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Abstract: Many investigations have established the role of interstitial cells of Cajal (ICC) in normal functions of the
gastrointestinal tract. ICC formed network structure with each other, with enteric motor nerve terminals and sur-
rounding smooth muscle cells. ICC network is the structural foundation in providing pacemaker activity, propagation
pathways for slow waves, transduction of inputs from motor neuron, and mechanosensitivity. Loss of interstitial cells
has been associated with motor disorders of the gastrointestinal tract. This study aims to observe the changes of
ICC in rats with severe acute pancreatitis (SAP), speculate the role of ICC in the pathogenesis of gastrointestinal dys-
motility in SAP, and provide new insights into pathological mechanisms of gastrointestinal motility disturbances in
SAP, suggesting that the repairing of reduced ICC and damaged ICC network maybe a potential therapeutic method.
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Introduction

Interstitial cells of Cajal (ICC) were first
described by the Spanish neuroanatomist
Santiago Ramony Cajal in the muscle coat of
the gut in 1893. Since then, a number of stud-
ies have focused on the nature of ICC. Especially
in the most recent three decades, technologi-
cal advances have resulted in a multitude of
studies confirming the distribution and normal
functions of ICC in gastrointestinal tract [1-3].
Nowadays we have found ICC in all parts of
digestive systems (from esophagus to rectum).
Several subpopulations of ICC throughout the
Gl tract have been identified (based on their
anatomical location in the muscle wall): subse-
rosal ICC (ICC-SS); myenteric ICC (ICC-MY);
intramuscular ICC (ICC-IM); ICC of the deep
muscular plexus (ICC-DMP); septal ICC (ICC-
SEP) and submucosal ICC (ICC-SM). Some com-
pelling evidences have suggested that ICC is
pacemaker cells, mediate enteric motor neuro-
transmission and provide mechanosensitive
regulation of pacemaker activity [4-9]. Absence,
reduction in number or altered integrity of ICC

network result in gastrointestinal motility dys-
functions, which lead to a number of gastroin-
testinal diseases [4], including severe acute
pancreatitis (SAP). Furthermore, investigators
have found that damage of ICC occurred in the
small intestine in experimental acute pancreati-
tis [10].

Despite the association of SAP with gastroin-
testinal motility disturbances on the basis of
evidence acquired through both clinical [11]
and experimental investigations [12, 13], the
detailed mechanisms of the changes in gastro-
intestinal motility in SAP are not clear. Thus, we
hypothesized that ICC might play an important
role in the pathogenesis of gastrointestinal dys-
motility in SAP. In the present study we tested
our hypothesis in a rat model of SAP.

Materials and methods
Animal model establishment

Sixteen adult male Sprague-Dawley (SD) rats
with body weight between 200 g and 250 g
were purchased from the animal research cen-
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ter of the Central Hospital of Songjiang District,
Shanghai and randomly divided into two groups
of equal number (n = 8 each): the control (C)
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 duo-
denal papilla into the pancreatic duct. In the C
group, the duodenum and pancreas of animals
were manually manipulated and scratched
lightly by blunt a few times after laparotomy. All
procedures took place under sterile conditions
and all animals were housed under 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
Central Hospital of Songjiang District, Shanghai.

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 ligament of
Truiz, approximately 10 mm each in length,
were collected for the following study. One seg-
ment of the jejunum was opened, cleaned, and
inspected macroscopically along with the pan-
creas that was transversely sectioned, for visi-
ble pathologic changes. After gross examina-
tion, both organs were fixed with 10% buffered
neutral formalin solution for 24 h. The tissue
from both organs was sectioned at 3 ym in
thickness. Histology sections were stained with
hematoxylin and eosin and evaluated micro-
scopically by experienced pathologists.

Immunohistochemical staining

The segments of jejunum harvested previously
were immersed in a fixative containing 4% para-
formaldehyde for 6 h at 4°C. Then the seg-
ments were embedded with the optimum cut-
ting temperature compound and sectioned at
10 um 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 serum for 60 min and
then incubated with the goat anti-c-kit poly-
clonal antibody (clone sc-1494; Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, United
States) at 4°C overnight. Next, we applied a
biotin-free polymeric horseradish peroxidase
(HRP)-linked antibody conjugate system for 20
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min followed by DAB condensed chromogen for
5 min. Tissue sections were counterstained
with hematoxylin and eosin (HE). For negative
control experiments, the primary antibody was
omitted. The positive cell density was assessed
with the Image-Pro plus 6.0 software (Media
Cybernetics, Bethesda, MD, United States).

