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Background: Interstitial cells of Cajal (ICC) are widely distributed in human
gastrointestinal (Gl) tract, especially in the layer of muscularis externa between
neurons and smooth muscles. They play a very important role of coordination
of Gl tract motility. The aims of this research were to study the morphology and
distribution of ICC in the muscularis externa of the Gl tract, using immunohisto-
chemistry staining methods, to determine the distribution of immune reactivity
of anoctamin 1 (Ano1) compared with c-Kit, and to determine if Ano1 is a reliable
marker for ICC in human Gl tract.

Materials and methods: Specimens from the wall of stomach, small intestine,
and colon were taken from human cadavers and processed for histological and
immunohistochemical study using c-Kit and Ano1 primary antibodies.

Results: Interstitial cells of Cajal appeared as bipolar cells, not forming network, in
both the circular and longitudinal muscle layers, while in the myenteric area they
appeared as multipolar interconnected cells. They were unevenly distributed in and
between the muscle layers of the muscularis externa of human Gl tract. They were
more numerous in the stomach followed by the colon then the small intestine,
and more numerous in the myenteric area followed by the circular muscle layer
then the longitudinal muscle layer, in the three organs. Our results also showed
that Ano1 is a more reliable marker for human ICC than c-Kit.

Conclusions: Interstitial cells of Cajal differed in morphology and were unevenly
distributed between muscle layers of muscularis externa and between different
parts of human Gl tract. (Folia Morphol 2023; 82, 1: 147-157)

Key words: interstitial cells of Cajal, c-Kit, anoctamin 1, stomach, small
intestine, colon

INTRODUCTION
Gastrointestinal (Gl) tract motility is essential for
life and is a highly regulated and coordinated pro-
cess. Research in motility of Gl tract began with the

discovery of spontaneous gastric [3] and colonic [7]
contractions. Even after blocking neural activity, Bay-
liss and Starling [2] discovered that smooth muscle
contractions initiating effectual peristalsis still hap-
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pened, indicating the presence of an internal pace-
maker in the gut.

Cajal [5] suggested that interstitial cells of Cajal
(ICC) play a key role in motility of GI tract by mod-
ulating enteric transmission, and later on Keith [28]
proposed ICC as pacemakers. According to Yin and
Chen [66], ICC provide various important functions
in the Gl tract involving initiation of slow wave elec-
trical activity, synchronisation of pacemaker activity
and effective spread of slow waves, transduction
of motor nerve impulses from the Gl nervous sys-
tem, and working as mechanoreceptors to Gl muscle
stretch [41].

In 1982, Thuneberg [56] surprised Gl tract re-
searchers by postulating that ICC in the GI muscles
are analogous to the pacemaker cells in the heart,
having the potential to function as pacemaker cells
and as an impulse conduction system.

Since then, with the accumulation of evidence
from morphologic and physiologic studies, this pos-
tulate is compatible with experimental observations,
and that ICC have the function of either a pacemaker
or neuromediator cell in the muscularis of the Gl tract
[23, 30, 49, 57, 65]. It was revealed to be a distinct
mesenchymal cell type [34, 67]. The demonstration
of synapse-related proteins in synaptic specializations
between ICC and nerves by immunohistochemistry
[4] further established the role of ICC as neurome-
diator cells.

Cajal [6] was the first to recognise ICC as nerve-like
cells near ends of more peripheral nerve fibres and
classified them as primitive neurons based on their
stainability with silver chromate and methylene blue.

Using light and electron microscopy, Taxi [54, 55]
named these cells neuronoids to distinguish them
from neurons and other cells that were also stained
with nerves, such as Schwann cells, fibroblasts, mac-
rophages, and smooth muscle cells. Later on, electron
microscopic studies proposed similarity of ICC to
either muscle cells [12, 26] or fibroblasts [29, 46].
Langton et al. [33] were the first to report electrical
rhythmicity of these cells.

