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Background: The present study was performed to assess the effect of mechanical stretch on the proliferation and contrac-
tile function of hBSMCs.

Material/Methods: hBSMCs and ICCs were seeded at 8x10* cells/well in 6-well silicone elastomer-bottomed culture plates coated
with type I collagen, and grown to 80% confluence in DMEM/10% FBS and a 5% CO, humidified atmosphere
at 37°C. Cells of hBSMCs and hBSMCs/ICCs of co-culture were then subjected to continuous cycles of stretch-
relaxation using a computer-driven, stretch-inducing device. The treated concentration of imatinib was 10 pM.
Mechanisms underlying observed hBSMCs contraction were examined using Western blotting and RT-PCR.
The 0.1 uM carbachol was separately added to the experimental groups, and 300 s was recorded by laser scan-
ning confocal microscope.

Results: We found that mechanical stretch increased contraction and proliferation of hBSMCs. Calcium ion activity in-
creased significantly after mechanical stretch. The number of hBSMCs was significantly increased after the
combination mechanical stretch with ICCs treatment. After combination mechanical stretch with hBSMCs/ICCs
treatment, the mRNA and protein level of M2, M3, and c-kit were significantly increased. After combination of
mechanical stretch with no imatinib treatment, the proliferation of hBSMCs was higher than others, and the
mRNA and protein level of M2 and M3 were significantly increased.

Conclusions: We revealed that ICCs could promote hBSMC proliferation and contraction, and cyclic stretch could promote
acetylcholine receptor M2 and M3 caused by c-kit in the ICCs, which promoted the contraction of hBSMCs.

MeSH Keywords: Cell Proliferation e Interstitial Cells of Cajal ¢ Muscle Contraction ¢ Stress, Mechanical ¢
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Background

Every year, tens of thousands of patients worldwide undergo
intestinal bladder replacement surgery [1]. Due to the inher-
ent shortcomings of the current clinical application of intesti-
nal bladder replacement, the exploration of the construction of
bioactive bladder repair tissue by tissue engineering method
has been a focus of urology research. Mechanical stretch is
a necessary condition for bladder development [2]. In sheep
embryos without stress, bladder development is blocked, the
expression of apoptosis and migration genes is significantly
decreased, the genes regulating cell adhesion and prolifera-
tion are significantly downregulated, and the development of
bladder wall functionalization is blocked [3-5].

Interstitial cells of Cajal (ICCs) are a group of special mesen-
chymal cells first discovered in the gastrointestinal tract. They
are the pacemaker of the slow wave of the gastrointestinal
tract, transmitting electrical signals and mediating the signal
regulation between the intestinal nerves and smooth mus-
cle [6,7]. ICCs were also in found in the urinary system of guinea
pigs [8-10], and they exist in the autonomic nerve endings and
the bladder smooth muscle cells. They can be produced un-
der the action of quasi choline medicine Ca** flow, resulting
in spontaneous activity, suggesting that ICCs are involved in
the spontaneity of bladder smooth muscle contractions. ICCs
might be the pacemaker of bladder activity and nerve signal
transmission to smooth muscle cells in the middle of the me-
dium. In 2002, McClosky et al. first reported kit-positive cells
were found in the guinea pig bladder [11]. c-kit is a proto-
oncogene and its coding product kit is a tyrosine protein ki-
nase receptor which is specifically expressed on interstitial
cell membranes. In the gut, the functional role of kit-positive
ICC has been better defined, and there is strong evidence now
for a primary role for those kit-positive ICCs in generating and
propagating spontaneous contractile activity in the gut [12].
An experiment by Gevaert et al. [13] showed that administra-
tion of imatinib in rats impaired the neonatal development of
intramuscular interstitial cells in the bladder and resulted in
altered contractile properties, as well as suggesting that c-kit
is a key gene for ICC expression. The distribution of M recep-
tors in various subtypes of mammals has a certain specificity,
which is usually dominated by a single subtype, while other
types coexist and play an auxiliary role [14]. The functions of
each subtype of M receptor are different, and the degree of
expression in each subtype in different cells is also different.
The bladder detrusor muscle simultaneously expresses M2 and
M3 subtypes of M receptors, but M3 is the only one directly re-
lated to detrusor contraction [15,16]. M2 synergizes with beta
receptors to inhibit detrusor relaxation and assist in urination
under the action of large doses of Ach [17,18].
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Some researchers have proved that cyclic pressure can stimu-
late various intracellular signaling pathways, for example, Rho
family GTPases, ERK1/2 MAPK, STAT3, p38/MAPK, and PI3K/
Akt, which can initiate proliferation of bladder smooth mus-
cle cells (BSMCs) [19,20]. Our research group previously con-
ducted many studies [21-26] on the mechanism by which me-
chanical stress stimulates the proliferation and mechanism
contraction of BSMCs. Chen et al. [25] were the first to report
that cyclic hydrodynamic pressure stimulates the proliferation
of human bladder smooth muscle cells (hBSMCs) cultured in
scaffolds, and they found that the signal transduction mech-
anism for this process is involves PI3K/SGK1. Tian et al. [21]
showed similar results, indicating that the PI3K-SGK1 is a novel
therapy targeting specific urinary bladder diseases caused by
excessive mechanical forces. In addition, Wu et al. [23] stud-
ied hBSMCs exposed to cyclic hydrodynamic pressures in vi-
tro with defined parameters (static, 100 cmH,0, 200 cmH,0,
and 300 cmH,0 pressure) for 24 h, showing that Rac1 signal-
ing plays a significant role in mechanotransduction and regu-
lation of hBSMCs proliferation in response to cyclic hydrody-
namic pressure. Sun et al. [26] showed that microRNA 4323 can
induce hBSMC proliferation under cyclic hydrodynamic pres-
sure by activation of the erk1/2 signaling pathway.

