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Abstract. Bladder dysfunction is associated with fibrosis- 
mediated aging, but the corresponding mechanism remains 
to be elucidated. Activation of the NACHT, LRR and PYD 
domains-containing protein 3 (NLRP3) inflammasome is 
related to chronic diseases associated with aging, including 
organ fibrosis. The present study aimed to explore the 
role of NLRP3/interleukin 1β in aging-associated bladder 
dysfunction. Female Sprague-Dawley rats were divided into 
the following two groups (n=10 rats/group): 2-month-old 
group (young group) and 24-month-old group (old group). 
Urodynamics were performed to assess the bladder func-
tion of the rats. The histological alterations were identified 
using Masson's trichrome staining. The protein expression 
of the NLRP3 inflammasome and NAD‑dependent protein 
deacetylase sirtuin-3, mitochondrial (SIRT3) were detected by 
western blot analysis, and immunohistochemistry was used to 
examine a senescence marker (p21) and the NLRP3 inflam-
masome in the bladder. The localization of the key molecule 
Caspase1 was determined using immunofluorescence. The 
voiding time was longer in the old group compared with the 
young group. The expression levels of SIRT3 were reduced 
in the bladders of the old group, while those of the NLRP3 
inflammasome and the senescence marker were significantly 

higher in the bladders of the old group compared with the 
young group. Increased collagen deposition leads to chronic 
bladder fibrosis with increased NLRP3. In the histological 
examination, the bladders of the old group displayed increased 
collagen deposition, urothelial thinning and detrusor 
shrinkage compared with the young group. Tissue fibrosis 
and urothelial alterations are the principal causes of bladder 
dysfunction during aging. Downregulated SIRT3 and upregu-
lated expression of the NLRP3 inflammasome are involved in 
the degradation of aging bladders. Inflamm‑aging is a novel 
mechanism underlying bladder dysfunction.

Introduction

The prevalence of bladder dysfunction increases with age and 
it strongly influences the quality of life of the elderly popula-
tion. Aging male patients with prostate hyperplasia are prone to 
suffer from lower urinary tract symptoms (LUTS), and elderly 
female patients are susceptible to overactive bladder with 
absence of bladder outlet obstruction (BOO) (1,2). Therefore, 
BOO is not the only factor causing bladder dysfunction. 
Transurethral resection of the prostate is an effective approach 
to relieve obstruction in males, but complete bladder function 
is not recovered following prostate resection (3), which may 
be due to the irreversible bladder damage mediated by aging. 
Therefore, female rats without BOO were used in the present 
study. The urodynamics and bladder morphology of aging 
rats requires investigation. It was speculated that a molecular 
mechanism associated with the aging process may explain 
these alterations (4,5).

Age-associated alterations have been investigated more 
extensively in previous studies, but these have focused 
primarily on bladder contraction in vivo and in vitro (5) The 
exact pathophysiological mechanisms of bladder aging remain 
to be elucidated (6). Inflamm‑aging, which offers new insights 
into the aging process, involves chronic inflammatory cyto-
kine production and functional decline (7). Accumulating 
evidence demonstrates that aging is closely associated with 
chronic low‑level inflammation. Meanwhile, a recent study 
confirmed that activation of the NACHT, LRR and PYD 
domains-containing protein 3 (NLRP3) inflammasome, 
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which includes cleaved Caspase1, is regulated through the 
NAD-dependent protein deacetylase sirtuin-3, mitochondrial 
(SIRT3)-superoxide dismutase 2, mitochondrial (SOD2) 
signaling pathway (8). Our previous study demonstrated that 
the NLRP3 inflammasome is involved in endothelial cellular 
senescence (9). Compared with the majority of other types of 
epithelial cells, the urothelium may underlie this mechanism 
in the bladder. However, the involvement of NLRP3 in 
urothelial alterations and bladder dysfunction with advancing 
age remains poorly understood.

