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Abstract. The present study explored the clinical value of the 
protein expression levels of nucleotide binding oligomeriza‑
tion‑like receptor family pyrin domain containing 1 (NLRP1) 
and nucleotide‑binding oligomerization domain leucine‑rich 
repeat and caspase recruitment domain‑containing 4 (NLRC4) 
inflammasomes in the diagnosis and treatment of prostate 
cancer. A total of 54 patients with prostatic hyperplasia and 
58 patients with prostate cancer were recruited at The First 
People's Hospital of Pinghu between January and May 2022. 
Immunohistochemical staining was used to determine the 
protein expression levels of the NLRP1 and NLRC4 inflam‑
masomes in addition to the proinflammatory cytokines IL‑18 
and IL‑1β in the two groups of patients. The protein expression 
levels of NLRP1 and NLRC4 inflammasome were significantly 
increased in patients with prostate cancer compared with 
patients with prostate hyperplasia. The differences in expres‑
sion of NLRP1 and NLRC4 inflammatory vesicles in prostate 
cancer of different stages were also compared based on data 
from The Cancer Genome Atlas. The protein expression level 

of NLRP1 demonstrated a significant positive correlation with 
IL‑1β and IL‑18 expression, and the protein expression level 
of the NLRC4 inflammasome was significantly positively 
correlated with IL‑18 expression. The protein expression levels 
of both NLRP1 and NLRC4 demonstrated a significant posi‑
tive correlation with the Gleason score of prostate cancer. The 
expression of NLRP1 in tumor (T)3/T4 was significantly higher 
compared with T1 and expression of the NLRC4 inflamma‑
some in T2 and T3/T4 was significantly higher compared with 
T1. Expression of the NLRP1 and NLRC4 inflammasomes 
was significantly higher in patients with prostate cancer, 
compared with patients with prostatic hyperplasia. Therefore, 
expression of NLRP1 and NLRC4 may promote tumorigenesis 
by promoting the maturation and release of proinflammatory 
cytokines IL‑1β and IL‑18. Expression of the NLRP1 and 
NLRC4 inflammasomes demonstrated a significant posi‑
tive correlation with the risk of prostate cancer. Expression 
of the NLRP1 and NLRC4 inflammasomes in middle‑ and 
advanced‑stage tumors was higher compared with early‑stage 
tumors. These results suggested that inflammasome expres‑
sion may serve a significant role in the progression of tumors 
and could provide a fixed value for the risk assessment and 
prognosis prediction of prostate cancer.

Introduction

Prostate cancer is the second most common type of malignancy 
in men and also has the fifth highest mortality rate in men with 
cancer (1). In the past 20 years, due to an aging society and 
changes in Chinese diet and lifestyle, the incidence of prostate 
cancer has gradually increased in China, and the standard‑
ized incidence and mortality of prostate cancer in China are 
6.15/100,000 and 2.48/100,000 individuals (2). Prostate cancer 
is the most common male genitourinary malignancy in China, 
higher than bladder cancer (3). However, the pathogenesis of 
prostate cancer is still poorly understood and may be related 
to genetic background, age, ethnicity, lifestyle, diet, chronic 
infection and inflammatory response (4). Previous studies have 
reported that chronic inflammation is strongly associated with 
the development of prostate tumors (4,5). Inflammation also 
plays a key role in tumorigenesis and development, interfering 
with the ability of the immune system to target tumor cells and 
affecting the response of the tumor to therapy (6). A previous 
study reported that untreated chronic lower urinary and repro‑
ductive tract infections can lead to prostatic inflammatory 
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hyperplasia, which can lead to the development of prostate 
tumors (4). A previous study on chronic inflammation and 
prostate tumors by Gurel et al (5) reported that chronic prostate 
infection was associated with prostate cancer and high‑grade 
malignancies, even in men with levels of prostate‑specific 
antigen (PSA) in the expected range. Therefore, prostate 
cancer can be considered to be closely related to the chronic 
inflammatory response.

