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Abstract
Cholesterol gallstone (CG) is a common, frequent biliary system disease in China, 
with a complex and multifactorial etiology. Declined gallbladder motility 
reportedly contributes to CG pathogenesis. Furthermore, interstitial Cajal-like 
cells (ICLCs) are reportedly present in human and guinea pig gallbladder tissue. 
ICLCs potentially contribute to the regulation of gallbladder motility, and 
aberrant conditions involving the loss of ICLCs and/or a reduction in its pacing 
potential and reactivity to cholecystokinin may promote CG pathogenesis. This 
review discusses the association between ICLCs and CG pathogenesis and 
provides a basis for further studies on the functions of ICLCs and the etiologies of 
CG.

Key Words: Interstitial Cajal-like cells; Cholesterol gallstones; Gallbladder motility; 
Biliary system disease; Gallstones

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Interstitial Cajal-like cells (ICLCs) in the gallbladder have been reported to 
play an important role in the regulation of gallbladder motility. Loss and/or dysfunction 
of ICLCs may contribute to motion abnormality of the gallbladder and promote 
cholesterol gallstone (CG) formation. However, the underlying mechanism is still 
unclear. This mini-review highlights recent findings on the association between 
gallbladder ICLCs and CG formation.
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INTRODUCTION
Cholesterol gallstone (CG) has an incidence rate of approximately 10%-15% among 
adults in Western countries[1] and 4.42%-11% among Chinese individuals[2], 
displaying a significantly increasing trend. CG has a complex etiology, including 
supersaturation of bile cholesterol, acceleration of monohydrate nucleation in bile, and 
gallbladder dysmotility, among which gallbladder dysmotility is the key factor in CG 
pathogenesis. Biliary dysmotility reportedly spatiotemporally facilitates the separation 
of cholesterol crystals from cholesterol-supersaturated bile and gradual enlarging after 
separation[3]. Numerous studies on the regulation of gallbladder motility have mostly 
focused on the reduction in gallbladder sensitivity to cholecystokinin (CCK), the 
reduction in gallbladder smooth muscle functions, dysfunction of CCK receptors, and 
regulation of the dysfunction of the extrahepatic biliary system. An increasing number 
of studies on interstitial Cajal cells (ICCs) in the digestive tract have reported that ICCs 
are extensively present in the digestive tract of humans and other mammals[4,5]. ICCs 
exterior to the digestive tract are called interstitial Cajal-like cells (ICLCs), and some 
studies have referred to them as “telocytes”[6] to distinguish them from other 
interstitial cells. Lavoie et al[7] reported ICLCs in guinea pig gallbladders. Pasternak 
et al[8] reported ICLCs in human gallbladder tissue and speculated that they are 
associated with the ability of the gallbladder to generate and transmit a spontaneous 
rhythm. Therefore, the functions of gallbladder ICLCs and their association with CG 
formation have received increasing attention. This review discusses the relevant 
findings and summarizes the current advancements on this topic.

BRIEF INTRODUCTION TO GALLBLADDER ICLCS
Discovery of gallbladder ICLCs
Sun et al[9] discovered ICLCs in rat gallbladders through transmission electron 
microscopic imaging, reverse transcription-polymerase chain reaction, and Western 
blot analysis and described them as having a reticular structure with well-developed 
perinuclear endoplasmic reticulum, free ribosomes, and abundant mitochondria. 
Lavoie et al[7] reported the presence of ICLCs similar to gastrointestinal ICCs in guinea 
pig gallbladders and biliary tract systems through immunohistochemical, transmission 
electron microscopic, and laser-scanning confocal microscopic analyses and described 
them as extending along the muscle bundles and nerve fibers of gallbladder smooth 
muscles. Furthermore, spontaneous rhythmic electrical activity of the gallbladder 
muscularis is reportedly inhibited by Kit receptor tyrosine kinase inhibitors, indicating 
that ICLCs play an important role in the generation and conduction of rhythmic 
excitation signals in the gallbladder muscularis.

Specific markers of ICCs/ICLCs
Early studies on ICCs have often used methods including methylene blue staining, 
argentaffin staining, and the Champy-Maillet method to observe the morphology and 
distribution of ICCs[4]; however, these methods do not have high specificity. The 
recent discovery of c-Kit expression by ICCs[10] has rendered c-Kit (CD117) an ICC-
specific marker. Through immunohistochemical staining using the anti-c-Kit antibody 
has high specificity, thus furthering the understanding of ICCs.