The proposed etiologies of LUTS involve a number of 
factors, including myogenic and neurogenic factors, but 
remodeling of the urothelium serves an equal role in the 
progression of LUTS (10). A previous study demonstrated 
that the urotheliogenic factor and its interactions with the 
detrusor muscle and neurons may explain the mechanism 
underlying bladder dysfunction with advancing age (11). The 
urothelium, which is characterized by sensory innervation, 
serves a critical role in regulating micturition (12). The 
expression level of NLRP3, which is principally located in 
the urothelium, is induced by bladder injury from noxious 
stimuli in the urine and may trigger the urothelial inflam-
matory response (13). Aging process was demonstrated to be 
accelerated by senescent cells (14) and urothelial senescence 
may be responsible for bladder degradation. However, there is 
no evidence to confirm that alterations in the urothelium are 
associated with a decline in bladder function with age. It was 
hypothesized that inflamm‑aging may serve an important role 
in the bladder, particularly in the urothelium, with advancing 
age. Therefore, in order to validate this hypothesis in the 
present study, the senescence marker p21 (15) was identified by 
immunohistochemical staining, and differences in inflamma-
some expression were determined by immunofluorescence and 
western blot analysis between young and old rats. Cystometry 
was used to assess detrusor activity.

Materials and methods

Animals and sample preparation. The animal experiments 
were approved by the Ethics Committee of Chengdu University 
(Chengdu, China). A total of 20 female Sprague-Dawley (SD) 
rats were obtained from The Dashuo Laboratory Animal Co., 
Ltd. (Chengdu, China) and divided into the following two 
groups (n=10 rats/group): 2-month-old group (young group, 
271±28 g), and 24-month-old group (old group, 412±47 g). A 
total of two rats were housed in each cage at room temperature 
(20±2˚C) and saturated humidity (50±2%), with access to food 
and water ad libitum. The room had a constant 12-h light/dark 
cycle. The rats were anesthetized with 3% isoflurane inhalant, 
and the peritoneal cavity was opened. The bladder was 
quickly excised and the rat was subsequently sacrificed. The 
tissue from the upper part of the bladder were placed in 10% 
formalin for fixation at room temperature for 2 days, and used 
for histological analysis. The remaining bladder tissues were 
cut into small pieces of ~5 mm and placed in liquid nitrogen 
for western blot analysis.

Blood chemical measurement. In total, 1 ml blood was 
collected from the abdominal aorta of 20 rats following bladder 
extraction and the serum was extracted by centrifugation at 

13,000 x g for 10 min at 4˚C. The serum was stored at 4˚C 
and the oxidative stress markers including malondialdehyde 
and superoxide dismutase, and the level of blood lipids were 
detected within 12 h. The biochemical data were detected with 
a full‑automatic biochemical analyzer (Chemray 240; Rayto 
Life and Analytical Sciences Co., Ltd., Shenzhen, China) 
using routine enzymatic assays.

Urodynamic analysis. Rats from the young group and the old 
group (n=4 rats/group) were anesthetized via inhalation of 3% 
isoflurane. A PE50 polyethylene catheter (internal diameter, 
0.58 mm; outer diameter, 0.96 mm) was implanted into the 
bladder dome and buried subcutaneously at the back of the 
neck as described by Zhao et al (4). A total of 3 days after 
the surgery, cystometry was performed through the polyeth-
ylene catheter that was connected to a pressure transducer 
(Bonito XL; Laborie Medical Technologies Inc., Mississauga, 
ON, Canada) and a syringe pump (Jian Yuan Medical 
Technology Co., Ltd., Changsha, China), which administered 
a warm saline infusion at a rate of 10 ml/h. The rats remained 
awake without anesthetization and were restricted to a small 
cage. Urodynamic parameters, including the maximum 
bladder capacity (MBC), maximum voiding pressure (MVP), 
bladder leak point pressure (BLPP), voiding volume (VV), 
voiding time (VT) and residual volume (RV), were analyzed. 
The BLPP was recorded when micturition occurred in a phase 
of high‑frequency oscillations.