The innate immune system is the body's first line of 
defense against invading pathogens or danger signals. The 
innate immune system can induce an inflammatory response, 
activating phagocytic cells to rapidly recognize and eliminate 
invading microorganisms and can also induce and activate the 
acquired immune response (7). The innate immune system, 
using pathogen‑associated and damage‑associated molecular 
pattern recognition, activate inf lammatory signaling 
pathways and cause inflammation (8). Nucleotide‑binding 
oligomerization domain‑like receptors (NLRs) in the 
cytoplasm are activated in response to intracellular danger 
signals and form inflammasomes (8). Inflammatory bodies 
are comprised of NLRs, the apoptosis‑associated speck‑like 
protein (ASC) containing a caspase recruitment domain 
(CARD) and the effector protein cysteinyl aspartate specific 
proteinase‑1 (caspase‑1) (9). Effects of the inflammasome are 
closely related to a number of human diseases associated with 
dysfunctional immunoregulation, including autoimmune 
diseases (8), asthma (10), psoriasis (11), lupus nephritis (12), 
intestinal inflammation (13) and Alzheimer's disease (14), 
and have also been reported to serve crucial roles in tumor 
progression, prognosis and treatment response  (15,16). In 
previous years, the pathogenic mechanism of inflamma‑
some action has been reported to occur through activation 
of caspase‑1, which promotes the expression of inflam‑
matory factors and thus serves a role in the inflammatory 
response (9). The classic inflammatory response pathway is 
mainly activated through caspase‑1‑mediated induction of 
active subunits p10 and p20, which promote maturation of 
inflammatory cytokines, such as IL‑1β and IL‑18, and initiate 
inflammation‑associated programmed cell death, namely 
pyroptosis. Activated caspase‑1 provides host cells with a 
dual defense mechanism by releasing mature cytokines and 
removing infected or damaged cells (17). Inflammasomes 
initiate appropriate immune responses after infection or 
aseptic injury to resist pathogenic injury and avoid damage to 
the host. NLRP1, NLRP3, NLRC4 and other inflammasomes 
participate in the maintenance and resolution of chronic 
inflammatory response (18).

In a previous study, numerous inflammasomes were 
reported to be found in prostate tissue, including nucleotide 
binding oligomerization‑like receptor family pyrin domain 
containing (NLRP)1, NLRP3 and nucleotide‑binding oligo‑
merization domain leucine‑rich repeat and caspase recruitment 
domain‑containing 4 (NLRC4) inflammasomes (19). Although 
the mechanisms of action of these inflammasomes are not 
currently fully understood, the process of inflammation may 
be closely related to tumor development (1). Presently, the 
pathogenesis of prostate cancer is unclear. Therefore, studying 
the process of inflammation in the context of prostate cancer 
and exploring its role in the occurrence and development of 
tumors can provide insight into the mechanism of prostate 

cancer development and a future direction for new diagnostic 
and treatment options.

Materials and methods

Ethical approval. In the present study, data were collected 
from 112 patients who underwent prostate puncture biopsy 
at the Urology Department of The First People's Hospital 
of Pinghu (Pinghu, China) from January to May 2022. All 
patients signed the informed consent forms. Ethical approval 
was obtained from The First People's Ethics Committee of 
Pinghu (Pinghu, China; approval no. 002).

Patient inclusion and exclusion criteria. The patient inclu‑
sion criteria used in the present study were as follows: i) All 
patients were >18 years of age; ii) prostate specific antigen 
(PSA) 4‑10  ng/ml and/or free/total PSA (F/TPSA) <0.16; 
iii) PSA >10 ng/ml; iv)  rectal ultrasound or prostate MRI 
reported suspicious lesions; and v) the digital rectal exami‑
nation reached the prostate nodules. The patient exclusion 
criteria used in the present study were as follows: i) Patients 
in the acute stage of urinary tract or suffering from systemic 
infection; ii) patients with serious heart complications or major 
heart disease; iii) poor control of hypertension and diabetes; 
iv) patients with severe perianal rectal lesions; v) patients with 
severe hemorrhagic disease; vi) preoperative long‑term oral 
administration of a 5A‑reductase specific inhibitor; and vii) 
prior history of prostate surgery.

