
Summary. Interstitial cells of Cajal (ICC) are distributed
throughout the gastrointestinal muscle coat with a
region-specific location, and are considered to be pace-
maker and/or mediators of neurotransmission. Little is
known about their shape, size, distribution and
relationships with excitatory and inhibitory nerves in
human stomach. With this aim, we labeled the ICC,
using c-Kit immunohistochemistry, followed by a
quantitative analysis to evaluate the distribution and area
occupied by these cells in the circular and longitudinal
muscle layers and at the myenteric plexus level in the
human fundus, corpus and antrum. Furthermore, by
NADPH-d histochemistry and substance P (SP)
immunohistochemistry, we labeled and quantified nitric
oxide (NO)-producing and SP-containing nerves and
evidenced their relationships with the ICC in these three
gastric regions. In the fundus, the ICC appeared as
bipolar cells and in the corpus and antrum they mainly
appeared as multipolar cells, with highly ramified
processes. The networks formed by ICC differed in the
three gastric regions. The ICC number was significantly
higher and cell area smaller in the fundus compared to
the corpus and antrum. The area occupied by the ICC
was significantly higher at the myenteric plexus level
compared with circular and longitudinal muscle layers.
Everywhere, NADPH-d-positive nerves were more
numerous than SP-positive ones. Both kinds of fibers
were closely apposed to the ICC in the corpus and
antrum. In conclusion, in the human stomach, the ICC
have region-specific shape, size and distribution and in
the corpus and antrum have close contact with both
inhibitory and excitatory nerves. Presumably, as
suggested for laboratory mammals, these differences are
in relationship with the motor activities peculiar to each
gastric area. 
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Introduction

Interstitial cells of Cajal (ICC) are distributed in the
human gut from oesophagus to rectum with a different
shape and region-specific location within the muscle
coat (Faussone-Pellegrini, 1987; Faussone-Pellegrini et
al., 1989; Faussone-Pellegrini and Thuneberg, 1999,
Torihashi et al., 1999, Vanderwinden et al., 2000). In
particular, in the human stomach (fundus, corpus and
antrum; Faussone-Pellegrini et al., 1989), there are two
to four distinct populations of ICC, one being located at
the myenteric plexus level and the other three within the
muscle layers. The ICC located at the myenteric plexus
level correspond to the ICC named ICC-MY or ICC-AP,
the intramuscular ones to the ICC-IM or, according to
the muscle layer where they are located, to the ICC-CM
and ICC-LM, respectively. The third intramuscular ICC
population is located in the connective septa among
muscle bundles, and might correspond to the so-called
ICC-SEP. Another population of ICC was seen in man at
the submucosal border of the circular muscle layer of the
antrum (Faussone-Pellegrini et al., 1989), and might
correspond to the so-called ICC-SM. All these ICC, by
cell-to-cell contacts, form networks with different
characteristics depending on the regional location
(Faussone-Pellegrini, 1987; Faussone-Pellegrini et al.,
1989).

On the basis of the structural relationships observed
between the ICC, smooth muscle cells and nerve
varicosities, two main roles have been attributed to the
gastric ICC: 1) to be a pacemaker; and 2) to be
intermediaries in neurotransmission (Faussone-Pellegrini
et al., 1977; Thuneberg, 1999; Sanders, 1996; Ordog et
al., 1999; Porcher et al., 1999; Ward, 2000; Huizinga,
2001). The functional investigations, mainly performed
on the stomach of mutant mouse strains lacking one or
more ICC sub-types and on the canine antrum,
demonstrated that most if not all the gastric ICC might
have the pace-making function. In particular, according
to the more recent literature, those located at the
myenteric plexus level are the dominant pacemaker
centre, while the ICC-SEP generate the secondary
regenerative component of slow waves (Dickens et al.,
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2001; Hirst, 2001; Horiguchi et al. 2001; Hirst et al.,
2002; Kim et al., 2002) and the ICC-IM are the
intermediaries in neurotransmission (Burns et al., 1996;
Sanders, 1996; Beckett et al., 2002). Immunohisto-
chemical studies have demonstrated the presence of
receptors on ICC either for inhibitory or for excitatory
neurotransmitters (Vannucchi, 1999; Smith et al., 2000;
Ward, 2000) and functional studies confirmed that these
cells are one of the targets for nitric oxide (NO),
substance P (SP), and acetylcholine (ACh) (Ward et al.,
2000). In agreement with the above findings, all ICC
populations in the canine antrum were seen to contact
with both inhibitory and excitatory nerves (Horiguchi et
al., 2003). 

