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Interstitial cells of Cajal (ICC) were first described by Santiago Ramon y Cajal over 
100 years ago. They are thought to play an important role in the regulation of gas-
trointestinal motility. There is increasing evidence that the decline in their num-
ber in the gallbladder wall contributes to the formation of concrements. The aim 
of  the  study was to determine the  exact location of  interstitial cells of  Cajal in 
the gallbladder wall in patients with calculous and non-calculous cholecystitis.  Six-
ty-eight patients were examined, of whom 50 were cases of  cholelithiasis and 18 
were of non-calculous cholecystitis. The technique of  immunohistochemistry with 
the CD117 antibody was used to determine the cells of Cajal, while to distinguish 
them from mast cells the technique with mast cell tryptase (MCT) was applied. Re-
distribution of the interstitial cells of Cajal from the muscle membrane to lamina pro-
pria of mucous tissue was observed in the cases of cholelithiasis, while in the group 
of non-calculous cholecystitis most of the ICC was located within the muscle tissue. 
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Introduction

The cells of Cajal (ICC – interstitial cells of Cajal) 
are localised in the smooth muscle layers of the gas-
trointestinal tract; more precisely, between the ends 
of autonomic neurons and muscle cells. They form 
connections with external neurons, just like the clas-
sical synapses. They are characterised by the ability 
of cyclic and spontaneous depolarisation as well as 
free wave formation. In such circumstances they 
function as a  stimulator in the  gastrointestinal 
tract [1, 2, 3]. The term is derived from the name 
of  the  Spanish neuropathologist Santiago Ramon  
y Cajal, who determined the spindle cells in the au-
tonomic nerve endings in the intestines using Gol-
gi’s method [4, 5, 6].

These cells were re-discovered approximately 40 years  
ago and have been successfully identified using  
contemporary methods, including electron micros-

copy and immunohistochemistry  [7]. They are de-
scribed as spindle-shaped cells with a  large oval 
nucleus embedded in a thin layer of cytoplasm and 
two dendritic extensions. They are characterised by 
the expression on their surface of proteinaceous recep-
tors for the  transmembrane tyrosine kinase (c-Kit), 
which allows them to be identified using the immu-
nohistochemical technique [5, 8].

The presence of a large number of mitochondria, 
smooth sarcoplasmic reticulum, numerous lysosomes, 
and vacuoles in the cytoplasm of the Cajal cells has 
been visualised by electron microscopy [9, 10, 11].

Numerous studies have shown that these cells are 
responsible for the  control of  gastrointestinal mo-
tility by providing electrical impulses and therefore 
controlling the smooth muscle contractility [12, 13].  
Any interferences in the mechanism result in many dis-
eases, including chronic constipation, Chagas disease, 
Hirschsprung’s disease, intestinal pseudo-obstruction,  
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and congenital hypertrophic pyloric stenosis [8, 14]. 
Furthermore, it is believed that the tumour cells in 
GIST (gastrointestinal stromal tumour) are derived 
from the cells of Cajal [15]. In relation to cholelithiasis 
and the role of ICC in the formation of concrements, 
it is known that reduced motility of  the  gallblad-
der wall results in cholestasis and gallstone forma-
tion [4, 7]. Thus, the changes in the density of ICCs 
in the gallbladder wall may lead to the development 
of  cholelithiasis due to the  impairment of  the gall-
bladder motility. It may be speculated that the apop-
tosis of cells of Cajal is the result of the chronic cho-
lecystitis [16].

The aim of  the  study was to compare the  loca-
tion of ICC in the gallbladder wall in patients with 
cholelithiasis and patients with non-calculous chang-
es of this organ.

Material and methods

The research material consisted of  gallbladder 
tissue sections removed during cholecystectomy 
in the University Clinical Hospital of J. Mikulicz- 
Radecki in Wroclaw.  Patients, before their surgery, 
were informed about the possibility of using their 
tissue for scientific research or for didactic purposes 
carried out at the Medical University of Wroclaw.  
The sections were fixed, embedded in paraffin be-
forehand, examined by pathologists, and archived 
in the Department of Pathomorphology and On-
cological Cytology of  the  Medical University in 
Wroclaw.

The archival microscopic preparations of gallblad-
der tissue were subjected to retrospective consulta-
tion assessment. Representative, well-preserved spec-
imens were chosen for immunohistochemistry and 
were selected for the study.

The material, including 68 sections of  the  gall-
bladder, was divided into two groups according to 
the histopathological diagnosis. The group with a di-
agnosis of chronic cholelithiasis consisted of 50 cases 
(40 women and 10 men). The group with non-calcu-
lous gallbladder diseases (chronic cholecystitis, acute 
cholecystitis, gallbladder empyema) consisted of  
18 cases (12 women and 6 men). 

