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Abstract: Background: Cholesterol gallstone is commonly observed in patients with gallbladder disorders. Interstitial 
cells of Cajal (ICCs) in the gallbladder are important for regulating gallbladder motility and have a close relation-
ship with cholelithiasis. Aim: The aim of this study was to explore changes in the distribution of gallbladder ICCs 
during cholesterol gallstone formation. Materials and methods: Thirty guinea pigs were randomly divided into three 
groups: the control group and study groups. Animals in study groups were fed on high cholesterol diet for 4 weeks 
or 8 weeks. Animals in the control groups were fed on a standard diet for 8 weeks. Immunohistochemistry was 
performed to observe the shape, size, morphology, and numbers of ICCs from the neck of the gallbladder to the fun-
dus of the gallbladder, and terminal deoxynucleotidyl transferase dUTP nick-end labeling was performed to detect 
apoptosis in ICCs from the upper part of the gallbladder to the lower part of the gallbladder. Results: There were no 
differences in the shape, size, and morphology of the gallbladder ICCs in all groups. Cholesterol gallstones formed 
in guinea pigs fed on high cholesterol diet. The numbers of gallbladder ICCs were significantly decreased from the 
neck of the gallbladder to the fundus of the gallbladder, and gallbladder ICC apoptosis was significantly increased 
from the upper part of the gallbladder to the lower part of the gallbladder in both guinea pigs fed on high cholesterol 
diet (all P<0.05). Conclusion: Cholesterol gallstone formation reduced the density of gallbladder ICCs and increased 
the frequency of apoptotic gallbladder ICCs from the neck of the gallbladder to the fundus of the gallbladder, and 
these alterations may affect gallbladder ICC function. 
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Introduction

Cholelithiasis is formation of gallstone, and 
most of that are cholesterol gallstones. Many 
factors are involved in the pathogenesis of  
cholelithiasis, such as hypersaturation of bi- 
liary cholesterol, changes of bile salts pool in 
bile juice, and motility disorders and so on [1, 
2]. Most cases of cholelithiasis are accompa-
nied by gallbladder motility disorder and biliary 
dyskinesia, however, the mechanism is still 
unknown [2-4]. A recent study suggested that 
interstitial cells of Cajal (ICCs) play an impor-
tant role in this disease [5].

ICCs function in the digestive tract smooth 
muscle by promoting gastrointestinal electrical 

activity and regulating gastrointestinal tract ne- 
urotransmitters [6-11]. In recent studies, ICCs 
have also been shown to be distributed in the 
biliary system [12, 13]. Gallbladder motility 
involves various regulatory mechanisms. Inde- 
ed, recent studies have confirmed that ICCs  
in the biliary system are closely related to the 
production and spread of the gallbladder spon-
taneous rhythm and to adjusting gallbladder 
contraction and gallbladder movement [14]. 
Additionally, gallbladder ICCs may also have 
dramatic effects on various biliary system dis-
eases, such as cholelithiasis and acute chole-
cystitis [15-17]. However, no studies have ev- 
aluated changes in the distributions of gallbla- 
dder ICCs during the process of cholesterol  
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gallstone formation. Accordingly, in this study, 
we characterized gallbladder ICCs in order to 
evaluate changes in the distribution of these 
cells during cholesterol gallstone formation.

Materials and methods

Animals and animal experiments

Thirty guinea pigs (male and female, weighing 
100-120 g) were obtained from Wuhan Institu- 
te of Biological Products Co., Ltd. (China). Ani- 
mals were maintained under standard labora-
tory conditions (22±2°C with a 12-h light/12-h 
dark cycle and a relative humidity of 40-60%). 
All the guinea pigs were allowed free access  
to food and water. Animal experiments were 
approved by the Institutional Animal Care and 
Use Committee of Wuhan University.

Animals were randomly divided into 3 groups, 
there were 10 guinea pigs in each group. High 
cholesterol diet (HCD) 4 weeks group and HCD 
8 weeks group were the study groups, and ea- 
ch was given the HCD (2% cholesterol) for 4 
weeks or 8 weeks before experiments, and  
the control group was given a standard diet  
for 8 weeks. 

