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The pathological role of NLRP3 inflammasome in prostate cancer (PCa) remains unclear.  This study aimed 
to elucidate the expression of its major components in PCa by immunohistochemistry and its 
clinicopathological significance.  An immunohistochemical analysis of 184 prostate needle biopsy and 38 
radical prostatectomy specimens from PCa revealed the expression status of NLRP3, PYCARD, and 
caspase-1, which form NLRP3 inflammasome.  Furthermore, the association between the expression of 
these 3 proteins and the clinical parameters at diagnosis and operation was analyzed.  In biopsy 
specimens, the Cochran-Armitage test demonstrated that the proportion of the high expression of NLRP3 
(P < 0.001) and PYCARD (P < 0.001) in cancerous tissue tended to increase as the value of the Gleason 
Grade Group increased, and immunohistochemistry of NLRP3 and PYCARD helped to distinguish 
cancerous tissue from adjacent noncancerous tissue in some cases.  Furthermore, a univariable logistic 
regression analysis revealed the high expression of NLRP3 to be associated with clinical T3–4 (P = 0.0056) 
and distant metastasis at diagnosis (P = 0.011), while the high expression of PYCARD was associated with 
clinical T3–4 (P < 0.001), regional lymph node metastasis (P < 0.001), and distant metastasis at diagnosis 
(P < 0.001).  However, a multivariable logistic regression analysis showed no significant association.  In 
prostatectomy specimens, no significant association existed between the expression of NLRP3 
inflammasome and the clinical parameters at operation, partly due to the influence of neoadjuvant 
chemohormonal or hormone therapy.  In conclusion, these results suggest that NLRP3 inflammasome may 
promote disease progression and metastasis in PCa, therefore immunohistochemistry of NLRP3 and 
PYCARD could be useful for diagnosing PCa accurately.
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Introduction
Prostate cancer (PCa) is the second most frequent can-

cer and fifth leading cause of cancer-related deaths among 

men worldwide (Bray et al. 2024).  PCa is generally diag-
nosed by histopathological examination of ultrasound-
guided prostate needle biopsy (Merriel et al. 2018).  A his-
tological examination can not only distinguish PCa from 
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benign lesions but also evaluate the grade of PCa based on 
Gleason score (GS) (van Leenders et al. 2020).  The 
Gleason Grade Group (GG) is a modified classification 
based on GS that more accurately reflects the prognosis: 
GG1 = GS ≤ 6, GG2 = GS 3 + 4, GG3 = GS 4 + 3, GG4 = 
GS 8, and GG5 = GS ≥ 9 (Pierorazio et al. 2013).  
Treatment options depend on prognostic factors, including 
the initial prostate-specific antigen (PSA) level, clinical 
tumor-node-metastasis (cTNM) stage, age, GS, and GG 
(Sekhoacha et al. 2022).  Patients with localized lesions are 
offered active surveillance, radical prostatectomy, and 
radiotherapy, whereas those with advanced lesions are rec-
ommended chemotherapy or hormone therapy (Sekhoacha 
et al. 2022).  Hormone therapy includes luteinizing hor-
mone-releasing hormone (LHRH) agonists or antagonists, 
anti-androgens, and orchiectomy.  Prostate needle biopsy 
and prostatectomy specimens should be analyzed to avoid 
selection bias, because patients who undergo prostatectomy 
tend to have localized lesions and are at low risk.

Inflammasomes are protein complexes that consist of a 
Nod-like receptor (NLR), apoptosis-associated speck-like 
protein containing a CARD (ASC), and caspase-1 
(Moossavi et al. 2018; Hamarsheh and Zeiser 2020).  NLRs 
are pattern recognition receptors that recognize pathogen- 
or danger-associated molecular patterns (PAMPs or 
DAMPs).  Nod-like receptor protein 3 (NLRP3) is one of 
the most characterized NLRs and contains an N-terminal 
pyrin domain (PYC), central NACHT domain, and 
C-terminal leucine-rich repeat (LRR) domain.  PYCARD, 
referred to as TMS1 or ASC, contains a PYD and a 
C-terminal caspase-recruitment domain (CARD).  Pro-
caspase-1 contains both caspase-1 and CARD domains.  
The NLRP3 inflammasome forms in the cytoplasm and 
mediates inflammatory responses via activation and secre-
tion of the inflammatory cytokines IL-1β and IL-18, which 
contribute to the establishment of the tumor microenviron-
ment.