Morphological criteria continued to be the basis of
ICC characterisation till Maeda et al. [37] discovered
the expression of the tyrosine kinase receptor, c-Kit
(CD117), by ICC. This discovery was the landmark in
ICC research that has driven it to great progress. To
a considerable extent, some ICC do not express c-Kit,
such as ICC in the deep muscular plexus in the small
intestine of human [59]. Moreover, in addition to ICC,
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many other cell types express c-Kit, such as neurons,
neuroglia, melanocytes, and mast cells [68].

Recently, a calcium activated chloride channel,
anoctamin 1 (Ano1), was identified as a selective
marker for all subtypes of ICC in the human and
mouse Gl tract that allows the immunohistochemical
identification of these cells instead of c-Kit [15].

Based on ICC anatomical locations, many morpho-
logic types of ICC were defined [18]. Most of GI ICC
occur around the myenteric plexus and are called ICC
of the myenteric plexus (ICC-MY or ICC-MP). ICC of the
circular muscle (ICC-CM) are those found in the circu-
lar muscle. ICC of the longitudinal muscle (ICC-LM) are
those in the longitudinal muscle. ICC-CM and ICC-LM
are collectively known as intramuscular ICC (ICC-IM).
ICC of the deep muscular plexus (ICC-DMP) are those
located in the deep muscular plexus [32].

The body and antrum of the stomach are more
densely populated by ICC than the funds, as the an-
trum has both ICC-MY and ICC-IM, while the fundus
has only ICC-IM [21, 38]. In the antrum, ICC-MY are
more densely distributed in the greater curvature than
in the lesser curvature [21, 38]. Many c-Kit-positive
ICC-IM were detected in the circular and longitudinal
muscle layers and around the myenteric plexus in the
pylorus [61].

According to ICC location in different regions and
layers of Gl tract, they show specific arrangement,
distribution, and cell shape. In the stomach there
are regional variations in ICC distribution from cardia
to pylorus, while their distribution throughout both
the small intestine and colon shows a consistent
pattern [32].

Interstitial cells of Cajal show a specific distribu-
tion, arrangement and cell shape depending on their
location within various regions and tissue layers of the
Gl tract. Hence, they are classified into several sub-
types. The stomach shows distinct regional variations
in the distribution of subtypes of ICC from the cardia
to pylorus, whereas the small intestine and colon both
seem to retain nearly the same distribution pattern
of subtypes of ICC throughout each organ.

Most studies on ICC used the animal model and
only few studies were done on human samples, and
even those were limited to one or two organs of the
Gl tract, due to difficulty of obtaining samples from
different organs of gut of the same person during
performing surgeries. Because of the difficulty of
collecting amounts of human Gl tract tissue enough
for research have restricted the understanding of the
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Stomach

Figure 1. Haematoxylin and eosin-stained sections in muscularis externa of stomach, small intestine, and colon, showing inner circular, outer
longitudinal, and myenteric plexuses (asterisks) between the circular and longitudinal layers. There is no apparent interstitial cells of Cajal

(scale bars 50 um).

nature of Gl tract motility and human ICC in normal or
diseased Gl tract functions. Therefore, our study was
conducted on samples from the three main different
Gl tract regions (stomach, small intestine, and large
intestine) that were obtained from human cadavers.

The study focused on the morphology and distri-
bution of ICC in the muscularis externa that includes
the inner circular, outer longitudinal muscle layers and
myenteric plexus between them, using immunohis-
tochemistry staining methods. The study also aimed
to determine the distribution of immune reactivity of
Ano1 compared with c-Kit, and to determine if Ano1
is a reliable marker for ICC in human Gl tract.

MATERIALS AND METHODS

Human samples

Samples were obtained from 10 male human
cadavers (aged 40-60 years), which were available
in the Department of Anatomy, College of Medicine,
King Saud University. From each cadaver small spec-
imens about, 1 cm X 0.5 cm, were excised from the
greater curvature of the stomach corpus, first part of
duodenum, and proximal colon.