Gallbladder specimen preparation and serum 
lipid test

Guinea pigs underwent laparotomy and chole-
cystectomy. Blood was aspirated from the heart 
and spun at 12,000 rpm for 5 minutes to se- 
parate serum, serum total cholesterol (TC), low 
density lipoprotein cholesterol (LDL), high den-
sity lipoprotein cholesterol (HDL), and triglyce- 
ride (TG) concentrations were assessed.

Immunohistochemistry (IHC)

IHC was performed on paraffin-embedded se- 
ctions using a microwave-based antigen retrie- 
val technique. Gallbladder mucosa and sub- 
mucosa were peeled away, and the muscular 
layer was reserved. Gallbladder specimens we- 

re fixed in 4% paraformaldehyde solution and 
embedded in paraffin. Sections were then cut 
to 5-μm thickness and mounted on positive- 
ly charged slides. The sections were then iden-
tified using rat monoclonal antibodies against 
CD117/c-Kit (eBioscience, San Diego, CA, USA), 
and the specimens were incubated at room 
temperature for 24 h, followed by appropriate 
incubation with secondary antibodies. Secti- 
ons were then stained with diaminobenzidine 
and counterstained with hematoxylin. The st- 
ained samples were observed under a light 
microscope (Olympus BX53, Tokyo, Japan). 

Terminal deoxynucleotidyl transferase dUTP 
nick-end labeling (TUNEL) assays for detection 
of apoptotic ICCs 

TUNEL assays were performed using an In Situ 
Cell Death Detection Kit, Fluorescein (Roche 
Applied Science, Mannheim, Germany) to as- 
sess gallbladder ICC death in both the control 
group and study groups according to the ma- 
nufacturer’s instructions. Images were obtain- 
ed using a laser confocal microscope (Olym- 
pus FV1000).

Measurement of the numbers of total and 
apoptotic ICCs 

Images of CD117/c-Kit-positive cells and CD- 
117/c-Kit apoptosis-positive cells were taken  
in three randomly chosen fields (400× magni- 
fication) in each section from the neck of the 
gallbladder (upper part) to the fundus of the 
gallbladder (lower part) in all groups. Numbers 
of CD117/c-Kit-positive cells and CD117/c-Kit 
apoptosis-positive cells were assessed using 
Image-Pro plus 6.0 software (Media Cyber- 
netics, Bethesda, MD, USA).

Statistical analysis

All statistical analyses were carried out using 
SPSS for Windows version 17.0 (SPSS, Chica- 
go, IL, USA). Continuous variables were pre-
sented as the mean ± standard deviation (SD). 

Table 1. Serum Lipid Test during cholesterol gallstone formation
TC* LDL* HDL* TG*

Control Group 1.0250±0.38891 0.7200±0.31113 0.1600±0.04243 0.6767±0.6658
HCD 4 week Group 1.3650±0.12021 0.7950±0.10607 0.1300±0.02828 0.8533±0.01528
HCD 8 week Group 2.0400±0.32249 1.6625±0.10813 0.0670±0.02082 0.9700±0.04000
*F-values respectively were 8.079, 28.710 and 45.735, P-values were 0.027, 0.002, 0.000 and 0.001, respectively.
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Comparison of continuous variables was car-
ried out using t tests. Comparison of catego- 
rical variables was carried out using analysis  
of variance. A two-sided P value of less than 
0.05 was regarded as statistically significant.

Results

Evaluation of animals 

No guinea pigs died both in the control groups 
and HCD groups. In the control group, gallblad-

le juice and obvious granular, yellow, single or 
multiple stones. 

In the control group, TC, LDL, HDL and TG were 
significantly lower than the HCD groups, and 
the HCD 4 week group was much lower than  
the HCD 8 week group, (all P<0.01, respective-
ly). These data are presented in Table 1.

These findings suggest that a high choleste- 
rol diet could induce cholesterol gallstone for- 
mation. 