The role of the NLRP3 inflammasome in cancer has 
recently attracted much attention.  It remains controversial 
whether the NLRP3 inflammasome has a pro-tumorigenic 
or anti-tumorigenic function in oncogenesis; however, 
intensive in vitro and in vivo studies have indicated that the 
NLRP3 inflammasome could promote progression and 
migration in PCa (Xu et al. 2021), breast cancer (Guo et al. 
2016), lung cancer (Wang et al. 2016b), and colon cancer 
(Wang et al. 2016a).  Furthermore, studies examining clini-
cal specimens suggest that high NLRP3 expression may be 
correlated with a poor prognosis in PCa (Xu et al. 2021), 
laryngeal squamous cell carcinoma (Xue et al. 2019), 
colorectal cancer (Shi et al. 2021), and pancreatic cancer 
(Zheng and Liu 2022).

Our previous study (Miyauchi et al. 2021) which 
examined 50 prostatectomy specimens by immunohisto-
chemistry showed no significant association between the 
expression status of PYCARD and clinical parameters, 
including GG and PSA recurrence.  This may be partly due 

to the patient characteristics of prostatectomy specimens, 
localized lesions, or the limited number of cases.  To 
resolve these problems, it would be preferable to analyze 
patients with advanced lesions and to increase the number 
of cases.  In addition to PYCARD, the expression status of 
other components of the NLRP3 inflammasome, NLRP3 
and caspase-1, was also analyzed.

In this study, an immunohistochemical analysis of 184 
biopsies and 38 prostatectomy specimens obtained from 
PCa revealed the expression status of NLRP3, PYCARD, 
and caspase-1, which form the NLRP3 inflammasome.  
Furthermore, the association between the expression status 
of NLRP3 inflammasome and clinical parameters at the 
diagnosis and operation was analyzed.

Materials and Methods
Tissue specimens

A total of 216 consecutive patients were diagnosed 
with PCa using needle biopsy at Akita University Hospital 
(Akita, Japan) between 2011 and 2015.  The patients in this 
study did not overlap with those reported in our previous 
study (Miyauchi et al. 2021).  All participants were racially 
Japanese.  Biopsies are generally performed for patients 
with aberrant PSA values (4.0 ng/mL or more) and/or 
abnormal digital rectal examination findings.  Of the 216 
biopsy specimens, 15% (32/216) were excluded from the 
analysis because they were deeply cut for other immunohis-
tochemical analyses or were missing.  After excluding 32 
missing specimens, 184 (85%) specimens were included in 
the analysis.  None of the patients had received radiother-
apy, chemohormonal therapy, or hormone therapy prior to 
the biopsy.  A digital rectal examination, computed tomog-
raphy, magnetic resonance imaging, and bone scintigraphy 
were performed to determine cTNM categories.  The 
patients underwent the following treatments: radical prosta-
tectomy (n = 39), radiotherapy (n = 67), hormone therapy 
with distant metastasis (n = 33), hormone therapy without 
distant metastasis (n = 31), and active surveillance (n = 12).  
Two patients were lost to follow-up after the histological 
diagnosis and clinical staging.

Of the 184 patients, 39 underwent radical prostatec-
tomy at the Akita University Hospital.  Prior to prostatec-
tomy, 15% (6/39) of patients received chemohormonal ther-
apy, 15% (6/39) received hormone therapy, and 69% 
(27/39) received no neoadjuvant therapy for PCa.  
Androgen deprivation therapy followed by docetaxel and 
estramustine phosphate was administered as a neoadjuvant 
chemohormonal therapy for 18 weeks, as reported in our 
previous study (Narita et al. 2019).  No residual cancer was 
found in the prostatectomy specimens of 1 patient after hor-
mone therapy.  After excluding this patient, 38 prostatec-
tomy specimens were analyzed.

Tissue specimens were evaluated using hematoxylin 
and eosin (HE) staining.  The histopathological diagnosis 
was verified by pathologists authorized by the Japanese 
Society of Pathology (TM and HN), and staging was classi-
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fied according to the Union for International Cancer Control 
(UICC) TNM staging system (Brierley et al. 2017).  At 
Akita University Hospital, 12 specimens were routinely 
obtained per prostate needle biopsy and divided into 2-4 
formalin-fixed, paraffin-embedded (FFPE) blocks.  A case-
level GG for biopsy was assigned by global scoring, which 
evaluates all specimens with cancerous regions, and 1 FFPE 
block, which included a cancerous region with the assigned 
GG, was selected for the analysis per patient.  The prosta-
tectomy specimen was sectioned into FFPE blocks (thick-
ness: 5 mm).  A case-level GG for prostatectomy was 
assigned using global scoring, and 1 FFPE block, which 
included a cancerous region with the assigned GG, was 
analyzed.  All neoplasms were glandular, and no squamous 
or neuroendocrine tumors were diagnosed.  In prostatec-

tomy specimens that have undergone either neoadjuvant 
chemohormonal or hormone therapy, GS was not evaluated 
in order to avoid any spurious upgrading due to the thera-
peutic effects.  The clinical and histopathological character-
istics of the patients are summarized in Tables 1 and 2.  
Written informed consent was obtained from all the 
patients.  This study was approved by the Ethics Committee 
of Akita University Hospital (accession number 1034).

