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Abstract. Cholesterol cholelithiasis is a common disease
and gallbladder hypomotility may underlie its pathogenesis.
Interstitial cells of Cajal (ICCs) in the gallbladder serve
vital roles in regulating gallbladder motility. The aim of
the present study was to investigate changes in gallbladder
ICCs during the development of cholesterol cholelithiasis. A
total of 40 male guinea pigs were randomly assigned to four
groups and fed a standard diet (SD) or lithogenic diet (LD)
for 2 or 8 weeks. The LD significantly increased the total
cholesterol levels in the serum and bile, as well as the serum
levels of high-density lipoprotein-cholesterol and low-density
lipoprotein-cholesterol after 2 and 8 weeks. The LD also
significantly increased and decreased the number of gall-
bladder ICCs at 2 and 8 weeks, respectively, by regulating the
stem cell factor/C-kit pathway. Moreover, the ultrastructure
of gallbladder ICCs was significantly altered after 8 weeks,
and the protein expression levels of connexin 43 in the gall-
bladder were differentially altered after 2 and 8 weeks. Finally,
cholecystokinin receptor type A (CCK1R) expression in the
gallbladder was assessed. In gallbladder ICCs, its expression
was significantly increased and decreased after 2 and 8 weeks,
respectively. In conclusion, these results demonstrate that
the density, ultrastructure and CCKI1R expression levels of
gallbladder ICCs are differentially altered at various stages
of cholesterol cholelithiasis progression, indicating that gall-
bladder ICCs may be considered a potential therapeutic target
for treatment of cholesterol cholelithiasis.
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Introduction

Cholelithiasis is a highly prevalent gastroenterological disease
and one of the leading causes of hospital admissions world-
wide (1). In China, the incidence of cholelithiasis is 8-10%,
and the incidence rate has been gradually increasing in recent
years (2). It was reported that females of childbearing age
are approximately twice more likely than males to develop
cholelithiasis (3). Furthermore, among the subtypes of chole-
lithiasis, cholecystolithiasis accounts for ~85% of cases (4).
Cholelithiasis is composed of >90% cholesterol, and <10% is
composed of black and brown pigments, which are presented
in the gallbladder or infected bile ducts (5). In recent years,
gallbladder hypomotility was also found to promote choles-
terol crystallization and gallstone formation (6). There is an
urgent need to further clarify the possible mechanisms under-
lying gallbladder hypomotility in the process of cholesterol
gallstone formation.

Interstitial cells of Cajal (ICCs) were first identified in
1889 (7) and have been shown to possess the capacity to
generate and propagate electrical slow waves in the diges-
tive tract (8). To date, ICCs have been detected in various
tissues including the pancreas, heart, urinary tract and blood
vessels (7). ICCs were also found to be distributed in the
gallbladder wall where they are involved in modulating the
excitability and motility of gallbladder smooth muscle (9).
It was reported that the density and location of ICCs in
the gallbladder of patients with cholelithiasis are notably
altered (10,11). Moreover, a previous study reported that the
ultrastructure of gallbladder ICCs was not significantly altered
in mouse models of cholesterol cholelithiasis (12). The aim of
the present study was to elucidate the changes in the density
and ultrastructure of gallbladder ICCs during the development
of cholesterol cholelithiasis in more detail compared with the
existing literature.

Cholecystokinin (CCK) is a classical type of intestinal
hormone that can trigger the contraction of gallbladder smooth
muscle (13). CCK receptors belong to the G protein-coupled
receptor superfamily and have been classified as cholecysto-
kinin receptor type A (CCKI1R) and gastrin/cholecystokinin
type B receptor (14). It has been shown that CCKIR (also
termed CCK-AR) is expressed in gallbladder ICCs and serves
a key role in mediating CCK-induced evoked gallbladder
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contraction (15). However, to the best of our knowledge, no
studies have shown whether CCK1R expression in the gall-
bladder, particularly in gallbladder ICCs, is altered during the
development of cholesterol cholelithiasis.

The lithogenic diet (LD), which contains a higher propor-
tion of cholesterol, is widely used to induce cholesterol
cholelithiasis in animals (16,17). The aim of the present
study was to detect the changes in the density, ultrastructure
and CCKI1R expression levels in gallbladder ICCs in LD-fed
guinea pigs.