Figure 1. Density of ICCs during cholesterol gallstone formation (400×). The distribution of gallbladder ICCs densi-
ties decreased from the neck of the gallbladder to the fundus of the gallbladder and the densities of gallbladder 
ICCs decreased gradually during cholesterol gallstone formation (all P<0.01).

Table 2. Density of ICCs during cholesterol gallstone formation

Group
Part of Gallbladder

Upper Part Middle Part Lower Part
Control Group* 76.3333±5.85947 54.6667±1.52753 46.3333±3.78594
HCD 4 week Group* 59.3333±3.51188 48.0000±2.00000 43.0000±1.73205
HCD 8 week Group* 37.6667±4.93288 29.3333±5.13160 24.3333±3.21455
*F-values respectively were 52.005, 47.510 and 45.735, P-values were 0.000, 0.000 and 
0.000, respectively.

ders were normal, wi- 
th clear, brightly col-
ored bile juice. Gall- 
bladders of guinea pi- 
gs in HCD 4 week 
group were swollen, 
with granular stones. 
Gallbladders of HCD 8 
week group were very 
swollen, with thick bi- 
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IHC analysis 

We used anti-CD117/c-Kit an- 
tibodies to detect CD117/c-Kit 
protein for identification of IC- 
Cs by IHC. After staining, the 
surface of ICCs was positive 
for c-Kit. Moreover, when ob- 
served under a light microsc- 
ope, ICCs were fusiform, ast- 
rocyte-like, or fusiformis in sh- 
ape, with 2-5 slender cyna- 
pses, and their nuclei were 
much larger, orbicular or ova- 
te, with little cytoplasm in all 
groups. We also found that IC- 
Cs were mainly located in the 
muscular layer, with most wi- 
thin the muscularis propria, lo- 
cated primarily parallel to the 
smooth muscle cells. The ICCs 
typically appeared individually 
or in small clusters of 2-3 cells 
that were connected with ea- 
ch other to form a net-like st- 
ructure. Mast cells were also 
immunolabeled positively for 
c-Kit, had round shapes, and 
were present in the mucosa of 
the gallbladders (Figure 1). 

Measurement of the density 
of ICCs 

The densities of gallbladder 
ICCs were decreased from the 
neck of the gallbladder (upper 
part) to the fundus of the ga- 
llbladder (lower part) in all gr- 
oups. Additionally, the densi-
ties of gallbladder ICCs in the 
neck (upper part), body (midd- 
le part), and fundus (lower pa- 
rt) of the gallbladder were all 
significantly lower in the HCD 
groups than that in the control 
group. Additionally, the density 
of ICCs in different parts of the 
gallbladder in the HCD 8 week 
group was lower than that in 
the HCD 4 week group (all P 
<0.05, respectively). These da- 
ta are presented in Figure 1 
and Table 2.

The distributions of gallbladd- 
er ICC densities decreased fr- 
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Figure 2. TUNEL assays for analysis of apoptosis ICCs (400×). The distribu-
tion of apoptotic gallbladder ICCs increased from the neck of the gallblad-
der to the fundus of the gallbladder, and the density of apoptotic gallblad-
der ICCs was increased gradually during cholesterol gallstone formation (all 
P<0.01).

the HCD 4 week group (all P< 
0.01, respectively). These data 
are summarized in Figure 2 
and Table 3.

The distributions of apoptotic 
gallbladder ICCs increased fr- 
om the neck of the gallbladder 
to the fundus of the gallblad-
der. In cholelithiasis, gallblad-
der ICCs were lost, and the de- 
nsity of apoptotic gallbladder 
ICCs was increased gradually 
during the process of choles-
terol gallstone formation.

Taken together, the results fr- 
om TUNEL assays support the 
findings of IHC analysis and 
demonstrate that during cho-
lesterol gallstone formation, 
the density of gallbladder ICCs 
was reduced, and gallbladder 
ICC death is increased from 
the neck of the gallbladder to 
the fundus of the gallbladder.