We conducted the present study to assess the effect of me-
chanical stretching on the proliferation and contractile func-
tion of hBSMCs. We assessed the effect of stretching on blad-
der stromal cells and explored the relevant signal pathways to
provide a genetic basis for the clinical application of tissue en-
gineering methods to construct bioactive bladder repair tissue.

Material and Methods

Cell culture and treatment

Following the method described previously by Park et al. [27],
hBSMCs (catalog no. 4310; ScienCell, Carlsbad, CA, USA) and
ICCs (FDCC, Shanghai, CHN) were seeded at 8x10* cells/well in
6-well silicone elastomer-bottomed culture plates coated with
type | collagen (Bioflex; Flexcell, Hillsborough, NC) and grown
to 80% confluence in DMEM/10% FBS and a 5% CO, humidi-
fied atmosphere at 37°C. Cells of hBSMCs and hBSMCs/ICCs of
co-culture were then subjected to continuous cycles of stretch-
relaxation using a computer-driven, stretch-inducing device
(Strain UnitFX-5000, Flexcell). Every cycle consisted of 5 s of
stretch and 5 s of relaxation (0.1 Hz), and mechanical stretch
was conducted under conditions of 5%, 10%, 15%, and 20%
elongation (0.1 Hz) for 0, 2, 6, 12, and 24 h. Our results showed
that mechanical stretch under conditions of 10% elongation
(0.1 Hz) for 6 h is the best, so all subsequent experiments
were carried out under those conditions. Imatinib (Monmouth
Junction, NJ, USA) was dissolved in 0.01% dimethylsulfoxide.
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The treated concentration of imatinib was 10 pM, based on
the method described by Kubota et al. [28].

Cell proliferation

The effects of mechanical stretch alone on cell proliferation of
hBSMCs and ICCs were determined by CCK-8 assay. After treat-
ment with 10% elongation (0.1 Hz) for 6 h, 1x10* cells were
seeded into 96-well plate; unstretched cells served as con-
trols. To determine the effect of mechanical stretching on hB-
SMCs proliferation and contraction ability of ICCs, the combi-
nation treatment was performed with mechanical stretch with
hBSMCs alone, no stretch with hBSMCs/ICCs, and mechanical
stretch with hBSMCs/ICCs, while unstretched with hBSMCs
cells alone served as controls. To determine the effect of me-
chanical stretch on hBSMCs proliferation and contraction abil-
ity by c-kit, the combination treatment was performed with
mechanical stretch with imatinib (10 pM) and hBSMCs/ICCs,
no stretch with imatinib (10 uM) and hBSMCs/ICCs, and me-
chanical stretch with hBSMCs/ICCs, while mechanical stretch
with hBSMCs cells alone served as controls. After incubation,
10 pl of CCK-8 solution (5 mg/ml) was added to the wells and
incubated at 37°C for 4 h. The absorbance at 540 nm was re-
corded with a microplate reader (Thermo, Germany). Data are
presented as mean + standard deviation (SD) of 3 indepen-
dent experiments.