Materials and methods

Animal models. A total of 40 male guinea pigs (4 weeks
old; weight, 250-280 g) were purchased from Charles River
Laboratories, Inc. and randomly assigned to four groups
(n=10): Standard diet (SD) for 2 weeks; SD for 8 weeks; LD for
2 weeks and LD for 8 weeks. Guinea pigs in the LD group were
fed with LD (chow diet supplemented with ~1.25% cholesterol,
0.5% bile salt and 15% fat) and animals in the SD group were
fed standard chow. All guinea pigs were maintained in cages
with a 12-h light/dark cycle with free access to food and water.
All animal experiments were performed according to the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals and approved by the Institutional Animal
Care and Use Committee of the First Affiliated Hospital of
Nanjing Medical University (Nanjing, China).

Measurement of total cholesterol (T-CHOL), lipoproteins
and CCK octapeptide (CCKS8) levels in the serum and bile.
After feeding for 2 or 8 weeks, guinea pigs in the SD group
(weighing 340-800 g) and the LD group (weighing 420-1200 g)
were anesthetized by 1.5-3.0% isoflurane, and blood samples
were obtained from the eyes of guinea pigs (~1 ml per guinea
pig) and collected in tubes containing heparin. Plasma was
obtained following centrifugation at 1,789 x g for 15 min
at 4°C. Moreover, after resecting the gallbladder, bile was
collected and diluted with saline water (1:10), followed by
centrifugation at 2,795 x g for 10 min at 4°C to remove the
granular components. Following which, all guinea pigs were
euthanized by an overdose of isoflurane. To degrade the
bile pigment, bile was illuminated under a daylight lamp
for 12 h at 4°C. The serum levels of T-CHOL, high-density
lipoprotein cholesterol (HDL-C) and low-density lipoprotein
cholesterol (LDL-C), as well as the T-CHOL levels in bile
were measured using an automatic biochemical analyser
(Hitachi, Ltd.) with the corresponding reagents (T-CHOL,
cat. no. SNM226; HDL-C, cat. no. SNM224; LDL-C,
cat. no. SNM222; all purchased from Beijing Biolab Science
& Technology Co., Ltd.). The concentration of CCKS8 in
serum was measured using an ELISA kit (cat. no. abx150409;
Abbexa Ltd.) according to the manufacturer's protocol.

Immunofluorescence staining. After snap-freezing, the
resected gallbladders were cut into 5-ym sections using a
freezing microtome. Subsequently, all sections were fixed
in 4% paraformaldehyde for 20 min at room temperature
and washed three times with PBS. To prevent non-specific
binding, sections were incubated with immunostaining
blocking buffer (Beyotime Institute of Biotechnology) for 1 h

at room temperature. Subsequently, sections were incubated
overnight at 4°C with the following primary antibodies:
Anti-C-kit (1:200; cat. no. ab25022; Abcam) and anti-CCKIR
(5 ug/ml; cat. no. ab77269; Abcam). Following three washes
with PBS, sections were incubated with rabbit anti-rat
IgM/Alexa Fluor 488 antibody (1:500; cat. no. bs-0346R;
BIOSS) and rabbit anti-goat IgG/Alexa Fluor 647 antibody
(1:500; cat. no. bs-0294R; BIOSS) for 2 h at room tempera-
ture, and then incubated with DAPI (Beyotime Institute of
Biotechnology) for 10 min at room temperature. Finally,
sections were mounted using antifade mounting medium
(Beyotime Institute of Biotechnology). For the negative control,
the primary antibodies were omitted. Images were captured
on a laser scanning confocal microscope (magnification, x200
or x400). C-kit-positive cells excluding those with a round
shape (mast cells) were considered as gallbladder ICCs. To
quantify the number of gallbladder ICCs, three gallblad-
ders were obtained from each group, three sections were
prepared from each gallbladder and three random fields of
view (magnification, x200) in each section were selected. The
number of gallbladder ICCs in the lamina propria was counted
by two researchers in a blinded manner.

