasomes, the NLRP3

inflammasome is composed of three components: the receptor

protein NLRP3, the adaptor protein ASC (apoptosis-associated

speck-like protein), and the effector protein caspase-1.

Pattern recognition receptors (PRRs) play a pivotal role in

immunology, with NLRP3 being a key member of this group. It is

capable of recognizing specific molecular patterns on pathogens,

apoptotic cells, and damaged cells (11, 12). Compared to other

inflammasomes, the NLRP3 inflammasome is the most extensively

studied (13). Its activation is triggered by a wider range of stimuli,

making it more complex than other inflammasomes (14). NLRP3

plays a crucial role in the progression of various inflammatory

diseases (15). In the context of cancer, inflammation is involved in

initiation, promotion, malignant transformation, invasion, and

metastasis. Beyond the general pro-inflammatory effects observed

in other inflammasomes (16), NLRP3 also exhibits inhibitory effects

on both inflammation and cancer progression, likely due to its

unique “pyroptotic pathway” (17). As a result, the NLRP3

inflammasome has emerged as a promising therapeutic target for

inflammatory diseases and NLRP3-related small molecule

inhibitors are currently undergoing clinical trials (18).

Understanding its structure and activation mechanisms is

therefore of critical importance.

The NLRP3 protein comprises three main domains: an N-

terminal pyrin domain (PYD), a central nucleotide-binding and

oligomerization domain (NACHT) with ATPase activity, and a C-

terminal leucine-rich repeat (LRR) domain (19). The PYD domain

is responsible for interacting homotypically with the PYD domain

of ASC, initiating downstream assembly. The NACHT domain

possesses ATPase activity, which allows it to bind and hydrolyze

ATP, thereby driving the oligomerization of the NLRP3 protein—a

crucial prerequisite for inflammasome assembly (20). The LRR

domain is involved in ligand recognition and in binding

regulatory proteins, such as NEK7.The NLRP3 inflammasome

shares a common assembly mechanism with other ASC-

dependent inflammasomes (21), involving two sequential

nucleation-induced polymerization steps. These domains work in

concert to sense intracellular danger signals and mediate the

assembly of the inflammasome. Upon stimulation by pathogen-

associated molecular patterns (PAMPs) or damage-associated

molecular patterns (DAMPs), the NACHT domain drives the

oligomerization of NLRP3 and exposes its PYD domain. This

exposed PYD domain then recruits the adaptor protein ASC via

PYD–PYD interactions. Subsequently, ASC uses its C-terminal

CARD domain to recruit pro-caspase-1, which also contains a

CARD domain. During this recruitment, pro-caspase-1 is cleaved
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to remove its N-terminal prodomain, generating the active form of

caspase-1. These interactions ultimately lead to the formation of a

complete NLRP3 inflammasome complex (22).

With advancements in electron microscopy, Researchers have

gained a deeper understanding of the conformational changes and

dynamic assembly process of the NLRP3 inflammasome (Figure 1).

The structure of its NACHT and LRR domains was initially

revealed by cryo-electron microscopy (cryo-EM) of the NLRP3-

NEK7 complex (23) and has since been corroborated by additional

cryo-EM studies. In the inactive state, ADP stably binds the

NACHT domain, whose tripartite subdomainsedTE.DATA

ote><Cite domain (NBD), helical domain 1 (HD1), and winged-

helix domain (WHD)n-hel a tightly packed conformation that

maintains the autoinhibited state (24). Upon activation, ATP

replaces ADP, inducing conformational rearrangements that

expose the PYD domain for oligomerization. The C-terminal LRR

domain, which is thought to serve as a scaffold for autoregulation

and ligand sensing, folds back onto the NACHT region in the

inactive state and likely extends outward during activation. These
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changes allow NEK7 to bind to the LRR and NACHT regions of the

same NLRP3 molecular, stabilizing the active conformation.

Ultimately, this structural reorganization facilitates ASC filament

formation via PYD–PYD interactions, and the recruitment of pro-

caspase-1 via CARD–CARD interactions. Upon recruitment, pro-

caspase-1 undergoes autocatalytic cleavage to remove its N-

terminal prodomain, generating active caspase-1. Together, these

events drive the assembly of the disc- or wheel-shaped

inflammasome complex (25).
2.2 Activation of the NLRP3 inflammasome

The persistent activation of the NLRP3 inflammasome is

associated with the induction of chronic inflammation (26),

which is widely recognized as a significant risk factor for cancer

development (27). Therefore, a comprehensive understanding of its

activation mechanisms is of great significance for elucidating the

pathogenesis of cancer and developing therapeutic strategies.
FIGURE 1

Schematic representation of the composition and structure of the NLRP3 inflammasome. (A) Diagram of the core components of the NLRP3
inflammasome. The inflammasome consists of the sensor protein NLRP3, the adaptor protein ASC (apoptosis-associated speck-like protein
containing a CARD), and the effector protein pro-caspase-1. NLRP3 comprises three main domains: an N-terminal pyrin domain (PYD), a central
NACHT domain with ATPase activity responsible for oligomerization, and a C-terminal leucine-rich repeat (LRR) domain. (B) Diagram of a single
assembled NLRP3 inflammasome. Upon activation, the NACHT domain mediates NLRP3 oligomerization, exposing the PYD domain, which recruits
ASC through homotypic PYD–PYD interactions. ASC then recruits pro-caspase-1 via CARD–CARD interactions. During this process, pro-caspase-1
undergoes autocatalytic cleavage to remove its N-terminal prodomain, generating active caspase-1. (C) Diagram of multiple aggregated
inflammasome complexes. The aggregation of multiple inflammasome units enhances downstream signaling. Dashed lines in panel (C) indicate key
domain–domain interactions, including PYD–PYD interactions between NLRP3 and ASC, and CARD–CARD interactions between ASC and pro-
caspase-1. (D) Diagram of the functional disc-like inflammasome complex. In the activated state, NEK7 binds to both the NACHT and LRR domains
of the same NLRP3 molecule, stabilizing inflammasome assembly and promoting the formation of an active disc-like structure. The dashed box in
panel (D) indicates the binding interface between NEK7 and NLRP3.
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It is generally accepted that the activation of the NLRP3

inflammasome occurs in two functionally complementary yet

processually distinct phases: priming and activation. The priming

phase primarily regulates the expression of key molecules such as

NLRP3, pro-IL-1b, and pro-IL-18, preparing them for subsequent

assembly, while the activation phase triggers inflammasome

assembly and downstream signaling (28). The constitutive

expression level of NLRP3 alone is insufficient to activate the

inflammasome (29, 30), and the “two-hit” activation hypothesis is

commonly evaluated in vitro using lipopolysaccharides (LPS) (31).

Physiological NLRP3 oligomers are thought to detect diverse signals

to initiate inflammasome activation (32). Recent studies have

highlighted the complexity of the priming step, which involves

transcriptional and post-translational mechanisms (33). The

priming step acts on Toll-like receptors (TLRs), leading to

downstream activation of NF-kB (34, 35), which upregulates

NLRP3 and other pro-inflammatory factors, such as pro-IL-1b
and pro-IL-18. Post-translational modifications, such as

ubiquitination and phosphorylation, also play critical roles in

NLRP3 inflammasome activation. Ubiquitination exerts a dual

regulatory effect on the NLRP3 inflammasome: on one hand, it

promotes NLRP3 activation through deubiquitination, while on the

other hand, specific forms of ubiquitination can facilitate NLRP3

degradation, thereby maintaining its inactive state (36). E3

ubiquitin ligases are key negative regulators in this process.

Previous studies have confirmed that the E3 ligase TRIM31

directly interacts with NLRP3, mediating K48-l inked

polyubiquitination, thereby directing NLRP3 to the proteasomal

degradation pathway (37). Additionally, another E3 ligase complex,

SCF-FBXL2, continuously ubiquitinates NLRP3 in the resting state,

inhibiting its aberrant activation and promoting its stable

degradation (38). Previous studies have revealed that protein

kinase D (PKD) phosphorylates NLRP3 at the Golgi apparatus

(39), with phosphorylation serving as a critical priming event that

influences NLRP3 deubiquitination (40) and subsequently affects

NLRP3 inflammasome activation (41). Additionally, Schroder and

colleagues first demonstrated that the priming of the NLRP3

inflammasome with short lipopolysaccharide (LPS) can occur

independently of NLRP3 protein expression (42).

During the activation step, NLRP3 detects pathogen-associated

molecular patterns (PAMPs) and damage-associated molecular

patterns (DAMPs), including toxins, ATP (43), microbial products,

and particulate matter (44), which promote inflammasome activation

and lead to the cleavage of pro-IL-1b and pro-IL-18 by caspase-1,

producing mature IL-1b and IL-18 (45). This triggers a cascade of

inflammatory responses, and activated caspase-1 cleaves gasdermin-D

(GSDMD) into an N-terminal fragment. The fragment subsequently

accumulates on the inner side of the cell membrane, forming pores

approximately 10–20 nanometers in diameter, disrupting membrane

integrity and thereby inducing pyroptosis. Due to the absence of a

conventional signal peptide, the mature IL-1b and IL-18 cannot be

secreted through the classical endoplasmic reticulum-Golgi pathway

but instead rely on membrane pores for passive release into the

extracellular space (46). Studies have found that these pores are

negatively charged, which selectively facilitates the release of
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negatively charged cytokines like IL-1b and IL-18, distinguishing

them from their inactive precursors (47).

The activation mechanisms of the NLRP3 inflammasome are

currently classified into canonical and non-canonical pathways (48,

49) (Figure 2). The canonical activation primarily involves changes in

ion gradients, such as K+efflux (50), Cl−efflux (51), mitochondrial

dysfunction, and reactive oxygen species (ROS) generation (52).

Studies have identified Nek7 as a key downstream regulator of

inflammasome activation following K+efflux (14, 53). K+ efflux,

mediated by the two-pore domain weakly rectifying K channel 2

(TWIK2) (54), is essential for the subsequent post-translational

processing and maturation of pro-IL-1b (55). Therefore, K+ efflux

serves as a common pathway for the majority of activation

mechanisms. The non-canonical activation mechanism is dependent

on murine caspase-11 or human caspase-4 and -5 (56), which directly

bind lipopolysaccharide (LPS) via their CARD domains (57). After

binding, caspase-11 dimerizes and acquires self-cleaving activity (58).

LPS also activates caspase-4 and -5, leading to gasdermin D cleavage,

which promotes pyroptosis and caspase-1–dependent activation of

NLRP3 (59). Interestingly, research suggests that murine caspase-11

and human caspase-4 and -5 may not directly mature pro-IL-1b, but
instead induce K+ efflux, thereby triggering the canonical NLRP3

activation pathway (60). The non-canonical activation of the NLRP3

inflammasome may play a critical role in certain cancer types (61).