Laser scanning confocal microscopy system

Co-cultured hBSMCs/ICCs pretreated and treated by the
stretch-inducing device (Strain UnitFX-5000, Flexcell) were in-
cubated with fluo-4 AM (5 pmol L) for 30 min, and then the
plates were kept in the dark at room temperature for 30 min.
The incubated hBSMCs/ICCs suspension was added into the
cell pool, and a Leica TCS SP2 laser scanning confocal micro-
scope (Leica, Germany) was used for observation. The sponta-
neous calcium activity of ICCs is directly related to the excit-
ability of ICCs, so calcium ions are the most critical and primary
entry point for ICCs excitability. According to McCloskey’s
reports [11], the typical morphology of ICCs and SMCs were
found to changes under the effect of calcium ions. Fluo-4 emit-
ted fluorescence after binding with calcium ions. In order to
more intuitively observe different values, we used relative flu-
orescence intensity after detection of calcium ion flux (F/FO:
F=cellular calcium ion fluorescence intensity, FO=background
fluorescence intensity) to observe the difference in excitabil-
ity of cells. The imaging method of the laser scanning confo-
cal microscope is line scanning, the sampling rate is 2 ms/line,
the objective lens magnification is 40, the oil mirror is 1.25,
the scanning frequency is 400 Hz, 1024 pixels/line, 512 lines/
page. An Ar/ArKr laser tube was used, with excitation wave-
length of 488 nm and emission wavelength of 498~510 nm.
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Reverse transcription and quantitative RT-PCR (qRT-PCR)

Total RNA was isolated from cells using TRIzol (Takara, Japan),
a Prime Script RT reagent kit (Takara, Japan) was used to gen-
erate cDNA, and reverse transcription was performed using the
Prime Script RT reagent kit according to the manufacturer’s
instructions. RT gPCR was performed on a CFX Connect gPCR
system (Bio Rad Laboratory, USA) with a SYBR Premix Ex Taq Il
kit (Takara, Japan). The primer sequences of M2, M3, and c-kit
were as follows:

M2 forward primer, AGCAAACATGCATCAGAATTGG and
reverse primer, GTGCACAAAAGGTGTTAATGAG;

M3 forward primer, ACCCAGCTCCGAGCAGATGGAC and
reverse primer, CGGCTGACTCTAGCTGGATGG;

c-kit forward primer, CGAGATTAGGCTGTTATGC and

reverse primer, ATCCATTCATTCTGCTTATTCT;

B-actin forward primer, 5-GGGACCTGACTGACTACCTC-3’ and
reverse primer, 5’-ACGAGACCACCTTCAACTCCAC-3'.

The mRNA expression levels were evaluated by using the
2 AACq method, and f actin was used as a calibrator. All gene
expression assays were repeated at least 3 times.

Protein extraction and Western blotting assay

The total protein of cells was extracted using RIPA reagent
(Roche, Switzerland) containing protease inhibitor PMSF and
phosphatase inhibitors NaF and Na3VO4. The protein was sep-
arated using protein extraction reagents (Beyotime, China). The
protein concentration was determined using the BCA protein
assay kit (Beyotime, China). The membranes were immersed
in TBS-T blocking solution containing 5% non-fat milk for 2 h
and then incubated with the primary antibodies (EMD Millipore,
USA) at 4°C overnight. The antibodies used were as follows: M2
(rat monoclonal antibody, 1: 500, sc33712, Santa Cruz, USA),
M3 (rabbit monoclonal antibody, 1: 1000 Ab154835, Abcam,
Cambridge, UK), and c-kit (rabbit monoclonal antibody,1: 1000,
Ab5505, Abcam, Cambridge, UK). The membranes were incu-
bated with a goat anti-rabbit IgG secondary antibody (1: 2000;
OriGene Technologies, USA) or a goat anti-rat I1gG secondary
antibody (1: 2000; OriGene Technologies, Inc.) for 1 h at 37°C.
The bands of protein were exposed using the enhanced che-
miluminescent (ECL) kit (Merck Millipore, USA). All Western
blot assays were repeated at least 3 times.

The test of carbachol

We separately added 0.1 pM carbachol to the experimental
groups [29], and then, to detect intracellular free calcium con-
centration in hBSMCs, 300 s was recorded by laser scanning
confocal microscope.
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Figure 1. Effect of mechanical stretch on hBSMCs’ proliferation and contraction. (A) Real-time RT-PCR analysis of M2, M3, and c-kit
expression in hBSMCs and ICCs. RNA samples were purified from mechanical stretch 5%, 10%, 15%, and 20% cyclic stretch
(0.1 Hz) for 0, 2, 6, 12, and 24 h. (B) CCK-8 analysis of hBSMCs and ICCs. Cell samples were collected from mechanical stretch
or no stretch hBSMCs and ICCs. Proliferation rates (%) were relative to control. N=3, ** p<0.01.