Immunohistochemistry
Sections of 2 µm in thickness were prepared, deparaf-

finized in xylene, and dehydrated in ethanol.  After activa-
tion in a Cell Conditioning Solution (CC1, Ventana Medical 
Systems, Inc.  Oro Valley, AZ, USA) at 98°C for 40 min 
and cooling to room temperature for 15 min, followed by 

Table 1.  Association between clinicopathological parameters and immunostaining of NLRP3, PYCARD, and caspase-1 in 
cancerous cells in biopsy specimens. 

Characteristics Total
Immunostaining of 

NLRP3 P value
Immunostaining of 

PYCARD P value
Immunostaining of 

caspase-1 P value
Positive Negative Positive Negative Positive Negative

Total 184 131 53 47 137 177 7
Age at diagnosis (years), 72.1, 73 72.8, 74 70.6, 71 73.7, 75 71.6, 72 72.2, 73 70.7, 71
mean, median, range 52-93 54-93 52-83 54-93 52-88 52-93 60-77
PSA at diagnosis (ng/ml), 148.3, 11.1 197.2, 12.8 27.6, 8.7 195.4, 21.8 132.2, 10 153.5, 11.2 18.4, 9
mean, median, range 2.1-6949.1 2.1-6949.1 3.6-627.4 2.1-2710.6 3.6-6949.1 2.1-6949.1 7.3-64.7
Gleason Grade Group
  GG1 25 10 15 2 23 22 3
  GG2 59 34 25 5 54 59 0
  GG3 29 24 5 6 23 28 1
  GG4 29 25 4 13 16 28 1
  GG5 42 38 4 <0.001** 21 21 <0.001** 40 2 0.078
clinical T
  cT1–2 136 89 47 24 112 131 5
  cT3–4 48 42 6 0.0031* 23 25 <0.001** 46 2 1.00
clinical N
  cN0 157 108 49 32 125 151 6
  cN1 27 23 4 0.11 15 12 <0.001** 26 1 1.00
clinical M
  cM0 151 101 50 30 121 145 6
  cM1 33 30 3 0.0053* 17 16 <0.001** 32 1 1.00
clinical Stage
  cStage I–II 129 82 47 21 108 124 5
  cStage III–IV 55 49 6 <0.001** 26 29 <0.001** 53 2 1.00
Treatment
  prostatectomy 39 26 13 4 35 39 0
  radiotherapy 67 44 23 14 53 63 4
  hormone therapy
    with distant metastasis 33 30 3 17 16 32 1
    without distant metastasis 31 23 8 8 23 30 1
  active surveillance 12 7 5 3 9 11 1
  unknown 2 1 1 1 1 2 0

*P <  0.05, **P< 0.001. GG, Gleason Grade Group.
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incubation in methanol with 0.3% H2O2 for 15 min to block 
endogenous peroxidase activity, the sections were incubated 
at room temperature for 30 min with rabbit anti-human 
NLRP3 primary antibody (Proteintech, Rosemont, IL, USA, 

polyclonal, cat 19771-1-AP, 1:200), rabbit anti-human 
TMS1/PYCARD antibody (EU107, polyclonal, 1:1000), 
which was generated previously (Stone et al. 2004), and 
rabbit anti-human Caspase-1 antibody (Proteintech, 

Table 2.  Association between clinicopathological parameters and immunostaining of NLRP3, PYCARD, and caspase-1 in cancerous 
cells in prostatectomy specimens. 

Characteristics Total
Immunostaining of 

NLRP3 P value
Immunostaining of 

PYCARD P value
Immunostaining of 

caspase-1 P value
Positive Negative Positive Negative Positive Negative

Total 38 28 10 8 30 36 2
Age at diagnosis (years), 67.5, 68 67.5, 68 67.5, 67.5 68.3, 67.5 67.3, 68 67.9, 68 60.5, 60.5
mean, median, range 55-77 55-77 58-75 59-77 55-76 55-77 58-63
PSA at diagnosis (ng/ml), 11.7, 8.05 10.9, 7.5 14.0, 9.0 12.3, 8.0 11.5, 8.1 11.7, 8.1 12.3, 12.3
mean, median, range 2.1-57.0 4.1-54.4 2.1-57.0 2.1-47.7 4.1-57.0 2.1-57.0 5.6-18.9
Gleason Grade Group
  GG2 without neoadjuvant therapy 12 7 5 0 12 11 1
  GG3 without neoadjuvant therapy 9 9 0 0 9 9 0
  GG4 without neoadjuvant therapy 6 5 1 0.065 2 4 0.043* 6 0 1.00