Activation of caspase-11 and caspase-4 not only directly contributes to

NLRP3 activation but may also influence the dynamics of the tumor

immune microenvironment (62), thereby promoting immune evasion

in tumors (63).

The activation of the NLRP3 inflammasome is regulated by various

proteins. For instance, double-stranded RNA-dependent protein kinase

(PKR) interacts with inflammasome components to modulate its

activation (64). The orphan nuclear receptor Nur77, a

lipopolysaccharide (LPS)-binding protein found in macrophage

lysates (65), binds directly to LPS via its C-terminus, facilitating its

association with NLRP3. Notably, the interaction between Nur77 and

NLRP3 requires the simultaneous presence of both LPS and double-

stranded DNA (dsDNA), elucidating how the NLRP3 inflammasome

responds to LPS and is activated by caspase-11. HOIL-1L is essential

for NLRP3/ASC inflammasome assembly and linear ubiquitination of

ASC, identifying it as a novel substrate of the LUBAC complex (66). As

an alternative pathway, human apolipoprotein C3 (ApoC3) activates

the NLRP3 inflammasome in human monocytes through caspase-8

and the dimerization of Toll-like receptors 2 and 4 (67). Additionally,

studies indicate that endoplasmic reticulum stress also promotes

NLRP3 inflammasome activation (68).

The activation of the NLRP3 inflammasome, along with the

associated NF-kB pathway and cytokines such as IL-1b and IL-18,

has been shown to play a significant role in various inflammatory

diseases. Reported inflammatory diseases influenced by this pathway

primarily include cardiovascular diseases (such as atherosclerosis,

abdominal aortic aneurysm, myocardial infarction, dilated

cardiomyopathy, diabetic cardiomyopathy, and heart failure) (69),

neurological disorders (such as Alzheimer’s disease and Parkinson’s

disease) (70), autoimmune diseases, diabetes, and several types

of cancer.
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Twomechanisms have been proposed to explain how the activated

NLRP3 inflammasome is terminated. The first mechanism relies on

caspase-1, a key component of the NLRP3 inflammasome, which

undergoes a second autolysis to generate p20/p10 subunits. This

process leads to the loss of its enzymatic activity, thereby preventing

the cleavage of downstream substrates, pro-IL-1b and pro-IL-18,

effectively terminating the inflammasome-mediated inflammatory

cascade (71). The second mechanism of termination involves

autophagy. Studies have shown that activated NLRP3

inflammasomes typically migrate along microtubules, where they are

recognized in the cytoplasm and sequestered by a double-membrane

structure to form autophagosomes. These autophagosomes

subsequently fuse with lysosomes, leading to degradation of the

inflammasomes (72). Together, these two termination mechanisms

ensure that the activity of the NLRP3 inflammasome remains within an

appropriate range, thereby preventing excessive inflammatory

responses that could damage host tissues. They play a critical role in

maintaining immune homeostasis and in preventing the onset and

progression of chronic inflammation-related diseases.
Frontiers in Oncology 05
The activation and termination of the NLRP3 inflammasome are

finely regulated by various signaling molecules and regulatory

mechanisms. Both classical and non-classical pathways synergistically

drive the inflammatory response, while negative feedback mechanisms,

such as caspase-1 auto-cleavage and autophagy, prevent excessive

activation (73). This complex network not only maintains immune

homeostasis but also plays a crucial role in the development of various

cancers (74), laying the foundation for further exploration of its tumor-

related functions and therapeutic potential.
3 The role of the NLRP3
inflammasome in various urogenital
tumors

Due to the close commonalities between different tumors of the

urogenital system, they are often studied as a unified group. From

the perspective of embryonic origin, organs such as the kidneys,

bladder, and ovaries all originate from the mesoderm, and therefore,
FIGURE 2

Mechanism of NLRP3 inflammasome activation. The activation of the NLRP3 inflammasome proceeds in two stages: priming and activation. During
the priming phase, the activation of Toll-like receptors (TLRs) triggers NF-kB signaling, leading to the upregulation of NLRP3, pro-IL-1b, and pro-IL-
18. The activation phase is triggered by external stimuli such as bacteria, ATP, or other damage-associated signals. This phase involves both
canonical and non-canonical activation mechanisms. In the canonical pathway, potassium efflux, mitochondrial dysfunction, and ROS generation
contribute to inflammasome assembly, with NEK7 acting as a key regulator. Activated caspase-1 processes pro-IL-1b and pro-IL-18 into mature
cytokines and induces pyroptosis via GSDMD. The non-canonical activation pathway involves caspase-11 (in mice) or caspase-4/5 (in humans),
which directly bind LPS and cleave GSDMD, contributing to cell death and inflammation.
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their cells share certain similarities during early development.

Anatomically, urogenital system tumors are typically located in

the lower abdominal cavity, and during their growth, they often

influence each other or undergo local metastasis. For example,

studies have shown that prostate cancer patients who receive

radiotherapy may, in rare cases, be diagnosed with muscle-

invasive bladder cancer (MIBC) (75). The kidneys and gonads are

both involved in hormone synthesis and secretion, and during

tumorigenesis, they often exhibit similar dysregulation in

hormone secretion. Additionally, urine contains free proteins,

peptides, exosomes, DNA, and other components, making it

possible to detect urogenital system tumors through urinary

biomarkers (76).

With the in-depth research on TRP channels, the role of their

downstream NLRP3 inflammasome and related pathways in tumor

cell proliferation and metastasis has become relatively clear (77). In

recent years, studies have also indicated that the NLRP3

inflammasome plays a dual role in the progression of urogenital

tumors (Table 1), particularly in prostate and bladder cancers (78–

80). On one hand, NLRP3-related genes are upregulated in cancer

cells, leading to the activation of the NLRP3 inflammasome, which,

through caspase-1 cleavage, generates pro-inflammatory cytokines,

namely, mature IL-1b and IL-18 (81). These cytokines have

significant roles in the development of urogenital tumors. Mature

IL-1b recruits immune cells to sites of infection; however, IL-1b
overexpression is associated with various autoimmune diseases and

may contribute to carcinogenesis. Meanwhile, mature IL-18

enhances the activity of NK and T cells, potentially influencing

tumor progression. Obesity is an established risk factor for cancers

in several urogenital sites, including the endometrium, kidney, and

ovaries (82). The NLRP3 inflammasome may contribute to the

progression of these cancers by amplifying this risk. Specifically, the

NLRP3 inflammasome can activate caspase-1, leading to the

production of IL-1b and IL-18, which promote the metastasis and

progression of urogenital tumors. Additionally, the NLRP3

inflammasome may enhance the impact of other carcinogenic risk

factors associated with urogenital cancers (83).

On the other hand, the NLRP3 inflammasome may inhibit

tumor progression by modulating immune responses and inducing

pyroptosis in cancer cells. The NLRP3 inflammasome has the

capacity to activate inflammatory responses, and one study has

highlighted its contribution to infection-related immune mediation

(84). Additionally, the GSDMD pathway, triggered by NLRP3

activation, can induce pyroptosis in cancer cells, thereby

suppressing cancer growth and invasion (Figure 3). However,

current research on the inhibitory role of the NLRP3

inflammasome in urogenital tumors remains limited, with some

studies presenting conflicting conclusions (85).

The tumor microenvironment (TME) is crucial in tumor

progression, interacting continuously with tumor cells and

playing a decisive role in tumor initiation, development,

metastasis, and response to therapy. The TME comprises a

variety of immune cells, fibroblasts, macrophages, neutrophils,

endothelial cells, pericytes, and other stromal components,

forming a complex and dynamically interacting network with
Frontiers in Oncology 06
tumor cells (86). It has been established that the NLRP3

inflammasome can modulate the TME by regulat ing

inflammatory status and immune cell phenotypes, thereby

influencing tumor behavior (87). Notably, the dual role of NLRP3

appears to be closely related to the composition and activation state

of immune cells within the tumor microenvironment (TME). In

immunosuppressive conditions, excessive expression of IL-1b
downstream of NLRP3 activation may promote tumor

progression by exacerbating chronic inflammation and facilitating

immune evasion. In contrast, under immune-activated conditions,

NLRP3-mediated pyroptosis—particularly through gasdermin D

(GSDMD)-dependent pore formation—can induce cancer cell

death and enhance antitumor immune responses (88). This

context-dependent functional divergence highlights the

importance of considering the specific characteristics of the TME

when evaluating the role of NLRP3 across different tumor types.
3.1 The role of the NLRP3 inflammasome in
prostate cancer

Prostate cancer (PCa) is a highly heterogeneous and complex

cancer with a high prevalence and significant variability in clinical

progression among individuals. Current treatment options often

carry substantial risks of complications.

Research on the role of the NLRP3 inflammasome in prostate

cancer progression has increased in recent years, primarily focusing

on its promoting effects, although findings remain contradictory,

indicating the need for further investigation. NLRP3-related genes

are upregulated in prostate cancer, with NLRP3 inflammasome

protein overexpressed (89); this overexpression correlates with

clinical parameters such as cancer staging and lymph node

infiltration. Contradictorily, a study analyzing NLRP3 expression

in human prostate tissue found that NLRP3 immunostaining was

heterogeneous, with no significant difference observed between

adjacent benign and malignant tissues. This discrepancy may be

attributed to several factors, including tumor heterogeneity, the use

of adjacent benign tissues that might already be affected by an

inflammatory tumor microenvironment, and the reliance on

immunohistochemistry alone, which reflects protein expression

but not inflammasome activation status. Moreover, the study

lacked functional validation, subgroup analysis by tumor grade or

stage, and assessment of cytokine output, which limits its ability to

capture the dynamic pro- or anti-tumor role of NLRP3 in prostate

cancer (90). A Mendelian randomization study, using GWAS

summary data on 35 interleukins from large-scale proteomic

studies across eight independent populations of European descent

and data on 23 common cancers from the FinnGen Consortium,

identified IL-18 as a risk factor for prostate cancer (91–93). Another

study used non-cancerous prostate cell line PNT2 treated with

extracellular vesicles (EVs) isolated from advanced prostate cancer

PC3 cells (PC3-EVs) as a model to assess caspase-1–mediated IL-1b
maturation after 24 hours of EV treatment. In a separate study, live

Trichomonas vaginalis (T. vaginalis) stimulation of the prostate

epithelial cell line RWPE-1 led to increased mRNA and protein
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TABLE 1 The function of NLRP3 across cancer types.