Sample collection. Between January and May 2022, a total 
of 112 patients who met the aforementioned inclusion criteria 
underwent transrectal prostatic needle biopsies. An ultrasound 
system was used for intraoperative positioning and an auto‑
matic biopsy gun was used to perform 12 needle punctures (six 
needles on each side of the prostate). Tissue samples obtained 
from the punctures were preserved in a 10% formaldehyde 
solution (at room temperature for 12‑24 h) for pathological 
examination. According to the results, patients were divided 
into two groups: The prostate hyperplasia and prostate cancer 
groups.

Immunohistochemistry. A paraffin‑embedded continuous 
slice (4‑8˚C; section thickness, 3  mm) and hematoxylin 
and eosin (H&E) staining was performed to analyze tissue 
structure and extent of the lesions in patients with prostatic 
hyperplasia and prostate cancer. Immunohistochemical 
staining was performed as previously described (20). Briefly, 
conventional dewaxing was performed, then samples were 
placed in citrate buffer solution (pH 6.0), heated in a pressure 
cooker (>95˚C) for antigen repair then washed thrice with PBS 
(pH 7.4; Xiamen Tongling Biomedical Technology Co., Ltd.) 
for 3 min after natural cooling occurred. For rehydration, the 
slices were soaked in: i) Anhydrous alcohol for 3 min twice; 
ii) 95% alcohol 3 min twice; and iii) 85% alcohol 3 min. The 
slices were then washed thoroughly with double steamed 
water. Endogenous peroxidase activity was inactivated by 
incubating samples with H2O2 (3%; 18‑28˚C) for 10 min, then 
washed thrice with PBS for 3 min. IL‑1β (cat. no. AP8531C; 
1:100; Abcepta Biotech Ltd. Co.), NLRC4 (cat. no. bs20016R; 
1:200; BIOSS), IL‑18 (cat.  no. AP20583c; 1:100; Abcepta 
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Biotech Ltd. Co.,) and NLRP1 (cat. no. 862764; 1:100; Zenbio; 
Chengdu Zhengneng Biotechnology Co., Ltd.) primary anti‑
body working solutions were incubated with samples at 37˚C 
for 1 h, then washed thrice with PBS for 3 min. HRP goat 
anti‑mouse/anti‑rabbit secondary antibody (cat. no. DD13; 
1:200; Xiamen Tongling Biomedicine Technology Co., Ltd.) 
was added to samples and incubated at 37˚C for 30 min, then 
washed thrice in PBS for 3 min. Samples were stained with 
3,3'‑diaminobenzidine (Tongling Biomedicine Technology) 
and incubated at room temperature. Slides were subsequently 
stained with H&E (18‑28˚C for 5‑10 min), washed with water 
then dehydrated (85% alcohol twice for 3 min each time, 98% 
alcohol twice for 3 min each time, and anhydrous alcohol twice 
for 3 min each time), before samples were sealed using clear, 
neutral gum. Samples were imaged using a light microscope 
(Olympus Corporation).

Immunohistochemical grade determination. Two senior 
pathologists reviewed and scored the radiographs (20). Positive 
protein expression was indicated by a brownish‑yellow color in 
the cell membrane or cytoplasm. The proportion of positive 
cells and the intensity of the stain were subsequently scored. 
The proportion of positive cells was scored as follows: Five 
fields of view (magnification, x200) were observed on each 
sample section and the percentage of positive cells was calcu‑
lated. Positive proportion of cells <5%=0 points, 5‑25%=1 
point, 26‑50%=2 points, 51‑75%=3 points and 76‑100%=4 
points. The stain intensity of positive cells was scored as 
follows: 0 for colorless, 1 for light yellow, 2 for brown and 3 for 
dark brown. The two scores were multiplied to give the final 
score. The expression levels of NLRP1 and NLRC4 in patients 
with prostate hyperplasia and prostate cancer were compared, 
and their expression characteristics were analyzed. Protein 
expression levels of proinflammatory cytokines IL‑1β, IL‑18 
and the NLRP1 and NLRC4 inflammasomes were determined 
and correlation analysis performed. Microscope images were 
produced using cellSens (Olympus Corporation).

