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Decreased number of interstitial cells of Cajal play an 
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during cholesterol gallstone formation in  
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Abstract: To study the changes of interstitial cells of Cajal (ICCs) and expression of c-kt and scf mRNA in terminal 
ileum tissue during cholesterol gallstone formation in guinea pigs fed on high cholesterol diet, forty guinea pigs 
were divided into the gallstone group and the control group. The animals in the gallstone group were fed on a high 
cholesterol diet (HCD), while those in the control group fed on a standard diet (StD). The guinea pigs were sacrificed 
at the 8th week. The expression of c-kit and scf in terminal ileum were determined by RT-PCR and the morphological 
characteristics and number of ICCs were observed and calculated by using immunohistochemistry. RT-PCR showed 
that, compared with the control group, the c-kit and scf mRNA expression levels in the gallstone group were signifi-
cantly declined. In the animal assay, the decreased number of ICCs was present obviously in the gallstone group. 
We concluded from the study that decreased number of ICCs, decreased expression of c-kit and scf in terminal 
ileum are present in guinea pigs fed on high cholesterol diet. The c-kit/scf pathway inhibition might be involved in 
the decline of intestinal transit function during cholesterol gallstone formation.
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Introduction

Cholesterol gallstone (CG) formation is a com-
plicated process which may involving many fac-
tors such as gallbladder dysmotility, hypersatu-
ration of biliary cholesterol, changes of bile 
salts pool in bile juice, etc [1, 2]. Recently, the 
role of intestinal transit (IT), which may affect 
the reabsorption rate of bile salts in terminal 
ileum and the coordinating motility of small 
intestine and gallbladder, in the causes of CG 
has been gradually noticed [3, 4]. Our previous 
study found that in high cholesterol diet (HCD)-
induced golden hamster CG model, the intesti-
nal transit (IT) function decreased obviously [5], 
indicating that the decline of IT might play a role 
in CG formation. However, the underlying mech-
anism has not been fully clarified.

Recently our understanding of physiology of the 
gastrointestinal smooth muscle system has 

changed due to studies of the population of the 
interstitial cells of Cajal (ICCs). ICCs are consid-
ered to be important in gastrointestinal tract 
motility by providing electrical impulses for slow 
wave generation and regulating smooth muscle 
activity [6-8]. Sufficient evidence suggests that 
the c-kit/stem cell factor (scf) signal pathway 
plays a crucial role in the regulation of cellular 
survival, proliferation and differentiation. So, 
whether the decline of IT in HCD-induced CG 
animal models is caused by the abnormalities 
of ICCs and c-kit/scf pathway? In this experi-
ment, we used immunofluorescence staining 
technique and reverse transcriptase poly-
merase chain reaction (RT-PCR) to detect the 
changes of ICCs number and the expressions of 
c-kit and scf mRNA in terminal ileum tissue of 
guinea pig CG models, aiming to explore the 
underlying mechanisms of the IT decline during 
CG formation.
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Materials and methods

Estabolishment of animal model and grouping

40 adult guinea-pigs (4 weeks, 120-125 g) 
were obtained from the Animal Research 
Center in Shengjing Hospital of China Medical 
University. The animals were randomly divided 
into two groups: gallstone group (GG, n = 20) 
which were given a HCD (2% cholesterol, pur-
chased from Shanghai Sinopharm Chemical 
Reagent Co., Ltd.), and control group (CoG, n = 
20) which were given a standard diet. All the 
animals were fed for 8 weeks before experi-
ment. This study was carried out in strict accor-
dance with the recommendations in the Guide 
for the Care and Use of Laboratory Animals of 
the National Institutes of Health. The animal 
use protocol has been reviewed and approved 
by the Institutional Animal Care and Use 
Committee (IACUC) of Shengjing Hospital of 
China Medical University.