Histological and immunohistochemical study

Full thickness specimens of the wall of stomach,
duodenum, and colon were fixed in enough amounts
(5-10 times of tissue volume) of 4% paraformalde-
hyde for 24 hours at room temperature. Fixed tissues
were processed for preparation of paraffin blocks. The
blocks were cut at 5 um thickness and sections were
mounted onto glass slides to be ready for staining.

Haematoxylin and eosin (H&E) staining. On or-
dinary glass slides some sections were de-paraffinised
to be stained with H&E solutions then mounted with
DPX mounting medium.
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Immunostaining using anti-c-Kit (CD117) and
anti-Ano1 antibodies. Sections from the stomach,
small intestine, and colon were immunostained
with anti-c-Kit (ab5505) rabbit polyclonal prima-
ry antibody (dilution of 1:1000) and anti-Ano1
(ab53212) rabbit polyclonal primary antibody (di-
lution of 1:1000), according to the manufacturer’s
data sheets.

Quantification of immune-positive cells. The
numbers of c-Kit- and Ano1-positive cells in the cir-
cular, myenteric, and longitudinal layers of muscularis
externa of stomach, small intestine, and colon were
counted at X200 magnification. Cells in 30 fields
from three nonadjacent sections were counted (10
fields per section) [15].

Statistical analysis

All data were expressed as mean =+ standard error
of the mean (SEM). Statistical analysis was performed
using IBM SPSS Statistics 22 statistical software. One-
-way analysis of variance (ANOVA) was used for an
overall comparison between the study organs and
layers of muscularis externa, followed by Bonferro-
ni test for pairwise comparisons. Differences were
considered significant when p was equal to or less
than 0.05.

RESULTS

Haematoxylin and eosin (Fig. 1)

Histological examination of H&E-stained sections
of human stomach, small intestine, and colon showed
normal layers of the muscularis externa; circular layer,
myenteric layer (neuronal plexuses area), between cir-
cular and longitudinal layers, and outer longitudinal
layer. ICC were not clearly identified by H&E staining
in the three organs (Fig. 1).
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Figure 2. c-Kit immunostaining of muscularis externa of stomach, small intestine, and colon. Most of c-Kit-positive cells (arrows) of the cir-
cular (CM) and longitudinal (LM) muscle layers were spindle shaped, while those of the myenteric (MY) area were oval and multipolar cells

(scale bars 20 um).

Anti-c-Kit immunohistochemistry (Fig. 2, Table 1)
c-Kit immunostaining gave a dark brown colora-
tion of cytoplasm of many types of cells, such as ICC,
fibroblasts, and mast cells. Identification of ICC by
c-Kit was mainly by their thin processes, but it was
difficult to count ICC accurately. Counting c-Kit-posi-
tive cells (Table 1) gave higher numbers than counting
Ano1-positive cells (Tables 2, 3). ICC of muscularis
externa were classified according to their distribution
into ICC of the inner circular muscle layer (ICC-CM),
ICC of the myenteric plexuses layer (ICC-MY), and
ICC of the outer longitudinal muscles layer (ICC-LM).
c-Kit immunostaining of circular layer (ICC-
-CM). In the stomach, c-Kit-positive ICC appeared
spindle shaped with few long processes. They were
parallel to the longitudinal axis of the smooth muscle
cells surrounding them. They did not form a network.
In the small intestine, c-Kit-positive ICC were spindle
shaped similar to those of the stomach, but they
had special contacts with both neurons and smooth
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muscle cells. In the colon, most c-Kit-positive ICC were
small, spindle shaped cells with few processes. They
ran parallel to the smooth muscle cells.

