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Abstract: Fasudil has shown antifibrotic effects in various fibrotic diseases. However, its effects on human urethral fi-
broblasts are unknown. This study evaluated the effects of fasudil on cellular proliferation, migration, apoptosis, and 
collagen synthesis in human fibroblasts derived from urethral scar tissues. Human urethral scar fibroblasts were 
cultured by explant and incubated for 24 h or 48 h with fasudil (12.5, 25, 50 µmol/L) with or without transforming 
growth factor β1 (TGF-β1, 10 ng/mL), or left untreated (control). Cell proliferation and migration was determined by 
MTT assay and Transwell chambers, respectively. Apoptosis was measured by flow cytometry. Levels of α-smooth 
muscle actin (α-SMA), myosin light-chain phosphatase (MLCP), LIM domain kinase 1 (LIMK1), phospho-cofilin (p-
cofilin), collagen I, and collagen III were determined by Western blot. Compared with the control group, TGF-β1 was 
associated with a significant increase in urethral fibroblast proliferation and migration, and α-SMA, MLCP, LIMK1, 
p-cofilin, collagen I, and collagen III levels. Compared with the control group, fasudil (with or without TGF-β1), sig-
nificantly and negatively correlated, in a dose-dependent manner, with the proliferation and migration of urethral 
fibroblasts, as well as α-SMA, MLCP, LIMK1, p-cofilin, collagen I, and collagen III levels. Moreover, fasudil significantly 
induced apoptosis of fibroblasts induced by TGF-β1. Higher concentrations of fasudil (50 μmol/L) were associated 
with greater cell apoptosis without TGF-β1 stimulation compared with the normal control group. Fasudil, with or 
without TGF-β1 stimulation, may inhibit human urethral fibroblasts proliferation, migration, apoptosis, and collagen 
synthesis via the Rho/ROCK signaling pathway.
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Introduction

Urethral stricture is a common disease in urol-
ogy, affecting 0.6%-0.9% of men [1, 2]. Urethral 
stricture leads to symptoms of the lower urinary 
tract [3] that negatively affect quality of life [4]. 
The most common etiologies are idiopathic, 
traumatic, inflammatory, or iatrogenic [5]. Sur- 
gical management of urethral stricture is chal-
lenging due to these multiple etiologies [6].  
If the pathogenesis of the urethral stricture 
cannot be definitively decided, surgery or drug 
treatment will be unsatisfactory [7]. 

Urethral stricture is a narrowing of the urethra 
by scarring [8]. The pathological features of 
urethral stricture include excessive fibroblast 
proliferation, extracellular matrix deposition, 

and collagen synthesis [9-11]. RhoA (ras homo-
log gene family, member A) regulates actin fila-
ment remodeling in fibroblasts, and activat- 
es the Rho-associated protein kinase (ROCK)-
dependent signaling pathway to promote the 
formation of stress fibers and scar contraction 
[12-14]. The promotion of ROCK of actomyosin-
mediated contractility is through phosphoryla-
tion of LIM domain kinase 1 (LIMK1) and regula-
tory light chain of myosin II [15, 16]. In addition, 
ROCK regulates fibroblast proliferation, differ-
entiation, and apoptosis [17, 18]. 

Fasudil, a small molecule inhibitor of ROCK,  
has been shown to have antifibrotic effects in 
various fibrosis diseases [19-22]. However, the 
effect of fasudil on urethral fibroblast prolifera-
tion, migration, and extracellular matrix deposi-
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tion has not been evaluated. Injection of trans-
forming growth factor beta 1 (TGF-β1) into the 
urethral wall of rats was shown to induce ure-
thral fibrosis, relative to the effect of normal 
saline injection [23]. 

Here, we evaluated the effect of fasudil, with or 
without TGF-β1, on the proliferation, migration, 
apoptosis, and extracellular matrix synthesis  
of human urethral fibroblasts, focusing on the 
role of the Rho/ROCK signaling pathway in ure-
thral scar.

Materials and methods

This study was approved by the Ethics Com- 
mittee of Fujian Medical University and all 
patients provided written content.