Ultrastructural studies on the human stomach
defined the cytological characteristics of the ICC located
in the fundus, corpus and antrum, either along the
greater or the lesser curvatures (Faussone-Pellegrini et
al., 1977, 1989). Since little is known about the size and
distribution of the ICC in the human gastric regions, we
presently carried out a morphological and quantitative
analysis of these cells in the fundus, corpus and antrum
along the greater curvature. We used c-Kit
immunohistochemistry since the ICC are known to
express Kit receptor also in the human gastrointestinal
tract (Romert and Mikkelsen, 1998; Torihashi et al.,
1999; Porcher et al., 1999; Vanderwinden et al., 2000). 

Moreover, in order to evaluate the degree of the
inhibitory and excitatory innervation on human gastric
ICC, we also performed histochemical, immunohisto-
chemical and quantitative studies. First, we identified
NO-producing nerves by using reduced nicotinamide
adenine dinucleotide phosphate-diaphorase (NADPH-d)
staining, and the SP-containing nerves by using anti-SP
antibodies, followed by a quantitative evaluation of the
positive nerve fibers for each gastric region. Then, by
double-labeling, we analyzed the relationships between
the NADPH-d+ and SP+ nerve fibers with the c-Kit+
cells in the three gastric regions. 

Results obtained in this study should help to make a
correlation between ICC distribution and their
inhibitory/excitatory innervation in three gastric regions.
We consider that the mapping of the ICC and their
innervation in the human stomach in healthy conditions
might provide a basis of clinical relevance when an
evaluation of their typology in pathological conditions is
needed.
Materials and methods

Samples of anterior gastric wall were obtained from
8 patients (3 males, 5 females, mean age 65±3 years)
which underwent a total gastrectomy for adeno-
carcinoma. The specimens were macroscopically and
microscopically free from inflammatory responses and
neoplastic infiltration. All patients gave written informed
consent. The Italian Law and the ethical guidelines of
the Italian National Medical Council were followed
throughout the clinical and laboratory procedures.

Whole thickness samples were taken from the gastric
wall of each patient, in particular from the distal third of
the fundus (n=3) and the medium third of the corpus
(n=3) and antrum (n=3), all of them taken along the
greater curvature. Specimens were pinned on wood in
order to maintain their original length. Then, they were
fixed in 4% paraformaldehyde in 0.1 M sodium
phosphate buffer (PBS, pH 7.4) for 4 hrs at room
temperature. The specimens were cryoprotected in 30%
sucrose in PBS overnight at 4 °C and frozen at -80°C
until use. 48 full-thickness, transverse and longitudinal
cryosections (10 µm thick) were obtained from each
gastric area for a total of 144 sections, and were air-dried
for 30 min before processing for histochemistry.
Negative controls were performed by omitting the
primary antibodies or by substituting them with a non-
immune rabbit or mouse serum in order to check the
specificity of the immunostaining. All the sections
processed for immunohistochemistry were mounted with
aqueous medium, observed under a light (Nikon Eclipse
E400) and epifluorescence (Zeiss Axioskop)
microscope, respectively, and photographed by a digital
camera (Cool pix 2500 Nikon).
Histochemistry

NADPH-diaphorase labeling
Cryosections were incubated in a medium containing

0.25 mg/ml Nitro Blue tetrazolium (NBT), 1 mg/ml ß-
NADPH (Sigma Chemicals, St Louis, MO, USA), 0.1%
Triton X-100 in 0.1 M Tris-HCl buffer (pH 7.6). The
reaction was performed in a moist chamber for 1 hr at
room temperature. After washing in Tris-HCl and three 1
min changes in PBS buffer, the sections were mounted in
aqueous medium (Gel Mount, Biomeda Corp., Foster
City, CA, USA), observed by light microscopy and
photographed.