Type of cancer
Source of
experimental evidence

Outcome Suggested mechanism References

Pro-tumorigenic Role

Prostate cancer GWAS summary data across
8 populations

IL-18 identified as a prostate cancer
risk factor

Maturation of IL-18 (91)

RWPE-1 prostate epithelial cells
stimulated by T. vaginalis

T. vaginalis induces IL-1b production
ROS and K+ efflux activate
NLRP3 inflammasome

(94)

PC3-EVs act on THP-1 macrophages
IL-1b secretion correlates with
tumor staging

NLRP3 inflammasome activation
cascade in tumor cells

(92)

Bladder cancer Genetic polymorphism studies (175
BC patients)

IL-18 polymorphism increases BC risk
Genetic susceptibility via
inflammasome variants

(93)

NLRP3 polymorphisms in
smokers/drinkers

NLRP3 polymorphisms linked to increased
tumor size and metastasis

Environment–gene interaction (79)

Renal cell carcinoma MassARRAY and urinary
arsenic analysis

NLRP3 polymorphism increases RCC risk
Arsenic exposure upregulates
NLRP3 expression

(108)

KIRC tumor tissue analysis
NLRP3 mRNA upregulated;
promoter hypomethylation

NLRP3 expression correlates with
overall survival and immune
cell infiltration

(109)

Ovarian cancer
OvCa cells

NLRP3 overexpression promotes EMT and
tumor progression

NLRP3 modulates EMT markers (E/
N-cadherin)

(117)

TCGA analysis and survival data
Elevated NLRP3 expression correlates with
reduced survival

NLRP3 correlates with inflammation-
linked transformation in EAOC

(118, 119)

CCK-8 assay (proliferation), western
blot (EMT & PI3K/AKT markers),
luciferase assay, Kaplan–Meier
survival analysis

NLRP3 overexpression associated with poor
prognosis via miR-22 suppression

NLRP3 counteracts miR-22’s
inhibitory effects on proliferation
and EMT

(120)

Clinical study on advanced epithelial
ovarian cancer

IL-1 associated with impaired T-
cell responses

NLRP3-induced IL-1 impairs
antitumor immunity

(121)

Cervical cancer Genetic association study of NLRP3
SNP (rs10754558)

Rs10754558 associated with increased
cervical cancer risk

Modulation of HPV-related
immune responses

(126)

LPS-stimulated normal cervical
epithelial cells

LPS promotes proliferation, invasion, and
cytokine release

NLRP3 and caspase-4 mediated
cytokine production

(129)

Mechanistic analysis of NLRP3/IL-
1b/Smad2/3 signaling

EMT promotes tumor cell migration
and metastasis

NLRP3/IL-1b pathway activates
Smad2/3 signaling to drive EMT

(130)

Endometrial cancer Immunohistochemistry and
immunoblotting in EMC tissues and
cell lines

NLRP3, caspase-1, GSDMD overexpressed
in tumor tissues

Upregulation of pyroptosis-related
proteins in cancerous tissue

(131, 132)

Case–control study on obesity, T2D,
NAFLD in 98 participants

Inflammasome-related cytokines
upregulated in obesity-related EMC

NLRP3–IL-1b axis mediates obesity-
induced inflammation contributing to
EMC progression

(135)

Anti-tumorigenic Role

Prostate cancer
Immune profiling of
tumor microenvironment

NLRP3 activation linked to immune
suppression of tumor progression

IL-18 promotes Th2 response and M2
macrophage polarization

(97)

Bladder cancer &
Renal cell carcinoma

Chemotherapy-induced
pyroptosis study

NLRP3 activation promotes CD8+ T cell–
mediated antitumor response

ATP release activates NLRP3 and IL-
1b–IL-1R signaling in dendritic cells

(113)

Renal cell carcinoma BRD4 inhibition in RCC cells Induces pyroptosis, suppresses EMT
NF-kB–NLRP3–caspase-1–
GSDMD axis

(114)

(Continued)
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expression of IL-1b, NLRP3, ASC, and caspase-1. Silencing of

NLRP3 and caspase-1 reduced T. vaginalis–induced IL-1b
secretion, and the specific NF-kB inhibitor Bay 11–7082

suppressed IL-1b production while inhibiting the expression of
Frontiers in Oncology 08
caspase-1, ASC, and NLRP3 proteins. These findings suggest that T.

vaginalis induces NLRP3 inflammasome formation in human

prostate epithelial cells through ROS and potassium efflux,

leading to IL-1b production (94). In a prostate cancer model,
TABLE 1 Continued

Type of cancer
Source of
experimental evidence

Outcome Suggested mechanism References

Anti-tumorigenic Role

Ovarian cancer
Electron microscopy +
mechanistic assays

CA induces pyroptosis and inhibits
tumor growth

CASP4/TXNIP–NLRP3–GSDMD
pathway mediates CA-
induced pyroptosis

(124)

Functional study on PFKFB3 in
OvCa cells

PFKFB3 enhances metastasis by
inhibiting pyroptosis

NLRP3 suppression reduces
pyroptosis and promotes
Warburg effect

(125)

Endometrial cancer
Bioinformatics and macrophage
coculture assays

NLRP3 depletion promotes tumor
progression and impairs immunity

NLRP3 regulates macrophage
polarization and ROS-mediated
antitumor defense

(137–139)

IHC of pyroptosis markers in 351
EMC patients

Pyroptosis markers predict
clinical outcomes

High GSDMD and low CHMP4B
associated with favorable recurrence-
free survival

(140)
FIGURE 3

The role of the NLRP3 inflammasome in various urogenital tumors. The NLRP3 inflammasome plays a dual role in the progression of urogenital
tumors. On the one hand, activation by pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs)
triggers inflammasome formation, leading to the caspase-1-mediated production of IL-1b and IL-18. These cytokines promote tumor metastasis and
progression by enhancing inflammation and immune evasion, particularly under immunosuppressive conditions such as in advanced tumor stages or
obesity-related risks. On the other hand, in immune-activated environments, IL-18 enhances the activity of natural killer (NK) cells and T cells, while
IL-1b recruits immune cells to the tumor site. Additionally, the inflammasome induces tumor suppression through pyroptosis, particularly via
gasdermin D (GSDMD)-mediated cell death, which can limit tumor growth and spread.
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mice lacking IL-1b exhibited impaired tumor progression and

angiogenesis (95). Furthermore, analysis of cytokine expression

and the migration and proliferation profiles of PC3 cells indicated

that PC3-EVs impact differentiated THP-1 macrophages, showing

that PC3 cells contain an active NLRP3 inflammasome cascade and

secrete IL-1b, which is associated with tumor staging (92). Since IL-

18 and IL-1b are produced in large quantities during NLRP3

inflammasome activation, current findings indicate that the

NLRP3 inflammasome and its downstream pathways may

promote prostate cancer progression.

The NLRP3 inflammasome may exert protective effects on

prostate cancer by modulating the tumor microenvironment and

immune response. The prostate tumor microenvironment primarily

consists of T cells, B cells, neutrophils, macrophages, myeloid-

derived suppressor cells, and fibroblasts (96, 97). IL-18 mediates

neutrophil maturation and local infiltration, and it induces T cells to

differentiate into a Th2 phenotype. Th2 cells secrete IL-4 and IL-13,

which promote macrophage polarization to the M2 phenotype,

mediating anti-inflammatory effects (98). Thus, NLRP3 activation

enables mature IL-18 to function as an anti-inflammatory factor.

Moreover, K+ efflux, one of the activation pathways of the NLRP3

inflammasome, has been identified as an early event in the

apoptosis of prostate cancer cells (99), suggesting that the NLRP3

inflammasome may induce tumor cell apoptosis through

this mechanism.
3.2 The role of the NLRP3 inflammasome
in bladder cancer and renal cell carcinoma

Bladder cancer (BC) and renal cell carcinoma (RCC) are

common urological tumors. In China, bladder cancer has the

highest incidence among urological cancers, while in Western

countries, it ranks second only to prostate cancer. Both the

incidence and aggressiveness of BC are significantly higher in

men than in women (100), Known risk factors for BC include

smoking, gender, age, and genetic predisposition. The incidence of

RCC varies globally, with smoking, obesity, and hypertension being

the most strongly associated risk factors. The mortality rate for RCC

is approximately 30-40%, and it is more common in men than in

women (101).

The NLRP3 inflammasome, along with IL-18 and IL-1b, plays a
significant role in promoting the development of bladder cancer

(BC) and renal cell carcinoma (RCC). Studies have demonstrated

that NLRP3 mRNA and protein levels are markedly elevated in BC

cells compared to normal urothelial cells (102). NLRP3

polymorphisms are associated with increased BC risk, tumor size,

and lymph node metastasis, particularly among smokers and

drinkers (79). A genotyping study involving 175 high-grade BC

patients and 207 healthy controls showed that IL-18 gene

polymorphisms increase BC risk (93), a finding corroborated by

additional research (103). In T24 cells, Wnt signaling—a key

pathway in BC development—is activated by high levels of IL-1b,
while Wnt signaling, in turn, upregulates IL-1b expression. This
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paracrine Wnt/IL-1b signaling feedback loop enhances the invasive

phenotype of BC cells (104, 105).Arsenic is a known carcinogen

implicated in the development of RCC and BC (106, 107). A study

using the Agena Bioscience MassARRAY platform identified 15

NLRP3 gene polymorphism sites , and arsenic species

concentrations in urine were measured via HPLC-HG-AAS. This

study found a significant dose-dependent association between

arsenic exposure and RCC risk, with NLRP3 polymorphisms

increasing susceptibility to RCC in individuals with elevated total

urinary arsenic (108). Additionally, arsenic exposure was shown to

upregulate NLRP3 expression. In a study on kidney clear cell

carcinoma (KIRC), NLRP3 expression was significantly elevated

in tumor tissues, and NLRP3 mRNA expression appeared to be

regulated by promoter methylation. A significant negative

correlation was observed between NLRP3 promoter methylation

and NLRP3 expression, which was further associated with the

clinicopathological features, overall survival, and immune cell

infiltration in KIRC (109).

Substantial evidence indicates a positive correlation between the

incidence of type 2 diabetes (T2DM), obesity, and bladder cancer

(110). In one study, obesity (HR = 1.76, 95% CI: 1.36-2.28) was

associated with a significantly higher recurrence rate of bladder

cancer compared to normal-weight patients, with stratified analysis

revealing that the recurrence risk was higher in women than in men

(HR = 1.17, 95% CI: 1.05-1.31). Obesity is also a major risk factor

for RCC. Studies have demonstrated that NLRP3 knockout in mice

can prevent obesity-induced inflammasome activation in adipose

tissue and the liver, enhancing insulin signaling. In obese mice,

NLRP3 deletion reduced IL-18 and interferon-g (IFN-g) expression
in adipose tissue, increased naive T cell counts, and decreased

effector T cell counts (111). Additionally, under oxidative stress

induced by the tumor microenvironment, thioredoxin-interacting

protein (TXNIP) interacts with the NLRP3 inflammasome (112),

leading to IL-1b maturation and secretion, which correlates with

postoperative RCC recurrence. This further suggests that the

NLRP3 inflammasome and its associated cytokines contribute to

RCC progression.