Drug and reagents

Fasudil hydrochloride was purchased from 
Luoxin Biotechnology (Shanghai). TGF-β1 was 
obtained from Sigma-Aldrich. The following 
were purchased from Santa Cruz Biotechnology: 
monoclonal mouse anti-alpha smooth muscle 
actin (α-SMA); polyclonal goat anti-myosin light-
chain phosphatase (MLCP); monoclonal rabbit 
anti-LIMK1; monoclonal rabbit anti-phospho-
cofilin (anti-p-cofilin); polyclonal rabbit anti- 
collagen I; polyclonal rabbit anti-collagen III; 
polyclonal rabbit anti-glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) antibody; and 
horseradish peroxidase (HRP)-conjugated goat 
anti-rabbit antibody. Fetal bovine serum (FBS) 
and the Roche apoptosis detection kit were 
obtained from Bofeng Biological Technology.

Cell culture

Surgical specimens of urethral stricture tissues 
of 5 human patients (aged 25-31 y) were col-
lected at the Department of Urology of First 
Affiliated Hospital of Fujian Medical University. 
None of the patients had received any drugs or 
radiation therapy before surgery.

Primary urethral scar fibroblasts were cultured 
from the surgical specimens by explant [24, 
25]. Briefly, tissue specimens were cut into 0.5 
mm3 pieces under sterile conditions, repeated-
ly washed in Hanks’ balanced salt solution 
(without Ca2+ or Mg2+) containing penicillin (100 
U/mL) and streptomycin (0.l μg/mL), and then 
cut into 1 mm × 1 mm × 1 mm pieces. The pre-

pared specimens were digested by oscillation 
in 0.1% collagenase for 50 min at 37°C. After 
filtering through a 200-mesh cell screen, the 
cell suspensions were collected into a centri-
fuge tube and centrifuged at 1000 rpm for 5 
min, and resuspended in Dulbecco’s modified 
Eagle’s medium (DMEM) supplemented with 
20% inactivated fetal calf serum.

The survival rate of fibroblasts was approxi-
mately 95%, according to the trypan blue  
exclusion test. Primary urethral scar fibroblasts 
(1.0 × 106 cells/5 mL) were added to 500 mL 
culture flasks (37°C in 5% CO2). When cells 
reached a monolayer, primary fibroblasts were 
passaged with 0.1% collagenase. Cells at pas-
sage 4-8 were used in the subsequent studies. 
Urethral scar fibroblasts were distinguished 
from other cells types based on positive stain-
ing of the fibroblast marker vimentin through 
immunohistochemical analysis [26].

Cell proliferation

Cell proliferation was analyzed by MTT (3- 
[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoli-
um bromide) assay. Briefly, the fibroblasts were 
harvested during the logarithmic growth phase 
and seeded into 96-well plates at 5 × 104 cells 
per well, then incubated in DMEM containing 
10% FBS for 24 h. After serum deprivation for 
24 h, and fibroblasts were treated with various 
concentrations of fasudil (0, 6.25, 12.5, 25, 50, 
100, or 150 μmol/L), wherein 0 μM was consid-
ered the control group, in the presence or 
absence of 10 ng/mL TGF-β1. 

After incubation for 24 or 48 h, 20 µL of 5 mg/
mL MTT was added into each well. The cultures 
were further incubated for 4 h before dimethyl 
sulfoxide (150 µL) was added to each well. The 
optical density of each well was determined  
at 570 nm using a microplate spectropho- 
tometer (Shanghai Metash Instruments). The 
same experiment was duplicated 3 times. The 
concentrations of drugs were graphed (x-axis) 
against the mean optical density (y-axis). The 
growth inhibition rate was calculated as (1- 
mean optical density of treated cells/mean 
optical density of control cells) × 100%.

Cell migration assay

Transwell chambers were used to measure the 
migration ability of the cells. Briefly, Transwell 
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chambers were placed in 24-well plates. The 
upper chambers were coated with 50 μL of 
Matrigel diluted with serum-free DMEM, and 
the lower chambers were filled with 500 μL of 
DMEM containing 10% FBS. Cells (1.0 × 105 
cells per well) were resuspended in 100 μL of 
growth medium and added to the upper com-
partment of the chamber, then cells were treat-
ed with various concentrations of fasudil (0, 
12.5, 25, or 50 μmol/L) in the absence or pres-
ence of 10 ng/mL TGF-β1. After incubation at 
37°C for 12 h, the migrated cells on the lower 
face of the membrane were counted under a 
light microscope (Olympus, Japan) at 400 × 
magnification. The number of migrated cells 
from 10 randomly selected fields was counted 
and photographed, and then the mean number 
of cells was calculated.