Histomorphology and immunohistochemical staining. The 
paraffin-embedded bladders were cut into sections (5 µm) 
perpendicular to the longitudinal axis of the bladder. Masson's 
trichrome staining was performed on a number of the sections, 
according to the manufacturer's instructions (Sigma‑Aldrich; 
Merck KGaA, Darmstadt, Germany). The remaining sections 
were deparaffinized and rehydrated in xylene and a gradient 
alcohol series, and antigen retrieval was performed by heating 
the sections at ~95˚C for 8 min with sodium citrate antigen 
retrieval solution (pH 6.0). Subsequently, endogenous peroxi-
dase was blocked with 3% hydrogen peroxide. PBS containing 
3% bovine serum albumin (BSA; cat. no. G5001; Wuhan 
Servicebio Technology Co., Ltd., Wuhan, China) was used 
for blocking of non‑specific binding at room temperature for 
30 min. The sections were incubated with primary antibodies, 
including those for rabbit p21 (1:100; cat. no. 10355‑1‑1AP; 
Wuhan Sanying Biotechnology, Wuhan, China) and NLRP3 
(1:100; cat. no. 19771‑1‑AP; Wuhan Sanying Biotechnology), 
at 4˚C overnight, and subsequently with secondary antibodies 
(1:1,000; cat. no. GB23302; Wuhan Servicebio Technology 
Co., Ltd.) incubated at room temperature for 50 min and labelled 
with horseradish peroxidase. 3,3'-Diaminobenzidine chromo-
genic reagent was used to stain the nucleus at room temperature 
until the nuclei exhibited positive staining. Subsequently, 
the samples were counterstained with hematoxylin at room 
temperature for 3 min. Following dehydration, the sections 
were mounted with resin medium. Samples were observed 
and imaged using an ortho‑fluorescence microscope (Nikon 
Corporation, Tokyo, Japan; magnification, 100x or 200x). 
The detrusor muscle and collagen content were quantified 
using ImagePro Plus 6.0 software (Media Cybernetics, Inc., 
Rockville, MD, USA).
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Western blot analysis. The bladder tissues were lysed with 
radioimmunoprecipiation assay-150 lysis buffer and complete 
protease inhibitor (Roche Applied Science, Penzberg, 
Germany). The protein concentration was detected by bicin-
choninic acid protein assay kit; cat. no. CW0014; CoWin 
Biosciences Co., Ltd., Beijing, China) and 50 µg total protein 
was loaded in each lane. Proteins were separated on a 10% 
SDS-PAGE gel and transferred to a PVDF membrane (EMD 
Millipore, Billerica, MA, USA). Subsequently, the membrane 
was blocked with 5% BSA in TBS with Tween‑20 for 1 h 
at room temperature and incubated with the primary anti-
bodies, including interleukin (IL)1β (1:100; cat. no. 12242S; 
Cell Signaling Technology, Inc., Danvers, MA, USA), 
Caspase1 (1:100; cat. no. 3866S; Cell Signaling Technology, 
Inc.), SIRT3 (1:200; cat. no. 1099‑1‑AP; Wuhan Sanying 
Biotechnology) and GAPDH (1:1,000; cat. no. 10494‑1‑AP; 
Wuhan Sanying Biotechnology, Wuhan, China) overnight at 
4˚C. The membranes were incubated with the horseradish 
peroxidase‑conjugated secondary antibodies (1:1,000; cat. nos. 
7074P2 and 7076P2; Cell Signaling Technology, Inc.) for 1 h at 
room temperature. The images were detected by a ChemiDoc 
XRS+ system (Bio-Rad Laboratories, Inc., Hercules, CA, 
USA) using an enhanced chemiluminescence kit (Thermo 
Fisher Scientific, Inc.). The densities of the western blot bands 
were analyzed using Image Lab Software 5.2.1 (Bio-Rad 
Laboratories, Inc.).

