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Abstract. Bladder outlet obstruction (BOO), which is 
primarily caused by benign prostatic hyperplasia, is a 
common chronic disease. However, previous studies have 
most commonly investigated BOO using the acute obstruc-
tion model. In the present study, a chronic obstruction model 
was established to investigate the different pathological 
alterations in the bladder between acute and chronic obstruc-
tion. Compared with chronic obstruction, acute obstruction 
led to increased expression of proliferating cell nuclear 
antigen and interleukin‑1β, which are markers of prolifera-
tion and inflammation, respectively. Furthermore, increased 
fibrosis in the bladder at week 2 was observed. Low pres-
sure promoted mice bladder smooth muscle cell (MBSMC) 
proliferation, and pressure overload inhibited cell prolifera-
tion and increased the proportion of dead MBSMCs. Further 
investigation using serum/glucocorticoid regulated kinase 1 
(SGK1) small interfering RNAs indicated that low pressure 
may promote MBSMC proliferation by upregulating SGK1 
and nuclear factor of activated T‑cell expression levels. 
Therefore, the present study suggested that acute obstruction 
led to faster decompensation of bladder function and chronic 
bladder obstruction displayed an enhanced ability to progress 
to BOO.

Introduction

Bladder outlet obstruction (BOO), which is primarily caused 
by benign prostatic hyperplasia (BPH), is a common disease 
in aging male individuals (1). BOO leads to urothelial inflam-
masome activity, bladder hypertrophy and fibrosis, and 
bladder smooth muscle cell (BSMC) proliferation (2,3). Stress 
stimulation, hypoxia and other conditions induce bladder 
remodeling during BOO, which can also result in progres-
sive tissue remodeling of the bladder  (4,5). Pathological 
alterations in BOO‑induced bladder remodeling occur in three 
stages: hypertrophy, compensation and decompensation (6). 
Serum/glucocorticoid regulated kinase 1 (SGK1), a kinase under 
powerful genomic regulation and activated by phosphorylation 
via the phosphoinositol‑3‑phosphate signaling pathway, has been 
reported to regulate several enzymes and transcription factors. 
SGK1 contributes to the regulation of transport, hormone 
release, neuroexcitability, inflammation, cell proliferation and 
apoptosis (7,8). Our previous study revealed that different cyclic 
hydrodynamic pressures display different effects on promoting 
the proliferation of human BSMCs (HBSMCs) cultured in scaf-
folds via the PI3K/SGK1 signaling pathway (9). The nuclear 
factor of activated T‑cell (NFAT) family of transcription factors 
is composed of four calcium‑responsive proteins (NFAT1‑4). 
NFAT is important for regulating the survival, proliferation and 
function of multiple cell types, including mast cells, coronary 
endothelial cell and ventricular myocytes. NFAT has been 
reported to regulate heart valve development, skeletal and smooth 
muscle cell differentiation, and vascular development (10). In 
addition, numerous studies have demonstrated that NFAT2 plays 
a critical role in promoting cell proliferation (11‑13). Therefore, 
it was hypothesized that SGK1 and NFAT2 may be associated 
with promoting mice BMSC (MBSMC) proliferation. During 
the decompensation phase of bladder remodeling, the wall 
contractility and emptying functions of the bladder deteriorate. 
During BOO, intravesical pressure increases, and if the stress on 
the cells is increased beyond the capacity of the compensatory 
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responses, cells undergo pyroptosis (14). Therefore, we propose 
that acute obstruction could exacerbate cell pyroptosis, leading 
to rapid decompensation of bladder function.

Pressure stimulation of BMSCs during BOO is different 
compared with normal conditions. The majority of BOOs 
involve chronic and progressive pathological processes; 
however, previous findings have commonly used acute 
obstruction models that do not accurately mimic the natural 
course of BOO (15). A number of studies have reported that 
the mortality rate of BOO is usually ≥15% (16,17), even when 
a highly standardized method of obstruction, such as surgery, 
is applied to induce BOO (18). Cellular molecular mechanisms 
identified via traditional direct obstruction models may be 
inconsistent with the mechanisms underlying the progression 
of the clinical disease; therefore, developing an accurate model 
for investigating the pathogenesis of BOO is required.

