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Abstract
Background Interstitial cells of Cajal (ICCs) play an
important role in the regulation of gut motility. There
is growing evidence that interstitial Cajal-like cells
(ICLCs) are present in the gallbladder wall. We
hypothesize that changes in the density of ICLCs in
the gallbladder wall may lead to the development of
cholelithiasis due to the impairment of the gallbladder motility. The purpose of this study was to identify
ICLCs in the gallbladders of patients with gallstones
and to assess their densities. Methods Data from 30
patients with gallstones and 25 individuals without
gallstones were compared. Tissue samples were
obtained during surgery, embedded in paraffin, and
cut into sections. Following staining for CD117 and
mast cell tryptase, the number of ICLCs and mast
cells was determined using image analysis. Key
Results Cells positive for the c-Kit receptor (CD117)
were detected in the gallbladder wall in all cases
examined. Interstitial Cajal-like cells were most frequently observed in the muscularis propria. The
density of ICLCs in the muscularis propria was significantly lower in the patients with gallstones than
the density observed in the controls (26.24 ± 10.89 vs
56.29 ± 13.35 cells/mm2). In contrast, the number of

mast cells in the gallbladder was increased in the
patients with gallstones when compared with the
controls (143 ± 24 vs 112 ± 19 cells/mm2). Conclusions & Inferences The histopathological differences
observed in this study may help elucidate the pathophysiology of gallstones. Gallbladder motility may
be affected by the decreased number of ICLCs in
patients with cholelithiasis.
Keywords c-kit, gallstones, interstitial Cajal like
cells, mast cells.
Abbreviations: ANOVA, analysis of variance; HIER, heatinduced epitope retrieval; ICC, interstitial cells of Cajal;
ICLC, interstitial Cajal-like cells.

INTRODUCTION
Interstitial cells of Cajal (ICCs) were first described by
Ramon y Cajal over 100 years ago as a specific gut
neuron. Formerly called ‘interstitial neurons’, these
cells were re-discovered approximately 40 years ago
and have been successfully identified using contemporary methods, including electron microscopy and
immunohistochemistry.1–3 Interstitial cells of Cajal
are found along the entire gastrointestinal tract and are
localized mainly in the smooth muscle layers of the
gut. Interstitial cells of Cajal are known to play a
pivotal role in the control of gastrointestinal tract
motility by providing electrical impulses for slow wave
generation and regulating smooth muscle activity and
neurotransmission.4–7 A characteristic feature of ICCs
is the expression of transmembrane tyrosine kinase
receptor proteins, including the c-Kit receptor (CD117),
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human gallbladder and to assess ICLC density in
patients with gallstones.

which enables the identification of ICCs using
immunohistochemical and molecular methods.8
Disturbances in gastrointestinal motility after the loss
of or damage to ICCs have been widely reported in
several clinical states, including gastroparesis, constipation, achalasia, Chagas disease, Hirschsprung’s disease, congenital hypertrophic pyloric stenosis,
intestinal pseudo-obstructions, and diverticular disease
of the colon.6,7
Multiple research teams have investigated cells
located in various tissues outside of the gut, including
the pancreas, ureter, urethra, bladder, blood vessels,
male and female reproductive organs, mammary
glands, placenta, heart, and lungs that are similar to
ICCs.9–11 These cells are known as interstitial Cajallike cells (ICLCs), a term that was proposed by Popescu
and Faussone-Pellegrini in 2010 to be replaced by
‘telocytes’.10,11
Interstitial Cajal-like cells were recently discovered
in the wall of the human gallbladder by Hinescu
et al.12 and in the bile ducts by Ahmadi et al.13
Interstitial Cajal-like cells in the gallbladder formed a
cellular network that is likely involved in biliary tract
motility. Previous studies12,13 and research performed
in animal models14–16 have suggested the potential role
of ICLCs in functional disturbances of the gallbladder.
The presence of ICLCs in the gallbladder has been
suspected in recent years because some gallbladder
tumors have been reported to originate from cells with
an ICC-like phenotype.17–20 These tumors were previously considered to be gastrointestinal stromal tumors
(GIST).
Gallstone disease is likely to be a heterogeneous
entity that involves several coexisting defects, including cholesterol hypersecretion with non-physiological
oversaturation of the bile, gallbladder hypomotility
(i.e., biliary stasis), accelerated cholesterol crystallization in the bile and mucus hypersecretion with gel
formation in the gallbladder.21,22 Gallbladder stasis
may be a key event in the pathogenesis of cholelithiasis by allowing time for cholesterol microcrystals
(nucleation) to precipitate from lithogenic bile that is
supersaturated with cholesterol as well as allowing for
their subsequent growth into macroscopic stones.23–25
A subpopulation of cholesterol gallstone patients (‘bad
contractors’) demonstrate severely decreased or even
absent postprandial gallbladder emptying.22 To date,
there is no direct evidence that the impairment of
gallbladder motility is essential for gallstone formation
in all patients. However, a decrease in the density of
ICLCs in the muscular layer of the gallbladder could
induce bile stasis and lead to gallstone formation. The
purpose of this study was to identify ICLCs within the