Immunofluorescent staining. Sections from the paraffin- 
embedded bladders were deparaffinized and rehydrated, and 
antigen retrieval was performed. The slides were incubated 
with spontaneous fluorescence quenching reagent for 5 min 
and subsequently with 5% BSA for 30 min. The excess BSA 
was washed off and the sections were incubated with the 
primary antibody anti‑Caspase1 (1:200; cat. no. 1872; Abcam, 
Cambridge, UK) overnight at 4˚C. The sections were rinsed 
with PBS (pH 7.4) and then covered with the secondary 
antibody for 50 min in the dark. When the nuclei had been 
stained with a DAPI counterstain for 10 min at room tempera-
ture, antifade mounting medium and a coverslip were added 
to the slide. Samples were observed and imaged using an 
ortho-fluorescent microscopy (Nikon Corporation, Tokyo, 
Japan; magnification, 100x or 400x).

Statistical analysis. The data are presented as the 
mean ± standard deviation. Each experiment was repeated 
at least three times. Statistical analysis was performed 
using GraphPad Prism software 5.01 (GraphPad Software, 
Inc., La Jolla, CA, USA). Comparisons between two groups 
were performed using Student's t-tests and P<0.05 was 
considered to indicate a statistically significant difference.

Results

Changes in bladder weight and morphology. The morpho-
logical alterations in the bladders were evaluated using 
Masson's trichrome staining, and representative images are 
presented in Fig. 1A-D. Compared with the young bladders, 
the old bladders displayed pathological characteristics of 
aging, including increased collagen deposition, urothelial thin-
ning and muscle shrinkage, which contribute to weakening of 

detrusor contraction. The weights of the bladders in the old 
group (0.126±0.021 g) were significantly higher compared 
with those of the young group (0.086±0.010 g). Furthermore, 
the body weight was increased in the old group compared with 
the young group and the ratio of bladder weight to body weight 
was not significantly different (P>0.05) between the two groups 
(Fig. 1E). The ratio of collagen content to muscle was higher in 
the old group compared with the young group (Fig. 1F).

Urodynamic parameters. Representative cystometrogram 
recordings and urodynamic parameters are presented in Fig. 2 
and Table I, respectively. The results of the cystometry indi-
cated that the MVP and BLPP were similar in the two groups. 
However, the MBC and RV were significantly increased in 
the old group and the VT was prolonged in the old group 
compared to the young group. Marked unstable contraction 
was not observed prior to the voiding peak pressure.

Identification of senescence markers in the bladder tissues 
and oxidative stress markers in the serum. In order to deter-
mine the aging status of the bladders, the expression of the 
senescence marker p21 was detected by western blotting and 
immunohistochemical staining. The results demonstrated 
that the expression of p21 was significantly increased in the 
old group (Fig. 3), and there was positive expression of p21 
in the bladders of the old group that was primarily located 
in the urothelium rather than the muscle layer (Fig. 4). 
Aging-associated degeneration of the mitochondrial protein 
SIRT3 was analyzed by western blotting, and the data indi-
cated that the expression was significantly decreased in the 
bladders of the old group (Fig. 3). The serum biomarkers of 
oxidative stress were analyzed and the results demonstrated 
that the levels of malondialdehyde (MDA) were increased, 
while those of the antioxidant marker SOD were decreased in 
the old group compared with the young group (Table I). The 
level of blood lipids was not altered among groups.

Differences in the expression of NLRP3 inflammasome 
components. The expression of NLRP3 inflammasome 
components (NLRP3 and IL1β) was detected by immuno-
histochemical staining. The results revealed that NLRP3 
and IL1β were primarily located in the urothelium and were 
markedly upregulated in the bladder tissues of the old group 
(Fig. 4). However, the inflammasome sensor NLRP3 was 
scarcely observed in the muscle layer, as illustrated in Fig. 4. 
Furthermore, the increased expression profile of the NLRP3 
inflammasome components was examined using a western 
blot assay. The bladders in the old group had significantly 
elevated levels of Caspase1 and IL1β expression, while the 
expression levels of pro-Caspase1 were decreased in the old 
group (Fig. 5). In addition, the expression of pro-IL1β was not 
different between the two groups (Fig. 5).