In a previous study, a BOO model that successfully avoided 
trauma to the bladder was established (19). However, compared 
with human BPH, other models are potentially more acute and 
strict. In the present study, a method of gradually narrowing the 
outer urethra of mice to mimic the natural course of the BOO, 
based on previous research (9), was employed. This method 
involved inducing directly aggravated BOO (DBOO) and grad-
ually aggravated BOO (GBOO) that displayed the 1/2 urethral 
meatus stricture (UMS) at the same time, thus establishing the 
same degree of BOO. GBOO is a gradually developing model 
of BOO, but it typically models acute BOO. Accordingly, the 
present study aimed to investigate whether there was a differ-
ence in pathology between DBOO and GBOO.

Materials and methods

Animals. A total of 27 female BALB/c mice (age, 6‑8 weeks; 
weight, 20‑30 g) were purchased from the Dashuo Laboratory 
Animal Technology Co. Mice were housed at 24˚C with 12‑h 
light/dark cycles, 35‑40% humidity, and free access to food 
and water.

Mice were randomly divided into three groups (n=9 per group): 
control, GBOO and DBOO. Animals in the BOO groups were 
subjected to isoflurane inhalation anesthesia prior to surgery. 
The method of BOO induction was performed as previously 
described (19). The GBOO group was pre‑treated with this method 
before constructing the 1/2 UMS so the GBOO group displayed 
successfully established 1/3 U MS at 1  week and 1/4 U MS 
at 2 weeks prior to the establishment of 1/2 UMS. Whereas, 
the DBOO group was not pre‑treated before constructing the 
1/2 UMS. The DBOO and GBOO groups displayed 1/2 UMS at 
the same time. The control group did not undergo any treatment. 
At 1, 2 and 4 weeks post‑1/2 UMS construction, three mice from 
each group were euthanized. Bladder tissues were harvested and 
the bladder was cut horizontally into two pieces down the midline. 
Half of the bladder tissue was used for subsequent biochemical 
analyses, and the other half was fixed in 4% paraformaldehyde for 
one day at room temperature for subsequent histological analysis.

Western blotting. Bladder tissues were homogenized in RIPA 
lysis buffer (cat. no. CW2333S; CoWin Biosciences) containing 
a protease inhibitor. The protein concentration was detected by 
bicinchoninic acid protein assay kit (cat. no. CW0014; CoWin 
Biosciences). The homogenates were centrifuged at 15,000 x g 

for 10  min at 4˚C and the supernatants were obtained. 
Proteins (50 µg per lane) were separated by SDS‑PAGE on a 
12% gel and transferred onto PVDF membranes. Non‑specific 
binding was blocked with 5% skimmed milk powder for 1 h 
at room temperature. Subsequently, the membranes were 
incubated overnight at 4˚C with primary antibodies targeted 
against: NFAT2 (cat. no. ab175134; 1:1,000; Abcam), SGK1 
(cat. no. ab59337; 1:1,000; Abcam), proliferating cell nuclear 
antigen (PCNA; cat. no. D3H8PXP; 1:1,000; Cell Signaling 
Technology, Inc.), interleukin (IL)‑1β (cat. no. 3A6; 1:1,000; 
Cell Signaling Technology, Inc.) and β‑actin (cat. no. ab8227; 
1:1,000; Abcam). Following primary incubation, the 
membranes were washed three times for 10 min in PBS with 
0.1% Tween‑20 and subsequently incubated with horseradish 
peroxidase conjugated‑secondary antibodies (cat. nos. 7074P2 
and 7076P2; 1:5,000; Cell Signaling Technology, Inc.) for 1 h 
at room temperature with slow shaking. The membranes were 
washed again three times for 10 min in PBS with 0.1% Tween‑20. 
Protein bands were visualized by a ChemiDoc XRS+ system 
(Bio‑Rad Laboratories, Inc.) using an enhanced chemilumines-
cence kit (Thermo Fisher Scientific, Inc.). Protein expression 
was quantified using the Image Lab software 5.2.1 (Bio‑Rad 
Laboratories, Inc.). β‑actin was used as the loading control.