Differences in inflammatory cell expression between different 
prostate cancer groups. Based on data from The Cancer 
Genome Atlas (TCGA) dataset (https://portal.gdc.com), differ‑
ences in the expression of NLRP1 and NLRC4 inflammasomes 
in patients with different stages of prostate cancer were 
compared to further explore the clinical value of the diagnosis 
and treatment of prostate cancer (The data of 495 patients were 
collected, including 177 patients in the T1 stage, 205 patients in 
the T2 stage and 113 patients in the T3/T4 stage).

Statistical analysis. SPSS (version 25.0; IBM Corp.) statistical 
software was used for data analysis and the mean ± standard 
deviation was calculated. Data with a non‑normal distribu‑
tion were presented as the median ± interquartile range. An 
unpaired Student's t‑test was used to compare data from 
normally distributed groups and a Wilcoxon rank sum test 
was used when data were not normally distributed. According 
to the normal distribution of measurement data in both 
groups, Pearson correlation was used to conduct a correlation 
analysis. The difference in expression of NLRP1 or NLRC4 
in different stages of prostate cancer was also analyzed. 
The Kruskal‑Wallis test was used to compare the significant 
differences between the three groups, and the Dunn post hoc 
test was used for pairwise comparisons between the groups. 
P<0.05 was considered to indicate a statistically significant 
difference. The R (version 4.0.3) GTEx package (https://www.
gtexportal.org/home/datasets) was used for statistical analysis.

Results

Comparison of basic patient characteristics. Characteristics of 
patients with prostatic hyperplasia (n=54) and prostate cancer 
(n=58) were assessed. The mean age of patients with prostatic 
hyperplasia was 72.98±6.57 years and those with prostate 
cancer was 72.52±6.89 years. There was no significant differ‑
ence in the age, BMI, prostate volume (PV) and International 
Prostate System Score (21) between the two groups of patients 
(P>0.05), which demonstrated that the clinical data were 
comparable (Table I).

H&E staining. Arrangement of the glands in the patients 
with prostatic hyperplasia were regular and the outlines of 
individual glands were well defined (Fig. 1). There was no 
infiltration of lymphocytes, plasma cells or other inflamma‑
tory cells in samples of patients with prostatic hyperplasia. 
In the group of patients with prostate cancer, minor acinar 
structures were observed, some of the glands were damaged 
and not precisely defined, solid flakes, nests or single‑cell 
structures were observed and some nuclei were distinct. There 
was no infiltration of lymphocytes or plasma cells observed in 
samples of patients with prostate cancer.

Expression of inflammasomes. NLRP1 and NLRC4 inflam‑
masome expression was observed in prostate hyperplasia 
and prostate cancer tissue, primarily in the cytoplasm and 
membrane of cells, and were diffusely distributed (Fig. 2). 
Compared with patients with prostate hyperplasia, the 

Table I. Comparison of basic data from patients with prostate cancer or prostate hyperplasia.

Patient characteristic	 Prostate hyperplasia (n=54)	 Prostate cancer (n=58)	 T‑value	 P‑value

Age, years	 72.98±6.57	 72.52±6.89	 1.151	 0.252
BMI	 22.84±2.93	 23.19±2.90	 ‑0.652	 0.516
Prostate volume, mm	 38.26±18.23	 39.35±18.56	 ‑0.235	 0.815
International Prostate Symptom Score	 14.81±5.15	 15.09±5.16	 ‑0.289	 0.773

Data are presented as the mean ± standard deviation.

https://www.spandidos-publications.com/10.3892/ol.2023.13971
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Figure 1. Hematoxylin and eosin staining of samples from patients with (A) prostate hyperplasia or (B) prostate cancer (magnification, x200).