Statistical analysis
All data are presented as means +SEM. Comparison between

groups was made using 1-way ANOVA; p<0.05 was considered
statistically significant.

Results

Effect of mechanical stretch on hBSMCs’ proliferation and
contraction

To determine whether M2 and M3 mRNA in hBSMCs and c-kit
in ICCs were increased, hBSMCs were subjected to 5%, 10%,
15%, and 20% elongation (0.1 Hz) for 0, 2, 6, 12, and 24 h,
and unstretched cells served as controls. Real-time RT-PCR was
performed to assess the mRNA levels. As shown in Figure 1A,
the highest peak was at 10% cyclic stretch (0.1 Hz) for 6 h
after mechanical stretch treatment, at which point M2, M3,
and c-kit mRNA were increased (5.071+0.732) (5.864+0.619)
(5.683+0.927). The mRNA level of M2, M3, and c-kit in stretch-
treated bladder hBSMCs and ICCs were increased in a time-de-
pendent manner. They peaked at 6 h and returned to normal
level at 24 h. Cell proliferation assay showed that mechanical
stretch significantly increased the numbers of hBSMCs and

ICCs at 10% elongation (0.1 Hz) at 6 h, as shown in Figure 1B.
Taken together, our results show that mechanical stretch in-
creased contraction and proliferation of hBSMCs.

Effect of mechanical stretch on ICCs’ activity

ICCs in the experimental and control groups showed slow
and regular spontaneous periodic slow-wave calcium activity.
After stress intervention, relative fluorescence intensity was
2.59+0.26 and 1.92+0.20, respectively. As shown in Figure 2,
compared to the control group, calcium ion activity increased
significantly after mechanical stretch. In addition, compared
to ICCs, calcium activity in hBSMCs was much lower.

Mechanical stretch enhanced hBSMCs proliferation and
contraction by ICCs

The hBSMC proliferation assay was performed, as shown in
Figure 3A. Compared to the mechanical stretch group and ICCs
treatment group, the number of hBSMCs was significantly
increased after combination mechanical stretch with ICCs
treatment, and the hBSMCs’ proliferation was also increased.
As shown in Figure 3B, after combination mechanical stretch
with hBSMCs/ICCs treatment, the mRNA levels of M2, M3,
and c-kit were increased to 5.319+0.346, 3.517+0.245, and
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Figure 2. Effect of mechanical stretch on ICCs’ activity. (A) Laser scanning confocal microscopy analysis of the calcium activity intensity
of hBSMCs and ICCs (white arrows, ICC; red arrows, SMC; scale bar, 100 um). (B, €) Relative fluorescence intensity of calcium
ion flux were detected before and after mechanical stretch. ** p<0.01.

4.581+0.288 (p<0.001), respectively, whereas the mRNA lev-
els of M2 and M3 for combination mechanical stretch with hB-
SMCs treatment and combination no stretch with hBSMCs treat-
ment were 3.079+0.273 and 2.574+0.157, and 1.183+0.072 and
1.325+0.061. Similarly, as shown in Figure 3C and 3D, the pro-
tein levels of M2, M3, and c-kit were increased to 4.512+0.201,
3.516+0.134, and 4.018+0.159 (p<0.001). After combination
mechanical stretch with hBSMCs treatment, the protein levels
of M2 and M3 were 2.845+0.143 and 2.209+0.113, respectively,
and after combination no stretch with hBSMCs/ICCs treat-
ment, M2, M3, and c-kit were 1.343+0.094, 1.207+0.077, and
1.433+0.073, respectively. Before adding carbachol, calcium
fluorescence was detected in all groups of hBSMCs. After add-
ing 0.1 pM carbachol separately to each experimental group,
the relative fluorescence intensity of the group of stretch/hB-
SMCs/ICCs was significantly increased (3.09+0.74), and, com-
pared with the relative fluorescence intensity of cyclic stretch
acting on hBSMCs (2.10+0.42), there was a statistically signif-
icant difference, as shown in Figure 3E, 3F.