Histological analysis. Bladder tissue was fixed in 4% para-
formaldehyde for 24 h at 4˚C and subsequently embedded 
in paraffin. The paraffin‑embedded tissue samples were cut 
into 5‑µm sections. Histopathology was detected by Masson's 
trichrome staining for 15 min at room temperature. Samples 
were observed and imaged using an ortho‑fluorescence micro-
scope (Nikon Corporation) at magnification, x100 or x200. 
The detrusor muscle and collagen content were quantified 
using ImagePro Plus 6.0 software (Media Cybernetics, Inc.).

Isolation and culture of BMSCs. Bladder tissue was cut into 
pieces and digested in PBS containing 0.4 mg/ml type II colla-
genase (cat. no. 17101015; Gibco; Thermo Fisher Scientific, Inc.) 
at 37˚C for 60 min with 5% CO2 and 95% O2. Subsequently, the 
suspensions were centrifuged at 1,300 x g for 5 min at 4˚C and 
the supernatants were discarded. MBSMCs were cultured in 
DMEM (cat. no. 12430054; Gibco; Thermo Fisher Scientific, Inc.) 
supplemented with 10% fetal bovine serum (cat. no. 16000044; 
Gibco; Thermo Fisher Scientific, Inc.), 100 U/ml penicillin and 
100 µg/ml streptomycin at 37˚C with 5% CO2 and 95% O2.

Cyclic hydrodynamic pressure. MBSMCs were cultured in scaf-
folds and subsequently serum‑starved for 12 h at 37˚C. A total of 
~1x105 cells were seeded onto a silicone membrane and subjected 
to cyclic hydrodynamic pressure to simulate the bladder cycle for 
up to 24 h (2 h per cycle) at 37˚C as follows: 1.75 h increasing 
from 0 to 10 cmH2O; rapid increase up to 200 or 400 cmH2O; 
200 or 400 cmH2O maintained for 0.25 h; and returned to 
0 cmH2O. No pressure was applied to the control group.

Cell transfection. An siRNA (1 µl; cat. no. 18358; Shanghai 
GenePharma Co., Ltd.) targeting SGK1 was transfected using 
Lipofectamine™ 2000 reagent (cat. no. 11668019; Thermo Fisher 
Scientific, Inc.), Scrambled siRNAs (1  µl; cat.  no.  0806; 
Shanghai GenePharma Co., Ltd.), according to the manufac-
turer's protocol. Mice BSMCs at 80% density were transfected 
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twice at an interval of 24 h with SGK1 siRNAs. Subsequent 
experiments was performed 72 h after transfection. The siRNA 
sequences used were: SGK1 (A), sense: 5'‑GUCCUUCUCAG 
CAAAUCAAUU‑3' and antisense: 5'‑UUGAUUUGCUGAGA 
AGGACUU‑3'; SGK1 (B), sense: 5'‑CCUGAGCUUAUGAA 
UGCCAACCCUU‑3' and antisense: 5'‑AAGGGUUGGCAUU 
CAUAAGCUCAGG‑3'; scramble siRNA, sense: 5'‑UUCUCC 
GAACGUGUCACGUTT‑3' and antisense: 5'‑ACGUGACACG 
UUCGGAGAATT‑3'.