Association between ICCs/ICLCs and stem cell factor/c-kit signaling pathway
ICCs express tyrosine kinase receptor c-Kit as a specific marker, whose ligand is stem 
cell factor (SCF). The SCF/c-Kit signaling pathway plays an important role in the 
development, differentiation, and phenotype maintenance of ICCs. For animals 
harboring spontaneous c-Kit mutations, ICCs do not normally occur and develop 
owing to the marked decline in c-Kit activity. Similarly, inhibition of c-Kit activity with 
anti-c-Kit antibodies exerts the same effect. After intraperitoneally injecting c-Kit-
neutralizing antibody ACK-II in newly born mice, disorder in normal phasic 
contractions, obliteration of slow-wave activity, and absence of ICCs were observed in 

http://creativecommons.org/Licenses/by-nc/4.0/
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the mouse intestines[11]. Fan et al[12] concluded from the study that decreased 
number of ICCs and decreased expression of c-Kit and SCF in the terminal ileum were 
present in guinea pigs fed a high cholesterol diet. Simultaneously, SCF levels should 
be adequate in the ICC microenvironment during culture, since it is important for the 
occurrence, development, and phenotype maintenance of ICCs[13]. There are five 
currently known downstream pathways of c-Kit/SCF: The Src family kinase pathway, 
the phosphatidylinositol 3-kinase pathway, the phospholipase C pathway, the 
Ras/Raf-1/MAP pathway, and the Jak/STAT pathway. The roles of these pathways in 
the development, phenotype maintenance, and function regulation of ICCs need 
further study.

Functions of ICCs/ICLCs
ICCs in the digestive system primarily maintain the pace of smooth muscle motility, 
enhance electrical activity transmission, and mediate and regulate neurotrans-
mitters[14]. A reduction in their number is potentially associated with various diseases 
including segmental jejunal dilatation[15], gastroparesis[16], and gastroschisis-
associated intestinal dysmotility[17].

Pacing cells for slow-wave potentials: Gastrointestinal smooth muscles have slow-
wave potentials and functional potentials. Slow-wave potentials are also called basic 
electrical rhythms. ICCs, as the pacing points of the gastrointestinal tract rhythm, 
regulate cycles, spontaneous depolarization, and slow-wave potential generation[18]. 
A study reported that upon the removal of ICCs from smooth muscles, the remaining 
smooth muscle tissue completely or almost completely lost slow-wave potentials[19]. 
Balemba et al[20] reported that ICLCs, as the pacing cells of the gallbladder contraction 
rhythm, help generate slow-wave potentials. Fan et al[21] reported a significant 
reduction in the amplitude and frequency of slow waves in gallbladder muscle strips 
with damaged ICLCs, suggesting that ICLCs play an important role in generating and 
conducting rhythmic excitation of gallbladder smooth muscles.

Conducting cells for slow-wave potentials: Gap junctions widely connect ICCs with 
neurons and smooth muscle cells, serving as the structural basis for intercellular signal 
conduction. A related study reported that upon elimination of distal ICCs while 
retaining proximal ICCs, slow-wave potentials were observed at the proximal end, 
while distal slow-wave potentials were obliterated, suggesting that ICCs conduct 
slow-wave potentials, which cannot be conducted among smooth muscle cells[22]. It is 
currently believed that slow-wave potentials are conducted among smooth muscle 
cells through the network structure of ICCs to regulate their contraction[23].

Mediating the conduction of neural signals: ICCs are located between autonomic 
neuron terminals and muscle cells, forming connections similar to classical synapses 
with external neurons. This structure contains receptors coordinated with tachykinin 
released by excitatory neurons[24] and is sensitive to nitric oxide released by 
inhibitory neurons. Faussone-Pellegrini[25] accurately measured the connection 
distances from ICCs to smooth muscle cells and neurons to be only 20-30 nm, which is 
much smaller than the regular synaptic cleft of 50-100 nm at regular neuromuscular 
junctions, suggesting that ICCs potentially play an important role in conducting neural 
signals.