  chemohormonal therapy 6 3 3 3 3 5 1
  hormone therapy 5 4 1 3 2 5 0
pathological T
  pT2 28 20 8 6 22 27 1
  pT3 10 8 2 0.70 2 8 1.00 9 1 0.46
pathological N
  pN0 13 10 3 3 10 12 1
  pN1 2 1 1 0.48 1 1 0.48 2 0 1.00

  pNX 23 17 6 4 19 22 1
pathological Stage
  pStage II 28 20 8 6 22 27 1
  pStage III–IV 10 8 2 0.70 2 8 1.00 9 1 0.46
Extraprostatic extention
  negative 29 21 8 6 23 28 1
  positive 9 7 2 1.00 2 7 1.00 8 1 0.42
Resection margin
  negative 32 22 10 7 25 30 2
  positive 6 6 0 0.17 1 5 1.00 6 0 1.00
Lymphatic invasion
  negative 31 23 8 5 26 30 1
  positive 7 5 2 1.00 3 4 0.15 6 1 0.34
Vascular invasion
  negative 34 25 9 7 27 32 2
  positive 4 3 1 1.00 1 3 1.00 4 0 1.00
Perineural invasion
  negative 14 9 5 3 11 13 1
  positive 24 19 5 0.45 5 19 1.00 23 1 1.00
Seminal vesicle invasion
  negative 35 26 9 8 27 34 1
  positive 3 2 1 1.00 0 3 1.00 2 1 0.15

*P < 0.05, **P < 0.001. GG, Gleason Grade Group.
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Rosemont, IL, USA, polyclonal, cat 22915-1-AP, 1:500).  A 
Histofine SAB-PO(R) kit (Nichirei Biosciences Inc., 
Chuo-ku, Tokyo, Japan) was used for staining NLRP3 and 
TMS1/PYCARD antibodies, while a Histofine Simple Stain 
MAX-PO(MULTI) kit (Nichirei Biosciences Inc., Chuo-ku, 
Tokyo, Japan) was used for staining caspase-1 antibody.  
Staining was performed according to the manufacturers’ 
instructions.  The sections were stained with DAB (Agilent 
Technologies, Inc., Santa Clara, CA, USA).  As a negative 
control for the Histofine SAB-PO(R) and MAX-
PO(MULTI) kits, the procedure was performed without 
adding the primary antibody.

Assessment of Immunohistochemistry
Immunoreactivity was evaluated by 3 pathologists 

authorized by the Japanese Society of Pathology (T.M., Y.S.  
and A.G.), without any information about the patients.  The 
following criteria were used to evaluate the expression sta-
tus of NLRP3, PYCARD, and caspase-1 in cancerous, adja-
cent secretory, and adjacent basal cells, respectively.  The 
staining intensity in the cytoplasm was classified as no (0), 
weak (1+), moderate (2+), or strong (3+), as shown in 
Supplementary Fig. S1 Staining in the nucleus or cytomem-
branes was not evaluated.  Specimens showing moderate 
(2+) or strong (3+) staining with more than 30% of the 
whole cells were defined as positive (+), while the others 
were defined as negative (−).  Discordance was resolved by 

joint discussion among T.M., Y.S.  and A.G.

Clinical parameters
The GG level, PSA at the diagnosis, and TNM stage 

were analyzed.  Prognoses including PSA recurrence and 
survival rates were not analyzed for the following reasons: 
1) 10s of patients were sent to other hospitals within 3 years 
of the diagnosis or treatment, and long-term follow-up was 
missed; and 2) patients were categorized into several groups 
due to the various treatment options for PCa (the prostatec-
tomy group [n = 39] was categorized into prostatectomy 
with [n = 12] or without [n = 27] neoadjuvant therapy; the 
radiotherapy group [RT; n = 67] was categorized into 
3-dimensional conformal radiation therapy [n = 35], inten-
sity-modulated RT [n = 13], proton beam RT [n = 4], heavy 
particle RT [n = 2], and brachytherapy [n = 13]).  Therefore, 
clinical information obtained at the diagnosis was analyzed, 
and prognoses were not analyzed.

Statistical analysis
Fisher’s exact test was used to determine the associa-

tion between clinical parameters at the diagnosis and at the 
operation and immunostaining for NLRP3, PYCARD, and 
caspase-1.  The Cochran-Armitage test was utilized to 
assess any trends in the association between GG and the 
proportion of the NLRP3 inflammasome expression.  
Univariable and multivariable logistic regression analyses 

Fig. 1.  Four representative expression patterns of NLRP3, PYCARD, and caspase-1 in cancerous tissues by immunohisto-
chemical analysis. 