Expression and distribution of Caspase1. As presented in 
Fig. 6, the results of the immunofluorescent staining demon-
strated that the expression levels of Caspase1, particularly in 
the urothelium, were significantly higher in the bladders of the 
old group compared with those in the young group. Moreover, 
the expression of active Caspase1 was increased and primarily 
localized to the nucleus. In accordance with the results of the 
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immunofluorescent staining, the western blotting also indi-
cated that the expression levels of Caspase1 were significantly 
increased in the bladders of the old group compared with the 
young group (Fig. 5).

Discussion

Aging mediates the progressive degenerative process closely 
associated with low‑level inflammation and exacerbates the 

Figure 2. Representative cystometrogram recordings. The voiding time was prolonged in the old group compared with the young group. The bladder capacity 
and residual urine were increased in the old group compared with the young group. The arrows indicate the maximum vesical pressure. Pdet, detrusor pressure; 
Pabd, abdominal pressure; Pves, vesical pressure.

Figure 1. Masson's trichrome staining of representative bladder sections. Sections from (A) young and (B) old rats (magnification, 100x). Higher magnification 
of the outlined area from sections of (C) young and (D) old rats (magnification, 200x). The black brackets indicate the urothelium thickness and the asterisks 
indicate vessels in the submucosa. There was collagen deposition (blue) in the lamina propria and muscle layer. (E) The bladder to body weight ratio in each 
group. (F) The collagen to muscle ratio in each group. *P<0.05.
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degenerative alterations that naturally occur. A previous study 
documented that chronic inflammation serves a crucial role in 
degenerative disorders in elderly patients (16). However, the 
exact mechanism behind the accelerated aging process of the 
bladder has rarely been studied. The aim of the present study 
was to examine the hypothesis that inflamm‑aging contributes 
to bladder dysfunction. In young bodies, the immune response 
is rapid and transient, but aging bodies fail to respond in time, 
leading to chronic low‑grade inflammation. NLRP3 is associ-
ated with chronic low‑grade inflammation leading to functional 
decline in the process of aging (17). In addition, the bladder 
is a metabolically active organ and is chronically exposed to 

the toxic environment of urine, which readily induces bladder 
inflamm‑aging. The present findings indicated that there is 
an association between the physiology of aging bladders and 
functional alterations in the NLRP3 inflammasome. Therefore, 
the present study focused on the molecular and morphological 
alterations associated with bladder dysfunction, in order to 
elucidate the effect of inflammation on aging of the bladder. 
The present study is the first, to the best of our knowledge, to 
demonstrate a crucial association between inflamm‑aging and 
the aging process of bladder.

The present study demonstrated that the levels of serum 
MDA increased and those of antioxidative SOD decreased 
with advancing age. These results are consistent with those 
of a previous study, which reported that peroxidative injury 
is associated with the aging process (18). A previous report 
indicated that the generation of reactive oxygen species (ROS) 
is a crucial element in the activation of the NLRP3 inflam-
masome (19). A previous study suggested that atherosclerosis 
induces injury to larger vessels, which leads to chronic bladder 
ischemia that produces ROS (20). However, in the present 
study, it was observed that the rats without raised blood lipids 
(data not shown) exhibited morphological alterations in the 
small vessels of the bladder submucosa, which may also cause 
bladder ischemia and hypoxia. This may induce oxidative 
injury that results in aging bladder dysfunction, from hyperac-
tivity to underactivity (21,22).

Subsequently, the expression of IL1β was detected in 
the bladder tissues. The results indicated that the levels of 
IL1β were distinctly increased in aged bladders compared 
with young ones. Furthermore, Masson's trichrome staining 
demonstrated that there was a mass of collagen fibers in 
the submucosa and detrusor layer in the bladders of the old 
group, which is a typical feature of age-induced bladder 
degeneration.

