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Abstract
AIM: To observe the changes in interstitial cells of 
Cajal (ICC) in rats with experimental severe acute pan-
creatitis (SAP).

METHODS: A total of twenty-four SD rats were ran-
domly divided into two groups (n  = 12), namely the 
sham (S) group and the SAP group; the SAP rat model 
was established by retrograde injection of 5% sodium 
taurocholate (1.0 mL/kg) into the pancreatic duct. 
Twenty-four hours later intestinal motility was assessed 
by testing small intestinal propulsion rate, and then the 
rats were sacrificed. The pancreas and jejunum were 
resected and underwent routine pathologic examina-
tion. Immunohistochemical staining was used to detect 
c-kit-positive cells in the jejunum. Expression of c-kit 
mRNA was detected by real-time polymerase chain 
reaction, and the expression of c-kit protein was evalu-
ated by Western blotting. Ultrastructure of ICC was 
evaluated by transmission electron microscopy.

RESULTS: There was bleeding, necrosis and a large 

amount of inflammatory cell infiltration in pancreatic 
tissue in the SAP group, while in jejunal tissue we ob-
served a markedly denuded mucosal layer, loss of vil-
lous tissue and a slightly dilated muscular layer. The 
small intestinal propulsion rate was 68.66% ± 2.66% 
in the S group and 41.55% ± 3.85% in the SAP group. 
Compared with the S group, the rate of the SAP group 
decreased sharply. The density of c-kit-positive cells 
in the SAP group was significantly lower than in the 
S group; the respective mean densities were 88.47 
± 10.49 in the S group and 56.11 ± 7.09 in the SAP 
group. The levels of c-kit protein and mRNA were 0.36 
± 0.04 and 1.29 ± 0.91 in the SAP group, respectively, 
which were significantly lower than those in the S 
group (0.53 ± 0.06, 0.64 ± 0.33, respectively). In the 
SAP group, ICC profiles showed the same change ten-
dency, such as vacuolation of mitochondria, irregular 
vacuoles and loosened desmosome-like junctions.

CONCLUSION: Decreased c-kit-positive cells and ul-
trastructural changes in ICC resulting from blockade of 
the c-kit signaling pathway are involved in the intestinal 
dysmotility associated with SAP.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
In 1893, the Spanish neuro-histologist, Cajal, discovered 
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interstitial cells of  Cajal (ICC) within the gastrointesti-
nal wall. Since then, especially in the most recent two 
decades, a number of  studies have established the roles 
of  ICC in normal functions of  the gastrointestinal wall 
primarily in 4 major groups: ICC in the submuscular 
plexus; ICC within the circular and longitudinal layers of  
muscle; ICC in the myenteric plexus (ICC-MY, also called 
ICC-MP); ICC in the deep muscular plexus. These cells 
function as pacemaker cells in the gastrointestinal wall 
to generate slow waves that spread from ICC to smooth 
muscle cells for triggering calcium entry, as a result of  de-
polarization, and contraction as a basis for peristalsis and 
segmentation. They maintain normal neurotransmission 
and regulate mechanical activities in the gastrointestinal 
tract[1-5]. More recently, the discovery of  c-kit along with 
its endogenous ligand, stem cell factor (SCF), have dra-
matically advanced ICC investigations in this field[6,7]. Pre-
sentation of  SCF increases expression of  c-kit immuno-
reactive ICC in culture while loss-of-function mutations 
of  the c-kit gene cause deficiency of  ICC; these have 
shown that the SCF/c-kit signal pathway is essential for 
the maintenance of  ICC[8-11]. Imatinib, a novel and potent 
inhibitor of  c-kit, abolished the spontaneous movements 
in circular muscles of  the mouse small intestine[12], and 
this result suggests that the c-kit signaling of  ICC plays 
an essential role in the spontaneous mechanical activity 
of  intestine. Disorders of  ICC may result in gastrointesti-
nal motility dysfunctions, which lead to a number of  gas-
trointestinal diseases, including severe acute pancreatitis 
(SAP). Furthermore, investigators have found that dam-
age of  ICC occurred in the muscular layer of  the small 
intestine in experimental acute pancreatitis[13]. 

Despite the association of  SAP with gastrointestinal 
motility disturbances on the basis of  evidence acquired 
through both observational clinical[14] and experimen-
tal investigations[15,16], the detailed mechanisms of  the 
changes in gastrointestinal motility in SAP have not been 
clearly elucidated. Thus, we hypothesized that ICC might 
play an important role in the pathogenesis of  gastroin-
testinal dysmotility in SAP. In the present study we tested 
our hypothesis in a rat model of  SAP.