Figure 2. Immunohistochemical staining for protein expression levels of NLRP1, NLRC4, IL‑1β and IL‑18 in patients with (A) prostate hyperplasia or 
(B) prostate cancer. NLRP1, nucleotide binding oligomerization‑like receptor family pyrin domain containing 1; NLRC4, nucleotide‑binding oligomerization 
domain leucine‑rich repeat and caspase recruitment domain‑containing 4; IL, interleukin.
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expression of NLRP1 and NLRC4 inflammasomes in patients 
with prostate cancer was significantly increased (P<0.001; 
Table II). The protein expression level of IL‑18 in patients with 
prostatic hyperplasia was not significantly different compared 
with patients with prostate cancer (P>0.05; Table II). However, 
the protein expression level of IL‑1β in patients with prostate 
cancer was significantly increased compared with patients 
with prostatic hyperplasia (P<0.001; Table II).

Correlation analysis of the expression of NLRP1 and NLRC4 
with IL‑18 and IL‑1β. The protein expression levels of NLRP1, 
NLRC4 and the proinflammatory cytokines IL‑18 and IL‑1β 
in tissue samples were analyzed and a correlation analysis 
was performed. Protein expression levels of IL‑18 and IL‑1β 
demonstrated a significant positive correlation with the protein 
expression levels of NLRP1, with a Pearson correlation coef‑
ficient of 0.208 and 0.568, respectively (P<0.05; Table III). The 
protein expression level of NLRC4 demonstrated a significant 
positive correlation with IL‑1β protein expression level, with a 
Pearson correlation coefficient of 0.379 (P<0.01).

Correlation analysis of NLRP1 and NLRC4 expression 
with the prostate cancer index. In the group of patients with 
prostate cancer, the protein expression levels of NLRP1 and 
NLRC4 demonstrated a significant positive correlation with 
the Gleason score, with a Pearson correlation coefficient of 
0.578 and 0.279, respectively (P<0.05; Table IV). The protein 
expression levels of IL‑18 and IL‑1β were not significantly 
correlated with the Gleason score (P>0.05) and the protein 
expression levels of NLRP1, NLRC4, IL‑18 and IL‑1β were 

not significantly correlated with TPSA, FPSA and F/TPSA 
(P>0.05).

Comparison of NLRP1 and NLRC4 expression in different 
stages of prostate cancer. The expression levels of NLRP1 
and NLRC4 in different stages of prostate cancer were 
obtained from the TCGA database (22). The expression level 
of NLRP1 in G3 was significantly higher compared with G1 
(P<0.05; Fig. 3). The expression level of NLRC4 was signifi‑
cantly increased at higher stages of prostate cancer, with the 
expression levels in cases with G2>G1 (P<0.05) and G3>T1 
(P<0.001). However, there is currently a lack of reliable 
evidence to support this finding which needs to be confirmed 
by statistical analysis on a larger sample size of patients with 
prostate cancer.

Discussion

Prostate cancer is a common malignancy of the genitouri‑
nary system in older men (>60 years old), with the highest 
incidence and the third highest mortality rate of all types of 
cancers among men worldwide (23). For nearly 20 years, with 
the improvement of living standards, including the formation 
of a sedentary lifestyle and high‑fat diet, as well as the aging of 
the population, the incidence of prostate cancer has increased 
yearly, which has brought an increasing social burden. Prostate 
cancer has therefore become a major public health problem in 
the male population (24).

The pathogenesis of prostate cancer remains unclear 
and may be related to genetic background, age, ethnicity, 
lifestyle, diet, chronic infection and inflammatory responses. 
Previous studies have reported that chronic inflammation is 
associated with the occurrence of prostate tumors and serves 
a key role in certain stages of tumor development (4,5). The 
inflammatory response can be generated by the activation of 
inflammasome expression, thus inflammasomes may serve a 
role in the occurrence and development of prostate cancer (4). 
Inflammasomes are involved in the construction of the tumor 
microenvironment (TME) as they can induce the release of 
proinflammatory cytokines IL‑18, IL‑1β, TNF‑α and human 
Toll‑like receptor 4 and promote the proliferation of peripheral 
cells, thus constructing the TME, which is conducive to the 
occurrence of cancer (25). Inflammasomes can also promote 
the growth and survival of cancer cells. The IL‑6/androgen 
receptor (AR) pathway serves an essential role in the occur‑
rence and development of prostate cancer (26). Activation of 

Table II. Expression of inflammasome in patients with prostate cancer or prostate hyperplasia.