In a previous study, inflammasome activation was exclusive 
to immune cells such as macrophages, but recent research has 
confirmed that IL1β is secreted from the lung epithelium (23) 
and renal tubular epithelium (24). Compared with the majority 
of other types of epithelial cells, the urothelium may be a 
source of IL1β. In the present study, it was verified that IL1β 
comes from the urothelium via immunohistochemical staining. 
Notably, this is in accordance with the idea that IL1β infiltrates 
the laminar and detrusor layer, where it triggers collagen 
deposition in BOO (25). Thus, older bladders become more 
rigid. Another previous study demonstrated that IL1β causes 
denervation in the bladder to induce an overactive bladder and 
mediate the detrusor-impaired contractility responsible for 
LUTS (26). The NLRP3 inflammasome, which is upstream 
of IL1β, is located in the urothelium and is not expressed in 
the other layers of the bladder (27). Although this phenom-
enon has been identified in BOO, the results of the present 
study demonstrated that IL1β also has an impact on bladder 
dysfunction in the absence of BOO (Fig. 7).

The present study evaluated the state of the older bladders 
using western blotting and immunohistochemical staining for 
p21, which was localized to the urothelium and muscle layer. 
The difference between the young and old groups principally 
existed in the urothelium rather than the detrusor, which may 
mean that the urothelium is more prone to aging compared with 
the detrusor. In other types of cells, p21 serves an important 

Figure 3. Western blot analysis for the detection of the expression levels of 
SIRT3 and p21 in the bladders of the old group compared with those of the 
young group. The band intensities were quantified relative to GAPDH in 
each group. *P<0.05. SIRT3, NAD-dependent protein deacetylase sirtuin-3, 
mitochondrial.

Table I. Characteristics of oxidative stress marker and urody-
namic parameters in rats.

Parameter Young Old

MDA, nmol/ml 4.12±0.93 8.24±2.31a

SOD, U/ml, 360.44±32.63 314.98±13.94a

MBC, ml 1.08±0.21 1.55±0.17a

MBC/BW 11.72±1.23 12.04±0.97
BLPP, cmH2O 23.62±3.85 24.94±5.32
MVP, cmH2O 36.37±2.56 34.94±3.54
VV, ml 0.97±0.19 1.28±0.22
RV, ml 0.09±0.04 0.26±0.11a

VT, sec 9.75±2.21 16.50±4.65a

aP<0.05 vs. young. Values are presented as the mean ± standard devia-
tion. MDA, malondialdehyde; SOD, superoxide dismutase; MBC, 
maximum bladder capacity; BLPP, bladder leak point pressure; MVP, 
maximum vesical pressure; BW, bladder weight; RV, residual urine 
volume; VV, voiding volume; VT, voiding time.



CHEN et al:  INFLAMM-AGING IN THE BLADDER 2965

role in age-imposed tissue degeneration (28). It is thought that 
p21 may be used as a predictor of a senescent bladder.

Activated NLRP3, as a pathogen sensor, is able to cleave 
and promote Caspase1, which facilitates the processing of 
pro-IL1β to mature IL1β (17). The results of the present 
study demonstrated that Caspase1 serves a crucial role in the 
urothelium. This is consistent with previous research, which 
reported that NLRP3 is located in the urothelium and is not 

expressed in other layers of the bladder (27). Furthermore, the 
urothelium maintains a strong defensive barrier and serves 
a crucial role in sensory nerve function, but this defense 
system is susceptible to weakening with advancing age (29). 
The urothelium is exposed to the toxic environment of urine, 
and it is vulnerable to aberrant urothelial differentiation and 
a decline in urothelial function. Daly et al (30) demonstrated 
that degeneration of the bladder with age is due to altered puri-
nergic signaling in the urothelium, and afferent neurons are 
affected. However, another study reported that IL1β damages 
the afferent and efferent neurons that mediate detrusor contrac-
tion due to urothelial damage and has a direct apoptotic effect 
on neurons (31). The present study demonstrated that IL1β 
expression is upregulated in older bladders and is primarily 
located in the urothelium, which demonstrates the crucial role 
of IL1β in the senescence process of the bladder.