However, the NLRP3 inflammasome is essential for antitumor

adaptive immunity in bladder cancer (BC) and renal cell carcinoma

(RCC), and its pyroptosis pathway has demonstrated potent

antitumor effects. Dying tumor cells treated with chemotherapy

release ATP, which activates the NLRP3 inflammasome and IL-1b–
IL-1 receptor (IL-1R) signaling in dendritic cells, driving an effective

CD8 T-cell response against transplantable tumor cells (113).

Another study measured BRD4 expression in RCC cells and

normal human renal tubular epithelial cell lines, finding

significantly elevated BRD4 expression in RCC cells. Inhibition of

BRD4 suppressed cell proliferation and epithelial-mesenchymal

transition (EMT) through activation of the NF-kB–NLRP3–

caspase-1 pyroptosis pathway, demonstrating its antitumor effects

(114). Additionally, lower NLRP3 levels were observed in RCC

tumor samples, suggesting that NLRP3 may act as a tumor

suppressor in RCC (115). Therefore, the NLRP3 inflammasome

plays a notable dual role in the progression of BC and RCC.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1593774
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Sun et al. 10.3389/fonc.2025.1593774
3.3 The role of the NLRP3 inflammasome
in ovarian cancer

Ovarian cancer (OvCa) is a common gynecological malignancy

with subtle early symptoms and limited treatment options after

diagnosis (116). It is characterized by a relatively low incidence but

a high mortality rate.

Overexpression of NLRP3 and other related proteins is a

marker associated with the progression of ovarian cancer. For

example, one study reported NLRP3 overexpression in ovarian

cancer cells, and bioinformatics analysis further explored the role

of NLRP3 in promoting OvCa progression (117). Additionally,

NLRP3 silencing inactivated the inflammasome and inhibited

epithelial-mesenchymal transition (EMT) by upregulating E-

cadherin and downregulating vimentin, N-cadherin, and

fibronectin. A study investigating endometriosis-associated

ovarian cancer (EAOC) analyzed 18 genes related to the

inflammasome complex to examine their correlation with patient

survival. The findings revealed a statistically significant association

between high NLRP3 expression levels and poor prognosis,

suggesting that dysregulated inflammasome activity may play a

key role in the malignant transformation of endometriosis.

Furthermore, NLRP3 signaling and persistent ster i le

inflammation may mark the early stages of ovarian cancer

development (118). Data from The Cancer Genome Atlas

program comparing NLRP3 expression in pan-cancer and normal

tissues showed higher expression in ovarian cancer, correlating with

reduced overall survival (119). Another study measured cell

proliferation using the CCK-8 assay, evaluated protein expression

of EMT and PI3K/AKT pathway biomarkers through western

blotting, assessed luciferase activity via luciferase assays, and used

the Kaplan-Meier method to evaluate overall survival in ovarian

cancer. The results indicated low miR-22 expression and NLRP3

overexpression in ovarian cancer tissues and cells, with miR-22

downregulation associated with poor prognosis. NLRP3 partially

countered miR-22’s regulatory effects on cell proliferation and EMT

in ovarian cancer cells (120). Additionally, Maccio et al.

demonstrated that IL-1 is associated with impaired T-cell

responses in women with advanced epithelial ovarian cancer

(121), suggesting that interleukins activated by NLRP3 may

promote ovarian cancer progression by influencing immune

responses. However, a comparative study assessing NLRP3

(NOD-like receptor protein 3), caspase-1, IL-1b, and IL-18

mRNA and protein expression in hen and human OvCa found

increased protein expression of caspase-1, IL-1b, and IL-18 in

surface epithelium, tumor cells, and immune cells. No significant

difference in NLRP3, caspase-8, or caspase-11 mRNA levels was

observed between tumor and non-tumor ovarian tissues, indicating

that the specific NLR sensor involved remains to be identified (122).

Obesity increases the risk of ovarian cancer. In a study on

obesity, adipose tissue from obese participants (n = 186) showed

significantly higher NLRP3 gene expression compared to non-obese

participants (n = 84) (SMD 1.07; 95% CI, 0.27–1.87) (123).

Additionally, a pooled analysis of adipose tissue IL-1b data from

four studies indicated that IL-1b gene expression levels were
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significantly elevated in 88 obese participants compared to 39

non-obese controls (SMD 0.56; 95% CI, 0.13–0.99). These

findings suggest an association among the NLRP3 inflammasome,

obesity, and ovarian cancer.

Meanwhile, pyroptosis induced by the NLRP3 inflammasome

can inhibit tumor progression. A study using morphological

analysis via transmission electron microscopy showed that

ovarian cancer cells treated with citric acid (CA) exhibited typical

pyroptosis characteristics. Further mechanistic analysis indicated

that CA induces pyroptosis in ovarian cancer through the CASP4/

TXNIP-NLRP3-Gasdermin-D (GSDMD) pathway, thereby

inhibiting ovarian cancer cell growth and presenting a potential

therapeutic approach (124). Another study on PFKFB3 in ovarian

cancer found that PFKFB3 promotes ovarian cancer metastasis by

suppressing the NLRP3 axis, reducing pyroptosis, and enhancing

the Warburg effect. This indirectly confirms the protective role of

NLRP3-mediated pyroptosis in preventing ovarian cancer

metastasis and progression (125).
3.4 The role of the NLRP3 inflammasome
in uterine malignancies

Uterine malignancies pose a significant threat to women’s

health, with poor prognoses when diagnosed at advanced stages.

Treatment options for targeted therapy in advanced or recurrent

cases remain limited, and incidence rates have been rising in recent

years. These malignancies include cervical cancer (CC) and

endometrial cancer (EMC).

The relationship between the NLRP3 inflammasome and

uterine malignancies is complex. Pontillo et al. reported that a

variant of the NLRP3 gene, rs10754558, is associated with HPV

resistance and shows a statistically significant correlation with

cervical cancer risk (126). Caspase-1, a component of the NLRP3

inflammasome, has previously been shown to enhance lipid

metabolism, and its activation is necessary for intracellular

Chlamydia growth in cervical epithelial cells (127). In one study,

inflammasome activation was first analyzed in cocultured cervical

cancer cell lines and healthy donor monocytes, with in vitro findings

then compared to data from a public CC patient database. Results

indicated that IL-1b expression was elevated in CC compared to

normal cervical tissue, and patients with high IL-1b expression had

shorter overall survival, suggesting that the CC microenvironment

may activate inflammasomes and IL-1b release in surrounding

monocytes, potentially worsening prognosis (128). Another study

stimulated normal cervical epithelial cells with LPS, leading to

enhanced proliferation and invasion, alongside increased

expression of inflammatory cytokines (IL-1b, IL-6, and TNF-a)
as well as NLRP3 and caspase-4, further underscoring the role of

NLRP3 and IL-1b in cancer progression (129). In CC, the NLRP3/

IL-1b/Smad2/3 signaling pathway promotes epithelial-

mesenchymal transition (EMT), a key process in metastasis where

epithelial cells acquire mesenchymal characteristics, enhancing

moti l i ty and migratory capacity (130) . Addit ional ly ,

immunohistochemistry (IHC) and protein immunoblotting
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studies have shown overexpression of NLRP3, caspase-1, and

GSDMD in human endometrial cancer tissues and cell lines, with

moderate to strong positive staining for these proteins in tumor

sections (131, 132). Estrogen has also been shown to enhance

NLRP3, pro-IL-1b, and IL-1b expression, thereby promoting

endometrial cancer progression through increased NLRP3

activation (133).

Obesity increases the risk of endometrial cancer (134), and the

NLRP3-IL-1b pathway plays a crucial role in adipose tissue (AT)-

induced inflammation and the development of obesity-related

comorbidities. In a case-control study involving 98 participants, it

was demonstrated that obesity (P < 0.01), obesity-related type 2

diabetes (T2D) (P < 0.01), and non-alcoholic fatty liver disease

(NAFLD) (P < 0.05) increased the expression of various

inflammasome components as well as the expression and release

of IL-1b and IL-18 in AT (135). In summary, the NLRP3

inflammasome promotes endometrial cancer progression.

The NLRP3-related pathway can induce pyroptosis, modulate

immune responses, and consequently inhibit the progression of

uterine malignancies. miRNA-214 promotes pyroptosis in cervical

cancer cells by enhancing NLRP3 expression, thus inhibiting cancer

progression (136). NLRP3 also plays a significant role in regulating

macrophage polarization, oxidative stress, and immune response

against endometrial cancer (EMC). A bioinformatics analysis

indicated that NLRP3 levels in intratumoral macrophages in

EMC are significantly lower than in normal endometrial

macrophages. Depletion of NLRP3 in M2-polarized macrophages

promoted the growth, invasion, and metastasis of cocultured EMC

cells, while NLRP3 depletion in M1-polarized macrophages reduced

phagocytic potential, thereby weakening immune defense against

EMC (137). Additionally, The NLRP3 inflammasome can enhance

the production of ROS, particularly in macrophages (138). ROS are

highly reactive molecules that can induce oxidative stress, resulting

in substantial damage to cellular components. Moreover, ROS are

involved in the regulation of the tumor cell cycle, thereby affecting

tumor cell survival and migration (137). Therefore, ROS production

regulated by NLRP3 shows promise as a potential therapeutic target

for EMC, indicating that NLRP3 loss may impact the development

of new EMC treatment strategies (139). Another study assessed the

expression of four pyroptosis-related molecules (NLRP3, cleaved

caspase-1 p20, cleaved gasdermin D, and CHMP4B) in 351

endometrial cancer patients via immunohistochemistry and

analyzed their associations with clinical, pathological, and survival

outcomes. It concluded that cleaved caspase-1 p20 is an

independent predictor of poor prognosis in EMC, while high

cleaved gasdermin D and low CHMP4B expression were

associated with favorable recurrence-free survival (RFS) (140).
4 Targeted therapeutic strategies
related to the NLRP3 inflammasome

Given the significant role of the NLRP3 inflammasome and

related pathways in the development and progression of urogenital

tumors, research on targeted therapeutic strategies involving the
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NLRP3 inflammasome has increased considerably in recent

years (141).

Inhibiting NLRP3 and its downstream pathways is a primary

focus in targeted therapeutic strategies (Table 2). Small-molecule

inhibitors have become a key approach in these strategies (142).