Cell cycle analysis via flow cytometry. MBSMCs were 
seeded into scaffolds (5x106  cells/scaffolds) for 24  h at 
room temperature, collected and fixed in 70%  ethanol 
overnight at 4˚C. After centrifugation at 1,300  x  g for 
5 min at 4˚C, the pellet was treated with PBS containing 
50  mg/ml RNase  A (cat.  no. E N0531; Thermo  Fisher 
Scientific, Inc.) and incubated at 37˚C for 1 h. The pellet 
was washed with ice‑cold PBS and resuspended in 1 ml 
propidium iodide 4˚C for 1 h in the dark. Cell cycle distri-
bution was analyzed using an EPICS ELI TE E SP flow 
cytometer (Beckman Coulter, Inc.) and MultiCycle for 
Windows 32‑bit (Phoenix Flow Systems, Inc.). The number 
of cells used for detection was ≥10,000 per sample. The cell 
proliferation index was calculated as follows: proliferation 
index (%) = (S + G2/M) / (G0/G1 + S + G2/M) x100%.

Statistical analysis. Data are presented as the mean ± SEM. 
Comparisons among multiple groups were performed using 
one‑way ANOVA followed by the Least Significant Difference 
post hoc test. Statistical analyses were performed using SPSS 
software version 22 (IBM Corp.). P<0.05 was considered to 
indicate a statistically significant difference.

Results

DBOO causes a stronger inflammatory and proliferative 
response compared with GBOO during the early stage of BOO. 
NFAT2 and PCNA protein expression levels were significantly 
increased in the DBOO groups compared with the control 
group at week 1 (P<0.05), but expression levels were not signifi-
cantly increased in the GBOO group compared with the control 
group (P=0.194 and P=0.136, respectively). Whereas, protein 
expression of SGK1 was significantly increased in both the 
DBOO and GBOO group compared with the control (P<0.05). 
Furthermore, the expression levels of NFAT2, SGK1 and 
PCNA were significantly higher in the DBOO group compared 
with the GBOO group (P<0.05). No significant differences 
were observed for IL‑1β expression levels between the GBOO 
and control groups (P=0.954). However, IL‑1β expression levels 
were significantly higher in the DBOO group compared with 
the control and GBOO groups (P<0.05) (Fig. 1A and B).

Figure 1. Protein expression in the bladder at week 1, 2 and 4 was determined by western blot analysis. Protein expression in the bladder at week 1 was 
(A) determined by western blotting and (B) quantified. Protein expression in the bladder at week 2 was (C) determined by western blotting and (D) quantified. 
Protein expression in the bladder at week 4 was (E) determined by western blotting and (F) quantified. *P<0.05, **P<0.01 and ***P<0.005, as indicated. CTR, 
control; BOO, bladder outlet obstruction; GBOO, gradually aggravated BOO; DBOO, directly aggravated BOO; NFAT2, nuclear factor of activated T cells 2; 
SGK1, serum/glucocorticoid regulated kinase 1; PCNA, proliferating cell nuclear antigen; IL‑1β, interleukin‑1β.
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The expression levels of NFAT2, SGK1 and PCNA in the 
DBOO groups were significantly higher compared with the 
control group at week 2 (P<0.05), but expression of NFAT2 
and PCNA was not significantly increased in the GBOO group 
compared with the control (P=0.095 and P=0.085, respec-
tively). Whereas, SGK1 expression did significantly increase 
in the GBO  group compared with the control (P<0.05). 
Compared with the GBOO group, the DBOO group showed 
increased NFAT2, SGK1 and PCNA expression levels 
(P<0.05). The level of IL‑1β expression in the DBOO group 
was significantly increased compared with the control and 
GBOO groups (P<0.05); however, IL‑1β expression levels 
were not significantly different between the control and 
GBOO groups (P=0.180) (Fig. 1C and D).