ASSOCIATION BETWEEN CHANGES IN ICLCS IN GALLBLADDER TISSUE 
AND GALLBLADDER DYSMOTILITY (FIGURE 1)
Gallbladder dysmotility caused by ICLC loss
The reduction in gallbladder ICLCs weakens their role in regulating gallbladder 
motility, resulting in gallbladder dysmotility. Pasternak et al[26] conducted a 
comparative study in 30 patients with cholecystolithiasis and 25 patients without 
cholecystolithiasis and reported that ICLCs were significantly fewer in the gallbladder 
muscularis in the cholecystolithiasis group than in the control group. Furthermore, Tai 
et al[27] conducted a comparative study including 54 patients with cholecystolithiasis 
and 49 patients without cholecystolithiasis and reported that the gallbladder 
contraction rate and number of gallbladder ICLCs in the cholecystolithiasis group 
were significantly reduced relative to those in the control group. Huang et al[28] 
divided 30 guinea pigs into an experimental group administered a high-cholesterol 
diet and a control group administered a standard diet and reported that during CG 



Fu BB et al. How dose ICLCs work?

WJCC https://www.wjgnet.com 3501 May 26, 2021 Volume 9 Issue 15

formation, the number of ICLCs from the neck to the bottom of the gallbladder 
significantly decreased, and the number of apoptotic cells significantly increased, 
suggesting that this change potentially affects gallbladder ICLC function. Franks[29] 
further reported that the number of ICLCs in gallbladder smooth muscles in the 
cholecystolithiasis group was significantly lower than that in the normal group; 
however, the specific cause for the reduction in ICLCs during GC pathogenesis 
remains unclear. A previous study reported a potential phenotypic transformation in 
ICCs[30].

Further studies have focused on the causes of ICLC loss during CG pathogenesis, 
primarily considering the following aspects.

ICLC loss caused by oxidative stress: During CG pathogenesis, the oxidative stress 
response in the gallbladder tissue may lead to apoptosis of ICLCs and decrease their 
number. Tan[31] reported that the number of ICLCs was significantly lower in a rabbit 
model of GC than in healthy control rabbits, and the ultrastructure of ICLCs was 
altered and their network was damaged. Subsequently, cholesterol was supplemented 
at different concentrations to ICLCs, and with a gradual increase in the cholesterol 
concentration, the antioxidant stress indices, including superoxide dismutase (SOD) 
and glutathione peroxidase (GSH-PX) activities, of ICLCs gradually decreased and the 
apoptotic rate of ICLCs in each group also significantly increased, both in a dose-
dependent manner. When cholesterol scavengers of different concentrations were 
supplemented in culture solutions with corresponding cholesterol concentration, the 
antioxidant stress indices SOD and GSH-PX activities of ICLCs gradually increased, 
while the apoptotic rate of ICCs gradually decreased, suggesting that during CG 
pathogenesis, the increase in cholesterol concentration induces an oxidative stress 
response in gallbladder tissue, resulting in continuous apoptosis in ICLCs and a 
significant reduction in the number of ICLCs in gallbladder tissue. However, Kaji 
et al[32] conducted a study on murine jejunal ICCs and reported that ICC dysfunction 
mediated by interferon (IFN)-γ and lipopolysaccharide (LPS) largely results from NO-
induced oxidative stress. However, the NO pathway only downregulated the ICC 
markers but did not cause apoptosis in ICCs or damage their ultrastructure. The 
association between oxidative stress response and gallbladder dysmotility requires 
further study.