One of the most extensively studied inhibitors is MCC950, a specific

small-molecule inhibitor of the NLRP3 pathway (143). MCC950

directly targets the NACHT domain of NLRP3, blocking ASC

oligomerization, ATP hydrolysis (144), and stabilizing the inactive

conformation of NLRP3 (145). Oridonin (Ori), the primary active

compound in the traditional Chinese herb Rabdosia rubescens, has

anti-inflammatory properties. Ori forms a covalent bond with

cysteine 279 in the NACHT domain of NLRP3, thereby

disrupting the NLRP3-NEK7 interaction and inhibiting

inflammasome assembly and activation—a mechanism that has

been confirmed in ovarian cancer (146). Similarly, CY-09 binds

directly to the ATP-binding motif within the NACHT domain,

inhibiting NLRP3 ATPase activity and thereby preventing

inflammasome assembly and activation (147). The anticancer

agent entrectinib (ENB) has also shown significant efficacy in

mouse models of NLRP3 inflammasome-related diseases. Studies

have demonstrated that ENB binds directly to arginine 121 (R121)

of NEK7, blocking the NEK7-NLRP3 interaction and inhibiting

inflammasome assembly and activation (148). Ibrutinib, a Bruton’s

tyrosine kinase (BTK) inhibitor, blocks NLRP3 inflammasome

activation in macrophages, inhibits IL-1b secretion, and reduces

inflammation and organ fibrosis (149). Betaine, also known as

trimethylglycine, is a naturally occurring compound in animals,

plants, and microorganisms. It has shown anti-inflammatory effects

and potential anticancer benefits in humans by modulating sulfur

amino acid metabolism, counteracting oxidative stress, inhibiting

NF-kB activity, and suppressing NLRP3 inflammasome activation.

Betaine also regulates energy metabolism and reduces endoplasmic

reticulum stress and apoptosis (150). The P2X7 receptor, critical for

inflammasome activation, induces the maturation and release of

pro-inflammatory cytokines (e.g., IL-1b and IL-18) and promotes

the production of reactive nitrogen and oxygen species, caspase

activation, and apoptosis. Sennoside A (SenA), a novel caspase-1

inhibitor, inactivates caspase-1 in a P2X7-dependent manner to

suppress NLRP3-mediated inflammation (151). Estrogen-related

receptor alpha (ERRa), a central regulator of cellular energy

metabolism linked to poor cancer prognosis, enhances glycolytic

metabolism and targets the NLRP3/caspase-1/GSDMD pathway to

regulate pyroptosis in endometrial cancer (152). Resveratrol (RSV)

inhibits tumor cell proliferation, migration, and invasion in vivo

and in vitro, promoting apoptosis in renal cell carcinoma. Further

mechanistic analysis reveals that RSV suppresses tumor progression

in renal cell carcinoma by downregulating NLRP3 (153).

Additionally, downregulation of NLRP3 enhances gemcitabine

sensitivity in ovarian cancer (GRC) cells, potentially overcoming

drug resistance and improving therapeutic efficacy (154).

Adiponectin-induced autophagy suppresses LPS-induced

inflammasome activation in macrophages (155). Ulinastatin

improves the malignant progression of prostate cancer cells by

blocking the RhoA/ROCK/NLRP3 pathway (156). Suramin, an
frontiersin.org

https://doi.org/10.3389/fonc.2025.1593774
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Sun et al. 10.3389/fonc.2025.1593774
antiparasitic drug with potent anti-purinergic properties, has shown

effectiveness in a transgenic Pkd1 microRNA mouse model, where

suramin treatment significantly reduced kidney cyst density, cell

proliferation, and macrophage infiltration. Mechanistic studies

confirmed that suramin suppresses NLRP3 expression, thereby

inhibiting tumor progression (157). Thalidomide, an effective

anti-inflammatory drug, inhibits caspase-1 activity (158).

Experimental studies comparing docetaxel combined with

thalidomide versus docetaxel alone demonstrated thalidomide’s

antitumor activity in prostate cancer treatment (159).

Parthenolide, widely used as an herbal treatment for various

inflammatory diseases (160), has been shown to directly inhibit

the protease activity of caspase-1 (161). The IL-1 receptor

antagonist anakinra can suppress IL-1b-mediated inflammatory

responses, thereby reducing the invasiveness of glioblastoma

(162). Mitomycin C (MMC), an effective treatment for non-

musc le- invas ive bladder cancer (NMIBC) , promotes

immunogenic cell death (ICD) and tumor protection in vivo.

MMC-induced ICD relies on metabolic reprogramming in tumor
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cells to enhance oxidative phosphorylation (163). Studies have

shown that cocrystals downregulate inflammatory markers such

as NLRP3 and caspase-1, and the antifungal drug FCN also exhibits

anticancer activity (164). Carvedilol (CVL), a b-adrenergic receptor
antagonist, promotes NF-kB nuclear translocation through the

NLRP3-caspase-1-ASC inflammasome, inducing pyroptosis in

prostate cancer (PCa) cells and establishing a foundation for the

application of b-adrenergic antagonists in PCa treatment (165).

NLRP3 ubiquitination presents a potential therapeutic target

for disease treatment. The deubiquitinating enzyme BRCC3 is a key

regulator of NLRP3 activity (166). The vitamin D receptor (VDR)

can physically bind to NLRP3, blocking the interaction between

NLRP3 and BRCC3. When VDR inhibits BRCC3-mediated NLRP3

deubiquitination, subsequent NLRP3 activation is also suppressed

(167). Therefore, the vitamin D receptor (VDR) serves as a negative

regulator of NLRP3 oligomerization and activation.

The epigenetic regulation of inflammasome-related genes may

serve as a potential target for further studies on molecular

mechanisms that modulate inflammatory pathways. Research has
TABLE 2 NLRP3 inhibitors.

NLRP3
inhibitors

Targets Preclinical/clinical status Cancer type studied Reference

MCC950 NACHT domain of NLRP3
Preclinical
(in vitro & in vivo)

Not yet investigated in oncology
(inflammatory disease)

(144, 145)

Oridonin
NACHT domain of NLRP3; disrupts
NLRP3–NEK7

Preclinical
(in vitro, cancer model)

Ovarian cancer (146)

CY-09
ATP-binding motif within the
NACHT domain

Preclinical
(in vitro)

Not yet investigated in oncology
(inflammatory disease)

(147)

Entrectinib NEK7-NLRP3 interaction
Preclinical
(mouse model, in vivo)

Not yet investigated in oncology (NLRP3-
related mouse disease model)

(148)

Ibrutinib
Bruton’s tyrosine kinase (mediatie the
phosphorylation of NLRP3)

Preclinical (macrophage
inflammation model)

Not yet investigated in oncology
(macrophage inflammation/fibrosis)

(149)

Betaine NLRP3 and mature caspase-1
Preclinical
(metabolic inflammation studies)

Not yet investigated in oncology
(inflammation/oxidative stress)

(150)

Sennoside A Caspase-1 (P2X7-dependent inhibition) Preclinical (inflammatory model)
Not yet investigated in oncology (P2X7/
caspase-1 pathway)

(151)

Resveratrol Downregulates NLRP3
Preclinical
(in vitro & in vivo)

Renal cell carcinoma (153)

Ulinastatin RhoA/ROCK/NLRP3 pathway
Preclinical
(prostate cancer cell line)

Prostate cancer (156)

Suramin Suppresses NLRP3 expression
Preclinical
(Pkd1 miRNA mouse model)

Not yet investigated in oncology (NLRP3-
related renal pathology model)

(157)

Thalidomide caspase-1
Clinical
(combination with docetaxel)

Prostate cancer (159)

Parthenolide caspase-1 Preclinical (anti-inflammatory studies)
Not yet investigated in oncology
(inflammatory disease)

(161)

Anakinra IL-1b
Preclinical (glioblastoma
invasion model)

Glioblastoma (162)

Mitomycin C immunogenic cell death
Approved
(NMIBC treatment)

Non-muscle-invasive bladder cancer (163)

Carvedilol NLRP3-caspase-1-ASC inflammasome
Preclinical
(prostate cancer cell lines)

Prostate cancer (165)
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shown that the expression of various NLRP genes (e.g., NLRP3,

NLRP4, NLRP9) and miRNAs targeting these genes varies in

urinary sediment from bladder cancer patients compared to

healthy controls (168, 169). miRNAs are critical regulators of

NLRP3 inflammasome activity (170), and assessing the expression

levels of inflammasome-related genes and their regulatory miRNAs

may provide a promising diagnostic tool for bladder cancer.
5 Conclusion and future directions

Although substantial progress has been made in understanding

the NLRP3 inflammasome, its multifaceted and context-dependent

role in urogenital system tumors remains incompletely understood.

It has been implicated in both pro-tumor and anti-tumor processes,

depending on tumor type and microenvironmental context. These

functional heterogeneities highlight the urgent need for further

research to elucidate its precise mechanisms and therapeutic

relevance in cancer.

Current research has several limitations, mainly reflected in the

contradictions in conclusions, limitations of external effects, and

challenges in clinical application. First, many research findings are

contradictory, likely due to differences in cancer staging, clinical

parameters, and other influencing factors. Therefore, future studies

should incorporate a broader range of variables, considering cancer

type-specific staging and clinical parameters. Second, existing

studies predominantly focus on specific populations (e.g.,

individuals of European descent), which limits the generalizability

of the findings to other ethnic groups, genders, or age groups.

Future research should prioritize multi-center, cross-ethnic studies

to ensure the applicability of results across diverse populations.

Finally, while there is a wealth of data from basic and animal

studies, there is a lack of large-scale clinical trial data, particularly

involving diverse ethnic groups, which limits the clinical translation

of NLRP3-targeted therapeutic strategies.