Polarizing microscope study and composition 
analysis of gallstones

8 weeks later, bile juice was obtained from the 
gallbladder with fine-needle penetration after 
the animals were killed by cervical dislocation, 
and a small amount of bile was dropped on the 
slide to form the bile smear, the situation of 
cholesterol crystals in each group were 
observed using DP-71 polarized light micro-
scope (Olympus Co., Ltd, Tokyo, Japan). In GG 
group, gallstones were collected after rapid 
cholecystectomy. The stones were dried natu-
rally after washed with distilled water, and then 
2 mg stone was mixed with 100 mg KBr, fully 
milled for 10 min, and baked under an infrared 
lamp for about 30 min before pressed into a 
transparent sheet with the tablet machine. 
FITR-55 infrared spectrometer (Bioon Co., Ltd, 
Bern, Switzerland) was used to analyze the 
compositions of the sheet.

Observation and counting of ICCs in terminal 
ileum

The guinea pigs were killed by cervical disloca-
tion, about 2 cm terminal ileum was then taken 
and the intestinal contents were cleaned with 
0.9% sodium chloride solution and fixed with 
100% acetone at 4°C for 30 min. The intestine 
was removed along the longitudinal axis with 
microsurgery scissor, and then cut into 3 mm × 

3 mm small pieces. Under the operating micro-
scope, the intestinal mucosa and submucosa 
were peeled with microdissection forceps, 
while the muscular layer was reserved. After 
being washed for 4 × 10 min with phosphate 
buffered saline (PBS), the specimens were 
treated with PBS containing 0.3% Triton X-100, 
and then normal goat serum for 30 min at 
37°C, respectively, followed by incubation with 
a rabbit polyclonal anti-c-kit antibody (Beijing 
Biosynthesis Biotechnology Co., Ltd, Beijing, 
China) in PBS overnight at 4°C. After this step, 
the tissues were washed for 4 × 10 min with 
PBS and incubated with a CY3-conjugated goat 
anti-rabbit secondary antibody (Beijing Bio- 
synthesis Biotechnology Co., Ltd, Beijing, China) 
in PBS for 12 h at 37°C. After removing the 
unbound secondary antibody by washing with 
PBS, the preparations were coverslipped for 
confocal microscopic examination. Eclipse IZ 
laser confocal microscope (Nikon Co., Ltd, 
Tokyo, Japan) was used to count and photo-
graph the c-kit positive ICCs cells in each group.

Extraction of total RNA

200 mg fresh intestinal tissue of guinea pig 
was placed in liquid nitrogen, and then repeat-
edly crushed before adding 1 mL Trizol solution. 
The total RNA was extracted according to Trizol 
Reagent kit instructions (Invitrogen, Camarillo, 
USA).

Detection of c-kit and scf mRNA expression 
with RT-PCR

cDNA was reverse-transcribed from 1 μg of 
total RNA and amplified for 35 cycles of dena-
turation (45 s at 94°C), annealing (45 s at 
60°C), and synthesis (45 s at 72°C). The prim-
ers of c-kit were 5’-CACAGAGGCTTAGCGG-3’ 
(forward) and 5’-CGTGAAGGCAACATACC-3’ 
(reverse), generating an amplified product of 
274 bp. The primers of scf were 5’ 
GCAGCATAATACCACG 3’ (forward), and 5’ 
AATACCATCATCCGTTC 3’ (reverse), generating 
an amplified product of 318 bp. The primers of 
GAPDH were 5’-ACCACAGTCCATGCCATCAC-3’ 
(forward) and 5’-TCCACCACCCTGTTGGGTA-3’ 
(reverse), generating an amplified product of 
452 bp. Thereafter, electrophoresis was 
applied to the PCR product with size markers 
on a 1.5% agarose gel stained with ethidium 
bromide. GAPDH gene was used as an internal 
control of the analysis of gene expression. The 
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mRNA values are expressed as relative units 
calculated according to the following formula: 
density of the c-kit/scf amplification product/
density of the GAPDH amplification product.

Statistical analysis

SPSS 11.5 statistical analysis package was 
used, and all experimental data were expressed 
as mean ± standard deviation, inter-group com-
parison was performed with t test, and the rate 
comparison used chi-square test, with P < 0.05 
considered as statistical significance.

Results

Animal models and stone analysis

3 animals in GG died, with the mortality rate 
15%. Autopsy revealed that the causes of death 
was pneumonia (n = 1), splenic abscess (n = 1) 
and cervical lymphadenitis (n = 1), respectively; 
while no death in CoG.