Electron microscopy

Immediately after resection, blocks of jejunal
tissue were cut and immersed into a fixative
containing 5% glutaraldehyde and stored at
20°C for at least 2 h. Following fixation, tissues
were cut into small pieces (1 mm x 2 mm) and
further fixed in 5% glutaraldehyde overnight,
and then rinsed for 60 min in 0.1 mol/L phos-
phate buffer, pH 7.3, and postfixed in 2% 0sO,
in 0.1 mol/L phosphate buffer for 2 h. The tis-
sue specimens were subsequently dehydrated
and embedded. Thin sections were cut at 1 um
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. Comparison 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 analyzed
with SPSS 13.0 software (SPSS Inc., Chicago,
IL, United States).

Results
Pathological changes

Under gross examination, the pancreas and
jejunum in the SAP group appeared edematous
at 24 h. The jejunum was full of yellow intestinal
juice and ascites, and adhesions of organs
were observed in 1 rats of the SAP group. Under
light microscope examination, the pancreas
from the C group exhibited no signs of pancre-
atitis (Figure 1A). Histological evaluation of the
pancreas in rats with SAP revealed widespread
parenchymal cell necrosis accompanied by
edema, visible hemorrhage and inflammatory
cell infiltrate (Figure 1B). In the C group, the
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Figure 1. Histological sections from pancreas and jejunum. A: The pancreas of the control (C) group shows a normal
lobular architecture, comprising of exocrine and endocrine components; B: The pancreas of severe acute pancre-
atitis (SAP) rats shows obvious necrosis of the parenchymal cells accompanied by edema and hemorrhage; C: The
structure of jejunum in the C group is normal, villi are slender and finger-like; D: The mucosal villi were markedly
shortened and low, with partially mucous epithelium absent, the submucosal and muscular layers were edematous
in the SAP group. (A, D: Magnification x 200; B, C: Magnification x 100).

structure of jejunum was normal, intestinal villi
are slender and finger-like (Figure 1C). In the
SAP group, the mucosa partially denuded, villi
were markedly shortened and low, with partially
mucous epithelium absent, submucosal and
muscular layers showed slight alteration char-
acterized by dilated thickness (Figure 1D).

Immunohistochemical staining

Including interstitial cells of Cajal, mast cells
within the mucosa layer also show c-kit-positiv-
ity (Figure 2A). Two cell populations have
unequivocally different shapes. ICC predomi-
nantly located in the submucosal layer and with
large oval nuclei, sparse cytoplasm and 2-5
branching processes, ICC predominantly situ-
ated in the submucosal layer (Figure 2B) and in
the muscularis propria (Figure 2C). The number
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of c-kit-positive cells in the SAP group was sig-
nificantly lower than in the C group (22.1247.24
vs 50.2318.16, P<0.05) (Figure 2D).

Ultrastructure of ICC

ICC profiles in control tissue are present in fusi-
form shapes. The nucleus of ICC is very volumi-
nous surrounded by a small perinuclear cyto-
plasm that expands with 2-5 long cytoplasmic
processes. The cytoplasm of these cells pres-
ents a higher electron density than the cyto-
plasm of the surrounding muscle cells. ICC con-
tains mitochondria, rough and smooth endo-
plasmic reticulum, thin and intermediate fila-
ments, caveolae, Golgi apparatus, free ribo-
somes and cytoplasmic vesicles. They are
closely associated with each other and sur-
rouding cells, some of them are intercalated
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Figure 2. Immunohistochemistry for c-kit. A: Mucosal mast cells in rats of the control group show c-kit positivity
(internal control); B: c-kit-positive interstitial cells of Cajal (ICC) in the submucosal layer in the control group; C: c-kit-
positive interstitial cells of Cajal (ICC) in the muscularis propria in the control group; D: Decreased c-kit-positive ICC

in the severe acute pancreatitis group. Magnification x 400.

between nerves and smooth muscle cells, net-
work with them (Figure 3A-D).

In contrast with control tissues, confluent vacu-
oles were frequently present in ICC in tissue
from the SAP group. Mitochondria appeared
damaged in some vacuolated processes
(Figure 3E). Ultrastructural preservation of
other cellular elements and organelles was
mostly unaffected. ICC processes were weak-
ened. Depletion of ICC network was also seen
(Figure 3F).