The significant role of the NLRP3 inflammasome in cancer

provides new directions for therapeutic strategies. Future studies

could design large-scale cohort studies to assess the diagnostic value

of combining NLRP3 inflammasome levels with classic tumor

biomarkers such as AFP and CA-125. These studies should

include diverse patient populations and utilize quantitative PCR

or ELISA assays to measure NLRP3 inflammasome activation,

aiming to validate their diagnostic accuracy through receiver

operating characteristic (ROC) curve analysis for early cancer

detection. Given the potential of combining NLRP3-targeted

therapies with immune checkpoint inhibitors, clinical trials

should be designed to evaluate the safety and efficacy of this

combination therapy in patients with advanced urogenital

cancers. Randomized controlled trials (RCTs) could focus on

overall survival (OS) and progression-free survival (PFS) as

primary endpoints, with biomarkers of immune response (e.g.,

cytokine profiles, immune cell infiltration) as secondary

endpoints. The trials should stratify patients based on NLRP3

expression levels to assess whether higher NLRP3 activity

correlates with a better response to immunotherapy.
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Moreover, for urogenital system cancers, particularly ovarian

and prostate cancers, DNA damage response inhibitors, such as

PARP inhibitors, have shown promise as therapeutic options. To

further explore this, future studies should design preclinical and

clinical trials investigating the role of the NLRP3 inflammasome in

modulating DNA repair mechanisms in cancer cells. Specifically, in

vitro studies could focus on measuring NLRP3 expression and

activation in response to DNA damage induced by agents like

cisplatin or radiation in ovarian and prostate cancer cell lines. In

parallel, clinical trials could assess the combination of PARP

inhibitors with NLRP3-targeted therapies in patients with high

NLRP3 expression, evaluating treatment efficacy by monitoring

tumor progression, DNA repair markers (e.g., g-H2AX), and

patient response rates. Furthermore, the role of tRNA level

changes and their crosstalk with the tumor microenvironment

(TME) in tumor development has garnered increasing attention

in recent years. Future studies should examine how tRNA

modifications influence NLRP3 inflammasome activation by

performing RNA sequencing in tumor tissues with varying levels

of NLRP3 expression. Using high-throughput screening,

researchers could identify specific tRNA modifications that

correlate with NLRP3 activation. The dynamic interactions with

the TME could be assessed using advanced imaging techniques such

as multiplex immunohistochemistry to visualize NLRP3

localization and tRNA alterations in situ, providing a better

understanding of how these interactions contribute to

tumor progression.

Additionally, the NLRP3 inflammasome may be closely

associated with cancer cell metabolic pathways, particularly the

key metabolic processes such as oxidative stress, glycolysis, and fatty

acid metabolism. These pathways not only support the rapid

proliferation and growth of tumor cells but may also offer new

insights into the dual role of NLRP3 inflammasome in cancer. To

explore the interactions between NLRP3 and cancer cell

metabolism, future research should combine transcriptomic

analysis of NLRP3 expression in various cancer cell lines with

metabolic profiling using mass spectrometry or nuclear magnetic

resonance (NMR). In vivo studies could involve xenograft models

treated with NLRP3 inhibitors and metabolic modulators, with

analysis of tumor growth, metabolic shifts, and treatment response.

Multi-omics data integration could help identify novel metabolic

pathways regulated by NLRP3 that contribute to tumor progression.

In conclusion, the NLRP3 inflammasome plays a pivotal role in the

development and progression of urogenital system tumors, with its

regulatory mechanisms involving tumor cell proliferation, apoptosis,

immune evasion, and inflammatory signaling. Its activation generally

follows a well-recognized two-step model—priming and activation—

leading to the release of pro-inflammatory cytokines such as IL-1b and

IL-18. These factors can promote tumor growth and invasion or trigger

pyroptotic cell death, depending on the cellular context. This review

has summarized current advances in understanding the composition,

activation mechanisms, functional heterogeneity, and therapeutic

targeting potential of the NLRP3 inflammasome in urogenital

cancers. Future studies should further elucidate its upstream

signaling pathways, downstream effectors, interactions with classical
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tumor biomarkers, and roles in cancer cell metabolism. Such efforts will

enhance diagnostic precision and accelerate the clinical translation of

immunotherapies and targeted therapies centered on NLRP3,

ultimately offering more precise and effective treatment strategies for

cancer patients.
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53. He Y, Zeng MY, Yang D, Motro B, Núñez G. NEK7 is an essential mediator of
NLRP3 activation downstream of potassium efflux. Nature. (2016) 530:354–7.
doi: 10.1038/nature16959
Frontiers in Oncology 15
54. Di A, Xiong S, Ye Z, Malireddi RKS, Kometani S, Zhong M, et al. The TWIK2
potassium efflux channel in macrophages mediates NLRP3 inflammasome-induced
inflammation. Immunity. (2018) 49:56–65.e4. doi: 10.1016/j.immuni.2018.04.032

55. Perregaux D, Gabel CA. Interleukin-1 beta maturation and release in response to
ATP and Nigericin. Evidence that potassium depletion mediated by these agents is a
necessary and common feature of their activity. J Biol Chem. (1994) 269:15195–203.
doi: 10.1016/S0021-9258(17)36591-2

56. Yi YS. Caspase-11 non-canonical inflammasome: a critical sensor of intracellular
lipopolysaccharide in macrophage-mediated inflammatory responses. Immunology.
(2017) 152:207–17. doi: 10.1111/imm.12787

57. Viganò E, Diamond CE, Spreafico R, Balachander A, Sobota RM, Mortellaro A.
Human caspase-4 and caspase-5 regulate the one-step non-canonical inflammasome
activation in monocytes. Nat Commun. (2015) 6:8761. doi: 10.1038/ncomms9761

58. Ross C, Chan AH, Von Pein J, Boucher D, Schroder K. Dimerization and auto-
processing induce caspase-11 protease activation within the non-canonical
inflammasome. Life Sci Alliance. (2018) 1:e201800237. doi: 10.26508/lsa.201800237

59. 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) 526:666–71. doi: 10.1038/nature15541

60. Rühl S, Broz P. Caspase-11 activates a canonical NLRP3 inflammasome by
promoting K(+) efflux. Eur J Immunol. (2015) 45:2927–36. doi: 10.1002/eji.201545772

61. Mónaco A, Chilibroste S, Yim L, Chabalgoity JA, Moreno M. Inflammasome
activation, NLRP3 engagement and macrophage recruitment to tumor
microenvironment are all required for Salmonella antitumor effect. Cancer Immunol
Immunother. (2022) 71:2141–50. doi: 10.1007/s00262-022-03148-x

62. Jia Y, Wang X, Deng Y, Li S, Xu X, Qin Y, et al. Pyroptosis provides new
strategies for the treatment of cancer. J Cancer. (2023) 14:140–51. doi: 10.7150/
jca.77965

63. Wilkie KP, Hahnfeldt P. Tumor-immune dynamics regulated in the
microenvironment inform the transient nature of immune-induced tumor
dormancy. Cancer Res. (2013) 73:3534–44. doi: 10.1158/0008-5472.Can-12-4590

64. Lu B, Nakamura T, Inouye K, Li J, Tang Y, Lundbäck P, et al. Novel role of PKR
in inflammasome activation and HMGB1 release. Nature. (2012) 488:670–4.
doi: 10.1038/nature11290

65. Zhu F, Ma J, Li W, Liu Q, Qin X, Qian Y, et al. The orphan receptor Nur77 binds
cytoplasmic LPS to activate the non-canonical NLRP3 inflammasome. Immunity.
(2023) 56:753–67.e8. doi: 10.1016/j.immuni.2023.03.003

66. Rodgers MA, Bowman JW, Fujita H, Orazio N, Shi M, Liang Q, et al. The linear
ubiquitin assembly complex (LUBAC) is essential for NLRP3 inflammasome
activation. J Exp Med. (2014) 211:1333–47. doi: 10.1084/jem.20132486

67. Gaidt MM, Ebert TS, Chauhan D, Schmidt T, Schmid-Burgk JL, Rapino F, et al.
Human monocytes engage an alternative inflammasome pathway. Immunity. (2016)
44:833–46. doi: 10.1016/j.immuni.2016.01.012

68. Veeranki S. Role of inflammasomes and their regulators in prostate cancer
initiation, progression and metastasis. Cell Mol Biol Lett. (2013) 18:355–67.
doi: 10.2478/s11658-013-0095-y

69. Zheng Y, Xu L, Dong N, Li F. NLRP3 inflammasome: The rising star in
cardiovascular diseases. Front Cardiovasc Med. (2022) 9:927061. doi: 10.3389/
fcvm.2022.927061

70. Song L, Pei L, Yao S, Wu Y, Shang Y. NLRP3 inflammasome in neurological
diseases, from functions to therapies. Front Cell Neurosci. (2017) 11:63. doi: 10.3389/
fncel.2017.00063

71. Boucher D, Monteleone M, Coll RC, Chen KW, Ross CM, Teo JL, et al. Caspase-
1 self-cleavage is an intrinsic mechanism to terminate inflammasome activity. J Exp
Med. (2018) 215:827–40. doi: 10.1084/jem.20172222

72. Magupalli VG, Negro R, Tian Y, Hauenstein AV, Di Caprio G, Skillern W, et al.
HDAC6 mediates an aggresome-like mechanism for NLRP3 and pyrin inflammasome
activation. Science. (2020) 369:essa8995. doi: 10.1126/science.aas8995

73. Gupta S, Cassel SL, Sutterwala FS, Dagvadorj J. Regulation of the NLRP3
inflammasome by autophagy and mitophagy. Immunol Rev. (2025) 329:e13410.
doi: 10.1111/imr.13410

74. Alipour S, Mardi A, Shajari N, Kazemi T, Sadeghi MR, Ahmadian Heris J, et al.
Unmasking the NLRP3 inflammasome in dendritic cells as a potential therapeutic
target for autoimmunity, cancer, and infectious conditions. Life Sci. (2024) 348:122686.
doi: 10.1016/j.lfs.2024.122686

75. Mossanen M, Carvalho FLF, Muralidhar V, Preston MA, Reardon B, Conway JR,
et al. Genomic features of muscle-invasive bladder cancer arising after prostate
radiotherapy. Eur Urol. (2022) 81:466–73. doi: 10.1016/j.eururo.2021.12.004

76. Cimmino I, Bravaccini S, Cerchione C. Urinary biomarkers in tumors: an
overview. Methods Mol Biol. (2021) 2292:3–15. doi: 10.1007/978-1-0716-1354-2_1

77. Zhong T, Zhang W, Guo H, Pan X, Chen X, He Q, et al. The regulatory and
modulatory roles of TRP family channels in Malignant tumors and relevant therapeutic
strategies. Acta Pharm Sin B. (2022) 12:1761–80. doi: 10.1016/j.apsb.2021.11.001