c-Kit immunostaining of myenteric plexus re-
gion (ICC-MY). In the stomach, c-Kit-positive ICC
appeared multipolar or stellate shaped. They were
connected together by branching processes forming
a network around myenteric plexuses. In the small
intestine, c-Kit-positive ICC were also multipolar or
stellate shaped and formed bundles of up to five
cells with overlapping processes. They extended to
the circular and longitudinal layers. In the colon,
c-Kit-positive ICC were many. They were multipolar
with their processes connecting with each other and
forming a network around myenteric plexuses.

c-Kit immunostaining of longitudinal muscle
layer (ICC-LM). In the stomach, c-Kit-positive ICC
were spindle shaped cells scattered in-between the
smooth longitudinal muscle cells. In the small intes-
tine, c-Kit-positive ICC appeared as bipolar flat spindle
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Table 1. Average counts (mean =+ standard error) of c-Kit-
-positive cells in the layers of muscularis externa: comparing
respective layers between stomach, small intestine, and colon

Stomach Small intestine Colon
CcM 474 =204 36217 39.2 +0.86
P1 0.001* 0.011*
P2 0.001* 0.642
My 1192 £5.23 55.0 = 1.64 704 =175
P1 0.000* 0.000*
P2 0.000* 0.02*
LM 450 = 1.82 342 +1.39 38.2+1.28
P1 0.001* 0.024*
P2 0.001* 0.259

*Significant difference (p < 0.05); P1 — versus stomach, P2 — versus small intestine;
CM — circular muscle layer; MY — myenteric layer; LM — longitudinal muscle layer

Table 2. Average counts (mean = standard error) of anocta-

min 1-positive interstitial cells of Cajal in the layers of muscu-
laris externa: comparing respective layers between stomach,
small intestine, and colon

Stomach Small intestine Colon
CcM 416 =178 312124 3714147
P1 0.001* 0.219
P2 0.001* 0.06
My 104.8 = 1.85 452 +1.16 59.8 = 1.66
P1 0.000* 0.000*
P2 0.000* 0.000*
LM 39.8 = 2.46 29.4 = 0.87 334 £1.63
P1 0.004* 0.077
P2 0.004* 0412

*Significant difference (p < 0.05); P1 — versus stomach; P2 — versus small intestine;
CM — circular muscle layer; MY — myenteric layer; LM — longitudinal muscle layer

Table 3. Average counts (mean = standard error) of anocta-

min 1-positive interstitial cells of Cajal in the layers of muscu-
laris externa: comparing layers within each of stomach, small
intestine, and colon

CM My LM
Stomach M6+£178 1048185 402+233
P1 0.000% 1.00
P2 0.000* 0.000*
Small intestine 312+124 452+1.16 294 =087
P1 0.000% 0.811
P2 0.000* 0.000*
Colon 374+147 598+166 334163
P1 0.000% 0.300
P2 0.000* 0.000*

*Significant difference (p < 0.05); P1 — versus CM; P2 — versus MY; CM — circular
muscle layer; MY — myenteric layer; LM — longitudinal muscle layer
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cells with a large body and few processes within the
fibres of longitudinal smooth muscle layer. In the
colon, c-Kit-positive ICC were spindle shaped with
few processes.

Anti-Ano1 immunohistochemistry (Fig. 3, Table 2)

Ano1-positive cells were mainly ICC because Ano1
specifically stains their cytoplasm dark brown.

Ano1 immunostaining of ICC in the circular
muscle layer (ICC-CM). In the stomach, there were
many Ano1-positive ICC between smooth muscle fi-
bres of the circular muscle layer. Most of them were
arranged in interconnected groups while others are
separately scattered. They had very fine few processes
that extended to the surrounding smooth muscle fi-
bres. They were spindle shaped with small rounded or
oval nuclei. ICC-CM were significantly more numerous
than those of the small intestine and insignificantly
more numerous than those of the colon. In the small
intestine, Ano1-positive ICC in the circular layer were
larger in size and stellate in shape. They had few
short processes connected with surrounding muscle
fibres. They were significantly fewer than those of
the stomach and insignificantly fewer than those of
the colon. In the colon, most Ano1-positive ICC were
small and spindle shaped. They had few thin processes
connecting them with neighbouring muscle fibres and
ICCs. They were more numerous than those of the
small intestine but less numerous than those of the
stomach, with insignificant differences (Fig. 3, Table 2).