Cell apoptosis

Flow cytometry was used to detect cell apopto-
sis. Cells were treated with various concentra-
tions of fasudil (0, 12.5, 25, or 50 μmol/L) in 
the absence or presence of 10 ng/mL TGF-β1 
for 24 h, then digested using 0.25% trypsin, 
and washed twice with phosphate-buffered 
saline. Cells were prepared as a single-cell  
suspension at 1 × 106 cells/mL and resuspend-
ed in 100 μL annexin V-FITC binding buffer,  
5 µL propidium iodide (PI), or both in the dark 
for 30 min at room temperature; then 400 µL 
binding buffer was added to wash the annexin/
PI stained cells. Untreated cells served as  
the negative control. The apoptotic fibroblasts 
were immediately analyzed using flow cytome-
ter (Becton Dickinson, USA). Annexin V-FITC-

positive and PI-negative cells were defined as 
apoptotic cells. The rate of apoptosis was cal-
culated as the ratio of the number of Annexin 
V-positive cells to the number of PI-negative 
cells [27].

Western blot analysis

After 24 h of incubation with the various treat-
ments, fibroblasts were collected and homoge-
nized with radio immunoprecipitation assay 
(RIPA) lysis buffer, then centrifuged at 14,000 × 
g for 5 min. The protein concentrations were 
measured using a bicinchoninic acid protein 
assay. Protein samples (15 µg) was subjected 
to 10% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and transferred onto polyvi-
nylidene fluoride membranes. The membranes 
were blocked with 5% fat-free milk in TBST buf-
fer. Afterward the membranes were serially 
incubated with the following primary antibod-
ies: monoclonal mouse anti-α-SMA (1:200 dilu-
tion); polyclonal goat anti-MLCP (1:500 dilu-
tion); monoclonal rabbit anti-LIMK1 (1:1000 
dilution); monoclonal rabbit anti-p-cofilin (1: 
1000 dilution); polyclonal rabbit anti-collagen I 
(1:400 dilution); polyclonal rabbit anti-collagen 
III (1:400 dilution); and polyclonal rabbit anti-
GAPDH (1:400 dilution). After each incubation 
and washing, the membranes were incubated 
with HRP-conjugated goat anti-rabbit second-
ary antibody. 

All the immunoreactive proteins were visualiz- 
ed using an electrochemiluminescence kit, in 
accordance with the manufacturer’s instruc-
tions, and photographed. Band intensity was 
analyzed using Quantity One software version 
4.6.2 (Bio-Rad, Hercules, USA). The relative 
protein levels were compared to that of GAPDH 
from the same sample.

Statistical analysis 

Each experiment was performed in triplicate, 
and values are presented as mean ± standard 
deviation. Statistical analyses were carried out 
using SPSS software (Version 19.0; Chicago, 
USA). Differences in the inhibition rates, cell 
counts, apoptosis rates, and protein levels of 
paired groups were compared using the Mann-
Whitney U or Kruskal-Wallis test. In all tests, 
two-sided P-values < 0.05 were considered sta-
tistically significant.

Figure 1. Immunohistochemical analysis demon-
strated positive staining of fibroblast marker vimen-
tin (200 ×).
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Fasudil at concentrations of 6.25, 12.5, 25, 
and 50 μmol/L inhibited fibroblasts prolifera-
tion in a dose-and time-dependent manner 
compared with the normal control group (P < 
0.05; Figure 2A and 2B). The half-maximal 
inhibitory concentration (IC50) of fasudil for inhi-
bition of fibroblast growth was 58.09 and 50.93 
μmol/L at 24 and 48 h, respectively. Fasudil at 
the tested concentrations also significantly 
inhibited fibroblast proliferation induced by 10 
ng/mL TGF-β1 in a dose-and time-dependent 
manner compared with the TGF-β1 control 
group (P < 0.05; Figure 2C and 2D). The IC50 of 
fasudil inhibiting fibroblast proliferation induced 
by TGF-β1 10 ng/mL was 38.49 and 32.95 
μmol/L at 24 and 48 h, respectively. The inhibi-
tory effect of fasudil on fibroblast proliferation 