At week 4, the control and GBOO groups showed similar 
NFAT2 (P=0.323) and SGK1 (P=0.787) expression levels. 
NFAT2 and SGK1 expression levels were downregulated in the 
DBOO group compared with the control and GBOO groups 
(P<0.05). PCNA expression in the GBOO and DBOO groups 
was significantly higher compared with the control group 
(P<0.05), and PCNA expression was significantly decreased in 
the DBOO group compared with the GBOO group (P<0.05). 
The level of IL‑1β expression in the GBOO and DBOO groups 
was significantly increased compared with the control group 
(P<0.05). In addition, IL‑1β expression levels were not 
significantly different between the DBOO and GBOO groups 
(P=0.076) (Fig. 1E and F).

DBOO leads to increased collagen deposition compared with 
GBOO during the early stage of BOO. At week 1, the area 

percentage of collagen in the bladder tissues was higher in 
the GBOO (23.83±3.20%) and DBOO groups (25.10±3.65%) 
compared with the control group (17.39±2.62%; P<0.05). 
However, there was no significant difference between 
the GBOO and DBOO  groups (P=0.413). At week  2, the 
DBOO group (33.31±1.71%) showed a significantly higher 
area percentage of collagen compared with the GBOO 
(26.33±2.81%) and control (18.66±2.77%) groups (P<0.05). At 
week 4, the area percentage of collagen in the bladder was 
increased in the GBOO (35.80±1.50%) and DBOO groups 
(38.12±3.48%) compared with the control group (16.79±2.50%; 
P<0.05). The area percentage of collagen between the GBOO 
and DBOO groups was not significantly different at week 4 
(P=0.735) (Fig. 2A and B).

Low cyclic hydrodynamic pressure promotes MBSMC prolif-
eration and high cyclic hydrodynamic pressure promotes cell 
death. The results indicated that 200 cmH2O cyclic pressure 
significantly promoted cell proliferation compared with 
the control group and 400 cmH2O group. The proliferation 
index was significantly increased from 18.59±2.38% in the 
control group to 31.79±1.58  and 26.64±3.99%  in the 
200 and 400 cmH2O pressure groups, respectively (P<0.05) 
(Fig. 3A and B). The proportion of dead cells was significantly 
increased in the 200 cmH2O (1.32±0.11%) and 400 cmH2O 
(4.73±0.37%) pressure groups compared with the control 
group (0.0333±0.01%) (Fig. 3A and C). The results suggested 
that excessive stress promoted cell death in MBSMCs.

NFAT2, SGK1 and PCNA expression is significantly increased 
under the stimulation of 200 cmH2O pressure, and SGK1 
knockdown induces a decrease in NFAT2 expression. The 
expression level of NFAT2 was significantly decreased in the 
SGK1 siRNA group compared with the scrambled siRNA group 
(Fig. 4C and D). The results suggested that 200 and 400 cmH2O 
pressure increased NFAT2, SGK1 and PCNA expression 
compared with the control group (P<0.05) (Fig. 4A and B). In 
addition, a significant increase in NFAT2, SGK1 and PCNA 
expression was observed in the 200 cmH2O group compared 
with the 400 cmH2O group. IL‑1β protein expression levels 
were not significantly altered between the control, 200 and 
400 cmH2O groups (Fig. 4A and B).

Discussion

Previous studies have reported that pressure can promote 
proliferation, inflammation and extracellular matrix (ECM) 
remodeling in BSMCs (20‑22). Obstructed bladder dysfunction 
secondary to BPH is a slow and progressive disease (6). Ideally, 
an accurate model of BPH‑induced BOO would develop as 
gradually as possible (15). In the present study, a significant 
difference in the pathology between the DBOO group and the 
GBOO group was observed, which provided evidence that 
GBOO may serve as a more appropriate model for studying 
BOO.