Mechanical stretch enhances hBSMCs proliferation and
contraction by c-kit

The results of hBSMC proliferation assay are shown in Figure 4A.
After combination of mechanical stretch with no imatinib treat-
ment, the number of hBSMCs was increased to 2.873+0.024
(p<0.0010), whereas the numbers after no stretch with ima-
tinib and mechanical stretch with imatinib were 0.841+0.047
and 1.927+0.058, respectively. After combination of mechan-
ical stretch with imatinib treatment, the proliferation of hB-
SMCs was higher than in hBSMCs alone. For further verifica-
tion, we detected gene and protein expression of acetylcholine
receptor M2, and M3. Real-time RT-PCR and Western blot anal-
yses were performed and results are shown in Figure 4B. After
combination mechanical stretch with no imatinib treatment,
the mRNA levels of M2 and M3 were increased to 2.118+0.188
and 1.830+0.153, respectively (p<0.001), whereas after com-
bination no stretch with imatinib treatment and combination
mechanical stretch with imatinib treatment, the mRNA lev-
els of M2 andM3 were 0.809+0.062 and 0.743+0.055, and
1.382+0.077 and 1.277+0.510, respectively. Similarly, after com-
bination mechanical stretch with no imatinib treatment, the
protein levels of M2 and M3 were increased to 4.511+0.283 and
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Figure 3. Mechanical stretch enhanced hBSMCs' proliferation and contraction by ICCs. (A) CCK-8 analysis of hBSMCs. First line + means
mechanical stretch and second line + means ICCs. Proliferation rates (%) were relative to control. (B) Real-time RT-PCR
analysis of M2, M3, and c-kit expression in hBSMCs. RNA samples were purified from no stretch/hBSMCs, stretch/hBSMCs,
stretch/hBSMCs/ICCs, and no stretch/hBSMCs/ICCs. (C, D) Western blot analysis of M2, M3, and c-kit expression in hBSMCs
and ICCs. Protein samples were purified from no stretch/hBSMCs, stretch/hBSMCs, stretch/hBSMCs/ICCs, and no stretch/
hBSMCs/ICCs. (E, F) Calcium concentration curve showing the effects of carbachol intervention on the relative fluorescence
intensity of hBSMCs in stretch/hBSMCs and stretch/hBSMCs/ICCs groups. * p<0.05, ** p<0.01.

(3.573+0.229, respectively (p<0.001), whereas after combination
mechanical stretch with imatinib treatment and combination
no stretch with no imatinib treatment, the protein levels of M2
and M3 were 2.518+0.195 and 2.077+0.168, and 1.308+0.046
and 1.242+0.052, respectively, as shown in Figure 4C and 4D.
Before adding 0.1 pM carbachol separately to each experimen-
tal group, the relative fluorescence intensity in hBSMCs of the
stretch/hBSMCs/ICCs group and the stretch/imatinib/hBSMCs/
ICCs group were 2.05+0.27 and 1.68+0.21, respectively. After

adding 0.1 pM carbachol, the relative fluorescence intensity in
hBSMCs was 3.10+0.75 and 2.33+0.50, respectively, and the
difference was statistically significant (p<0.01).

Discussion

According to the literature [21-25], the cells of organs and
tissues depend on or are regulated by a certain mechanics
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Figure 4. Mechanical stretch enhanced hBSMCs proliferation and contraction by c-kit. (A) CCK-8 analysis of hBSMCs. The first
line + means mechanical stretch and the second line + means imatinib. (B) Real-time RT-PCR analysis of M2 and M3
expression in hBSMCs. RNA samples were purified from no stretch/hBSMCs/ICCs, no stretch/imatinib/hBSMCs/ICCs, stretch/
hBSMCs/ICCs, and stretch/imatinib/hBSMCs/ICCs. (C, D) Western blot analysis of M2 and M3 expression in hBSMCs.
Protein samples were purified from no stretch/hBSMCs/ICCs, no stretch/imatinib/hBSMCs/ICCs, stretch/hBSMCs/ICCs,
and stretch/imatinib/hBSMCs/ICCs. (E, F) Calcium concentration curve. The effect of carbachol intervention on the relative
fluorescence intensity of hBSMCs in the stretch/hBSMCs/ICCs group and the stretch/imatinib/hBSMCs/ICCs group. * p<0.05,