Figure 2. Effects of fasudil on fibroblast growth. Cells were treated with different concentrations of fasudil (0, 12.5 
μmol/L, 25 μmol/L and 50 µmol/L) with or without TGF-β1 10 ng/mL for 24 and 48 h. Cell inhibition rate (%) in the 
absence (A) or presence (B) of TGF-β1 stimulation. Cell inhibition curve in the absence (C) or presence (D) of TGF-β1 
stimulation. Cell growth was inhibited in a dose-and time-dependent manner. Data were expressed as mean ± SD 
(n = 3). aP < 0.05 cf. control group; bP < 0.05 cf. fasudil 12.5 μmol/L group; cP < 0.05 cf. fasudil 25 μmol/L group in 
A. aP < 0.05 cf. TGF-β1 group; bP < 0.05 cf. TGF-β1 + fasudil 12.5 μmol/L group; dP < 0.05 cf. TGF-β1 + fasudil 25 
μmol/L group in B. The half-maximal inhibitory concentration (IC50) of fasudil for inhibition of fibroblast growth was 
58.09 and 50.93 μmol/L at 24 and 48 h, respectively. The IC50 of fasudil inhibiting fibroblast proliferation induced 
by TGF-β1 10 ng/mL was 38.49 and 32.95 μmol/L at 24 and 48 h, respectively.

Results

Characterization of cultured urethral scar 
fibroblasts

Under the inverted microscope, the non- 
adherent fibroblasts were spherical and the 
adherent fibroblasts were spindle-shaped or 
irregular polygonal with clear boundaries and 
regular long arrangements. Cells reached 80- 
90% confluence after 2 to 3 days of culture. 
Immunohistochemical analysis showed that 
the cultured cells exhibited positive staining for 
vimentin (Figure 1).

Effects of fasudil on proliferation of fibroblasts

The proliferation of cells was determined by the 
MTT assay after various treatments (Figure 2). 
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induced by TGF-β1 was more pronounced than 
the cells in the normal control group (P < 0.05).

Effects of fasudil on fibroblast migration

Cell migration was measured using the Trans- 
well chambers assay (Figure 3). Treatment with 
fasudil without TGF-β1 was associated with a 
significantly lower number of migrated cells to 
35.1 ± 2.1 at 12.5 μmol/L, to 31.2 ± 2.5 at 25 
μmol/L, and to 25.1 ± 1.9 at 50 μmol/L com-
pared with the normal control group (38.7 ± 
2.6; all P < 0.05). TGF-β1 stimulation was asso-
ciated with an increased number of migrated 
cells compared with the normal control group 
(48.6 ± 2.5 cf. 38.7 ± 2.6, P < 0.05). Moreover, 
fasudil in combination with TGF-β1 significantly 
reduced the number of migrated cells to 43.9  
± 2.7 at 12.5 μmol/L, to 38.9 ± 3.1 at 25 
μmol/L, and to 31.3 ± 2.4 at 50 μmol/L, com-
pared with the TGF-β1 control group (all P < 
0.05). In the presence or absence of TGF-β1 
stimulation, fasudil decreased the number of 
migrated cells in a dose-dependent manner.

Effects of fasudil on fibroblasts apoptosis

Fasudil without TGF-β1 at the concentration of 
50 μmol/L significantly increased the rate of 
apoptosis compared with control group (7.96% 

± 2.43% cf. 0.00% ± 0.01%, P < 0.05). Fasudil 
without TGF-β1 increased the rate of apoptosis 
to 9.96% ± 2.12% at 12.5 µmol/L, and to 
11.21% ± 7.34% at 25 μmol/L. However, there 
were statistically significant differences in the 
rate of apoptosis between fasudil 12.5 μmol/L 
or 25 μmol/L and the normal control group (all 
P > 0.05). Fasudil in combination with TGF-β1 
reduced the rate of apoptosis to 3.20% ± 
1.27% at 12.5 μmol/L, to 16.86% ± 1.08%  
at 25 μmol/L, and to 19.88% ± 1.51% at  
50 μmol/L, compared with the TGF-β1 control 
group (all P <0.05). In the presence of TGF-β1 
stimulation, fasudil increased the rate of apop-
tosis in a dose-dependent manner (Figure 4).