BOO significantly alters the structure and function of 
the bladder (23,24), due to BMSC stimulation by increased 
pressure (25,26). A previous study supported the hypothesis 
that the natural progression of BOO is characterized by three 
morphofunctional stages: an initial hypertrophy phase, a 

Figure 2. Histologic analysis of bladder morphology during BOO. 
(A) Masson's trichrome staining was used to assess collagen (blue) and 
smooth muscle (red) with (B) subsequent quantification. *P<0.05, **P<0.01 
and ***P<0.005, as indicated. BOO, bladder outlet obstruction; CTR, control; 
GBOO, gradually aggravated BOO; DBOO, directly aggravated BOO.
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subsequent compensatory phase and a late decompensation 
phase (20). A number of studies have reported that stressful 
stimuli promote the proliferation of BSMCs via multiple 
pressure‑dependent pathways (9,27‑29). In our previous study, 
pressure promoted HBSMC proliferation, which may be caused 
by increased stress during the compensation stage of BOO (3). 
During BOO, BSMCs are stimulated by higher than normal 

hydrostatic pressure (30). In our previous study, cyclic hydro-
dynamic pressure stimulated the proliferation of HBSMCs 
via SGK1  (9). Previous findings have also demonstrated 
that NFAT2 enhances the expression of cyclins, particularly 
cyclin D1, in vascular smooth muscle cells to mediate their 
proliferation (31,32). It was hypothesized that SGK1 promoted 
the proliferation of BSMCs under pressure, which may be 
achieved by regulating NFAT2. Therefore, the expression 
levels of SGK1 and NFAT2 in mice were investigated. In 
the present study, SGK1 and NFAT2 expression levels were 
upregulated during the early stages of BOO, and SGK1‑siRNA 
treatment reduced NFAT2 expression. The results indicated 
a relationship between SGK1 and NFAT2, and suggested 
that pressure promoted MBSMC proliferation, potentially by 
upregulating the expression of SGK1 and NFAT2. However, 
the present study did not identify a direct relationship between 
the two factors. To further investigate the interaction between 
SGK1 and NFAT2, coimmunoprecipitation was performed; 
however, the experimental results were unsatisfactory (data 
not shown). A limitation of the present study was that the 
interactions within the SGK1‑NFAT2 signaling pathway were 
not identified.

The expression of SGK1 and NFAT2 was upregulated in 
the DBOO group compared with the GBOO group at week 1 
and 2 post‑obstruction. However, the expression of SGK1 and 
NFAT2 in the DBOO group was lower compared with the 
GBOO group and the control group at week 4 post‑obstruc-
tion. PCNA is an indicator of cell proliferation  (33,34), 
and the PCNA expression pattern was consistent with that 
of SGK1 and NFAT2 at week 1 and 2 in the present study. 
The results indicated that the bladder displayed a stronger 
proliferative response to acute obstruction compared with 
chronic obstruction. In particular, 200 cmH2O cyclic pres-
sure significantly increased MBSMC proliferation; however, 
400 cmH2O cyclic pressure stimulation resulted in a signifi-
cant decrease in cell proliferation compared with 200 cmH2O 

Figure 3. Mouse bladder smooth muscle cells were exposed to 24‑h cyclic hydrodynamic pressure. (A) Representative flow cytometry profiles of the cell cycle 
distribution. (B) Quantification of the cell proliferation index. (C) Quantification of apoptotic cells. ***P<0.005, as indicated. CTR, control.