c-Kit immunohistochemistry
The c-Kit monoclonal antibody (57A5D8,

Novocastra Laboratories Ltd, Newcastle-upon-Tyne,
UK) raised in mouse against the c-Kit human oncogene
and the c-Kit (Ab-1) polyclonal antibody (Calbiochem,
San Diego, CA, USA) raised in rabbit against the c-Kit
protein, were used. The former gave better results under
light microscopy and the latter under fluorescence
microscopy. For light microscopy, the monoclonal
antibody was diluted (1:100) in 0.1 mol/l PBS
containing 0.25% Triton X-100. Before incubation,
endogenous peroxidases were inhibited by soaking the
cryosections in 0.3% hydrogen peroxide (H2O2) in 10%methanol for 20 min at +22 °C. Then, a preincubation in
0.5% bovine serum albumin (BSA; Sigma Chemicals, St
Louis, MO, USA) and 0.1% Triton X-100 in PBS for 15
min was done, in order to avoid non-specific antibody
binding; cryosections were incubated overnight with the
primary antibody in a moist chamber at +4 °C.
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Immunoreactivity was detected by the streptavidin-
biotin complex system, including the secondary antibody
(Vectastain Elite ABC kit; Vector Laboratories,
Burlingame, CA, USA). 3,3’-diaminobenzidine (DAB,
Sigma Chemicals, St Louis, MO, USA) and 3% H2O2were used as chromogenic substrate. 

In order to perform the analysis of the number and
the area of each c-Kit+ cell, transverse and longitudinal
sections (4 for each gastric area, for a total of 96
sections) were counterstained with Mayer’s haemalun.

For fluorescence microscopy, the cryosections were
washed in PBS containing 3% normal goat serum and
0.5% Triton X-100. Then they were incubated with the
polyclonal antibody (1mg/ml) for 48 hrs in a moist
chamber at +4 °C. At the end of the incubation, the
sections were rinsed three times in 10 min washes in
PBS. After the final wash, the polyclonal primary
antiserum was revealed by incubating in the presence of
fluorescein (DTAF)-conjugated pure goat anti-rabbit IgG
(H+L; Jackson Immuno-Research, West Grove, PA,
USA) secondary antibody (1:40) for 2 hrs at room
temperature. 

SP-immunohistochemistry
Two different anti-SP antibodies, the polyclonal

antibody, anti-rabbit anti-SP (Chemicon International,
Temecula, CA, USA) and the monoclonal anti-mouse
anti-SP antibody (SP14), provided by Dr. J.Y. Couraud,
were used. These antibodies gave identical results under
both light and fluorescence microscopy. For light
microscopy, after blocking for non-specific antibody
binding, as previously described, the sections were
incubated overnight at +4 °C with the polyclonal
antibody (1:2000) or the monoclonal antibody (1:400)
diluted in 0.1 mol/l PBS containing 0.25% Triton X-100.
Then the sections were incubated with the secondary
antibodies. As secondary antibodies, a polyclonal
biotinylated anti-rabbit IgG (Vector Laboratories,
Burlingame, CA, USA), diluted 1:150, and the
rhodamine anti-mouse IgG (Fab specific) conjugate
(Sigma Immuno Chemicals, St Louis, MO, USA),
diluted 1:40 in 0.1 mol/l PBS containing 0.25% Triton
X-100, were used. For light microscopy, incubation
duration was 45 min at room temperature and
immunoreactivity was detected by the streptoavidin-
biotin complex system (Vectastain Elite ABC kit; Vector
Laboratories, Burlingame, CA, USA) and labelling was
with 3-amino-9-ethylcarbazole (Vectastain AEC kit;
Vector, Burlingame, CA, USA). For fluorescence
microscopy, incubation duration was 2 hrs at room
temperature. Then, all the sections were mounted in an
aqueous medium and examined as above. 