	 For each case, cancerous tissue is shown in the left column (A, C, E, G). Adjacent noncancerous tissue is shown in the 
right column (B, D, F, H). Rows 1–4: HE, NLRP3, PYCARD, and caspase-1, respectively. Arrowhead in B-1 indicates 
basal cell hyperplasia. Arrows in E-1 indicate adjacent noncancerous cells. Asterisk in G-2 indicates nonspecific and 
negligible staining. Immunoreactivity was evaluated as follows: in Case 1, NLRP3 (+) / PYCARD (+) / caspase-1 (+) in 
cancerous cells, NLRP3 (−) / PYCARD (−) /caspase-1 (+) in adjacent secretory cells, and NLRP3 (−) / PYCARD (+) / 
caspase-1 (+) in adjacent basal cells; in Case 2, NLRP3 (+) / PYCARD (−) / caspase-1 (+) in cancerous cells, NLRP3 
(−) / PYCARD (−) / caspase-1 (+) in adjacent secretory cells, and NLRP3 (+) / PYCARD (+) / caspase-1 (+) in adjacent 
basal cells; in Case 3, NLRP3 (−) / PYCARD (−) / caspase-1(+) in cancerous cells, NLRP3 (−) / PYCARD (−) / cas-
pase-1 (+) in adjacent secretory cells, and NLRP3 (−) / PYCARD (+) / caspase-1 (+) in adjacent basal cells; in Case 4, 
NLRP3 (−) / PYCARD (−) / caspase-1 (−) in cancerous cells, NLRP3 (−) / PYCARD (−) / caspase-1 (+) in adjacent se-
cretory cells, and NLRP3(−) / PYCARD (+) / caspase-1 (+) in adjacent basal cells.
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were used to determine the association between cTNM cat-
egories and clinicopathological parameters, including the 
NLRP3 inflammasome expression status in biopsy speci-
mens.  The odds ratio of each variable was computed along 
with 95% confidence intervals (CIs).  P values of < 0.05 
were considered to indicate statistical significance.  All 
analyses were performed using R version 4.4.0 (The R 
Foundation, Vienna, Austria).

Results
Immunohistochemical analysis of NLRP3, PYCARD, and 
caspase-1 at prostate needle biopsy specimens

Table 1 shows the expression status of NLRP3, 
PYCARD, and caspase-1 in cancerous cells obtained from 
biopsy specimens.  The specimens were classified accord-
ing to 4 expression patterns: NLRP3 (+) / PYCARD (+) / 
caspase-1 (+), NLRP3 (+) / PYCARD (−) / caspase-1 (+), 
NLRP3 (−) / PYCARD (−) / caspase-1 (+), and NLRP3 (−) 
/ PYCARD (−) / caspase-1 (−).  All PYCARD-positive 
specimens expressed NLRP3 and caspase-1, and all 
NLRP3-positive specimens expressed caspase-1.  

Representative results of the immunohistochemical analysis 
of the 3 proteins from the 4 patients are shown in Fig. 1.  In 
Case 3, PYCARD helped to distinguish cancerous regions 
from adjacent noncancerous regions by identifying the pres-
ence or absence of basal cells.  The Cochran-Armitage test 
demonstrated that the proportion of the high expression of 
NLRP3 (P < 0.001) and PYCARD (P < 0.001) tended to 
increase as the value of GG increased, while no significant 
trend was observed between GG and the expression status 
of caspase-1 (P = 0.75).

Of the 184 specimens, adjacent secretory and basal 
cells were not found in 10% (19/184) and 3.8% (7/184), 
respectively.  Adjacent secretory cells were positive for 
NLRP3 (17%, 28/165), PYCARD (3.0%, 5/165), and cas-
pase-1 (98%, 162/165).  Adjacent basal cells were positive 
for NLRP3 (22%, 39/177), PYCARD (99%, 176/177), and 
caspase-1 (100%, 177/177).

Fig. 2 shows representative results of the immunohis-
tochemical analysis, in which NLRP3 and PYCARD were 
useful for distinguishing cancerous tissue from adjacent 
noncancerous tissue and discerning the difference between 
the Gleason patterns.  In Cases 5 and 6, NLRP3 was posi-
tive in cancerous cells but negative in adjacent noncancer-
ous cells.  In Case 7, NLRP3 and PYCARD were positive 
in cancerous cells with Gleason pattern 4 but negative in 
those with Gleason pattern 3.

Negative control slides showed negligible staining 
caused by endogenous peroxidase and biotin activities 
(Supplementary Fig. S2).