Figure 4. Protein expression levels in mouse bladder smooth muscle cells 
following exposure to cyclic hydrodynamic pressure. NFAT2 protein levels 
were significantly decreased in the SGK1 siRNA group compared with the 
scrambled siRNA group. Protein expression levels of NFAT2, SGK1, PCNA 
and IL‑1β were (A) determined by western blotting and (B) quantified. 
Protein expression levels of SGK1 and NFAT2 following SGK1 siRNA trans-
fection were (C) determined by western blotting and (D) quantified. **P<0.01 
and ***P<0.005, as indicated. NFAT2, nuclear factor of activated T cells 2; 
SGK1, serum/glucocorticoid regulated kinase 1; siRNA, small interfering 
RNA; PCNA, proliferating cell nuclear antigen; IL‑1β, interleukin‑1β; 
CTR, control.
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cyclic pressure stimulation. The results suggested that pres-
sure overload decreased MBSMC proliferation. The level of 
BMSC proliferation increases during the compensation phase 
but decreases during the decompensation phase  (35,36). 
The expression of SGK1 and NFAT2 in the DBOO group 
was lower compared with the GBOO and control groups at 
week 4 post‑obstruction, and the expression of PCNA in the 
DBOO group was decreased compared with the GBOO group. 
As PCNA is a marker of proliferation, this suggested that cell 
proliferation in the DBOO group was decreased compared 
with the GBOO group. The results indicated that mice in 
the DBOO group showed bladder decompensation at week 4 
post‑obstruction. Therefore, the present study suggested that 
chronic obstruction resulted in a longer compensatory period 
in the bladder, whereas acute obstruction led to faster decom-
pensation of bladder function.

Pressure promotes BMSC proliferation and inflam-
mation  (21,37). Recent studies have demonstrated that 
inflammatory cytokines mediate the maturation of IL‑1β and 
lead to pyroptosis (38,39). In the present study, pressure stimu-
lation significantly increased cell death, and the proportion of 
dead cells was increased in the 200 and 400 cmH2O pressure 
groups compared with the control group. IL‑1β expression was 
assessed at different time points following BOO induction. The 
GBOO and DBOO groups showed upregulated IL‑1β expres-
sion compared with the control group at the three different 
time points. The DBOO group displayed a stronger inflam-
matory response at week 1 and 2 post‑obstruction compared 
with the GBOO group; however, the enhanced response was 
not observed at week 4 post‑obstruction. The bladder cannot 
accommodate a sudden increase in intravesical pressure 
during acute obstruction (40), which results in the aggrava-
tion of inflammation. As indicated by the expression levels of 
the aforementioned biomarkers, the DBOO group displayed 
decreased proliferation and increased inflammation at an 
earlier time point compared with the GBOO group, suggesting 
that the DBOO group may have experienced bladder function 
decompensation at an earlier time point. Therefore, it was 
hypothesized that a pressure overload‑induced decrease in 
proliferation and increase in pyroptosis of BSMCs could play 
an important role during the bladder decompensation phase of 
BOO. The results suggested that acute obstruction may cause 
rapid decompensation of bladder function by aggravating 
inflammation‑mediated pyroptosis and decreasing the prolif-
eration of BSMCs.

Bladder remodeling induced by BOO leads to impaired 
storage and emptying of the bladder, which is character-
ized by increased collagen accumulation (41,42). Increased 
collagen deposition in the ECM is a key reason for decreased 
compliance  (43,44). Previous studies have reported that 
pressure promotes an increase in ECM production around 
BSMCs (45,46). Although the DBOO group was obstructed for 
a shorter period of time compared with the GBOO group and 
both groups were subjected to the same degree of obstruction, 
collagen deposition occurred earlier and more significantly 
in the DBOO group. In addition, the collagen deposition in 
the DBOO group was more pronounced compared with the 
GBOO group at week 2 post‑obstruction. The bladders of mice 
in the GBOO group were obstructed prior to constructing 
1/2 UMS; therefore, the bladder could adapt to the obstruction, 

suggesting that the chronically obstructed bladder indicated 
an increased ability to adapt to obstruction and a longer 
compensatory period. High levels of collagen deposition 
induce a decrease in bladder compliance, leading to bladder 
decompensation; therefore, acute obstruction may cause rapid 
decompensation of bladder function (47,48).

In conclusion, the chronically obstructed bladder displayed 
a greater ability to adapt to obstruction and a longer compen-
satory period. The results suggested that the bladder did not 
adapt to a sudden increase in intravesical pressure caused 
by acute obstruction, which resulted in increased prolifera-
tion, inflammation and fibrosis. The present study indicated 
that acute obstruction may lead to faster decompensation of 
bladder function.
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