Effects of fasudil on protein levels of α-SMA, 
MLCP, LIMK1, p-cofilin, collagen I, and colla-
gen III

A representative α-SMA, MLCP, LIMK1, p-cofilin, 
collagen I, and collagen III protein band of 
Western blot analysis is shown in Figure 5A. 
TGF-β1 stimulation significantly increased the 
α-SMA, MLCP, LIMK1, p-cofilin, collagen I, and 
collagen III protein levels compared with the 
normal control group (all P < 0.05; Figure  
5B-G). Whether in the presence or absence of 
TGF-β1 stimulation, fasudil at the tested dose 
significantly decreased α-SMA, MLCP, LIMK1, 
p-cofilin, collagen I, and collagen III protein ex- 
pression in a dose-dependent manner.

Discussion

The current study showed that fasudil (12.5-50 
μmol/L) significantly inhibited human urethral 
scar fibroblasts proliferation in the absence  
or presence of TGF-β1 stimulation in a dose-
and time-dependent manner. Treatment with 
fasudil significantly suppressed fibroblast mi- 
gration in a dose-dependent manner. Fasudil 
also significantly increased the apoptosis of 
fibroblasts under the stimulation of TGF-β1. 
Moreover, fasudil attenuated the expression of 
α-SMA, MLCP, LIMK1, p-cofilin, collagen I, and 
collagen III protein. These findings suggest that 
the therapeutic potential of fasudil in urethral 
strictures may partly be due to their inhibitory 
effect on fibroblast proliferation and collagen 
synthesis via suppression of the Rho/ROCK 
pathways. 

Urethral scar fibroblasts are the main effector 
cell in the urethral stricture [28]. In the present 

Figure 3. Effects of fasudil on fibroblast migration. 
Cells were treated with different concentrations of fa-
sudil for 12 h. Transwell chambers assay was used to 
determine the cells migration. Data were expressed 
as mean ± SD (n = 3). aP < 0.05 cf. control group; bP 
< 0.05 cf. fasudil 12.5 μmol/L group; cP < 0.05 cf. 
fasudil 25 μmol/L group; dP < 0.05 cf. TGF-β1 group; 
eP < 0.05 cf. TGF-β1 + fasudil 12.5 μmol/L group; fP 
< 0.05 cf. TGF-β1 + fasudil 25 μmol/L group. 
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study, at concentrations of 12.5, 25, and 50 
μmol/L, fasudil inhibited fibroblast proliferation 
in a dose-and time-dependent manner. The IC50 
concentration for killing fibroblasts was 58.09 
and 50.93 μmol/L at 24 and 48 h, respectively. 
TGF-β1 is known to be involved in the pathogen-
esis of urethral stricture [23]. In our study, at 
the doses tested, fasudil also inhibited fibro-
blast proliferation induced by TGF-β1. The IC50 
of fasudil inhibition of fibroblast growth with  
10 ng/mL TGF-β1 stimulation was 38.49 and 
32.95 μmol/L at 24 and 48 h, respectively. 
These results indicate that the anti-proliferative 
effect of fasudil is more pronounced in the 
presence of TGF-β1 stimulation. 

A function of apoptosis is the regulation of  
cell growth. To elucidate further the inhibitory 
effects of fasudil, we evaluated cell apoptosis 

via Annexin/PI flow cytometry. The flow cytom-
etry results showed that fasudil reduced the 
rate of apoptosis in a dose-dependent manner 
under the stimulation of TGF-β1. However, the 
urethral scar fibroblasts exposed to concentra-
tions of less than 50 μmol/L fasudil had mini-
mal effects on cell apoptosis in the absence of 
TGF-β1 stimulation. Higher concentrations of 
fasudil (50 μmol/L) showed an increase in cell 
apoptosis without TGF-β1 stimulation. There- 
fore, the effect of fasudil on cell proliferation 
was further supported by its promotion of 
apoptosis. 