Western blot analysis. The resected gallbladders were washed
with PBS and lysed in RIPA lysis buffer (Thermo Fisher
Scientific, Inc.) to extract total protein. Protein concentration
was measured using a BCA protein assay kit (Beyotime Institute
of Biotechnology) according to the manufacturer's protocol.
Subsequently, 50 ug of protein was loaded on an 8% SDS gel,
resolved using SDS-PAGE and subsequently transferred to a
PVDF membrane (EMD Millipore). PVDF membranes were
blocked in TBS (Boster Biological Technology) containing
5% skimmed milk powder for 2 h at room temperature.
Subsequently, membranes were washed three times with TBS
supplemented with 0.05% Tween-20 and incubated overnight
at 4°C with one of the following antibodies: Anti-C-kit
(1:1,000; cat. no. ab256345; Abcam), anti-stem cell factor
(SCF; 1:1,000; cat. no. ab64677; Abcam), anti-Connexin
(Cx) 43 (1:2,000; cat. no. ab11370; Abcam), anti-CCK1R
(1:500; cat. no. ab75153; Abcam) or anti-GAPDH (1:1,000;
cat. no. AF0006; Beyotime Institute of Biotechnology),
followed by incubation with horseradish peroxidase-
conjugated goat anti-rabbit IgG (1:5,000; cat. no. bs-0295G;
BIOSS) for 2 h at room temperature. Protein signals were
detected using an enhanced chemiluminescence detection kit
(Thermo Fisher Scientific Inc.) on the ChemiDoc XRS+
chemiluminescence imaging system (Bio-Rad Laboratories.
Inc.). Densitometric analysis was performed using
ImageJ v1.8.0 software (National Institutes of Health), and
expression of each protein was normalized to the respective
GAPDH loading control band.

Transmission electron microscopy. Gallbladder specimens
were fixed in 2.5% glutaraldehyde/0.1 M cacodylate buffer for
2 h at 4°C and 1% perosmic acid for 2 h at room temperature.
Specimens were then dehydrated using a series of ethanol
solutions of increasing concentration and embedded in Epon
ethoxyline resin at 60°C. Ultrathin sections with 70-80-nm
thickness were obtained using a Leica EM UC7 ultramicro-
tome (Leica Microsystems, Inc.) and subsequently placed on
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Figure 1. LD significantly increases T-CHOL levels in the serum and bile and the serum levels of HDL-C and LDL-C. Serum levels of T-CHOL, HDL-C and
LDL-C were measured after (A) 2 and (B) 8 weeks in guinea pigs fed with SD or LD. The bile levels of T-CHOL were measured after (C) 2 and (D) 8 weeks in
guinea pigs fed with SD or LD. “P<0.01 and ““P<0.001 vs. SD/2 weeks or SD/8 weeks. SD, standard diet; LD, lithogenic diet; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; T-CHOL, total cholesterol.

grids prior to staining with 1% uranyl acetate for 20 min at
room temperature. Sections were examined under a trans-
mission electron microscope (H-7500; Hitachi, Ltd.) at a
magnification of x10,000 at 80 kV.

Statistical analysis. Data were presented as the
mean =+ standard deviation. Significant differences between
the SD group and LD group were analysed using SPSS
version 22.0 (IBM Corp.) using an unpaired two-tailed
Student's t-test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

LD significantly increases T-CHOL levels in the serum and
bile and serum levels of HDL-C and LDL-C. The serum
levels of T-CHOL, HDL-C and LDL-C were significantly
increased in guinea pigs fed a LD for 2 weeks compared
with those fed a SD for the same time period (SD/2 weeks vs.
LD/2 weeks: T-CHOL, 1.210+0.051 mM vs. 7.698+0.046 mM;
HDL-C, 0.179+£0.035 mM vs. 0.513+0.061 mM; LDL-C,
0.693+0.093 mM vs. 2.211£0.210 mM; Fig. 1A).
Moreover, more significant increases in the serum levels
of T-CHOL, HDL-C and LDL-C were observed in guinea
pigs fed a LD for 8 weeks (SD/8 weeks vs. LD/8 weeks:
T-CHOL, 1.228+0.065 mM vs. 24.729+2.461 mM;
HDL-C, 0.178+0.011 mM vs. 2.175+0.272 mM; LDL-C,
0.699+0.070 mM vs. 5.631+0.651 mM,; Fig. 1B). Furthermore,
the bile levels of T-CHOL in guinea pigs fed a LD for 2 weeks
was significantly higher compared with those fed a SD for
2 weeks (SD/2 weeks vs. LD/2 weeks: 0.199+0.023 mM

vs. 0.388+0.042 mM; Fig. 1C). Similarly, the bile levels
of T-CHOL in guinea pigs fed a LD for 8 weeks were also
significantly increased compared with those fed a SD for
8 weeks (SD/8 weeks vs. LD/8 weeks: 0.198+0.010 mM vs.
1.955+0.112 mM; Fig. 1D).