78. Zhao AN, Yang Z, Wang DD, Shi B, Zhang H, Bai Y, et al. Disturbing NLRP3
acetylation and inflammasome assembly inhibits androgen receptor-promoted
inflammatory responses and prostate cancer progression. FASEB J. (2022) 36:e22602.
doi: 10.1096/fj.202200673RRR
frontiersin.org

https://doi.org/10.4049/jimmunol.1700175
https://doi.org/10.4049/jimmunol.1700175
https://doi.org/10.2147/jir.S51250
https://doi.org/10.1016/j.imlet.2015.03.003
https://doi.org/10.1016/j.cell.2021.11.011
https://doi.org/10.1002/jlb.3mr0720-513r
https://doi.org/10.1002/jlb.3mr0720-513r
https://doi.org/10.3389/fimmu.2021.719807
https://doi.org/10.1016/j.mam.2020.100889
https://doi.org/10.1016/j.mam.2020.100889
https://doi.org/10.1111/febs.15118
https://doi.org/10.1038/ncomms13727
https://doi.org/10.1038/ncomms13727
https://doi.org/10.1074/jbc.M115.645549
https://doi.org/10.1084/jem.20162040
https://doi.org/10.1016/j.molcel.2017.08.017
https://doi.org/10.1038/s41467-020-19939-8
https://doi.org/10.1016/j.imbio.2012.07.020
https://doi.org/10.1038/nature04515
https://doi.org/10.1073/pnas.1412487111
https://doi.org/10.1186/s12950-015-0086-z
https://doi.org/10.1038/cr.2015.139
https://doi.org/10.1038/s41586-021-03478-3
https://doi.org/10.1016/j.tibs.2022.10.002
https://doi.org/10.1038/s41392-021-00650-z
https://doi.org/10.4049/jimmunol.1400582
https://doi.org/10.1038/s41467-017-00227-x
https://doi.org/10.1038/nature09663
https://doi.org/10.1038/nature16959
https://doi.org/10.1016/j.immuni.2018.04.032
https://doi.org/10.1016/S0021-9258(17)36591-2
https://doi.org/10.1111/imm.12787
https://doi.org/10.1038/ncomms9761
https://doi.org/10.26508/lsa.201800237
https://doi.org/10.1038/nature15541
https://doi.org/10.1002/eji.201545772
https://doi.org/10.1007/s00262-022-03148-x
https://doi.org/10.7150/jca.77965
https://doi.org/10.7150/jca.77965
https://doi.org/10.1158/0008-5472.Can-12-4590
https://doi.org/10.1038/nature11290
https://doi.org/10.1016/j.immuni.2023.03.003
https://doi.org/10.1084/jem.20132486
https://doi.org/10.1016/j.immuni.2016.01.012
https://doi.org/10.2478/s11658-013-0095-y
https://doi.org/10.3389/fcvm.2022.927061
https://doi.org/10.3389/fcvm.2022.927061
https://doi.org/10.3389/fncel.2017.00063
https://doi.org/10.3389/fncel.2017.00063
https://doi.org/10.1084/jem.20172222
https://doi.org/10.1126/science.aas8995
https://doi.org/10.1111/imr.13410
https://doi.org/10.1016/j.lfs.2024.122686
https://doi.org/10.1016/j.eururo.2021.12.004
https://doi.org/10.1007/978-1-0716-1354-2_1
https://doi.org/10.1016/j.apsb.2021.11.001
https://doi.org/10.1096/fj.202200673RRR
https://doi.org/10.3389/fonc.2025.1593774
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Sun et al. 10.3389/fonc.2025.1593774
79. Poli G, Brancorsini S, Cochetti G, Barillaro F, Egidi MG, Mearini E. Expression
of inflammasome-related genes in bladder cancer and their association with cytokeratin
20 messenger RNA. Urol Oncol. (2015) 33:505. doi: 10.1016/j.urolonc.2015.07.012

80. Inouye BM, Hughes FM Jr., Sexton SJ, Purves JT. The emerging role of
inflammasomes as central mediators in inflammatory bladder pathology. Curr Urol.
(2018) 11:57–72. doi: 10.1159/000447196

81. Guo P, Li R, Piao TH, Wang CL, Wu XL, Cai HY. Pathological mechanism and
targeted drugs of COPD. Int J Chron Obstruct Pulmon Dis. (2022) 17:1565–75.
doi: 10.2147/copd.S366126

82. Friedenreich CM, Ryder-Burbidge C, McNeil J. Physical activity, obesity and
sedentary behavior in cancer etiology: epidemiologic evidence and biologic
mechanisms. Mol Oncol. (2021) 15:790–800. doi: 10.1002/1878-0261.12772

83. Xu Z, Wang H, Qin Z, Zhao F, Zhou L, Xu L, et al. NLRP3 inflammasome
promoted the Malignant progression of prostate cancer via the activation of caspase-1.
Cell Death Discov. (2021) 7:399. doi: 10.1038/s41420-021-00766-9

84. Wang D, Duncan B, Li X, Shi J. The role of NLRP3 inflammasome in infection-
related, immune-mediated and autoimmune skin diseases. J Dermatol Sci. (2020)
98:146–51. doi: 10.1016/j.jdermsci.2020.03.001

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

86. Xiao Y, Yu D. Tumor microenvironment as a therapeutic target in cancer.
Pharmacol Ther. (2021) 221:107753. doi: 10.1016/j.pharmthera.2020.107753

87. Missiroli S, Perrone M, Gafà R, Nicoli F, Bonora M, Morciano G, et al. PML at
mitochondria-associated membranes governs a trimeric complex with NLRP3 and
P2X7R that modulates the tumor immune microenvironment. Cell Death Differ. (2023)
30:429–41. doi: 10.1038/s41418-022-01095-9

88. Jalali AM, Mitchell KJ, Pompoco C, Poludasu S, Tran S, Ramana KV.
Therapeutic significance of NLRP3 inflammasome in cancer: friend or foe? Int J Mol
Sci. (2024) 25:13689. doi: 10.3390/ijms252413689

89. Ponomareva L, Liu H, Duan X, Dickerson E, Shen H, Panchanathan R, et al.
AIM2, an IFN-inducible cytosolic DNA sensor, in the development of benign prostate
hyperplasia and prostate cancer. Mol Cancer Res. (2013) 11:1193–202. doi: 10.1158/
1541-7786.Mcr-13-0145

90. Karan D, Tawfik O, Dubey S. Expression analysis of inflammasome sensors and
implication of NLRP12 inflammasome in prostate cancer. Sci Rep. (2017) 7:4378.
doi: 10.1038/s41598-017-04286-4

91. Zhang Z, Wang J, Teng M, Yan X, Liu Q. The role of serum interleukins in
Cancer: A Multi-center Mendelian Randomization study. Int Immunopharmacol.
(2024) 137:112520. doi: 10.1016/j.intimp.2024.112520

92. Mezzasoma L, Costanzi E, Scarpelli P, Talesa VN, Bellezza I. Extracellular
vesicles from human advanced-stage prostate cancer cells modify the inflammatory
response of microenvironment-residing cells. Cancers (Basel). (2019) 11:1276.
doi: 10.3390/cancers11091276

93. Krajewski W, Karabon L, Partyka A, Tomkiewicz A, Poletajew S, Tukiendorf A,
et al. Polymorphisms of genes encoding cytokines predict the risk of high-grade bladder
cancer and outcomes of BCG immunotherapy. Cent Eur J Immunol. (2020) 45:37–47.
doi: 10.5114/ceji.2020.94674

94. Gu NY, Kim JH, Han IH, Im SJ, Seo MY, Chung YH, et al. Trichomonas
vaginalis induces IL-1b production in a human prostate epithelial cell line by activating
the NLRP3 inflammasome via reactive oxygen species and potassium ion efflux.
Prostate. (2016) 76:885–96. doi: 10.1002/pros.23178

95. Voronov E, Shouval DS, Krelin Y, Cagnano E, Benharroch D, Iwakura Y, et al.
IL-1 is required for tumor invasiveness and angiogenesis. Proc Natl Acad Sci U S A.
(2003) 100:2645–50. doi: 10.1073/pnas.0437939100

96. Kwon JTW, Bryant RJ, Parkes EE. The tumor microenvironment and immune
responses in prostate cancer patients. Endocr Relat Cancer. (2021) 28:T95–t107.
doi: 10.1530/erc-21-0149

97. Caramelo B, Zagorac S, Corral S, Marqués M, Real FX. Cancer-associated
fibroblasts in bladder cancer: origin, biology, and therapeutic opportunities. Eur Urol
Oncol. (2023) 6:366–75. doi: 10.1016/j.euo.2023.02.011

98. Kaplanski G. Interleukin-18: Biological properties and role in disease
pathogenesis. Immunol Rev. (2018) 281:138–53. doi: 10.1111/imr.12616

99. Wible BA, Wang L, Kuryshev YA, Basu A, Haldar S, Brown AM. Increased K+
efflux and apoptosis induced by the potassium channel modulatory protein KChAP/
PIAS3beta in prostate cancer cells. J Biol Chem. (2002) 277:17852–62. doi: 10.1074/
jbc.M201689200

100. Theodorescu D, Li Z, Li X. Sex differences in bladder cancer: emerging data and
call to action. Nat Rev Urol. (2022) 19:447–9. doi: 10.1038/s41585-022-00591-4

101. Bahadoram S, Davoodi M, Hassanzadeh S, Bahadoram M, Barahman M,
Mafakher L. Renal cell carcinoma: an overview of the epidemiology, diagnosis, and
treatment. G Ital Nefrol. (2022) 39:2022.

102. Tang C, Guo X, Li Y, Yi Y, Tang Z, Zhang Q, et al. Cryptotanshinone inhibits
bladder cancer cell Malignant progression in a lipopolysaccharide-induced
inflammatory microenvironment through NLRP3 inhibition. Mediators Inflamm.
(2024) 2024:8828367. doi: 10.1155/2024/8828367
Frontiers in Oncology 16
103. Jaiswal PK, Singh V, Srivastava P, Mittal RD. Association of IL-12, IL-18
variants and serum IL-18 with bladder cancer susceptibility in North Indian
population. Gene. (2013) 519:128–34. doi: 10.1016/j.gene.2013.01.025

104. Kotolloshi R, Gajda M, GrimmMO, Steinbach D.Wnt/b-catenin signalling and
its cofactor BCL9L have an oncogenic effect in bladder cancer cells. Int J Mol Sci. (2022)
23:5319. doi: 10.3390/ijms23105319

105. Yang F, Guo Z, He C, Qing L, Wang H, Wu J, et al. Cancer-associated
fibroblasts promote cell proliferation and invasion via paracrine Wnt/IL1b signaling
pathway in human bladder cancer. Neoplasma. (2021) 68:79–86. doi: 10.4149/
neo_2020_200202N101

106. Wang L, Qiu N, Tong S, Yu Y, Xi S, Wang F. Matrine suppresses arsenic-
induced Malignant transformation of SV-HUC-1 cells via NOX2. Int J Mol Sci. (2024)
25:8878. doi: 10.3390/ijms25168878

107. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans.
Arsenic, metals, fibres, and dusts. IARC Monogr Eval Carcinog Risks Hum. (2012)
100:11–465.