Discussion

SAP is a very common and serious clinical dis-
ease and its mortality rate ranges from 10% in
the case of sterile necrosis to 25% in the case
of infected pancreatic necrosis [14, 15]. Many
studies have indicated that gastrointestinal
dysmotility in rats with SAP could lead to the
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translocation of bacteria from the gut, thus
resulting in pancreatic infections which have
been suggested to be a major cause of death in
SAP [16, 17]. So it is very important to investi-
gate the possible mechanisms of gastrointesti-
nal dysmotility in SAP in order to reduce the
mortality rate of SAP.

We used retrograde injection of 5% sodium tau-
rocholate from the duodenal papilla to estab-
lish 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 demonstrated that the animal
model of SAP was successfully established.
Our results confirmed that experimental SAP
induced intestinal motility disturbances as pre-
viously shown [18].

Int J Clin Exp Pathol 2016;9(5):5459-5465



Interstitial cells of Cajal in severe acute pancreatitis

Figure 3. Ultrastructure of interstitial cells of Cajal. A-D: Control. A: Interstitial cells of Cajal (ICC) with fusiform
nuclear morphology show an elongated nucleus with scarce perinuclear cytoplasm, and are situated between the
smooth muscle (SM) and the enteric nerve (N), network with them; B: The cytoplasmic processes (P) extended
among enteric nerves(N); C: Closed associations and synaptic-like specializations between ICC and enteric neurons
(arrows); D: Gap junctions between ICC and smooth muscle (arrows); E, F: Severe acute pancreatitis. E: Vacuolated
mitochondria (M) and Vacuoles (V) are present in ICC; F: The density of desmosome-like junctions between ICC and
smooth muscle is lower (arrows).

So far, the pathogenic mechanisms of pancre-
atitis-induced intestinal motility disturbances
have not been clearly elucidated. It is well
documented that ICC are implicated in the con-
trol of gastrointestinal motility. For example,
decreased numbers or disrupted networks of
ICC are associated with a number of human
gastrointestinal motility disorders [19], includ-
ing slow transit constipation, pseudo-obstruc-
tion and diabetic enteropathy. The potential
role of ICC in the pathogenesis of gastrointesti-
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nal dysmotility in SAP has attracted attention.
ICC can be classified into several subtypes
according to their location in the gut wall; ICC-
MY are multipolar and possess multiple prima-
ry processes which branch further contact and
connect electrically with neighboring cells to
produce a complex 3-dimensional network [4].
The ICC-MY network has been implicated as
the primary pacemaker region in the stomach
and small intestine and to be involved in gener-
ating higher frequency activity in the colon.
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Compelling evidences have suggested that
ICC-MY are the primary pacemakers of the Gl
tract [4]. ICC-MY generates slow waves, and
studies have confirmed that damage in the net-
work of ICC-MY resulted in change of spontane-
ous mechanical contractions of the gut in a
variety of human disease processes. All these
studies were focused on ICC-MY and spontane-
ous 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 mechano-
sensors. In the present study, total ICC were
observed by immunohistochemical staining.
Within the submucosal layer and in the intra-
muscular bundle, we have demonstrated a
decrease of c-kit-positive cells in these regions
in the SAP group.

Investigators have examined the ultrastructure
of ICC by transmission electron microscopy in
their intestinal obstruction model [20] and sur-
gical resection model [21]. These findings all
suggested that an actual change in ICC pheno-
type occurred from the ultrastructural appear-
ance. Moreover, functionally mature ICC redif-
ferentiated toward a smooth muscle cell phe-
notype when kit receptors were blocked [22].
Similarly, in our study, morphological changes
such as vacuolation of mitochondria, irregular
vacuoles and loosened gap junctions were
present in ICC in the SAP group, while the ultra-
structure of ICC is normal in the control group.
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 altered network integrity influ-
enced the function of ICC and eventually result-
ed in gastrointestinal dysmotility.

In the gastrointestinal tract, development and
maintenance of the ICC phenotype have been
linked to intracellular signaling via c-kit. Beckett
et al [23] have shown that blocking c-kit signal-
ing during late gestation results in failure of ICC
networks and pacemaker function to develop in
the murine small intestine.

In conclusion, this study has disclosed that
decreased c-kit-positive cells and degenerative
ICC network 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 patho-
logical mechanisms of gastrointestinal motility
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disturbances in SAP. Since loss and prolifera-
tion of c-kit-positive cells lead to a variety of
human gastrointestinal motility disorders [21]
and gastrointestinal stromal tumors, thus
developing the means to manipulate the ICC
phenotype may have profound therapeutic ben-
efits for these patients.
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