MATERIALS AND METHODS
Animal model establishment
Twenty-four adult male Sprague-Dawley (SD) rats with 
body weight between 200 g and 250 g were purchased 
from the animal research center of  the affiliated Drum 
Tower Hospital of  Nanjing University Medical School 
and randomly divided into two groups of  equal number 
(n = 12 each): the sham (S) group and the severe acute 
pancreatitis (SAP) group. To establish the SAP rat model, 
freshly prepared 5% sodium taurocholate solution was 
injected at a volume of  1.0 mL/kg from the duodenal pa-
pilla into the pancreatic duct. In the S group, the duode-
num and pancreas of  animals were manually manipulated 
a few times after laparotomy. All procedures took place 
under sterile conditions and all animals were housed un-

der pathogen-free conditions in the animal facility with a 
12-h light/dark cycle and free access to food and water. 
The study protocol was approved by the Medical Ethics 
Committee of  the Hospital.

Assessment of small intestinal propulsion rate
Twenty-three hours after the operative procedure for the 
establishment of  the SAP animal model, gastric gavage 
with 1 mL of  methylene blue solution was performed in 
both groups. One hour later, the rats were euthanized via 
CO2 asphyxiation and the small intestine in each rat was 
removed from the abdominal cavity. All the mesentery 
tissues were stripped and the total length of  the small 
intestine from the pyloric sphincter of  the distal stomach 
to the distal end of  the ileum was measured. The move-
ment of  the methylene blue solution in the small intestine 
was observed and recorded. The small intestinal propul-
sion rate was calculated as the product of  the distance of  
the methylene blue traveled within 30 min immediate af-
ter the removal of  the small intestine divided by the total 
length of  the small intestine.

Histopathologic examination of the pancreas and the 
jejunum
Both the pancreas and the jejunum were removed at the 
time of  harvest of  the small intestine described above. 
Four segments of  the jejunum 15 cm distal to the liga-
ment of  Truiz, approximately 10 mm each in length, 
were collected for the following study. One segment of  
the jejunum was opened, cleaned, and inspected macro-
scopically along with the pancreas that was transversely 
sectioned, for visible pathologic changes. After gross 
examination, both organs were fixed with 10% buffered 
neutral formalin solution for 24 h. The tissue from both 
organs was sectioned at 4 μm in thickness. Histology sec-
tions were stained with hematoxylin and eosin and evalu-
ated microscopically by experienced pathologists.

Real-time polymerase chain reaction
In the jejunal tissue freshly harvested previously, total 
RNA was isolated from the jejunum segments with mu-
cosa stripped using TRIzol® reagent following the manu-
facturer’s instructions. The reverse transcription (RT) was 
performed in a 20 μL reaction mixture containing 1 μg 
total RNA by using a PrimeScript RT Reagent Kit (Perfect 
Real Time, Takara Bio Inc., Otsu, Japan) according to the 
manufacturer’s protocol. The RT reaction product was 
amplified by using the SYBR Premix Ex Taq (Takara Bio 
Inc., Otsu, Japan) and ABI PRISM 7500 Real-time PCR 
system according to the manufacturer’s protocol. Primers 
of  c-kit were as follows: 5’-TGGATCAGCAAATGTCA-
CAACAAC-3’ (forward) and 5’-TAGGCCTCGAACT-
CAACAACCA-3’ (reverse). The predicted size of  the 
c-kit-PCR product was 132 bp. The primers of  β-actin 
were: 5’-TCGTGCGTGACATTAAAGAG-3’ (forward) 
and 5’-ATTGCCGATAGTGATGACCT-3’ (reverse). 
The predicted size of  the β actin-PCR product was 134 
bp. Mean fold changes for each sample were calculated 
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by using the 2−ΔΔCt method as previously described[17].