MATERIALS AND METHODS

SUBJECTS
A total of 55 patients surgically treated in the First Department
of General, Oncological and Gastrointestinal Surgery at the
Jagiellonian University Medical College in 2010 were enrolled
in the study. Thirty consecutive patients operated for symptomatic gallstone disease were qualified to participate in the
study group (8 males, mean age 51.9 ± 10.7 years; 22 females,
mean age 52.9 ± 15.1 years). The presence of gallstones in the
gallbladder (cholecystolithiasis) was confirmed with an abdominal ultrasound scan performed 2 weeks prior to surgery.
Patients with gallstones had detectable calculi in the gallbladder
on ultrasound examination. They presented with recurrent
episodes of biliary colic. None of these patients had associated
choledocholithiasis or acute cholecystitis. Elective laparoscopic
cholecystectomies were performed on the patients in the study
group.
The control group consisted of 25 consecutive patients (11
males, mean age 62.0 ± 7.6 years; 14 females, mean age
61.0 ± 9.8 years) who were electively treated for pancreatic head
tumors and had no pre- or intraoperative signs of cholelithiasis or
jaundice. A pancreaticoduodenectomy was performed according to
the Whipple or Traverso-Longmire techniques in patients with a
resectable pancreatic head tumor. In cases of non-resectable
lesions, a bypass (gastroenterostomy) was generally performed
for palliative purposes. Gallbladders that were not affected with
tumors and did not have any gallstones were removed. The serum
bilirubin levels, which were measured preoperatively, were
normal in both groups.

Ethical approval
The study was conducted in accordance with the moral, ethical,
regulatory, and scientific principles governing clinical research.
All surgical samples were retrieved with the approval of the
Jagiellonian University Bioethical Committee conforming to the
Declaration of Helsinki guidelines (protocol number – KBET/30/
B/2010).

Tissue specimens
Fresh cholecystectomy specimens were cut longitudinally from
the fundus to the neck and rinsed thoroughly with PBS (phosphate-buffered saline, 0.01 mol L)1, pH = 7.4). Tissue samples
were fixed in 4% phosphate-buffered paraformaldehyde, routinely
processed and embedded in paraffin. Serial sections were cut and
mounted on poly-L-lysine-coated glass slides. The sections were
deparaffinized in xylene, rehydrated through a graded series of
alcohol, and transferred to PBS prior to staining.

Histopathological examination and count
of toluidine blue-labeled mast cells
Sections from each gallbladder were examined after routine
staining with hematoxylin and eosin (H&E). A microscopic
examination was performed to assess the type and intensity of
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Microscopic examination and quantification of
immunohistochemically labeled ICLCs and mast
cells

Table 1 Inflammation and mast cell count in the gallbladder wall in
patients with gallstones and the control group
Number of
mast cells
(cells/per 1 mm2)