In the present study, it was observed that the MBC and RV 
were increased in the old group compared with the young group, 
suggesting that the bladder function had degenerated, which 
was similar to the results of a previous study (4). However, 
catheter implantation may destroy the integrity of the bladder, 
which decreases bladder capacity and weakens contractility. 
This may explain the differences in the maximum capacity and 
voiding pressure. In order to make adjustments for a number 
of the urodynamic parameters, bladder weight was taken into 
account when significantly different changes in the MBC 
were evaluated. However, the results indicated that there was 
no significant difference in the MBC to bladder weight ratio 
between the young group and old group. Bladder capacity may 
increase with bladder weight and collagen deposition, which 
does not rapidly occur in SD female rats before 24 months of 
age (4). The present findings demonstrated that the VT was 
prolonged in old female rats without BOO, which indicated 
that the bladder contractility is weakened in old rats compared 
with young rats. In addition, unstable contraction was not 
observed, although this has been reported in male rats (32). 
This difference may be explained by the fact that male rats 
have greater urethral resistance compared with females.

SIRT3, which acts upstream of NLRP3, is located in the 
mitochondria and regulates ROS generation, which serves an 
important role in weakening the NLRP3 inflammasome (8). 
Notably, a study demonstrated that SIRT3 is involved in 

Figure 5. Western blot analysis for the detection of the expression levels of 
IL1β, Caspase1, pro-IL1β and pro-Caspase1 in the bladders of the old and 
young groups. The band intensities were quantified relative to GAPDH in 
each group. *P<0.05. IL1β, interleukin 1β.

Figure 4. Immunostaining for NLRP3, IL1β and p21. The positive staining (brown) was primarily located in the urothelia of the bladders. The arrows indicate 
the urothelium and the asterisks indicate the detrusor. NLRP3, NACHT, LRR and PYD domains‑containing protein 3; IL1β, interleukin 1β.
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longevity and neurodegeneration (33). The present study is 
the first, to the best of our knowledge, to confirm that SIRT3 
expression is reduced in older bladders compared with young 
bladders. Brown et al (34) reported that aging-associated 
degeneration may be reversed via the SIRT3 pathway. 
Therefore, the association of SIRT3 with aging of the bladder 
requires further investigation.

In conclusion, IL1β is triggered by cleaved Caspase1 in the 
process of bladder aging and appears to serve a crucial role in the 
pathological alterations to the urothelium and detrusor, which 
may be an important risk factor for LUTS. Taken together, 
the present findings suggest a novel mechanism underlying the 
alterations in aging bladders via the NLRP3 inflammasome. 
NLRP3 inhibitors may become a novel therapy for bladder 

Figure 6. Immunofluorescent staining of the expression and location of Caspase1 in the bladders. Caspase1 (red) was primarily located in the urothelium. The 
nucleus (blue) was stained with DAPI.

Figure 7. Schematic diagram of the impact of aging on bladder function degeneration, from mitochondrial damage to activated IL1β. In the mitochondria, 
the expression of SIRT3 decreases and ROS increases, which results in activation of the inflammasome. Subsequently, IL1β induces collagen deposition 
and neurological disorders, which interacts with the aging process of the bladder. ROS, reactive oxygen species; LUTs, lower urinary tract symptoms; IL1β, 
interleukin 1β; SIRT3, NAD‑dependent protein deacetylase sirtuin‑3, mitochondrial; NLRP3, NACHT, LRR and PYD domains‑containing protein 3.
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dysfunction triggered by inflamm‑aging. However, a safe and 
effective NLRP3 inhibitor has not yet been produced to treat 
LUTS, and this may be a focus of future studies.
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