Immunohistochemical analysis of NLRP3, PYCARD, and 
caspase-1 at prostatectomy specimens

Table 2 shows the expression status of NLRP3, 
PYCARD, and caspase-1 in cancerous cells in prostatec-
tomy specimens.  Among the patients managed without 
neoadjuvant therapy, the Cochran-Armitage test showed 
that the proportion of the high expression of PYCARD (P = 
0.022) in cancerous tissue tended to increase as the value of 
GG increased, while no significant trend was observed 
between GG and the expression status of NLRP3 (P = 0.12) 
and caspase-1 (P = 0.31).  In addition to the 4 patterns of 
expression status of the 3 proteins acknowledged in the 
biopsy specimens, NLRP3 (−) / PYCARD (+) / caspase-1 
(+) was acknowledged in 1 prostatectomy specimen from a 
patient who received neoadjuvant chemohormonal therapy.  
The supplementary tables show the comparison between 
the biopsy and corresponding prostatectomy specimens for 
cancerous cells (Supplementary Table S1), for specimens 
from patients managed without neoadjuvant therapy 
(Supplementary Table S2), for specimens from patients who 
rece ived  neoad juvan t  chemohormona l  the rapy 
(Supplementary Table S3), and for specimens from patients 
w h o  r e c e i v e d  n e o a d j u v a n t  h o r m o n e  t h e r a p y 
(Supplementary Table S4).  Discordance between the speci-
mens in the expression status of NLRP3 inflammasome 
components occurred when the specimens showed a differ-

Fig. 2. Representative results of HE staining and immunohis-
tochemical staining of 2 patients in which NLRP3 was 
useful for distinguishing cancerous tissue from adjacent 
noncancerous tissue and of 1 patient in which NLRP3 
and PYCARD helped to discern the difference between 
the Gleason patterns.

	 Case 5 is shown in the left column (A). Case 6 is shown 
in the middle column (B). Case 7 is shown in the right 
column (C). Rows 1–5: HE, HE with annotation, NLRP3, 
PYCARD, and caspase-1, respectively. The annotation is 
as follows: cancerous tissue is surrounded by a dotted 
line in Cases 5 and 6; Gleason pattern 4 is surrounded by 
a solid line in Case 7; and Gleason pattern 3 is surround-
ed by a dashed line in Case 7.
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ent GG or when neoadjuvant chemohormonal or hormone 
therapy was administered after the biopsy.

Fig. 3 and 4 show representative results of the immu-
nohistochemical analysis to detect the 3 proteins in biopsy 
specimens and corresponding prostatectomy specimens 
from patients managed without neoadjuvant therapy (Fig. 3) 
or with neoadjuvant hormone therapy (Fig. 4).

Of the 38 prostatectomy specimens, adjacent secretory 
cells were positive for NLRP3 in 100% (38/38), PYCARD 
in 34% (13/38), and caspase-1 in 100% (38/38), respec-
tively.  Adjacent basal cells were positive for NLRP3 (82%, 
31/38), PYCARD (100%, 38/38), and caspase-1 (100%, 
38/38).

Association between clinical parameters at the diagnosis 
and the expression status of NLRP3, PYCARD, and cas-
pase-1 in biopsy specimens

Fisher’s exact test revealed the following association: 
NLRP3 was more frequently positive in patients with 
cT3–4 and distant metastasis at the time of the diagnosis 
(cM1) than in those without; PYCARD was more fre-
quently positive in patients with cT3–4, regional lymph 
node metastasis at the diagnosis (cN1), and cM1 than in 

those without.  Although not statistically significant, 
NLRP3 was more frequently positive in patients with cN1 
(P = 0.11).  There was no significant association between 
the caspase-1 levels and clinical parameters at the diagno-
sis.  Representative results of the analysis of the expression 
status of the 3 proteins and bone scintigraphy from 2 
patients (with and without multiple bone metastases) are 
shown in Supplementary Fig. S3.

The univariable and multivariable logistic regression 
analyses are presented in Table 3.  Although the multivari-
able logistic regression analysis showed no significant asso-
ciation between the expression status of NLRP3 inflamma-
some components and cTNM categories, the univariable 
logistic regression analysis revealed that the high expres-
sion of NLRP3 was associated with cT3–4, cM1, and 
cStage III–IV, and that the high expression of PYCARD 
was associated with cT3–4, cN1, cM1, and cStage III–IV.

Discussion
In this study, the immunohistochemical analysis of 184 

biopsy specimens from PCa patients revealed that the pro-
portion of the high expression of NLRP3 (P < 0.001) and 
PYCARD (P < 0.001) tended to increase as the value of GG 

Fig. 3. Representative results of HE staining and immunohistochemical staining of biopsy and corresponding prostatectomy 
specimens from the same patient managed without neoadjuvant therapy. 