Inflammation
(% of patients)
Group

Mild

Moderate

Severe

TB

IHC

Cholelithiasis
Controls

17
79

50
21

33
–

143 ± 24
112 ± 19

205 ± 33
161 ± 37

An Olympus BX50 epifluorescence microscope (Olympus, Tokyo,
Japan) equipped with a mercury arc lamp and U-MNG, U-MNIBA,
and U-MWA filter sets was used to evaluate Cy3 (red), DTAF
(green), and DAPI (blue) fluorescence, respectively. The same
microscope was used for histopathological evaluation using a
bright field configuration. Images were collected using Olympus
DP71 digital CCD camera controlled by Olympus AnalySIS FIVE
software and stored as TIFF files.
The quantity and distribution in the lamina propria and
muscularis propria, respectively, of c-Kit-positive ICLCs and
tryptase-positive cells (Table 2) were assessed using image analysis software (Multiscan v.18; Computers Scanning System,
Warsaw, Poland). The use of mast cell tryptase staining to identify
and distinguish c-Kit-positive mast cells from ICLCs highlighted
the morphological variability in the mast cells and the potential
for misidentification of these two distinct cell populations when
using c-Kit immunostaining alone (Fig. 1).
The distribution of ICLCs in the gallbladder corpus fragment,
which was primarily localized 1–2 cm from the gallbladder
fundus, was quantitatively assessed by applying the criteria for
ICLCs (i.e., c-Kit positive and tryptase-negative; Fig. 1). These
cells were counted in 10 consecutive high-power fields (400·). The
data are expressed as the mean number of cells per 1 mm2 of
gallbladder muscle tissue. The width of the muscularis propria in
the same region of the gallbladder was measured and the number
of CD34-positive cells was also evaluated.

TB, toluidine blue staining; IHC, immunohistochemistry/mast cell
tryptase staining.

the inflammatory infiltration, and to detect the presence of
fibrosis, cholesterolosis or other lesions. Slides were also stained
with toluidine blue to identify and count mast cells (Table 1).

Immunohistochemistry
Tissue antigens were retrieved using the heat-induced epitope
retrieval (HIER) method. Deparaffinized sections were incubated
in a citrate buffer solution (pH 6.0) for 15 min in a microwave
oven (250 W, temperature 96 C), followed by cooling at room
temperature. A preincubation step was performed with 5%
normal goat serum and 0.5% Triton X-100 for 20 min to reduce
non-specific binding and to increase penetration of the antibodies.
For the simultaneous visualization of two antigens, an indirect
double immunofluorescence procedure was used. The sections
were incubated for 17 h at room temperature in humidified
chambers with a mixture of either a rabbit polyclonal anti-c-Kit
antibody (anti-CD117; A4502; Dako, Glostrup, Denmark; diluted
1 : 150) and a mouse monoclonal anti-mast cell tryptase antibody
(M7052; Dako; 1 : 800) or the anti-CD117 antibody and a mouse
monoclonal anti-CD34 antibody (NCL-ENDO; Novocastra, Newcastle, UK; 1 : 50). The sections were rinsed in PBS and incubated
for 1 h at room temperature with a mixture of a Cy3-conjugated
goat anti-rabbit antibody (111-165-144; Jackson ImmunoResearch,
West Grove, PA, USA; 165-144; 1 : 600) and a biotinylated goat
anti-mouse antibody (115-065-146; Jackson IR; 1 : 600). The
primary and secondary antibodies were diluted in the same
solution used in the preincubation step. After washing in PBS,
the slides were incubated with DTAF-conjugated streptavidin
(016-010-084; Jackson IR; 1 : 500 in PBS) for 1 h. After a final rinse
in PBS, the nuclei were counterstained with DAPI (D9542; Sigma,
St. Louis, MO, USA; 1 : 30 000) for 30 s. The sections were
mounted in Vectashield medium (H-1000; Vector Laboratories,
Burlingame, CA, USA) to minimize photobleaching of fluorophores.

Statistical analysis
The data are expressed as the mean and standard deviation (SD).
The results were analyzed using one-way analysis of variance
(ANOVA), followed by a post hoc LSD test. All statistical analyses
were performed using the STATISTICA 9.0 software package
(StatSoft, Tulsa, OK, USA). P values less than 0.05 were considered statistically significant.

RESULTS
Histopathological examination of the gallbladders
revealed chronic inflammation of varying intensity in
both groups of patients. The inflammation was
assessed by a pathologist and designated as mild,
moderate, or severe. In contrast with the control group,
where only mild to intermediate inflammation was

Table 2 Densities of mast cells and interstitial Cajal-like cells in immunostained sections of the gallbladder wall
Group

Control

Cholelithiasis

Grade of inflammation

Minor

Mast cells – lamina propria
Mast cells – muscularis propria
Mast cells – cumulative
Mast cells – cumulative in group
Interstitial Cajal-like cells
Interstitial Cajal-like cells – cumulative in group

74.0 ± 42.0
101.6
69.2 ± 21.9
76.5
143.3 ± 45.8
178.2
160.7 ± 36.6
52.8 ± 25.4
48.6
56.29 ± 13.35

Medium

Data expressed as mean number and standard deviation of cells per 1 mm2.
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Minor