Ano1 immunostaining of ICC in the myenteric
plexus region (ICC-MY). In the stomach, there were
many Ano1-positive ICC in the myenteric plexuses and
the connective tissue surrounding them. They were
stellate shaped cells with oval nuclei. Some of them
formed chain-like structures around plexuses while
others were present inside and outside the plexuses.
Their number was significantly more numerous than
those of the small intestine and colon. In the small
intestine, most of Ano1-positive ICC were inside the
plexuses. They were small and stellate shape and
connected by their processes. They were significantly
less numerous than those of the stomach and colon.
In the colon, Ano1-positive ICC were mostly small and
stellate shaped with oval or rounded nuclei. They had
thin processes connecting them, forming chain-like
structures around neurons of the plexuses. They were
significantly more numerous than those of the small
intestine and significantly less numerous than those
of the stomach (Fig. 3, Table 2).
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Figure 3. Anoctamin 1 immunostaining of muscularis externa of stomach, small intestine, and colon. Anoctamin 1-positive interstitial cells
of Cajal (arrows) of the circular (CM) and longitudinal (LM) muscle layers were spindle shaped, while those of the myenteric (MY) area were

stellate multipolar cells (scale bars 20 um).

Ano1 immunostaining of ICCs in the longi-
tudinal muscle layer (ICC-LM). In the stomach,
Ano1-positive ICC between longitudinal smooth mus-
cle fibres were spindle shaped cells with small oval
nuclei. They had many long processes that formed
a network with the muscle fibres. They were signifi-
cantly more numerous than those of the small intes-
tine but insignificantly more numerous than those
of the colon. In the small intestine, Ano1-positive
ICC were scattered between smooth muscle cells of
longitudinal muscle layer. They were small and spindle
shaped with small flat nuclei. They were significantly
fewer than those of the stomach and insignificantly
fewer than those of the colon. In the colon, Ano1-pos-
itive ICC were spindle shaped cells with oval nuclei.
They were scattered between smooth muscle fibres
and connected to them by their processes. They were
more numerous than those of the small intestine
but less numerous than those of the stomach, with
insignificant differences (Fig. 3, Table 2).
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Ano1-positive ICC distribution in the three
layers of muscularis externa of each organ. In each
of the three organs, ICC were significantly more nu-
merous in the myenteric area than in either the circu-
lar or the longitudinal muscle layers (p < 0.05), while
the differences in ICC numbers between the circular
and the longitudinal muscle layers were statistically
insignificant (p > 0.05) (Table 3).

DISCUSSION

In the present study, we investigated the distri-
bution and the number of c-Kit and Ano1 immu-
noreactive cells in the muscularis externa of human
stomach, small intestine, and colon. The specimens
were examined by using anti-c-kitimmunohistochem-
istry, known to reliably identify the location of ICC and
provide information on their distribution and density
[43]. However, besides being a marker for ICC, c-Kit
have been shown to be expressed also in variety of
normal tissues such as brain, placenta and lung [48]
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as well as malignant tumours and gastric carcinoma
cell line [19, 20]. Additionally, c-Kit has also been
shown to be activated by mutations such as in some
human cancers such as human gastric carcinomas
[14, 19], gastrointestinal stromal tumour (GIST) [31],
small cell lung cancer [20], and colorectal cancer [44].
Therefore, ICC seem to have many capabilities, and
they might be related to growth of tumours.