LD significantly alters the number of ICCs and the protein
expression levels of C-kit and SCF in guinea pig gallbladders.
As shown in Fig. 2A, ICCs in guinea pig gallbladders were
labelled using a primary antibody targeting C-kit (a marker of
ICCs, indicated by green fluorescence in Fig. 2A). The mean
number of ICCs in the lamina propria of guinea pig gallblad-
ders at x200 magnification was significantly increased in
the LD/2 weeks group compared with the SD/2 weeks group
(SD/2 weeks vs. LD/2 weeks: 19.4+3.1 vs. 24.1+3.2), and was
significantly decreased in the LD/8 weeks group compared
with the SD/8 weeks group (SD/8 weeks vs. LD/8 weeks:
19.9+£3.2 vs. 10.9+2.1; Fig. 2B). Moreover, western blot analysis
demonstrated that the protein expression levels of C-kit and
SCF in guinea pig gallbladders were significantly increased in
the LD/2 weeks group compared with the SD/2 weeks group
(C-kit, ~20%; SCF, ~40%), and were significantly reduced in
the LD/8 weeks group compared with the SD/8 weeks group
(C-kit, ~58%; SCF, ~62%; Fig. 2C and D).

LD significantly alters the ultrastructure of gallbladder ICCs
in guinea pigs fed an LD for 8 weeks and the protein expression
levels of Cx43 in guinea pig gallbladders. Next, the ultrastruc-
ture of gallbladder ICCs in guinea pigs fed a LD was assessed
using transmission electron microscopy. The results showed
that gallbladder ICCs in the guinea pigs fed a SD possessed
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Figure 2. LD alters the number of ICCs and protein expression levels of C-kit and SCF in the gallbladders of guinea pigs. (A) Immunofluorescence staining
of ICCs in the gallbladders of guinea pigs fed a SD or LD. ICCs were labelled using a primary antibody targeting C-kit (green), and nuclei were labelled
using DAPI (blue). White arrowheads indicate C-kit-positive gallbladder ICCs, which are shown in the inset. Magnification, x200. (B) The mean number
of ICCs in a field of view of guinea pig gallbladder. (C and D) Western blotting of C-kit and SCF protein expression levels in guinea pig gallbladders of the
SD and LD groups. "P<0.05, “P<0.01 and ““P<0.001 vs. SD/2 weeks or SD/8 weeks. SD, standard diet; LD, lithogenic diet; ICCs, interstitial cells of Cajal;

SCEF, stem cell factor.

normal cell nuclei, clear cell contours and multiple branches.
Compared with the SD/2 weeks group, the ultrastructure of
gallbladder ICCs in guinea pigs of the LD/2 weeks group was
not notably altered. However, in guinea pigs of the LD/8 weeks
group, gallbladder ICCs exhibited more transparent cell nuclei,
blurred cell outlines, enlarged mitochondria and several vacu-
oles in the cytoplasm. Notably, there were no notable branches
observed in gallbladder ICCs in the LD/8 weeks guinea pigs
(Fig. 3A). Furthermore, the protein expression levels of Cx43
in guinea pig gallbladders were increased by ~37% in the
LD/2 weeks group compared with the SD/2 weeks group, and
was decreased by ~66% in the LD/8 weeks group compared
with that in the SD/8 weeks group (Fig. 3B and C).