± 47.9
± 21.7
± 54.4

122.40 ± 66.9
71.6 ± 20.3
194.0 ± 71.2

± 19.8

21.2 ± 18.4

Medium
104.8 ± 33.0
82.1 ± 30.8
186.8 ± 44.8
204.6 ± 33.2
24.9 ± 17.0
26.24 ± 10.89

Major
160.3 ± 52.7
80.8 ± 27.5
241.1 ± 53.5
25.0 ± 14.1
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Figure 1 Identification of interstitial Cajallike cells (ICLCs) in cross-sections stained
for CD117 (red) and tryptase (green). Only
CD117-positive and tryptase-negative cells
were considered to be ICLCs.

(Figs 3 and 4). Interstitial Cajal-like cells were defined as
c-Kit-positive nucleated cells that lacked mast cell
tryptase expression (Fig. 1). Interstitial Cajal-like cells
were predominantly fusiform in shape with branches
that were visible in some sections. Interstitial Cajal-like
cells were observed throughout the gallbladder, including the fundus, body (corpus), and neck, although they
were predominantly located in the corpus. The ICLCs
were detected almost exclusively within the muscularis
propria and were primarily parallel to the smooth muscle
cells. However, in a few cases, the ICLCs were localized
within the connective tissue separating the smooth
muscle bundles. The ICLCs typically appeared individually or in small clusters of two to three cells. There were
no differences in the shape, size, and morphology of the
ICLCs in the study and control groups.
The number of ICLCs in the gallbladder wall
between the first and second centimeter of the corpus
was significantly lower in the study group when
compared with the control group (26.24 ± 10.89 cells/

observed, severe inflammation was predominantly
present in the study group (Table 1).
The number of mast cells in the gallbladder wall was
counted in specimens stained with toluidine blue and
immunostained for tryptase. Tryptase immunolabeling
allowed to identify more mast cells than toluidine blue
staining as even the partially degranulated cells
remained tryptase-immunopositive. While mast cells
were present in all layers of the gallbladder wall, they
were predominantly localized in the lamina propria,
than in the muscularis propria (Table 2, Fig. 2).
The total number of mast cells, as well as the mast cell
infiltrates located in the lamina propria were significantly increased (P < 0.05) in patients with gallstones
when compared with control subjects (Table 1) and were
correlated with the severity of the inflammation. The
mast cells number in muscularis propria did not differ
between controls and cholelithiasis group (Table 2).
In immunostained slides, the c-Kit and tryptase
double-positive mast cells were generally round or oval
shaped and had a centrally located nucleus. Spindleshaped, elongated profiles were occasionally observed

Figure 3 Cross-sections of the gallbladder wall from the control group
stained for CD117 (red) and tryptase (green). The nuclei are counterstained with DAPI (blue). Numerous CD117-positive and tryptasenegative ICLCs are present (arrows).

Figure 2 Cross-sections of the gallbladder wall from the control group
stained with toluidine blue. Mast cells (arrows) within the muscularis
propria.
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of vascular origin. CD34-positive cells were rarely
observed in the muscularis propria (Fig. 6). Based on
the CD34 and CD117 staining, these CD34-positive
cells were c-Kit negative, and no prolongations were
observed. Unfortunately, reliable quantitative analysis
was not possible due to the limited number of cells.

DISCUSSION
Interstitial Cajal-like cells in the human gallbladder
were originally described in GISTs that originated from
cells with a phenotype similar to ICCs in the gallbladder wall expressing CD117.17–20 Interstitial Cajal-like
cells were subsequently identified in animals. Lavoie
et al.14 provided morphological and physiological evidence for the existence of ICLCs in the guinea pig
gallbladder and proved their function in electrical
coupling in smooth muscle cells. Balemba et al.26
described the important role of the mitochondrial Ca2+
handling in spontaneous rhythmic activity of the
smooth muscle cells and ICLCs, underscored the role
of ICLCs in regulating the tone and motility of the
gallbladder in guinea pigs. These studies support
the role of ICLCs in the generation and propagation
of the spontaneous rhythmicity and excitability of the
gallbladder. These observations were later confirmed
by Huang et al.27 using whole-mount preparations of
the gallbladder and extrahepatic guinea pig biliary
ducts. Xu et al.28 demonstrated that cholecystokinin-A
receptor on ICLCs, was essential for gallbladder muscle
contractions in guinea pig muscle strips. Sun et al.15
successfully identified ICLCs in the gallbladder of CD1
mice using confocal microscopy of whole-mount flat