Inflammasome	 Prostate hyperplasia (n=54)	 Prostate cancer (n=58)	 T‑value	 P‑value

NLRP1, points	 3.28±1.43	 6.60±3.25	 6.919	 >0.001
NLRC4, points	 0.09±0.56	 1.26±2.30	 3.629	 >0.001
IL‑18, points	 1.43±1.92	 1.72±2.34	 0.735	 0.464
IL‑1β, points	 3.22±1.11	 6.59±1.97	 11.005	 >0.001

IL, interleukin; NLRP1, nucleotide binding oligomerization‑like receptor family pyrin domain containing 1; NLRC4, nucleotide‑binding 
oligomerization domain leucine‑rich repeat and caspase recruitment domain‑containing 4.

Table III. Correlation analysis of the expression NLRP1 and 
NLRC4 with IL‑18 and IL‑1β expression.

	 IL‑18	 IL‑1β
	------------------------------------	----------------------------------- 
Inflammasome	 r	 P‑value	 r	 P‑value

NLRP1	 0.208	 0.020	 0.568	 <0.001
NLRC4	 0.145	 0.108	 0.379	 <0.001

IL, interleukin; NLRP1, nucleotide binding oligomerization‑like 
receptor family pyrin domain containing 1; NLRC4, nucleo‑
tide‑binding oligomerization domain leucine‑rich repeat and caspase 
recruitment domain‑containing 4.

https://www.spandidos-publications.com/10.3892/ol.2023.13971
https://www.spandidos-publications.com/10.3892/ol.2023.13971
https://www.spandidos-publications.com/10.3892/ol.2023.13971
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the inflammasomes promotes the maturation and release of 
proinflammatory mediators IL‑6 and IL‑18 (27). Under the 
regulation of NF‑kB, AR can be activated to induce PSA 
expression and promote the growth and proliferation of tumor 
cells (6). Inflammasomes can also promote angiogenesis, as 
NLRC4 mediates production of proinflammatory factor IL‑1β, 
which acts on adipocytes and can mediate vascular endothelial 
growth factor A expression, which promotes the formation of 
blood vessels associated with trophoblast tumor cells (27).

As the first identified inflammasome, NLRP1 belongs to 
the NLR protein family and is comprised of pyrin domain 
(PYD), leucine‑rich repeat (LRR), function to α‑find domain 
(FIIND) and C‑terminal CARD, in addition to other domains 
and can independently activate caspase‑1 (16). Mutation of 
the PYD domain of NLRP1 can lead to cancer and familial 
bryophyte‑like keratosis, whilst a gain‑of‑function mutation 
in the FIIND domain can lead to systemic inflammation, 
arthritis and dyskeratosis  (28). In the absence of external 
stimuli, NLRP1 suppresses autoregulation (29). Once stimu‑
lated, the N‑terminal PYD domain of NLRP1 binds to ASC, 
initiating a cascade reaction and participating in numerous 
inflammatory diseases by regulating the innate and adaptive 
immune responses (30). In a previous study of prostatitis and 