CCKIR expression in gallbladder ICCs was significantly
altered in guinea pigs fed a LD. The effects of LD on CCKIR
expression in guinea pig gallbladders were determined. The
serum levels of CCKS in guinea pigs of the LD/2 weeks group
were significantly increased compared with the SD/2 weeks
group (SD/2 weeks vs. LD/2 weeks: 16.264+1.216 pg/ml vs.
18.934+0.822 pg/ml). Compared with the SD/8 weeks group,
the increase in the serum levels of CCKS in guinea pigs fed
a LD for 8 weeks were more significant (SD/8 weeks vs.
LD/8 weeks: 16.168+1.065 pg/ml vs. 25.812+1.174 pg/ml;
Fig. 4A). Moreover, compared with the SD groups, the total

protein expression levels of CCKIR in guinea pig gallblad-
ders were significantly increased by ~27% in the LD/2 weeks
group, and was significantly decreased by ~63% in the
LD/8 weeks group (Fig. 4B and C). Finally, using double
immunofluorescence staining, CCKIR (red fluorescence)
was confirmed to be expressed in C-kit-positive (green
fluorescence) ICCs in guinea pig gallbladders. Additionally,
the red fluorescence intensity (indicative of CCK1R expression
levels) in the gallbladder ICCs of guinea pigs in the LD/2 weeks
group was moderately higher compared with the SD/2 weeks
group; and was markedly lower in the LD/8 weeks group
compared with the SD/8 weeks group (Fig. 4D).

Discussion

It was previously shown that hypercholesterolemia is an impor-
tant risk factor of cholelithiasis (18,19). Hypercholesterolemia
can increase biliary cholesterol concentrations and conse-
quently lead to cholesterol saturation in bile, which is also
considered a pathogenic factor of cholelithiasis (20). In the
present study, hypercholesterolemia was successfully induced,
and elevated levels of T-CHOL in the bile from guinea pigs
were observed when fed a LD for 2 or 8 weeks. Several studies
have shown that a LD facilitates the formation of cholesterol
gallstones in guinea pigs (21,22). Hence, in the present study,
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Figure 3. LD alters the ultrastructure of gallbladder ICCs in SD-fed guinea
pigs after 8 weeks and the protein expression levels of Cx43 in guinea pig
gallbladders. (A) Ultrastructure of gallbladder ICCs in the guinea pigs fed
with SD or LD was visualized using a transmission electron microscope. The
white arrowhead indicated enlarged mitochondria and the white triangle indi-
cates the vacuole in the cytoplasm. Magnification, x10,000. Scale bar, 2 ym.
(B and C) Western blotting of Cx43 expression in guinea pig gallbladders fed
with SD or LD. "P<0.05, “P<0.01 vs. SD/2 weeks or SD/8 weeks. SD, standard
diet; LD, lithogenic diet; Cx43, connexin 43; ICCs, interstitial cells of Cajal.

LD-fed guinea pigs were used to investigate the possible
mechanisms underlying gallbladder hypomotility in the devel-
opment of cholesterol cholelithiasis.

ICCsare pacemaker cells that generate electrical slow waves
in the gastrointestinal tract (23). ICCs have also been shown
to serve a key regulatory role in controlling smooth muscle
contractions in the urinary tract (24). In the gallbladder, ICCs
are involved in the generation and propagation of spontaneous
rhythmicity and the consequent tissue motility (9). A previous
study found that gallbladder ICCs were redistributed from the
muscle layer to the lamina propria during cholelithiasis (11).
According to this result, in the present study, the changes in
density of gallbladder ICCs located in the lamina propria were
investigated. To the best of our knowledge, the present study is
the first to show that a LD for 2 weeks significantly increases
the density of gallbladder ICCs in guinea pigs. In addition,
the density of gallbladder ICCs was significantly decreased
in guinea pigs after being fed a LD for 8 weeks. This result
was consistent with previous studies where the density of
ICCs was found to be significantly reduced in patients with
cholelithiasis (10) and in guinea pigs fed a high cholesterol
diet for 4 or 8 weeks (12,25). Based on the aforementioned

results, it was hypothesized that guinea pigs may enhance their
gallbladder emptying capacity via a compensatory increase in
the density of ICCs during the early stages of high cholesterol
stimulation, and their gallbladder motility is considerably
impaired at the later stages of cholesterol cholelithiasis devel-
opment due to decreases in the density of ICCs.

Subsequently, the mechanisms underlying the decrease
in the density of gallbladder ICCs were investigated. The
SCF/C-kit pathway is well established as a key regulator of
the differentiation and proliferation of ICCs (26). The present
study detected for the first time that the protein expression
levels of SCF and C-kit in guinea pig gallbladders were signifi-
cantly increased after feeding a LD for 2 weeks, indicating
increased activation of the SCF/C-kit pathway. Furthermore,
consistent with previous studies in which the mRNA and
protein expression levels of SCF and C-kit were found to be
significantly attenuated in the gallbladders of animal models
fed a high cholesterol diet for 8 weeks (12,27), the present
study also demonstrated that activity of the SCF/C-kit pathway
was significantly suppressed after being fed a LD for 8 weeks.
Taken together, it was hypothesized that differential activity
of the SCF/C-kit pathway is observed at various stages of
cholesterol cholelithiasis development, and this may lead to the
corresponding alterations in the density of gallbladder ICCs at
each stage.