8 weeks later, laparotomy revealed that the 
gallbladders of GG swelled, with obvious granu-
lar, yellow, single or multiple stones; while the 

Figure 1. In vivo gallbladders in both groups at the end of lithogenic period. A: The gallbladder of CoG was normal 
with clear and bright bile juice. B: The gallbladder of GG guinea pig swelled, with obvious granular, yellow, single or 
multiple stones.

Figure 2. Polarized light microscopy revealed no cholesterol crystal in the gallbladder bile of CoG (A), while the typi-
cal needle-like crystals of cholesterol could be seen in GG (B). 
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gallbladders of CoG were normal with clear and 
bright bile (Figure 1). There was no stone for-
mation in CoG. In GG, stone formed in the rest 
17 guinea pigs, with the stone formation rate 
100% (17/17). Polarized light microscopy 
revealed no cholesterol crystal in the gallblad-
der bile of CoG, while the typical needle-like 
crystals of cholesterol could be seen in GG 
(Figure 2). Infrared spectroscopy revealed obvi-
ous cholesterol absorption peaks at the wave-
lengths of 1418 cm-1 and 1640 cm-1, indicating 
a successful cholesterol gallstones model.

Observation and counting of ICCs in terminal 
ileum

The c-kit-positive ICCs existed in the muscular 
layer of terminal ileum in guinea pig. Under the 
confocal microscope, ICCs were fusiform or 
satellite-shaped, the oval DAPI-blue-stained 
nuclei were enormous, with less perinuclear 
cytoplasm and 2~5 long-branched cell pro-
cesses, making it appeared as spindle-like or 
satellite-like cell. ICCs were connected to each 
other, forming a network-like structure (Figure 
3). The terminal ileum slide of GG also exhibited 
c-kit immune-positive ICCs, showing no signifi-
cant difference with CoG under the light micro-
scope, while the number of ICCs observed with-
in the vision field significantly reduced, and the 
network structure disappeared (Figure 4).

Through the comparative observation of the 
slides of CoG and GG, each slide was randomly 
scanned for 3 fields, and the immunofluores-
cence image analysis software was used to 
count the number of ICCs. The results showed 
that the number of ICCs in GG significantly 
reduced when compared with that in CoG (75 ± 
15 vs 20 ± 6.5, t = 19.256, P < 0.01).

mRNA expression of c-kit and scf in terminal 
ileum

RT-PCR analysis showed the presence of c-kit 
and scf mRNA in the terminal ileum from the 
CoG and GG. Compared with the controls, the 
mRNA expression of c-kit and scf was decreased 
in terminal ileum tissues in GG (0.416 ± 0.056 
vs. 0.923 ± 0.103, t = 6.493, P < 0.01 and 
0.487 ± 0.011 vs. 0.879 ± 0.113, t = 6.062, P 
< 0.01) (Figure 5).

Discussion

The time of bile transit in the intestine or the 
whole gut is prolonged in patients with gall-
stones. Therefore, there is a possible relation-
ship between dysfunction of IT and CG forma-
tion. The prolongation of IT can cause stasis of 
bile salts in the gut, which leads to the forma-
tion of more deoxycholic acid (DCA). Studies 
show that patients with gallstones have a lon-
ger IT time, higher serum DCA concentration, a 

Figure 3. ICCs in terminal ileum in CoG. ICCs were fu-
siform or satellite-shaped, the oval DAPI-blue-stained 
nuclei were enormous, with less perinuclear cyto-
plasm and 2-5 long-branched cell processes, making 
it appeared as spindle-like or satellite-like cell. ICCs 
were connected to each other, forming a network-like 
structure c-kit positive ICCs of the small intestine 
in CoG (Confocal microscopy, DPAI counterstain, × 
200).