Immunohistochemical staining
The segments of  jejunum harvested previously were im-
mersed in a fixative containing 4% paraformaldehyde for 
6 h at 4  ℃. Then the segments were embedded with the 
optimum cutting temperature compound and sectioned 
at 10 μm in thickness. The tissue section was mounted 
on glass slides. For the c-kit staining, tissue sections were 
incubated with 0.3% Triton X in 10% normal rabbit se-
rum for 60 min and then incubated with the goat anti-
c-kit polyclonal antibody (clone sc-1494; Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, United States) at 
4 ℃ overnight. Next, we applied a biotin-free polymeric 
horseradish peroxidase (HRP)-linked antibody conjugate 
system for 20 min followed by DAB condensed chromo-
gen for 5 min. Tissue sections were counterstained with 
hematoxylin and eosin (HE). For negative control ex-
periments, the primary antibody was omitted. Images of  
c-kit-positive cells were taken in 4 randomly chosen fields 
(× 200 magnification) per tissue section. The positive cell 
density was assessed with the Image-Pro Plus 6.0 soft-
ware (Media Cybernetics, Bethesda, MD, United States).

Western blotting
A segment of  the jejunum was cut along the mesenteric 
axis and stripped of  the mucosa. The remaining jejunal 
tissue was immediately snap-frozen in liquid nitrogen 
and stored at -80 ℃. After homogenization in extrac-
tion buffer (50 mmol/L Tris-Cl (pH 7.5), 150 mmol/L 
NaCl, 1% Triton X-100, and 1 mmol/L PMSF), the ly-
sate was collected and centrifuged at 4 ℃ for 15 min at 
10  000 r/min to remove the insoluble material. The pro-
tein concentration of  the supernatant was measured by 
spectrophotometry using the BCA protein assay method 
(Pierce, Rockford, IL, United States). The samples were 
electrophoresed on a 10% SDS-polyacrylamide gel, and 
transferred to a PVDF transfer membrane (Millipore, 
Bedford, MA, United States). The membrane was then 
incubated with 5% skimmed cow’s milk overnight at 4  ℃ 
to block nonspecific binding sites and then incubated 
with the primary c-kit antibody (clone sc-1494; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, United States) 
applied for 1 h at room temperature. After washing, the 
secondary matching peroxidase-conjugated antibody was 
applied to the membrane and incubated for 1 h at room 
temperature. Specific protein bands were visualized with 
an X-ray film using the chemiluminescence detection 
kit (ECL Western blotting detection; Millipore Corp). 
Optical density of  the bands was analyzed with software 
Quantity One.

Electron microscopy
Immediately after resection, blocks of  jejunal tissue were 
cut and immersed into a fixative containing 5% glutar-
aldehyde and stored at 20 ℃ for at least 2 h. Following 
fixation, tissues were cut into small pieces (1 mm × 2 
mm) and further fixed in 5% glutaraldehyde overnight, 

and then rinsed for 60 min in 0.1 mol/L phosphate buf-
fer, pH 7.3, and postfixed in 2% OsO4 in 0.1 mol/L 
phosphate buffer for 2 h. The tissue specimens were 
subsequently dehydrated and embedded. Thin sections 
were cut at 1 μm in thickness and stained with toluidine 
blue for light microscopy to select suitable areas for ultra-
thin sectioning. Ultrathin sections were cut at 70-80 nm, 
mounted onto copper grids, and stained with lead citrate 
for electron microscopy with a Philips Morgagni 261 EM 
microscope.

Statistical analysis
The data obtained were expressed as mean ± SD. Com-
parison between the two groups was performed by using 
the Student t-test, and the differences with P < 0.05 were 
considered as statistically significant. All data were ana-
lyzed with SPSS 13.0 software (SPSS Inc., Chicago, IL, 
United States).

RESULTS
Small intestinal propulsion rate
The small intestinal propulsion rate was significantly 
lower in the SAP group than in the S group. The respec-
tive rate was 68.66% ± 2.66% in the S group and 41.55% 
± 3.85% in the SAP group.

Pathological changes
Under gross examination, the pancreas and jejunum in 
the SAP group appeared edematous at 24 h. The jeju-
num was full of  yellow intestinal juice and ascites, and 
adhesions of  organs were observed in 2 rats of  the SAP 
group. Under light microscope examination, the pancreas 
from the S group exhibited no signs of  pancreatitis (Fig-
ure 1A). Histological evaluation of  the pancreas in rats 
with SAP revealed widespread acinar cell necrosis accom-
panied by edema, visible hemorrhage and inflammatory 
cell infiltrate (Figure 1B). In the S group, the structure of  
jejunum was normal (Figure 1C). In the SAP group, the 
mucosa was markedly denuded and partial loss of  villous 
tissue with crypt layer infarction was also seen. Muscular 
layers showed slight alteration characterized by dilated 
thickness (Figure 1D).