prostatic hyperplasia in rats, Kashyap et al (31) reported that 
assembly and activation of NLRP1 in the prostate promoted 
the production of proinflammatory cytokines IL‑1β and 
IL‑18 after the autoproteolysis of caspase‑1 and maturation. 
Glinskii et al (32) reported that the expression of the NLRP1 
inflammasome is involved in the occurrence of prostate 
tumors, and NLRP1 expression is enhanced in highly meta‑
static prostate cancer cells in prostate cancer. In the present 
study, the NLRP1 inflammasome demonstrated a significant 
increase in expression in prostate cancer compared with pros‑
tatic hyperplasia. This result suggested that NLRP1 may be 
involved in the development of prostate cancer. The expression 
of NLRP1 demonstrated a significant positive correlation with 
the expression of IL‑18 and IL‑1β, which was consistent with 
the results of previous studies (6). Thus, further indicating 
that activation of the NLRP1 inflammasome may promote the 
maturation and release of inflammatory cytokines IL‑1β and 
IL‑18, serving an essential role in the occurrence and develop‑
ment of prostate cancer.

T he N LRC4 in f lam masome,  a lso  k nown as 
ICE‑protease‑activating factor, belongs to the NLR protein 
family (31). NLRC4 is comprised of CARD, neuronal apoptosis 
inhibitory protein (NAIP), MHC class II transcription activator, 

Table IV. Correlation analysis of NLRP1 and NLRC4 expression with the prostate cancer index.

	 Gleason score	 TPSA	 FPSA	 F/TPSA
	---------------------------------------	-----------------------------------------	-----------------------------------------	------------------------------------------   
Inflammasome	 r	 P‑value	 r	 P‑value	 r	 P‑value	 r	 P‑value

NLRP1	 0.578	 0.000	 0.183	 0.169	 ‑0.004	 0.977	 ‑0.078	 0.560
NLRC4	 0.279	 0.034	 0.028	 0.832	 ‑0.060	 0.654	 ‑0.106	 0.429
IL‑18	 0.132	 0.323	 0.171	 0.200	 ‑0.060	 0.655	 ‑0.134	 0.316
IL‑1β	 0.117	 0.382	 ‑0.360	 0.786	 0.157	 0.245	 ‑0.201	 0.130

IL, interleukin; NLRP1, nucleotide binding oligomerization‑like receptor family pyrin domain containing 1; NLRC4, nucleotide‑binding 
oligomerization domain leucine‑rich repeat and caspase recruitment domain‑containing 4; TPSA, total prostate specific antigen; FPSA, free 
prostate specific antigen.

Figure 3. Protein expression levels of (A) NLRP1 and (B) NLRC4 inflammasomes in different stages of prostate cancer. *P<0.05 and ***P<0.001. NLRP1, 
nucleotide binding oligomerization‑like receptor family pyrin domain containing 1; NLRC4, nucleotide‑binding oligomerization domain leucine‑rich repeat 
and caspase recruitment domain‑containing 4; G, grade; ns, not significant.
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incompatibility locus protein from Podospora anserina and 
telomerase‑associated protein and LRR domains (31). NLRC4 
can directly bind to pro‑caspase‑1 through CARD‑CARD 
interactions, which triggers caspase‑1 processing and acti‑
vation (33). In addition, the adaptor molecule ASC, which 
contains apoptosis‑associated blotch‑like proteins encoded by 
the PYCARD gene, can also facilitate such interactions (31). 
ASC contains both PYD and CARD domains, and CARD can 
activate caspase‑1, promote the protein expression of pro‑IL‑1β 
and pro‑IL‑18 and eliminate infected cells through apop‑
tosis (34). In animal experiments, NLRC4 has been reported 
to serve a defensive role in maintaining intestinal stability, and 
NAIP5‑NLRC4 influence can be activated to promote apop‑
tosis of infected cells when infected with Escherichia coli 
and Salmonella typhimurium (35). Expression of IL‑18 was 
increased in patients with active idiopathic thrombocytopenia 
compared with normal and reactive‑idiopathic thrombocy‑
topenia, which may be related to activation of the NLRC4 
inflammasome (17). However, previous studies of NLRC4 have 
focused on the maintenance of intestinal balance and immune 
disorders, therefore information on the expression of NLRC4 
in prostate disease is currently lacking. In the present study, 
the NLRC4 inflammasome demonstrated a significant increase 
in expression in patients with prostate cancer compared with 
prostatic hyperplasia, which indicated that NLRC4 inflamma‑
somes may be involved in the occurrence and development of 
prostate cancer. Expression of NLRC4 demonstrated a signifi‑
cant positive correlation with IL‑1β expression. These results 
demonstrated that the expression of IL‑1β was closely related 
to NLRC4 expression. Therefore, NLRC4 inflammasome 
expression may be involved in the development and progres‑
sion of prostate cancer by promoting the production of the 
pro‑inflammatory cytokine IL‑18 following auto‑proteolysis 
of caspase‑1.