Figure 4. ICCs in terminal ileum in GG. Terminal il-
eum slide of GG also exhibited c-kit immune-positive 
ICCs, showing no significant difference with CoG in 
morphology under the light microscope, while the 
number of ICCs observed within the vision field sig-
nificantly reduced, and the network structure disap-
peared (Confocal microscopy, DPAI counterstain, × 
200).
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higher pH in the colon cavity, more anaerobic 
bacteria in the cecum, and higher 7α-dehy- 
droxylase activity than healthy controls [9-11]. 
Theoretically, increased DCA can promote the 
formation of gallstones in many ways: (1) DCA 
itself can slow down IT thereby allowing more 
time for intestinal cholesterol absorption and 
exerting a positive feedback on its own forma-
tion [12]; (2) DCA can enhance biliary choles-
terol secretion by an effect on the hepatocyte 
canalicular membrane [13]; (3) in vitro studies 
have revealed that DCA enhances biliary cho-
lesterol crystallization by destabilizing choles-
terol-rich vesicles [14]; and (4) DCA can affect 
gallbladder motility through neural reflexes or 
other regulatory factors. Moreover, gallbladder 
contraction and intestinal transportation are 
related to the serum motilin level during diges-
tion. The decline of IT would induce the disorder 
towards the gallbladder emptying, and the bile 
concentration would increase [15]; and the IT 
period extended would also prolong the entero-
hepatic circulation of bile acids, and bile salt 
reabsorption rate would slow down. Therefore, 
the bile salt content would reduce, and then 
promote the cholesterol supersaturation and 
crystallization [16]. However, the mechanism of 
the decline of IT has not been reported yet.

ICC was first reported in 1893 [17]. Recent 
studies have confirmed its crucial role in the 
pacing and dissemination of the smooth mus-
cle activity in the gastrointestinal tract, and 
also in the nerve signal transduction pathway 
[18-20].

Our results show that the number of terminal 
ileum ICCs decreased significantly and the net-

work-like structure between cells disappeared 
in HCD-induced guinea pig CG models, indicat-
ing that the number and functional changes of 
ICCs may contribute to the declined IT 
function.

One of the most important breakthroughs in 
ICCs study has been the discovery that the tyro-
sine kinase receptor c-kit and its ligand-stem 
cell factor (scf) are critical in the normal devel-
opment, maturation, and phenotype mainte-
nance of ICCs [21, 22]. The animals with spon-
taneous c-kit mutant could not have normal 
occurrence and development of ICCs [23]. 
When ACK II, the c-kit neutralizing antibody, 
was intraperitoneally injected into the new-born 
mouse, it was found that the normal contrac-
tion phase of mouse intestine was disordered, 
the electric slow wave activity disappeared and 
ICCs also missed [24]. When the non-lethal 
mutation of scf happens, the heterozygous 
mice (Sl/Sld) would be severely damaged in the 
synthesis of scf, only capable of synthesizing 
and secreting a small amount of scf and the 
intestinal ICCs would be in poor development, 
forming a loose, and very untypical network 
structure [25]. Our results showed that in the 
terminal ileum of HCD-induced CG guinea pigs, 
the expression of c-kit and scf mRNA signifi-
cantly decreased, cholesterol could inhibit the 
expression of c-kit and scf mRNA in terminal 
ileum tissues, participating the regulation of 
the number and function of ICCs and then 
affect IT function.

In summary, decreased number of ICCs, 
decreased expression of c-kit and scf in termi-
nal ileum are present in guinea pigs fed on 

Figure 5. The mRNA expression of c-kit and scf in Guinea pig terminal ileum. Compared with control group (CoG), 
the mRNA expression of C-kit and scf were decreased in gallstone/lithogenic group (GG). A: The mRNA expression 
of C-kit markedly decreased in specimens of GG. B: The mRNA expression of scf markedly decreased in specimens 
of GG group. M: marker; lanes 1 and 3, control group; lane 2 and 4, gallstone group. C: The mean optical density 
of c-kit and scf mRNA/GAPDH. Each bar represents the mean ± SD (vertical line) with P = 0.001 and P = 0.002, 
respectively.
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HCD. The c-kit/scf pathway inhibition leading to 
the decreased number and function of ICCs 
might be involved in the decline of IT function 
during CG formation. ICCs may be a therapeutic 
target in CG prevention.
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