Immunohistochemical staining
c-kit-positive cells could be divided into two cell popula-
tions. One population was mast cells situated within the 
mucosa layer (Figure 2A). The second population was 
ICC with large oval nuclei, sparse cytoplasm and branch-
ing processes; these cells were situated in the submuscu-
lar plexus (Figure 2B) and the intermuscular septa (Figure 
2C). The density of  c-kit-positive cells in the SAP group 
was significantly lower than in the S group; the respective 
mean densities were 88.47 ± 10.49 in the S group and 
56.11 ± 7.09 in the SAP group. 

Western blotting
Western blotting analysis using an antibody to c-kit on 
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group (Figure 5D). Mitochondria appeared damaged in 
some vacuolated processes (Figure 5E). Ultrastructural 
preservation of  other cellular elements and organelles 
was mostly unaffected. Damage of  the desmosome-like 
junctions between ICC and smooth muscle was also seen 
(Figure 5F).

DISCUSSION
SAP is a very common clinical disease and its mortality 
rate ranges from 10% in the case of  sterile necrosis to 
25% in the case of  infected pancreatic necrosis[18,19]. Many 
studies have indicated that gastrointestinal dysmotility in 
rats with SAP could lead to the translocation of  bacte-
ria from the gut, thus resulting in pancreatic infections 
which have been suggested to be a major cause of  death 
in SAP[20,21]. So it is very important to investigate the pos-
sible mechanisms of  gastrointestinal dysmotility in SAP 
in order to reduce the mortality rate of  SAP.

 We used retrograde injection of  5% sodium tauro-
cholate from the duodenal papilla to establish an SAP rat 
model. Pancreatic pathological changes, such as pancreatic 
hemorrhage, necrosis and infiltration of  inflammatory 
cells, could be observed at 24 h after modeling. All these 
changes were consistent with patients with SAP. This dem-
onstrated that the animal model of  SAP was successfully 
established. In addition, a significantly decreased small in-
testine propulsion rate in rats with SAP was observed. Our 
results confirmed that experimental SAP induced intestinal 
motility disturbances as previously shown[22].

tissue from the jejunum detected a protein band at ap-
proximately 145 kDa that corresponded to the molecular 
weight of  c-kit protein (Figure 3A). The c-kit band den-
sity was clearly observed in the S group rats, but signifi-
cantly reduced in comparison to the SAP group (relative 
protein expression: the S group, 0.53 ± 0.06; the SAP 
group, 0.36 ± 0.04, P < 0.05; Figure 3B). Consistent with 
immunohistochemical staining, lower levels of  c-kit pro-
tein were demonstrated in the SAP group. 

c-kit mRNA expression
Decreased expression of  c-kit mRNA was demonstrated 
compared with the S group (Figure 4).

Ultrastructure of ICC
As previously described, ICC in control tissue are pres-
ent in triangular or fusiform shapes. The nucleus of  ICC 
is very voluminous surrounded by a small perinuclear 
cytoplasm that expands with long prolongations which 
are called cytoplasmic processes. The cytoplasm of  
these cells presents a higher electron density than the 
cytoplasm of  the surrounding muscle cells. ICC contain 
mitochondria, rough and smooth endoplasmic reticulum, 
thin and intermediate filaments, caveolae, Golgi appa-
ratus, free ribosomes and cytoplasmic vesicles. They are 
closely associated with smooth muscle and often network 
with other ICC. Some of  them are intercalated between 
nerves and smooth muscle cells (Figure 5A-C). 

In contrast with control tissues, confluent vacuoles 
were frequently present in ICC in tissue from the SAP 
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Figure 1  Histological sections from pancreas and jejunum. A: The pancreas of the sham (S) group shows a normal exocrine and endocrine pancreatic architec-
ture; B: The pancreas of severe acute pancreatitis (SAP) rats shows necrosis of the acinar cells accompanied by edema and hemorrhage; C: The structure of jejunum 
in the S group is normal; D: The mucosa was markedly denuded and the muscular layer was edematous in the SAP group. Magnification × 200.
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 So far, the pathogenic mechanisms of  pancreatitis-
induced intestinal motility disturbances are largely un-
known. It is well documented that ICC are implicated 
in the control of  gastrointestinal motility. For example, 
decreased numbers or disrupted networks of  ICC are 
associated with a number of  human gastrointestinal mo-
tility disorders, including slow transit constipation[23,24], 
pseudo-obstruction[25-27] and diabetic enteropathy[28]. The 
potential role of  ICC in the pathogenesis of  gastrointes-
tinal dysmotility in SAP has attracted attention. ICC can 
be classified into several subtypes according to their loca-
tion in the gut wall; ICC at the level of  the MY generates 
slow waves, and studies have confirmed that damage in 
the network of  ICC-MY resulted in change of  spontane-
ous mechanical contractions of  the gut in a variety of  hu-
man disease processes[29-31]. All these studies were focused 
on ICC-MY and spontaneous mechanical contractions. 
In addition to generating slow waves, other subsets of  
ICC are engaged in mediating enteric neural signals to the 