Immunohistochemistry

Immunohistochemical staining was performed 
automatically using the  Autostainer Link 48 appa-
ratus (Dako-Agilent). Sections were deparaffinised 
in xylene and a  variety of  decreasing concentration 
alcohols, and subsequently antigens were detected in 
Target Retrieval Solution (Dako-Agilent) by being 
heated at 96oC for 20 min. The endogenous perox-
idase was blocked by incubating the  sections with 
3% H2O2 for 10 min.  Primary antibodies were used, 

including Polyclonal Rabbit Anti-Human CD117 
(c-kit, Cat. No.  A4502, Dako-Agilent) and FLEX 
Monoclonal Mouse Anti-Human Mast Cell Tryptase 
Klon AA1 (RTU Cat. No. IS 640, Dako-Agilent). 
En Vision FLEX High pH and EnVision G/2 System/
AP (Permanent Red) visualisation sets were used to 
enhance the reactions. 

Histopathological specimens were evaluated using 
an optical microscope (Olympus BX51); the number 
of Cajal cells was counted by researchers in the next 
20 high-power fields (magnification 400 ×) with 
a  positive IHC reaction and then converted into 
an area of 1 mm2 of the preparation, using the dot-
Slide program function. The  results for individual 
cases were recorded in a Microsoft Excel spreadsheet. 
The microscope images were taken using an Olym-
pus digital camera (U-CMAD3) and dotSlide soft-
ware and archived in .jpg format on the computer’s 
hard drive.

Statistical methods

Statistical analysis was performed using Statisti-
ca 12 (StatSoft Poland). The  first stage was to test 
the  normality distribution for variables (the Shap-
iro-Wilk test, significance level p  =  0.05). Due to 
an unequal number of test groups and the deviations 
from normal distribution, the Mann-Whitney U test 
(significance level p = 0.05) was applied in the sub-
sequent statistical analysis. The  test showed statis-
tically significant differences in the  location of  cells 
of Cajal in both groups. 

Results

ICC were defined as CD-117-positive cells 
(membrane/cytoplasmic reaction) of  an  elongat-
ed shape as opposed to the round and larger mast 
cells, which were shown both by CD-117 and MCT 
expressions (cytoplasmic reaction). In patients with 
diagnosed cholelithiasis, the cells of Cajal were po-
sitioned individually, in parallel to the  muscle fi-
bres, in most cases, between the  smooth muscle 
layer and the  lamina propria of  the  gallbladder 
wall (Figs. 1, 2).

In patients with the diagnosed non-calculous cho-
lecystitis the cells of Cajal were located mostly within 
the muscle membrane of the gallbladder wall (Fig. 3).  
They occurred more frequently in groups of three or 
four cells (Fig. 4). 

In general, a greater number of cells of Cajal were 
observed per 1 mm2 of  the  tissue in patients with 
non-calculous cholecystitis than in the group of pa-
tients with calculous cholecystitis. The average num-
ber of  cells of  Cajal in individual parts of  the  gall-
bladder wall (per 1 mm2 of the preparation) is shown 
in Table I.
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Fig. 1. Preparation of  the  gallbladder in patients with 
calculous cholecystitis; CD 117 (red) and the  mast cell 
tryptase (brown); A) the  cell of  Cajal located between 
the smooth muscle layer and lamina propria, B) mast cell; 
400× magnification

Fig. 2. Preparation of the gallbladder in patients with cal-
culous cholecystitis; CD 117 (red) and the mast cell trypt-
ase (brown); A) the cell of Cajal located in lamina propria, 
B) mast cell; 400× magnification

Fig. 3. Preparation of  the  gallbladder in patients with 
non-calculous cholecystitis; CD 117 (red) and the mast cell 
tryptase (brown); (A) the cell of Cajal located in the smooth 
muscle layer, (B) mast cell; 400× magnification

Fig. 4. Preparation of  the  gallbladder in patients with 
non-calculous cholecystitis; CD 117 (red) and the mast cell 
tryptase (brown); (A) a group of cells of Cajal; 400× mag-
nification

Table I. Mean number of ICCs in the different layers of the gallbladder wall

Localization of ICCs Mean number of ICCs in 1 mm2 tissue

Calculous cholecystis Non-calculous cholecystis

Muscular layer 12.91 31.22

Mucosa 25.55 18.63

Total 38.46 49.85

Discussion

This study compared the location of cells of Cajal 
in the  gallbladder wall in patients with diagnosed 
calculous cholecystitis and acalculous cholecystitis. 

Redistribution of  the  cells of  Cajal from the  mus-
cle layer to the  submucosa layer in the  course 
of cholelithiasis has been observed.  Studies suggest 
that the  cells of  Cajal in the  course of  cholecystitis 
accompanied by cholelithiasis are subject to apopto-
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sis in the smooth muscle layer or they are relocated 
to the lamina propria.  The location of ICC, between 
the  two aforementioned layers of  the  gallbladder 
wall, adjacent to the smooth muscles, is of great im-
portance. The  experiment on the apoptosis of  ICC, 
performed on the material taken from the patients’ 
intestines, was carried out by Gibbons et al. (2009).  
By using the  apoptosis markers (amongst others, 
Caspasa-3), the  study identified apoptotic ICC in 
the normal human colon. The discovery of apoptot-
ic ICC in normal tissue puts forward the hypothesis 
that continuous supplementation of ICC is required 
to maintain a network of such cells and therefore nor-
mal gastrointestinal motility. In this regard, a slight 
change in balance between death and supplement-
ing leads to a premature loss of ICC, which contrib-
utes to the development of gastrointestinal motility  
disorders [17].