	 Biopsy specimens are shown in the 2 left columns (A, B) and prostatectomy specimens are shown in the 2 right columns (C, 
D). Cancerous tissue is shown in the left column (A, C) and adjacent noncancerous tissue is shown in the right column (B, 
D) for each specimen. Rows 1–4: HE, NLRP3, PYCARD, and caspase-1, respectively. Immunoreactivity was evaluated as 
follows: in biopsy specimens, NLRP3 (+) / PYCARD (−) / caspase-1 (+) in cancerous cells, NLRP3 (−) / PYCARD (−) / 
caspase-1 (+) in adjacent secretory cells, and NLRP3 (−) / PYCARD (+) / caspase-1 (+) in adjacent basal cells; in prosta-
tectomy specimens, NLRP3 (+) / PYCARD (−) / caspase-1 (+) in cancerous cells, NLRP3 (+) / PYCARD (−) / caspase-1 
(+) in adjacent secretory cells, and NLRP3 (+) / PYCARD (+) / caspase-1 (+) in adjacent basal cells.
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increased.  A univariable logistic regression analysis 
showed that the high expression of NLRP3 and PYCARD 
in biopsy specimens was associated with higher cTNM cat-
egories.  In prostatectomy specimens, there was no signifi-
cant association between the expression status of NLRP3 
inflammasome and clinical parameters at the operation, 
partly due to the influence of neoadjuvant chemohormonal 
or hormone therapy.  Furthermore, NLRP3 and PYCARD 
were useful for distinguishing cancerous regions from adja-
cent noncancerous regions in some biopsy specimens.

Studies examining the role of the NLRP3 inflamma-
some in PCa are limited.  Two previous immunohistochem-
ical studies (Xu et al. 2021; Karan et al. 2017) have shown 
controversial results.  One study (Xu et al. 2021) which 
investigated 30 prostatectomy specimens obtained from 
PCa revealed that the high expression of NLRP3 in PCa 
was correlated with high pathological TNM stage and 
lymph node metastasis, and indicated that the expression of 
NLRP3 in cancerous tissue was higher than that in adjacent 
noncancerous tissue.  Another study (Karan et al. 2017) 
which investigated 19 biopsy specimens of PCa showed 
heterogeneous NLRP3 staining in prostate tissue and no 

difference between cancerous and adjacent noncancerous 
tissues.  Both studies focused on the expression status of 
NLRP3 but did not examine the expression status of 
PYCARD.  Our results agreed with the former in the asso-
ciation between the high expression of NLRP3 and high 
TNM staging, and the latter in heterogeneous staining of 
NLRP3 in prostate tissue.  As for heterogeneous staining, 
our results showed a remarkable feature of staining in Case 
7 (Fig. 2): in cancerous tissue obtained from 1 patient, 
Gleason pattern 4 showed the high expression of NLRP3, 
whereas Gleason pattern 3 showed the low expression of 
NLRP3.  Although heterogeneous staining may make 
immunohistochemistry rather difficult to evaluate, our 
method of assessment described in the Materials and 
Methods could distinguish the high expression of NLRP3 
from the low expression of NLRP3 in prostate tissue.  
However, it is necessary to carefully evaluate a small 
amount of cancerous tissue because a biopsy specimen is 
only a part of the whole lesion.

The present study was associated with several limita-
tions.  This study failed to examine the mechanisms through 
which NLRP3 inflammasomes are involved in the progres-

Fig. 4. Representative results of HE staining and immunohistochemical staining of biopsy and corresponding prostatectomy 
specimens from the same patient with neoadjuvant hormone therapy. 

	 Biopsy specimens are shown in the 2 left columns (A, B) and prostatectomy specimens are shown in the 2 right columns 
(C, D). Cancerous tissue is shown in the left column (A, C) and adjacent noncancerous tissue is shown in the right col-
umn (B, D) for each specimen. Rows 1–4: HE, NLRP3, PYCARD, and caspase-1, respectively. Immunoreactivity was 
evaluated as follows: in biopsy specimens, NLRP3 (+) / PYCARD (-) / caspase-1 (+) in cancerous cells, NLRP3 (+) / 
PYCARD (-) / caspase-1 (+) in adjacent secretory cells, and NLRP3 (-) / PYCARD (+) / caspase-1 (+) in adjacent basal 
cells; in prostatectomy specimens, NLRP3 (+) / PYCARD (+) / caspase-1 (+) in cancerous cells, NLRP3 (+) / PYCARD 
(+) / caspase-1 (+) in adjacent secretory cells, and NLRP3 (+) / PYCARD (+) / caspase-1 (+) in adjacent basal cells.
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Table 3.  Univariable and multivariable logistic regression analyses of the association between cTNM categories and clinicopatho-
logical parameters in biopsy specimens. 

clinical T category clinical N category

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
OR(95% CI) P value OR(95% CI) P value OR(95% CI) P value OR(95% CI) P value