smooth muscles and acting as mechanosensors. In the 
present study, total ICC were observed by immunohisto-
chemical staining. Around the submuscular plexus and in 
the intermuscular septa, we have demonstrated a decrease 
of  c-kit-positive cells in these regions in the SAP group. 
Consistent with immunohistochemical staining, lower 
levels of  c-kit protein were demonstrated in the SAP 
group.

Investigators have examined the ultrastructure of  
ICC by transmission electron microscopy in their intesti-
nal obstruction model[30] and surgical resection model[31]. 
These findings all suggested that an actual change in ICC 
phenotype occurred from the ultrastructural appearance. 
Moreover, functionally mature ICC redifferentiated to-
ward a smooth muscle cell phenotype when kit receptors 
were blocked[32]. Similarly, in our study, morphological 
changes such as vacuolation of  mitochondria, irregular 
vacuoles and loosened desmosome-like junctions were 
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Figure 2  Immunohistochemistry for c-kit. A: Mucosal mast cells in rats 
retain c-kit positivity (internal control); B: c-kit-positive interstitial cells of Cajal 
(ICC) in the submuscular plexus in the sham group; C: c-kit-positive ICC in the 
intermuscular septa in the severe acute pancreatitis group. Magnification × 200.
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Figure 3  Expression of c-kit protein. A: Bands of Western blotting of c-kit (145 
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Figure 4  Mean optical density of c-kit mRNA. Each bar represents the mean 
± SD (vertical line). aP < 0.05 vs sham (S) group. ICC: Interstitial cells of Cajal.
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present in ICC in the SAP group, while the ultrastruc-
ture of  ICC is normal in the S group. However, there is 
not sufficient evidence to support the theory that ICC 
transdifferentiate towards a smooth muscle cell pheno-
type. Although we did not investigate the amplitudes and 
frequencies of  slow waves of  the jejunum generated by 
ICC, it could be speculated that loss of  ICC and changes 
of  the ultrastructure influenced the function of  ICC and 
eventually resulted in gastrointestinal dysmotility. The 
precise cellular changes that occur in response to the 
blockade of  the c-kit signaling pathway are an extremely 
interesting direction for future investigation. 

 The present study further demonstrated that the ex-
pression of  c-kit mRNA was significantly down-regulated 
in the SAP group. These data are consistent with previous 
reports that c-kit is down-regulated in the sigmoid colon 

of  patients with slow transit constipation[33] and in the 
gallbladders of  guinea pigs on a high cholesterol diet[34]. In 
the gastrointestinal tract, development and maintenance 
of  the ICC phenotype have been linked to intracellular 
signaling via c-kit. Beckett et al[35] have shown that block-
ing c-kit signaling during late gestation results in failure of  
ICC networks and pacemaker function to develop in the 
murine small intestine. Other investigators have shown 
that blockade of  c-kit signaling caused redifferentiation 
of  functionally mature ICC toward a smooth muscle cell 
phenotype[32]. In the present study, we provide additional 
evidence that the c-kit signaling pathway may be respon-
sible for development and maintenance of  the ICC. How-
ever, further studies are needed to demonstrate whether 
and when these changes could be restored to normal.

 In conclusion, this study has disclosed that decreased 
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Figure 5  Ultrastructure of interstitial cells of Cajal. A-C: Control. A: Interstitial cells of Cajal (ICC) with fusiform nuclear morphology show an elongated nucleus 
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c-kit-positive cells and degenerative ultrastructural changes 
of  ICC were present in the jejunum of  rats with SAP, and 
that all these changes resulted from blockade of  the c-kit 
signaling pathway. This study may provide new insights 
into pathological mechanisms of  gastrointestinal motility 
disturbances in SAP. Since loss and proliferation of  c-kit-
positive cells lead to a variety of  human gastrointestinal 
motility disorders[36-38] and gastrointestinal stromal tu-
mors[39,40], thus developing the means to manipulate the 
ICC phenotype may have profound therapeutic benefits 
for these patients.
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