ICLC loss caused by inhibition of the c-kit/SCF pathway: High cholesterol concen-
trations inhibit the c-Kit/SCF pathway, thereby affecting the development of ICLCs 
and reducing their number. Tan et al[33] performed a study including 18 patients 
undergoing laparoscopic cholecystectomy (LC) owing to symptoms similar to those in 
the experimental group and 14 patients undergoing surgical treatment for pancreatic 
head tumor as the control group. The gallbladder emptying fraction (GEF) of the two 
groups was determined through presurgical ultrasonic examination, and the GEF of 
the experimental group was lower than that of the control group. Gallbladder 
specimens were intraoperatively harvested and subjected to immunohistochemical 
analysis, revealing that the number of ICLCs in the experimental group was 
significantly lower than that in the control group. Reverse transcription-polymerase 
chain reaction and Western blot analyses revealed that c-Kit/SCF were significantly 
downregulated in the experimental group, indicating that the suppression of the c-
Kit/SCF signaling pathway helps reduce the number of ICLCs. Fan et al[21] reported 
that c-Kit and SCF were significantly decreased in animal models administered a high-
cholesterol diet, indicating that a high-cholesterol diet may cause ICLC damage by 
affecting the development of ICLCs. High cholesterol concentrations can inhibit the 
proliferation of ICLCs and promote apoptosis. This decrease in the ICLC proliferation 
rate might be caused by the inhibition of the SCF/c-Kit signaling pathway[34]. Feng 
et al[35] reported that compared with the Artemisia capillaris-treated group, the c-Kit 
expression and gallbladder motility in the high-cholesterol diet group significantly 
decreased, suggesting that Artemisia capillaris retains gallbladder motility by upregu-
lating c-Kit. Another study reported that pluripotent stem cells can repair damaged 
ICCs in the digestive system, promote their occurrence and development, and restore 
their functions[36], thus potentially suggesting a novel therapeutic target for cholecys-
tolithiasis and digestive tract diseases at the cellular level.

ICLC loss caused by changes in bile composition: Different bile components 
influence changes in the number of gallbladder ICLCs. Pasternak et al[37] performed a 
study involving 30 patients who underwent LC owing to CG and 25 patients who 
underwent cholecystectomy owing to other diseases as the experimental group and 
control group, respectively, and reported that the number of ICLCs in the gallbladder 
tissue was significantly lower in the experimental group than in the control group. 
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Furthermore, glycocholic acid and taurocholic acid levels in the bile in the experi-
mental group significantly decreased and were directly proportional to the number of 
ICLCs, suggesting that glycocholic acid and taurocholic acid in bile protect ICLCs. The 
toxicity of supersaturated bile may reduce the number of ICLCs as both levels 
decrease during lithogenesis. Therefore, bile composition potentially helps reduce the 
gallbladder ICLC density. Subsequently, Pasternak et al[38] conducted a study 
involving 25 CG patients undergoing LC as the experimental group and 15 patients 
undergoing surgical treatment for pancreatic head tumor as the control group and 
reported that the number of ICLCs on the gallbladder wall was significantly lower in 
the experimental group than in the control group. However, analysis of bile 
composition revealed a significant increase in the cholesterol saturation index (an 
indicator of bile lithogenicity) in the crystallization group, a significant reduction in 
the average glycocholic acid and taurocholic acid concentrations in the experimental 
group, and a significant increase in the concentration of polyunsaturated fatty acids 
(PUFAs) in the phospholipid fraction. No difference in ω-3 PUFA levels was observed 
between the two groups, while the ω-6 PUFA concentration and ω-6/ω-3 PUFA ratio 
were significantly increased in the experimental group, suggesting that the number of 
ICLCs in the muscularis propria of the gallbladder is potentially correlated with total 
PUFA and ω-6 PUFA levels and the ω-6/ω-3 PUFA ratio. Some observational studies 
reported that a high intake of saturated fatty acids and trans fatty acids can increase 
the incidence of cholecystolithiasis[39,40], while a high intake of PUFAs and monoun-
saturated fatty acids can reduce its risk[41]. An increase in ω-6 PUFA levels in 
lithogenic bile is an important factor affecting the density of gallbladder ICLCs and 
may be one of the pathophysiological factors in the CG progression. The reduction in 
the number of ICLCs may result from the toxic effect of supersaturated bile, while 
other bile components including ω-3 PUFA, glycocholic acid, and taurocholic acid 
protect ICLCs, thus potentially influencing the factors regulating gallbladder and 
extrahepatic bile duct motility.