Discussion

Cholesterol gallstone forma-
tion is a complicated process 
and many factors, such as 
hyper-saturation of biliary cho-
lesterol, changes of bile salts 
pool in bile juice, and motility 
disorders, are involved [1, 2]. 

om the neck of the gallbladder to the fundus  
of the gallbladder. Additionally, the structures 
of gallbladder ICCs were damaged in choleli- 
thiasis and the densities of gallbladder ICCs 
decreased gradually during cholesterol gall-
stone formation. These changes may affect  
the function of gallbladder ICCs.

TUNEL assays for analysis of apoptosis 

The numbers of apoptotic gallbladder ICCs 
increased from the neck of the gallbladder to 
the fundus of the gallbladder in all groups. Ad- 
ditionally, the numbers of apoptotic gallbladd- 
er ICCs were significantly higher in the HCD 
groups than in the control group for all portions 
of the gallbladder, and the numbers of apop-
totic ICCs in individual parts of the gallbladder 
were higher in the HCD 8 week group than in 

Surgery is usually required for the treatment  
of cholelithiasis and acute cholecystitis [18]. 
Moreover, most cases of cholelithiasis are co- 
mplicated by biliary dyskinesia [2-4].

Gallbladder motility is involved in various re- 
gulatory mechanisms, including gallbladder sm- 
ooth muscle and nervous circuit activity, and 
gallbladder ICCs play an important role in this 
process [19]. ICCs were first identified in the 
gastrointestinal tract in 1893 [20-23]. More 
recent studies have shown that ICCs are also 
distributed in the gallbladder and extrahepatic 
biliary duct both guinea pigs and humans [24-
26]. Moreover, previous studies have shown 
that the specific marker CD117/c-Kit is ex- 
pressed on the surfaces of ICCs [14]. Thus, in 
this study, we found that after IHC, the surfac- 
es of gallbladder ICCs were positive for c-Kit, 
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and gallbladder ICCs were distributed throu- 
ghout the muscular layer of the gallbladder, 
most of which were arranged parallel to smoo- 
th muscle cells. Gallbladder ICCs typically ap- 
peared individually or in small clusters of 2-3 
cells that were connected with each other to 
form a net-like structure. In contrast, mast cells 
were also positive for c-Kit and showed round 
shapes. These cells were located in the mu- 
cosa of the gallbladders, but were difficult to 
identify.

ICCs in the biliary system may have functions 
as smooth muscle pacemakers to produce and 
maintain the spontaneous rhythm of the gall-
bladder, adjusting the contraction and move-
ment of the gallbladder [6-12]. Recent studies 
have confirmed that ICCs in the biliary system 
are involved in initiating pacemaker activity to 
adjust gallbladder movement, and decreases  
in the number of gallbladder ICCs are related  
to gallbladder motility disorders [27]. Additio- 
nally, gallbladder ICCs may have close relation-
ships with various biliary system diseases, su- 
ch as acute cholecystitis and cholelithiasis 
[28]. A previous study confirmed that gallblad-
der ICC numbers were decreased in cholelithia-
sis [15]. Additionally, in this study, we found 
that, during cholesterol gallstone formation, the 
number of gallbladder ICCs was significant lo- 
wer, whereas the number of apoptotic gallblad-
der ICCs was increased.

The physiology of gallbladder motility involves 
three phases: a slow emptying that occurs 
immediately after ingestion of food, followed by 
refilling and then rapid emptying [29]. Gall- 
bladder contraction and emptying occurs from 
the fundus to the body and neck of the gallbla- 
dder [30]. Physiologically, the densities of gall-
bladder ICCs were decreased from the neck of 
the gallbladder to the body and fundus [14]. 
Moreover, during cholesterol gallstone form- 
ation, the densities of gallbladder ICCs were  

be closely related to gallbladder motility di- 
sorder.

In summary, our study indicates that choles-
terol gallstone formation causes structural 
damage to gallbladder ICCs, reduces the den-
sity of gallbladder ICCs, and increases apop- 
tosis in gallbladder ICCs from the neck to the 
fundus of the gallbladder. Thus, these chang- 
es may affect the function of gallbladder ICCs 
and contribute to gallbladder motility disorder. 
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