 In patients with non-calculous cholecystitis, 
the  cells of Cajal are concentrated in small groups, 
which may suggest that they are able to create con-
nections between each other and to form ICC net-
works [9, 18].

Gastrointestinal motility is controlled by several 
integrated systems, including neurogenic, myogenic, 
and endocrine, as well as the interstitial cells of Cajal. 
This complex regulation is disturbed in the inflamma-
tory processes, which is reflected in the reports on mo-
tility disorders in inflammatory bowel diseases (IBD) 
and animal models of IBD.  According to the reports 
of Galeazzi [19], who, using a animal model, evalu-
ated the effect of inflammation on the intestine phys-
iology, it changes the nerve-muscle activity through 
complex mechanisms, dependent, amongst others, 
on macrophages and myeloperoxidase activity. Our 
research shows that the cells of Cajal are subject to 
some changes in the course of inflammation. Above 
all, these cells relocate in the gallbladder wall during 
the inflammatory process of cholelithiasis, which may 
not be observed in cholecystitis, which in turn is not 
accompanied by cholelithiasis.   

Numerous studies have established the  exis-
tence of  correlation between the  reduced number 
of  ICCs in gastrointestinal diseases and abnormal 
gastrointestinal motility [20, 21]. It has been found 
that the  reduced amount of  ICC in the  gallblad-
der wall contributes to irregularities in emptying 
the  gallbladder and consequently in forming con-
crements [4, 16, 22].

Moreover, cholecystitis in the course of cholelithi-
asis additionally increases dysfunctions in the  con-
tractility of  this organ. Similar conclusions report-
ed earlier by Suzuki et al. [23], in an animal model 
infected with Trichinella spiralis, have shown that 
the  inflammation of mucous tissue of  the gastroin-
testinal tract organs may weaken the motility of in-
testines by strengthening inflammatory reactions 

within the  muscle layers. This may cause changes 
in intestinal functions and lead to systemic diseas-
es in advanced cases. Acute and chronic cholecysti-
tis in the  context of  cellular immune response was 
considered by Kasprzak et al. [24]. Their study was 
to research the  quantitative analysis of  expressions 
with the markers of mast cells (tryptase), monocytes 
/ macrophages (CD68 molecule) and dendritic cells 
(protein S100) in mucous tissue of the gallbladder in 
patients with acute and chronic cholecystitis.  Vari-
ous essential functions of the tested cell types in non-
specific immunological response, which accompanies 
the  calculous cholecystitis, have been found. This 
may have a significant impact on the change of ICC 
location within the gallbladder wall. 

The study of Hinescu et al. [25] was one of the first 
reports on the  issue of  ICC in human gallbladder 
wall. The density and location of ICC in the gallblad-
der wall was described on the basis of immunohisto-
chemical tests of fresh tissue sections. His calculations 
showed that the ICC density was 100-110 cells/mm2, 
and the described cells were positioned in lamina pro-
pria, slightly closer to the epithelial tissue, in spaces 
of connective tissue, between the bundles of smooth 
muscle cells and the  muscle layer of  the  wall. Our 
observations confirm the location of the cells of Cajal 
in the gallbladder wall. As reported previously, in pa-
tients with cholelithiasis, the cells of Cajal occurred in 
greater numbers in lamina propria than in the muscle 
layer itself.

Research performed by Pasternak et al. [7] proved 
to be of great value, showing a significant decrease 
in the  ICC density in the  gallbladder wall in pa-
tients with cholelithiasis. Their aim was to compare 
the location and number of ICCs in the gallbladder 
wall in patients with cholelithiasis and in patients 
without gallstones. As for the ICC location, the cells 
of  Cajal were almost exclusively observed within 
the muscularis proper, lying parallel to the smooth 
muscle cells.  However, in some cases, ICCs were 
located in the  connective tissue, which separates 
the smooth muscle bundles. Thus, despite slight dif-
ferences in observations, the location of ICC in cases 
of cholelithiasis, described by us, was also observed 
in their test group.

To conclude, the performed studies clearly confirm 
that a reduced number of the cells of Cajal as well as 
their reorganisation in the gallbladder wall contrib-
ute to abnormal motility of this organ. This is mainly 
connected with the bile discharge issue, which subse-
quently leads to cholestasis and formation of concre-
ments. The whole pathology is undoubtedly associated  
with the incidence of calculous cholecystitis. 
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