Another marker, Ano1, considered more reliable
than the c-Kit for ICC identification [36], was recently
found. It is a Ca?*-activated chloride channel neces-
sary for generation of slow wave and lacking any
effect on differentiation of ICC [24]. Ano1 is thought
to be expressed specifically on ICC. Different from
c-Kit, Ano1 plays an important role in pacemaker
activity of ICC. For evaluating the ICC network, Ano1
is better than c-Kit because it is more specific and
functionally more important. The abnormal distribu-
tion of Ano1-positive ICC in the aganglionic colon of
Hirschsprung'’s disease contributes to the persistent
bowel symptoms after some pull-through surgeries
[3, 10].

In the current study we used samples from hu-
man cadavers, because access to enough fresh Gl
tissue from normal human for research has been
a major challenge. Such tissue is frequently restrict-
ed to small amounts gained from biopsies. In some
situations, larger amounts of human Gl tissue can
be obtained from sleeve gastrectomy or Gl cancer
surgeries. Some histological studies have identified
c-Kit- and Ano1-positive ICC in gastric tissue obtained
from sleeve gastrectomy [15, 16, 53] and gastric can-
cer surgeries [40, 45]. Similar studies have also been
done on small intestinal tissue from gastric bypass
surgeries [8, 15, 24, 35, 52] and colon tissue from
colon cancer surgeries [9, 15, 16, 27]. Although ICC
in these Gl tissues appeared morphologically normal,
still the sources of these tissues were from unhealthy
donors (e.g., obesity or cancer patients).

By the end of the last century, ICC were suggested
to be regulators of GI motility in animals [13, 17, 59],
and the distribution was found to be uneven in the
stomach, small intestine and colon, with regional
differences. For example, in murine stomach, ICC-MY
density was greater at the antrum and corpus than at
the fundus while ICC-IM were denser at the fundus
and corpus than at the antrum [51]. In addition, ICC-
-IM density was lower at the lesser curvature than the
greater curvature [21, 51]. Therefore, in our study, we
preferred to use samples from the greater curvature
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of the stomach corpus. According to Vanderwinden
et al. [60] who found more concentration of ICC in
the muscularis externa of the first part of duodenum,
our samples of small intestine were taken from the
duodenum. As for the large intestine, our samples
were taken from the proximal colon in accordance
with Hwang et al. [24] who found much higher den-
sity of colonic ICC at the proximal part, where strong
haustral contractions begin.

The morphological features of Gl tract ICC previ-
ously described in the literature were mostly based
on observations in laboratory animals using immu-
nohistochemical staining for c-Kit and electron mi-
croscopy. In the current research we aimed to study
ICC in human muscularis externa using two types of
primary antibodies; c-Kit (the most common ICC kit,
but non-specific) and Ano1 (less commonly used but
more specific) as the specimens from cadavers were
unsuitable for electron microscopic analysis.

Almost all ICC subtypes have similar ultrastructural
features, such as numerous mitochondria, interme-
diate filaments, and gap junctions with each other
and with smooth muscle cells. Additionally, according
to animal species and anatomical location, some ICC
subtypes have features like smooth muscle cells such
as an external lamina, dense bodies, caveolae, and
subsurface cisterns.

Depending on ICC localisation in the muscularis
externa, they have been grouped into submuscular,
intramuscular, myenteric, and subserosal. According
to their morphology, they were described as either
stellate or bipolar. They were also classified based on
their function into pacemakers, neuromediators, and
mechanoreceptors. Moreover, some authors reported
some accordance between morphology, localisation,
and function of the various ICC subtypes [50, 66].

In this study, ICC-CM were mainly bipolar cells
oriented parallel to the longitudinal axis of the sur-
rounding smooth muscle cells. These cells did not
form their own network. However, the distribution
and density of ICC-CM differed from one organ to
the other. For example, in the small intestine they
frequently showed secondary cytoplasmic processes
and were scantily distributed in relation to relative-
ly thicker nerve bundles. They did not form their
own cellular network. In comparison, ICC-CM of
the stomach and colon were elongated and spin-
dle-shaped but were heavily distributed in relation
to nerve bundles. Similar finding were reported by
Komuro [32].