Figure 4 Cross-sections of the gallbladder wall from the study group
stained for CD117 (red) and tryptase (green). The nuclei are counterstained with DAPI (blue). Very few CD117-positive and tryptase-negative ICLCs are present (arrows).

mm2 vs 56.29 ± 13.35 cells/mm2 in the muscularis
propria, P < 0.001) (Figs 3 and 4). Furthermore, ICLCs
in the mild, moderate, and severe cases were evaluated
separately to ascertain, whether the number of these
cells was similar or not in patients with gallstones.
Interestingly, the decrease in ICLCs density was
present in all subgroups of patients with cholelithiasis
and was unrelated to the inflammatory grade (Table 2).
The thickness of gallbladder wall was measured
using image analysis. In particular, the thickness of the
muscularis propria was significantly increased in the
study group when compared with the control group
(4267 ± 567 lm vs 3610 ± 346 lm; P < 0.01) (Fig. 5).
CD34-positive cells were identified in the gallbladder wall; however, they appeared to be predominantly

Figure 5 Comparison of the thicknesses of the wall of gallbladders
from control group (left panel) and study group (right panel) in sections
stained routinely with hematoxylin and eosin. l.p – lamina propria,
m.p. – muscularis propria.
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Figure 6 Cross-sections of the gallbladder wall from the control group
stained for CD117 (red) and CD34 (green). No co-localization of CD117
and CD34 signals was observed.
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preparations or enzyme-dispersed cells. These ICLCs
were organized into a partially branched and partially
spindle-shaped network.
The aim of the current study was to compare the
location and number of ICLCs within the gallbladder
wall of patients suffering from cholelithiasis and
gallstone-free controls. The identification of ICLCs
within the gallbladder wall cross-sections was based
on a double immunofluorescence technique using antic-Kit and anti-tryptase antibodies to distinguish ICLCs
from mast cells. Interstitial Cajal-like cells were
predominantly located in the muscularis propria and
the mast cells in the lamina propria. The ICLCs
typically appeared individually or in small clusters of
two to three cells, but they did not form a visible
network. Hinescu et al. reported such a network,
whereas Ahmadi et al. did not.12,13 This discrepancy
should be resolved in future studies given that the
organization of ICLCs appears to be important for
signal transduction and motility control in the gallbladder. However, networks are best seen in whole
mounts (2D/3D imaging), therefore the failure to see
networks in our study is due to the nature of preparations used. Thin paraffin sections did not allow proper
determination of this architectural organization.
The published data on ICLCs in the human gallbladder are very limited. Although Hinescu et al.12 and
Ahmadi et al.13 have published related studies, only the
research by Hinescu et al. has provided reliable statistical data on ICLCs in the gallbladder. They reported an
approximate ICLC density of 100–110 cells/mm2 in
specimens stained with methylene blue. These cells
were located in the lamina propria, with some very
close to the epithelium, and in the connective tissue
spaces between bundles of smooth muscle cells. In
toluidine blue–stained slides, the ICLCs accounted for
5.5% of the subepithelial cells in the gallbladder
wall. Our results showed a slightly lower ICLC density
(50–60 cells/mm2), but our assessment was performed
on more selectively stained slides (i.e., double immunohistochemistry). Other technical aspects could also
explain differences in the data. In general, the data
concerning ICLCs distribution and number are
conflicting for multiple reasons, including difficulties
in visualizing ICLCs in formalin-fixed/paraffin-embedded tissues (despite heat-induced antigen retrieval),
proper human tissue handling (e.g., fixatives) the use
of antibodies with varying sensitivities, and a general
lack of standardization for quantifying ICC and ICLC
populations. An establishment of control values and
standardized protocols for tissue collection, fixation,
and ICC visualization are required for the field to
progress.7