** p<0.01.
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environment. Mechanical forces from different sources, such
as bone pressure caused by exercise and stress exerted by
blood flow on endothelial cells, lead to biological changes at
the cellular and subcellular levels and promote adaptive tis-
sue reconstruction. Biological stress profoundly affects gene
expression, protein synthesis, proliferation and differentiation
of cells, and tissue growth, maintenance, and reconstruction.
It is an important factor in tissue engineering. Our previous
studies [21-25] have found that MAPK, PI3K, and integrin sig-
naling pathways regulate the number and function of bladder
smooth muscle cells under mechanical stress. To promote the
full differentiation and functional reconstruction of seed cells
and promote the organic combination of cells and matrix ma-
terials, appropriate stimulation of biological stress is very im-
portant and necessary. ICCs were first found in a special group
of interstitial cells in the gastrointestinal tract. They can gener-
ate spontaneous slow wave potential, which is also the signa-
ture potential of ICCs, and it is the origin of the basic electrical
rhythm of the gastrointestinal tract. Some studies [8-10] have
found that ICCs exist in the urinary system of guinea pigs, and
are involved in spontaneity of bladder smooth muscle contrac-
tions. Therefore, we conducted the present study to discuss
the role of interstitial cells of Cajal in promoting the prolifer-
ation of smooth muscle cells in the optimization of tissue-en-
gineered bladder structure induced by mechanical stretch. We
found that mechanical stretch enhanced hBSMCs proliferation
and contraction, and mechanical stretch enhanced BSMCs pro-
liferation and contraction by ICCs and c-kit.

Some researchers have reported that mechanical stimulation
affects smooth muscle cells [19-24,28-30]. Nagatomi et al. [30]
reported that when rat BSMCs are exposed to cyclic pressure
(0.1 Hz, 40 cmH,0) for 1 h, multiple signaling pathways re-
spond to mechanical stimuli. Lee et al. [31] also reported that
the expression of prolyl 4-hydroxylase is significantly increased
when BSMCs are exposed to pressures of 40 cmH,0 or less for
up to 72 h. In other words, cyclic pressure represents mechan-
ical pressure, and mechanical stretch stimulates the prolifer-
ation of BSMCs. In addition, Wang et al. [32] conduct a study
on the effect of mechanical stretch on ICCs in guinea pig blad-
ders. They examined the number and morphology of ICCs us-
ing a specific ICCs marker, c-kit, and immunochemistry staining
was used in vivo to assess the effect of stretch load in detru-
sor overactivity (DO) models produced by 4 week of partial
bladder outlet obstruction (PBOO). They found that mechani-
cal sensitivity and interaction with BSMCs of ICCs contributed

LAB/IN VITRO RESEARCH

to the mechanosensitive conductances in bladder regulation.
However, Chester et al. [33] reached a different conclusion in
a study in which medical-grade silicon bands were wrapped
around the distal colon to induce partial obstruction in wild-
type and ICCs-deficient (W/Wv) mice, demonstrating COX-2
mRNA level and circular muscle contractility, indicating that
ICCs deficiency limits the effect on stretch-induced expression
of COX-2 and suppression of smooth muscle contractility in
obstruction, which is consistent with our finding that mechan-
ical stretch enhances BSMCs proliferation and contraction.

However, there are differences between the present study and
those mentioned above. We used imatinib (a c-kit kinase-spe-
cific inhibitor) to carry out the experiment, and we measured
growth rates using CCK-8 assays and measured mRNA and pro-
tein levels of M2 and M3 in hBSMCs in the experiment. Imatinib
mesylate (Glivec) is a selective inhibitor of c-kit receptor tyro-
sine kinase and the oncogene Bcr-Abl, and has Food and Drug
Administration approval for the treatment of chronic myeloid
leukemia and gastrointestinal stromal tumor. Several research-
ers have demonstrated that inhibition of c-kit reduces bladder
activity via c-kit receptor in bladder ICCs [34-36]. Moro et al. [37]
and Sui et al. [38] found that acetylcholine M receptor is widely
expressed on the surface of bladder smooth muscle cells, which
promotes cells to contract after binding with acetylcholine, and
c-kit kinase promotes M2 and M3 binding to acetylcholine.
Ng et al. [29] reported that activation of M2 and M3 receptors
by exogenous carbachol enhanced spontaneous contractions in
whole bladder preparations from normal 1- to 2-week-old rats.
In our study, that conclusion is further confirmed. Our experi-
ments show that mechanical stretch enhanced hBSMCs prolif-
eration and contraction by c-kit, promoting M2 and M3 bind-
ing to acetylcholine. Further research is needed to verify these
relationships and mechanisms.

Conclusions

We found that ICCs effectively promoted hBSMC proliferation
and contraction, and cyclic stretch effectively promoted acetyl-
choline receptor M2 and M3 caused by c-kit in the ICCs, which
promoted the contraction of hBSMCs.
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