A previous study reported that feeding a high cholesterol
diet for 8 weeks did not significantly result in ultrastructural
changes in the gallbladder ICCs in mice (12). However, in
the present study, although the ultrastructure of gallbladder
ICCs in guinea pigs was not notably altered after feeding a
LD for 2 weeks, they were markedly altered after 8 weeks.
It was hypothesized that the differences in outcomes may be
attributed to the different susceptibilities of various species to
high cholesterol diets. It was reported that gallbladder ICCs
can form a network with each other and close contact with
smooth muscle cells and nerve endings through their multiple
branches (9). Moreover, it was also shown that ICCs can propa-
gate their own rhythmic excitation or neural signals to smooth
muscle cells via gap junctions (28). In the present study, an
important change that was observed in the ultrastructure of
gallbladder ICCs at 8 weeks was the loss of their branched
morphology. Additionally, the protein expression levels of
the gap junction protein Cx43 in guinea pig gallbladders was
significantly decreased after 8 weeks. Based on the aforemen-
tioned results, it was hypothesized that the capacity of ICCs for
controlling gallbladder contraction via propagating rhythmic
signals to smooth muscle cells may be impaired at the later
stages of cholesterol cholelithiasis progression.

As a classical hormone, CCK can induce gallbladder
contractions via direct action on CCKIR in gallbladder
ICCs (15). In patients with cholesterol gallstones, induction
of gallbladder contraction via exogenous CCK is impaired,
and this phenomenon may be the result of reduced CCKIR
expression and/or CCK binding ability to CCKIR in the gall-
bladder (29). Furthermore, a previous study reported that total
CCKIR protein expression in gallbladders of mice fed with
LD for 1 month was significantly reduced compared with the
control mice (30). Consistently, the results of the present study
also showed that CCK1R protein expression in the gallbladder,
particularly in gallbladder ICCs, was significantly decreased
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Figure 4. CCK1R expression in gallbladder ICCs is altered in guinea pigs fed a LD. (A) Serum CCK8 levels were measured after 2 and 8 weeks in guinea
pigs fed a SD or LD. (B and C) Western blotting for CCKIR protein expression in guinea pig gallbladders fed a SD or LD. (D) Immunofluorescence labelling
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LD, lithogenic diet; ICCs, interstitial cells of Cajal; CCK1R, cholecystokinin receptor type A.

after feeding with LD for 8 weeks. Although the serum
CCKS levels in guinea pigs were considerably increased after
8 weeks in the present study, it was hypothesized that gall-
bladder contraction was still damaged at this stage, primarily
due to reduced CCKIR expression. In addition, the results
of the present study also demonstrated for the first time that
CCKIR protein expression in the gallbladder, particularly in
the gallbladder ICCs was increased after feeding with LD for
2 weeks. Considering that the serum CCKS levels in guinea
pigs was also moderately increased after 2 weeks, it was
hypothesized that the synergistic effect of increased serum
CCK8 and CCKIR expression will enhance the emptying
capacity of the gallbladder during the early stages of high
cholesterol stimulation.

The present study preliminarily investigated changes in the
density, ultrastructure and CCKI1R expression of gallbladder
ICCs during the development of cholesterol cholelithiasis. A
limitation of the present study is that gallbladder contractility
in guinea pigs was not assessed directly using functional
experiments. Additionally, further studies are required to
clarify the possible mechanisms underlying the changes in
CCKIR expression, such as elucidation of the regulation of
CCKIR expression by certain microRNAs, during the devel-
opment of cholesterol cholelithiasis.

In conclusion, the present study demonstrated that the
density, ultrastructure and CCK1R expression levels of gall-
bladder ICCs were differentially altered at various stages of
cholesterol cholelithiasis progression. These results indicated
that gallbladder ICCs may serve as a potential therapeutic
target for cholesterol cholelithiasis.
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