We selected one specific region of the gallbladder for
the quantitative analysis of ICLCs to obtain reliable
results. An assessment of the thickness of the gallbladder wall was necessary for data interpretation
because the ICLCs were counted in the muscularis
propria. We suspect that the decrease in ICLC density
in the study group resulted from hypertrophy of the
muscularis propria. Indeed, there was a significant 15%
increase in the thickness of the gallbladder wall in the
study group compared with the control group, although
the ICLC count was reduced by 50%.
We report a significant decrease in the density of
ICLCs in the gallbladder wall in patients with gallstones. The amount of ICLCs was decreased in all
subgroups of patients with cholelithiasis and was
unrelated to the inflammatory grade.
It is difficult to propose a unique, rational, and clear
hypothesis for the loss of ICLCs due to an increased
lithogenicity of bile, although there are several possibilities. We evaluated the cholesterol saturation index
(CSI), which is an accepted parameter relevant to bile
lithogenicity,29 in both groups of patients. We found an
increased CSI in the patients with gallstones (data not
shown), which could be related to the loss of ICLCs.
However, the mechanism underlying the destructive
influence of bile on ICLCs remains unclear. Our
findings are supported by Hu et al.16 who demonstrated that the expression of c-Kit mRNA and c-Kit
protein in the gallbladder wall were significantly
decreased in the gallbladders of guinea pigs fed a high
cholesterol diet. Because the authors did not exclude
mast cells, which are known to express c-Kit, from the
c-Kit assessment, the decrease in c-Kit levels could
have been caused by the degranulation of mast cells
and not only by damage to the ICLCs. However, the Hu
et al. study provided insight into the pathogenesis of
gallstone formation, similar to the studies by Xu and
Shaffer,30 by showing that gallbladder hypomotility
resulted from increased cholesterol levels. The excess
cholesterol in the smooth muscle of the gallbladder
attenuates the ability of the muscle to contract as a
result of alterations in signal transduction, changes in
ion channel activity, decoupled membrane receptor–
ligand interactions, and disturbances in contractile
protein activity.31 In the recent study performed on
guinea pigs fed lithogenic diet, Lavoie et al.32 reported
cholesterol accumulation in gallbladder smooth muscles in the plasma membrane, especially membrane
caveolae, leading to decrease in membrane fluidity.
Subsequently, the rhythmic electric activity was
altered. The hypertrophy was also detected in the
muscularis propria and contractile response to an
agonist was decreased. Because the ICC and ICLCs
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require large amounts Ca2+ to generate rhythmic
electrical activity, the disturbances of membrane and
cytosolic calcium homeostasis would lead to disruption of the membrane potential oscillation in ICC/
ICLCs, influencing the pacemaker function. So far,
however, no direct link between cytosolic calcium
disturbances and ICLCs cell death has been reported.
The observed decrease in the number of ICLCs in the
gallbladder wall of patients with cholelithiasis in our
study must be taken into consideration as a possible
mechanism underlying gallbladder dysmotility resulting from the increased lithogenic properties of bile.
The role of ICLCs in the regulation of bile duct
motility appears to be an important pathological factor
in gallstone disease.
Another important mechanism underlying ICLC loss
that should be considered concerns chronic inflammatory processes involving the gallbladder wall. In this
study, chronic inflammation was predominantly present in the gallbladders of patients with gallstones and
was associated with a significant increase in the mast
cell count in this group, although this increase was
especially present in the lamina propria. Portincasa
et al.25 described the impaired motility of the gallbladder caused by mild inflammation. One can speculate
that these disturbances may be due to the loss of ICLCs
as a consequence of chronic inflammatory processes.
The apoptotic mechanisms leading to the loss of
gallbladder ICLCs should be considered. Apoptosis of
ICCs might be caused by multiple processes, including
chronic inflammatory reactions.7,33 As reported by
Gibbons et al.,33 the level of apoptosis in ICCs in the
healthy colon indicates that these cells must be
continually replaced to maintain intact networks. It is
possible that the reduced number of ICLCs in the
inflamed gallbladder wall in patients with gallstones
could be caused by the apoptosis of ICLCs that exceeded
their regeneration. Finally, the reduced number of
ICLCs might be of a primary (hereditary) origin caused
by trans-differentiation of the ICC precursor cells in the
smooth muscles in the gut.34 Thus, gallstone formation
might be related to primary disrupted gallbladder
motility in patients with gallstone disease. However,
there is no evidence for this in the clinical and
experimental reports on gallbladders or biliary ducts.
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It is possible that all of the mechanisms described above
are involved in the reduced ICLC density observed in
the gallbladders of patients with gallstones.
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an increased bile lithogenicity index or chronic inflammatory processes involving a gallbladder filled with
gallstones. Both mechanisms may participate in
gallstone formation by reducing the number of ICLCs
in the gallbladder wall. These observations will contribute to further advancements in developing new
treatment strategies for gallstones.
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