Folia Morphol., 2023, Vol. 82, No. 1

ICC-MY were multipolar cells that had three to
five primary cytoplasmic branches that further gave
secondary and tertiary processes that interconnect-
ed with their equivalents. These branches formed
a network surrounding the myenteric plexus. Similar
description was depicted by Komuro [32]. These ICC-
-MY were found to be closely related to myenteric
nerves and have receptors for many neurotransmit-
ters [62] and hormones (e.g., cholecystokinin) [42].
In the small intestine, we noticed that ICC-MY were
arranged in bundles of up to five cells, with inter-
secting processes. These bundles extended between
the surrounding muscle cells of the longitudinal and
circular layers and into the interlamellar septa, which
was in accordance with the description reported by
Rumessen et al. [47]. Many researchers referred the
function of ICC-MY network to its role as the primary
pacemaker region in the stomach and small intestine
and to be involved in generating higher frequency
activity in the colon [1, 11, 22, 58, 64].

In our study, the morphological features of ICC-
-LM were similar to that of ICC-CM, but they were
usually less numerous than the latter, nearly in the
three regions of Gl tract examined. Similar findings
were reported by Komuro [31].

Our results showed higher numbers of c-Kit-pos-
itive cells than Ano1-positive cells. This difference
can be attributed to cross staining of some other
cells as fibroblasts and mast cells by c-Kit while Ano1
stained ICC only. As ICC Ano1-immunoreactivity was
more specific than that of c-Kit [15], we relied on the
count of Ano1-positive ICC in each layer of muscularis
externa of stomach, small intestine, and colon at
%200 magnification.

Interstitial cells of Cajal were distributed in the
three areas of muscularis externa. They were more
concentrated in the myenteric area of the three or-
gans. Our results also showed more predominance of
ICCin the three layers of the stomach than in the small
intestine and colon, while the small intestine showed
less numbers of ICC than the stomach and colon.

In general, the number of ICC in muscularis ex-
terna of the stomach and colon was more than that
of the small intestine, but this difference was not
statistically significant for both ICC-CM and ICC-LM,
while in myenteric area, ICC-MY of the stomach were
significantly more than those of the small intestine
and colon, and ICC-MY of the colon were significantly
more than those of the small intestine. These findings
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can be explained by the slow peristaltic movement
of the small intestine (to allow perfect absorption of
digested food) if compared with that of the stomach
(to digest food and control evacuation of chime) and
colon (to control evacuation of waste products).

Regarding the distribution of ICC in the three ar-
eas of muscularis externa, we noticed that they were
significantly more concentrated in the myenteric area
(between circular and longitudinal muscle layers),
followed by the circular and then the longitudinal
muscle layers. This coincides with the explanation
given by Hanani et al. [18], Komuro [32] who found
that most ICC in the Gl tract occur in the area of the
myenteric plexus followed by the circular muscle layer,
while ICC were less in the longitudinal muscle layer.

In our study, the density of ICC was significantly
higher at the myenteric area than at the circular
and longitudinal muscle layers of the muscularis
externa. This distinctive regional variation in ICC
distribution seemed to be associated with distinc-
tive physiological function of each Gl tract layer as
reported by Ibba Manneschi et al. [25], Nemeth and
Puri [39], Wang et al. [63], who investigated the
physiological function of ICC in human stomach,
small intestine and colon.

CONCLUSIONS

In conclusion, ICC appeared as bipolar cells, not
forming network, in both the circular and longitudinal
muscle layers, while in the myenteric area they ap-
peared as multipolar interconnected cells. They were
unevenly distributed in and between the muscle layers
of the muscularis externa of human Gl tract. They
were more numerous in the stomach followed by the
colon then the small intestine, and more numerous
in the myenteric area followed by the circular muscle
layer then the longitudinal muscle layer, in the three
organs. Our results also showed that Ano1 is a more
reliable marker for human ICC than c-Kit.
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