108. Chung CJ, Bao BY, Lin YC, Huang YL, Shiue HS, Ao PL, et al. Polymorphism of
nucleotide binding domain-like receptor protein 3 (NLRP3) increases susceptibility of
total urinary arsenic to renal cell carcinoma. Sci Rep. (2020) 10:6640. doi: 10.1038/
s41598-020-63469-8

109. Long Q, He L, Peng J, Meng Q, Zhang C, Chen M, et al. Prognostic,
clinicopathological, and immune correlation of NLRP3 promoter methylation in
kidney renal clear cell carcinoma. Clin Transl Med. (2021) 11:e528. doi: 10.1002/
ctm2.528

110. Gill E, Sandhu G, Ward DG, Perks CM, Bryan RT. The sirenic links between
diabetes, obesity, and bladder cancer. Int J Mol Sci. (2021) 22:11150. doi: 10.3390/
ijms222011150

111. Vandanmagsar B, Youm YH, Ravussin A, Galgani JE, Stadler K, Mynatt RL,
et al. The NLRP3 inflammasome instigates obesity-induced inflammation and insulin
resistance. Nat Med. (2011) 17:179–88. doi: 10.1038/nm.2279

112. Meszaros M, Yusenko M, Domonkos L, Peterfi L, Kovacs G, Banyai D.
Expression of TXNIP is associated with angiogenesis and postoperative relapse of
conventional renal cell carcinoma. Sci Rep. (2021) 11:17200. doi: 10.1038/s41598-021-
96220-y

113. Ghiringhelli F, Apetoh L, Tesniere A, Aymeric L, Ma Y, Ortiz C, et al.
Activation of the NLRP3 inflammasome in dendritic cells induces IL-1beta-
dependent adaptive immunity against tumors. Nat Med. (2009) 15:1170–8.
doi: 10.1038/nm.2028

114. Tan YF, Wang M, Chen ZY, Wang L, Liu XH. Inhibition of BRD4 prevents
proliferation and epithelial-mesenchymal transition in renal cell carcinoma via NLRP3
inflammasome-induced pyroptosis. Cell Death Dis. (2020) 11:239. doi: 10.1038/s41419-
020-2431-2

115. Wang K, Xu T, Ruan H, Xiao H, Liu J, Song Z, et al. LXRa promotes cell
metastasis by regulating the NLRP3 inflammasome in renal cell carcinoma. Cell Death
Dis. (2019) 10:159. doi: 10.1038/s41419-019-1345-3

116. Penny SM. Ovarian cancer: an overview. Radiol Technol. (2020) 91:561–75.

117. Li W, Zhao X, Zhang R, Xie J, Zhang G. Silencing of NLRP3 sensitizes
chemoresistant ovarian cancer cells to cisplatin. Mediators Inflamm. (2023)
2023:7700673. doi: 10.1155/2023/7700673

118. Chang CM, Wang ML, Lu KH, Yang YP, Juang CM, Wang PH, et al.
Integrating the dysregulated inflammasome-based molecular functionome in the
Malignant transformation of endometriosis-associated ovarian carcinoma.
Oncotarget. (2018) 9:3704–26. doi: 10.18632/oncotarget.23364

119. Ding Y, Yan Y, Dong Y, Xu J, Su W, Shi W, et al. NLRP3 promotes immune
escape by regulating immune checkpoints: A pan-cancer analysis. Int
Immunopharmacol. (2022) 104:108512. doi: 10.1016/j.intimp.2021.108512

120. Wu H, Liu J, Zhang Y, Li Q,Wang Q, Gu Z. miR-22 suppresses cell viability and
EMT of ovarian cancer cells via NLRP3 and inhibits PI3K/AKT signaling pathway. Clin
Transl Oncol. (2021) 23:257–64. doi: 10.1007/s12094-020-02413-8

121. Macciò A, Oppi S, Madeddu C. COVID-19 and cytokine storm syndrome: can
what we know about interleukin-6 in ovarian cancer be applied? J Ovarian Res. (2021)
14:28. doi: 10.1186/s13048-021-00772-6

122. Luborsky J, Barua A, Edassery S, Bahr JM, Edassery SL. Inflammasome
expression is higher in ovarian tumors than in normal ovary. PloS One. (2020) 15:
e0227081. doi: 10.1371/journal.pone.0227081

123. Alenezi SA, Khan R, Snell L, Aboeldalyl S, Amer S. The role of NLRP3
inflammasome in obesity and PCOS-A systematic review and meta-analysis. Int J
Mol Sci. (2023) 24:10976. doi: 10.3390/ijms241310976

124. Wang X, Yin Y, Qian W, Peng C, Shen S, Wang T, et al. Citric acid of
ovarian cancer metabolite induces pyroptosis via the caspase-4/TXNIP-NLRP3-
GSDMD pathway in ovarian cancer. FASEB J. (2022) 36:e22362. doi: 10.1096/
fj.202101993RR

125. Cheng Y, Wang P, Liu L. PFKFB3 regulates the growth and migration
of ovarian cancer cells through pyroptosis and Warburg effect progression.
J Environ Pathol Toxicol Oncol. (2024) 43:53–64. doi: 10.1615/JEnvironPatholToxicol
Oncol.2024052948
frontiersin.org

https://doi.org/10.1016/j.urolonc.2015.07.012
https://doi.org/10.1159/000447196
https://doi.org/10.2147/copd.S366126
https://doi.org/10.1002/1878-0261.12772
https://doi.org/10.1038/s41420-021-00766-9
https://doi.org/10.1016/j.jdermsci.2020.03.001
https://doi.org/10.1186/s12943-018-0900-3
https://doi.org/10.1186/s12943-018-0900-3
https://doi.org/10.1016/j.pharmthera.2020.107753
https://doi.org/10.1038/s41418-022-01095-9
https://doi.org/10.3390/ijms252413689
https://doi.org/10.1158/1541-7786.Mcr-13-0145
https://doi.org/10.1158/1541-7786.Mcr-13-0145
https://doi.org/10.1038/s41598-017-04286-4
https://doi.org/10.1016/j.intimp.2024.112520
https://doi.org/10.3390/cancers11091276
https://doi.org/10.5114/ceji.2020.94674
https://doi.org/10.1002/pros.23178
https://doi.org/10.1073/pnas.0437939100
https://doi.org/10.1530/erc-21-0149
https://doi.org/10.1016/j.euo.2023.02.011
https://doi.org/10.1111/imr.12616
https://doi.org/10.1074/jbc.M201689200
https://doi.org/10.1074/jbc.M201689200
https://doi.org/10.1038/s41585-022-00591-4
https://doi.org/10.1155/2024/8828367
https://doi.org/10.1016/j.gene.2013.01.025
https://doi.org/10.3390/ijms23105319
https://doi.org/10.4149/neo_2020_200202N101
https://doi.org/10.4149/neo_2020_200202N101
https://doi.org/10.3390/ijms25168878
https://doi.org/10.1038/s41598-020-63469-8
https://doi.org/10.1038/s41598-020-63469-8
https://doi.org/10.1002/ctm2.528
https://doi.org/10.1002/ctm2.528
https://doi.org/10.3390/ijms222011150
https://doi.org/10.3390/ijms222011150
https://doi.org/10.1038/nm.2279
https://doi.org/10.1038/s41598-021-96220-y
https://doi.org/10.1038/s41598-021-96220-y
https://doi.org/10.1038/nm.2028
https://doi.org/10.1038/s41419-020-2431-2
https://doi.org/10.1038/s41419-020-2431-2
https://doi.org/10.1038/s41419-019-1345-3
https://doi.org/10.1155/2023/7700673
https://doi.org/10.18632/oncotarget.23364
https://doi.org/10.1016/j.intimp.2021.108512
https://doi.org/10.1007/s12094-020-02413-8
https://doi.org/10.1186/s13048-021-00772-6
https://doi.org/10.1371/journal.pone.0227081
https://doi.org/10.3390/ijms241310976
https://doi.org/10.1096/fj.202101993RR
https://doi.org/10.1096/fj.202101993RR
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2024052948
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2024052948
https://doi.org/10.3389/fonc.2025.1593774
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Sun et al. 10.3389/fonc.2025.1593774
126. Pontillo A, Bricher P, Leal VN, Lima S, Souza PR, Crovella S. Role of
inflammasome genetics in susceptibility to HPV infection and cervical cancer
development. J Med Virol. (2016) 88:1646–51. doi: 10.1002/jmv.24514

127. Abdul-Sater AA, Koo E, Häcker G, Ojcius DM. Inflammasome-dependent
caspase-1 activation in cervical epithelial cells stimulates growth of the intracellular
pathogen Chlamydia trachomatis. J Biol Chem. (2009) 284:26789–96. doi: 10.1074/
jbc.M109.026823

128. Fernandes FP, Cambui RAG, Soares J, Reis ECD, Leal VNC, Pontillo A.
Cervical carcinoma induces NLRP3 inflammasome activation and IL-1ß release in
human peripheral blood monocytes affecting patients’ overall survival. Clin Transl
Oncol. (2023) 25:3277–86. doi: 10.1007/s12094-023-03241-2

129. You L, Cui H, Zhao F, Sun H, Zhong H, Zhou G, et al. Inhibition of HMGB1/
RAGE axis suppressed the lipopolysaccharide (LPS)-induced vicious transformation of
cervical epithelial cells. Bioengineered. (2021) 12:4995–5003. doi: 10.1080/
21655979.2021.1957750

130. Sui H, Shi C, Yan Z, Chen J, Man L, Wang F. LRRC75A-AS1 drives the
epithelial-mesenchymal transition in cervical cancer by binding IGF2BP1 and
inhibiting SYVN1-mediated NLRP3 ubiquitination. Mol Cancer Res. (2024) 22:1075–87.
doi: 10.1158/1541-7786.Mcr-23-0478

131. Yang Y, Liu PY, Bao W, Chen SJ, Wu FS, Zhu PY. Hydrogen inhibits
endometrial cancer growth via a ROS/NLRP3/caspase-1/GSDMD-mediated
pyroptotic pathway. BMC Cancer. (2020) 20:28. doi: 10.1186/s12885-019-6491-6

132. D’Ippolito S, Tersigni C, Marana R, Di Nicuolo F, Gaglione R, Rossi ED, et al.
Inflammosome in the human endometrium: further step in the evaluation of the
“maternal side. Fertil Steril. (2016) 105:111–8. doi: 10.1016/j.fertnstert.2015.09.027

133. Liu SG, Wu XX, Hua T, Xin XY, Feng DL, Chi SQ, et al. NLRP3 inflammasome
activation by estrogen promotes the progression of human endometrial cancer.
Onco Targets Ther. (2019) 12:6927–36. doi: 10.2147/ott.S218240

134. Naqvi A, MacKintosh ML, Derbyshire AE, Tsakiroglou AM, Walker TDJ,
McVey RJ, et al. The impact of obesity and bariatric surgery on the immune
microenvironment of the endometrium. Int J Obes (Lond). (2022) 46:605–12.
doi: 10.1038/s41366-021-01027-6
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