The main pathology of urethral stricture is the 
changes in the extracellular matrix of urethral 
spongiosal tissue. Collagen I and collagen III 
are the major components of the extracellular 
matrix. The urethral stricture spongiosum con-

Figure 4. Effects of fasudil on apoptosis of fibroblasts. Cells were treated with different concentrations of fasudil 
for 24 h. A. Control cells; B. Fasudil 12.5 μmol/L; C. Fasudil 25 μmol/L; D. Fasudil 50 μmol/L; E. TGF-β1; F. TGF-
β1+fasudil 12.5 μmol/L; G. TGF-β1+fasudil 25 μmol/L; H. TGF-β1+fasudil 50 μmol/L; I. Apoptosis rate of different 
group. Data were expressed as mean ± SD (n = 3). aP < 0.05 cf. control group; bP < 0.05 cf. TGF-β1 group; cP < 0.05 
cf. TGF-β1 + fasudil 12.5 μmol/L group; dP < 0.05 cf. TGF-β1 + fasudil 25 μmol/L group. 
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sists of 83.9% collagen I and 16.1% collagen  
III [29]. Our study found overproduction of  
collagen I and III protein by the urethral scar 
fibroblasts relative to the control group, particu-
larly in the presence of TGF-β1 stimulation. 
Treatment with fasudil significantly decreased 

collagen I and collagen III protein levels in a 
dose-dependent manner. 

Alpha-SMA makes up the basic structure of  
the cytoskeleton. The fibroblasts transform into 
myofibroblast-like cells with activation pheno-

Figure 5. Effects of fasudil on α-SMA, MLCP, LIMK1, p-Cofilin, collagen I, and collagen III protein expression. Protein 
expression levels were determined by Western blot analysis. A: Showed the reprehensive α-SMA, MLCP, LIMK1, p-
Cofilin, collagen I, and collagen III protein band. B-G: Showed the relative α-SMA, MLCP, LIMK1, p-Cofilin, collagen I, 
and collagen III protein expression to the corresponding GAPDH, respectively. Data were expressed as mean ± SD 
(n = 3). aP < 0.05 cf. control group; bP < 0.05 cf. TGF-β1 group.
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types characterized by the expression of α- 
SMA; α-SMA is specific marker for myofibro-
blasts. TGF-β1 can promote the transformation 
of fibroblasts into myofibroblasts [30]. Induction 
of α-SMA in fibroblasts may promote urethral 
scar formation [31-33]. In this study, fasudil sig-
nificantly decreased α-SMA protein expression 
with or without TGF-β1 stimulation in a dose-
dependent manner. Inhibition of the transfor-
mation of fibroblasts into myofibroblasts has a 
key role in reducing pathologic scar formation. 
In addition, fasudil also decreased fibroblast 
migration with or without TGF-β1 stimulation, in 
a dose-dependent manner. 

To investigate further the molecular mecha-
nisms of scar formation, we detected proteins 
that are related to scar formation. ROCK is a 
major regulator of actin cytoskeleton dynamics 
downstream of GTPase RhoA [34]. LIMK, cofilin, 
and MLC are important downstream mediators 
of ROCK. RhoA and ROCK are considered cru-
cial regulators of scar contracture [35]. Our 
study showed that activation of MLCP, LIMK1, 
and p-cofilin protein was detectable in the  
resting or TGF-β1-stimulated human urethral 
scar fibroblasts. Activation of MLCP, LIMK1, 
and p-cofilin proteins may promote the migra-
tion of fibroblasts. Treatment with fasudil sig-
nificantly reduced MLCP, LIMK1, and p-cofilin 
protein expression. Inhibition of these proteins 
that are related to scar formation may attenu-
ate urethral scar formation and contraction. 

This study suggests that fasudil inhibits prolif-
eration, migration, apoptosis, and collagen syn-
thesis via suppression of the Rho/ROCK path-
way. Fasudil may have therapeutic potential in 
urethral stricture disease.
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