PSA at diagnosis (ng/ml)
  ≤20 reference reference reference reference

  >20 26.60 
(11.23-63.00) <0.001** 14.56 

(6.00-37.88) <0.001** 16.53 
(5.82-46.97) <0.001** 8.24 

(2.52-26.91) <0.001**

Gleason Grade Group
  GG1-3 reference reference reference reference

  GG4-5 14.08 
(6.17-32.17) <0.001** 4.10 

(1.47-11.45) 0.0071* 13.06 
(4.28-39.81) <0.001** 3.95 

(1.01-15.39) 0.048*

NLRP3
  negative reference reference reference reference

  positive 3.70 
(1.47-9.33) 0.0056* 1.62 

(0.39-6.69) 0.50 2.61 
(0.86-7.95) 0.092 0.64 

(0.13-3.14) 0.58

PYCARD
  negative reference reference reference reference

  positive 4.29 
(2.09-8.80) <0.001** 1.71 

(0.59-4.93) 0.32 4.88 
(2.08-11.45) <0.001** 2.40 

(0.80-7.22) 0.12

caspase-1
  negative reference reference reference reference

  positive 0.88 
(0.16-4.68) 0.88 0.23 

(0.020-2.54) 0.23 1.03 
(0.12-8.94) 0.98 0.63 

(0.036-10.79) 0.75

clinical M category clinical Stage

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis
OR(95% CI) P value OR(95% CI) P value OR(95% CI) P value OR(95% CI) P value

PSA at diagnosis (ng/ml)
  ≤20 reference reference reference reference

  >20 12.60 
(5.17-30.72) <0.001** 4.48 

(1.64-12.20) 0.0034* 28.83 
(12.37-67.17) <0.001** 15.78 

(6.15-40.44) <0.001**

Gleason Grade Group
  GG1-3 reference reference reference reference

  GG4-5 26.83 
(7.77-92.69) <0.001** 11.01 

(2.81-43.19) <0.001** 15.11 
(6.89-33.13) <0.001** 4.53 

(1.70-12.06) 0.0025*

NLRP3
  negative reference reference reference reference

  positive 4.95 
(1.44-17.01) 0.011* 1.87 

(0.33-10.79) 0.48 4.68 
(1.86-11.75) 0.0010* 2.49 

(0.60-10.29) 0.21

PYCARD
  negative reference reference reference reference

  positive 4.29 
(1.94-9.45) <0.001** 1.31 

(0.48-3.58) 0.60 4.61 
(2.28-9.34) <0.001** 1.73 

(0.60-5.02) 0.31

caspase-1
  negative reference reference reference reference

  positive 1.32 
(0.15-11.38) 0.80 0.56 

(0.030-10.57) 0.70 1.07 
(0.20-5.68) 0.94 0.22 

(0.019-2.59) 0.23

*P < 0.05, **P < 0.001.  OR, odds ratio; 95% CI, 95% confidence interval; GG, Gleason Grade Group.
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sion and metastasis of cancer.  Recent in vitro or in vivo 
studies investigating the roles of NLRP3 inflammasomes in 
some cancers could support and reinforce this study: 
NLRP3 inflammasome may promote proliferation and 
migration via the activation of caspase-1 in PCa (Xu et al. 
2021); regulation of epithelial–mesenchymal transition in 
colorectal cancer (Shao et al. 2020); elevation of the IL-1β 
expression in oral squamous cell carcinoma (Wang et al. 
2018); and enhancement of phosphorylation of Akt, 
ERK1/2, and cAMP response element binding protein in 
lung cancer (Wang et al. 2016b).

A possible explanation for the association between the 
high expression of the NLRP3 inflammasome and high 
TNM stage is that its downstream cytokines IL-1β/IL-18 
could contribute to the tumor microenvironment, which 
promotes the development and progression of cancer.  In 
vitro and in vivo studies have indicated that the expression 
of IL-1β promoted bone metastasis in PCa (Shahriari et al. 
2017; DiNatale at al.  2022).  Serum IL-18 levels in PCa 
patients with cT3-4 were elevated in comparison to those 
with cT2 (Dwivedi et al. 2011).  The evaluation of prosta-
tectomy specimens in the present study revealed no statisti-
cally significant association between the expression status 
of the NLRP3 inflammasome and lymphovascular or peri-
neural invasion that could be correlated with the tumor 
microenvironment.  This may be partly due to the change in 
the NLRP3 inflammasome expression status caused by neo-
adjuvant chemohormonal or hormone therapy and may also 
be partly due to the small number of prostatectomy speci-
mens obtained from the patients managed without neoadju-
vant therapy.  Therefore, further studies are required to 
examine the association between the NLRP3 inflammasome 
expression status in specimens and serum IL-1β/IL-18 lev-
els in PCa, as well as to increase the number of prostatec-
tomy specimens obtained from patients managed without 
neoadjuvant therapy.

In conclusion, this study suggests that the NLRP3 
inflammasome may promote progression and metastasis in 
PCa, and that immunohistochemical staining of NLRP3 and 
PYCARD could be useful for the accurate diagnosis of PCa 
in biopsy specimens.
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