Previous studies have reported that IL‑18 expression 
promotes tumorigenesis (26). The present study demonstrated 
that IL‑18 was not expressed in patients with prostate 
cancer. However, Dupaul‑Chicoine et al (36) reported that 
NLRP3 inflammatory vesicle‑mediated IL‑18 production 
could inhibit the proliferation of hepatic colorectal cancer. 
NLRP3/IL‑18‑mediated downregulation may also provide 
protection against intestinal tissue damage during peaks of 
the inflammatory process. However, sample limitations in the 
present study may affect these conclusions, which need to be 
confirmed by a large sample study.

Tumorigenesis is strongly correlated with interactions 
between cancer cells and their TME (37). The major compo‑
nents of the TME are the extracellular matrix, fibroblasts, 
myofibroblasts, mesenchymal stem cells, neuroendocrine 
cells, fatty cells, immune and inflammatory cells, and blood 
and lymphatic networks (38). Galectin‑1 overexpression in 
cancer‑associated fibroblasts is associated with poor prognosis 
in certain types of cancer, including prostate cancer  (39). 
Neuroendocrine cells serve a key role in the development of 
prostate cancer cells by influencing their proliferation and 
invasiveness (39). Abnormal AR reactions in the epithelium 
and stroma may lead to tumor occurrence (40). Immune cells 
such as regulatory T cells, T helper 17 cells and macrophages 
are also involved in prostate cancer progression. However, 
cytokines secreted by cells in the TME, such as IL‑1β, IL‑6, 

and RANKL have been reported to have pleiotropic effects on 
prostate cancer cells (37). These findings suggest that the TME 
serves an essential role in the occurrence and progression of 
prostate cancer.

The present study demonstrated that the NLRP1 and 
NLRC4 inflammasome‑mediated inflammatory response 
may be involved in the occurrence of prostate cancer, as a 
significant increase in the expression of inflammasomes in 
tumor tissues compared with non‑tumor tissues was demon‑
strated. In addition, expression of the NLRP1 and NLRC4 
inflammasomes positively correlated with the Gleason score 
of prostate cancer, which indicated that NLRP1 and NLRC4 
expression was closely related to the risk assessment score of 
prostate cancer and could predict the prognosis of patients 
with prostate cancer. Expression of NLRP1 and NLRC4 was 
significantly increased in intermediate and advanced prostate 
cancer tissues compared with early‑stage prostate cancer 
tissues, which suggested that these inflammasomes also serve 
a role in prostate cancer progression and metastasis. Therefore, 
expression of the NLRP1 and NLRC4 inflammasomes and 
their downstream products IL‑1β and IL‑18 were involved 
in the construction of TME, thus promoting the occurrence 
and development of prostate cancer. This result demonstrated 
potential clinical value for predicting the progression and 
prognosis evaluation of prostate cancer.

Inflammasomes promote the occurrence and development 
of inflammation, which can lead to the development of prostate 
cancer. Future research into inflammasome inhibitors could 
give rise to potential candidates for the treatment of prostate 
cancer. The main types of inflammasome inhibitors currently 
in use function by blocking IL‑1β activation (40). MCC950, 
CY‑09, trails and OLT1177 can reduce the activity of caspase‑1 
and the production of IL‑1β in mouse experiments, thus inhib‑
iting inflammation (41,42). Although research into the efficacy 
of these compounds in humans is currently lacking. However, 
the present study provides a valuable direction for the diag‑
nosis and treatment of prostate diseases.
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