ICLC loss caused by inflammatory responses: Chronic inflammation in the 
gallbladder wall may be another factor promoting ICLC-related decreases. Using an 
acute cholecystitis model, Lin et al[42] reported that the number of ICCs was reduced 
in each part of the gallbladder in the experimental group. A study reported that 
protection of gallbladder ICLCs was markedly greater through a reduction in tumor 
necrosis factor alpha (TNF-α) levels and inflammatory cell infiltration upon adminis-
tration of a high-cholesterol diet rather than upon treatment with ursodeoxycholic 
acid, suggesting that supersaturated bile and hydrophobic bile acid promote 
gallbladder inflammation, and that the release of pro-inflammatory cytokine TNF-α 
can stimulate the TNF-α/Caspase8/Caspase3 cascade, thus inducing apoptosis in 
ICLCs[43]. Portincasa et al[44] reported that damage to gallbladder motility results 
from mild inflammation. Inflammatory factors alter the ICC phenotype by affecting 
their microenvironment, wherein Toll-like receptor-4, lipopolysaccharide, and TNF-α 
are involved[45,46]. However, Pasternak et al[26] reported that ICLC-related diseases 
are not associated with the grade of inflammation or number of mast cells. The 
association between the effects of inflammatory cells and the reduction in the ICLCs 
requires further study.

Gallbladder dysmotility caused by decreased pacing potential of ICLCs
Disorder of intracellular calcium ions and inflammatory responses can weaken the 
ICLC pacing potential, resulting in gallbladder dysmotility. During gallbladder 
lithogenesis, excessive cholesterol in the cellular caveolae potentially reduces 
membrane fluidity[47], further causing a disorder in the intracytoplasmic calcium 
balance. Calcium ions reportedly contribute to slow wave generation in individual 
ICCs, and inositol triphosphate receptors are upregulated in ICCs, which regulate 
pacing currents by regulating the release of calcium ions[48]. Therefore, a high concen-
tration of calcium ions is necessary for spontaneous electrical activity, and a disorder 
in such a balance between membrane and intracytoplasmic calcium will lead to swing 
disorder in the membrane potential of ICLCs, thus affecting the pacing function of 
ICLCs[49]. Furthermore, inflammation affects the pacing activity of ICC. Kaji et al[32] 
reported that inflammation mediated by IFN-γ and LPS in murine jejunal ICCs 
activates pro-inflammatory cytokines, thereby reducing the pacing activity of ICCs.

Gallbladder dysmotility caused by attenuation of the ICLC response to CCK
During gallstone formation, the low response of gallbladder ICLCs to CCK decreases 
gallbladder motility. Xu et al[50] reported that gallbladder ICLCs expressed CCK-A 
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Figure 1 Summary of the role of interstitial Cajal-like cell in the development of cholesterol gallstones. ICLCs: Interstitial Cajal-like cells; SCF: 
Stem cell factor; CCK: Cholecystokinin.

receptors in guinea pigs, and gallbladder tissue displayed a marked contractile 
response to CCK-A upon in vitro CCK excitation, while under the same conditions, the 
contractile response of gallbladder tissue to CCK-A significantly decreased upon 
eliminating ICLCs, indicating that ICLCs may mediate the contractile effect of CCK on 
gallbladder tissue. Fan et al[21] further confirmed that gallbladder ICLCs contribute to 
gallbladder contraction induced by CCK-8. However, a reduction in ICLCs in lithic 
gallbladders may affect the contractile effect of CCK on gallbladder tissue, thus 
causing gallbladder dysmotility. However, bile with a high cholesterol content can 
downregulate CCK-A receptors in the gallbladder, suggesting that high cholesterol 
levels reduce the ICLC response to CCK by downregulating CCK-A receptors in 
ICLCs and smooth muscles, resulting in gallbladder dysmotility[51].

CONCLUSION
The specific mechanisms of causes of CG have not been fully clarified. The decline in 
gallbladder motility is one of the most important factors of causes of CG. The decline 
in gallbladder motility caused by a high-cholesterol diet may largely result from 
further damage to the gallbladder ICLC network owing to the down-regulation of SCF 
and c-Kit. However, the mechanism underlying the regulation of SCF and c-Kit by 
high-cholesterol diet and the mechanism underlying the reduction in ICLCs and 
specific cellular alterations remain unclear. Furthermore, it remains unclear whether a 
high-cholesterol diet only affects ICLCs or also affects gallbladder smooth muscles and 
gallbladder contraction and whether it affects ICLCs or smooth muscles at the level of 
neuroregulation or hormonal regulation. The specific mechanism underlying the 
reduction in ICLCs during CG pathogenesis, the association between ICLC numbers 
and downstream SCF/c-Kit pathways, and the specific mechanisms of action of ICLCs 
during neuroregulation and hormonal regulation require further study.
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