Double labeling
Some sections were incubated first with the c-Kit

polyclonal antiserum and then with the SP monoclonal
antiserum, and other sections, previously incubated with

the c-Kit monoclonal antiserum, were incubated with the
SP polyclonal antiserum. Furthermore, sections labeled
first for NADPH-d were then incubated with the c-Kit
monoclonal antibody. 
Quantitative analysis

Quantitative analysis was performed both on the
cryosections labeled with the monoclonal c-Kit antibody
and on those labeled for NADPH-d. SP-immunoreactive
nerve fibers, due to their scant number, were not
considered for quantitative analysis. All the c-Kit-
labeled sections were examined by light microscopy
with an ocular grid at x10 magnification (area of each
optical field = 139,000 mm2). 

In the sections (n=96) counterstained with Mayer’s
acid haemalumen only the cells with well defined nuclei
were analyzed. To measure the mean area of each c-Kit+
cell only the cells longitudinally cut, either in the
circular or longitudinal muscle layer, were chosen. A
total of 192 random images were collected and
elaborated by using the Adobe Photoshop 3.5 Program.
Quantitative analysis was performed by Scion Image
Program on the number of pixels corresponding to the
area of c-Kit+ cells and the data were expressed in µm2.
The number of the c-Kit+ cells was evaluated in a blind
fashion, choosing a total of 960 random images. In order
to reduce underestimation of the c-Kit+ cell number, all
the sections, independently of their cut angle, were
considered. The mean number of positive cells was
related to the optical field. 

To evaluate the total area of the c-Kit+ structures,
1440 random images from 72 sections were collected
and analyzed. In each gastric area, the whole muscle
coat (for a total of mm2 120), the circular muscle layer
(mm2 40), the longitudinal muscle layer (mm2 18), and
the area including the myenteric plexus (mm2 16), were
analyzed separately in each section. The circular muscle
layer was considered from its border with the submucosa
to the myenteric plexus, the longitudinal muscle layer
from its border with the serosa to the myenteric plexus,
and the myenteric plexus the area between the
longitudinal and circular muscle layers containing
ganglia and nerve strands. The quantitative analysis was
performed as above described and the data were
expressed in mm2. The area occupied by the c-Kit+
structures in the whole muscle coat in each gastric area
was calculated as percentage of the total examined area.
The area occupied by the c-Kit+ structures in the circular
and longitudinal muscle layers and at the myenteric
plexus level was calculated as mean area for optical
field. 

The NADPH-d+ nerve fibers present in the circular
muscle layer were photographed by light microscopy at
x20 magnification (area of each optical field = 244,000 
µm2), and a total number of 120 random images (five in
each gastric area for each biopsy examined) were
collected, and quantitative analysis was performed as
above and the data were expressed in µm2.
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Statistical analysis

Data were expressed as mean ± standard deviation
(S.D.). Comparison between different groups was
performed by ANOVA followed by the Bonferroni t-
Test. A value of p<0.05 was accepted as statistically
significant.

Results

Histochemistry

c-Kit-immunopositive cells
c-Kit-immunopositive (c-Kit+) cells were seen in all
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Fig. 1. Human fundus. A. c-Kit+
cell distribution in the circular
(CM) and longitudinal (LM)
muscle layers and at myenteric
plexus level (MY). B. Circular
muscle layer and C) longitudinal
muscle layer; high
magnifications of c-Kit+ cells
showing a spindle-shaped body
with two thin processes arising
from the opposite poles of the
cell body (bipolar ICC). In C, two
short ramifications (arrow) at the
extremity of a process having a
smooth profile. D. Circular
muscle layer, a bipolar c-Kit+
cell. A. Double-labeling: c-Kit
immunohistochemistry with DAB
revelation and NADPH-d
staining. B-C. c-Kit
immunohistochemistry with DAB
revelation. D. c-Kit
immunohistochemistry with FITC
revelation. A, x 130; B, x 530; C,
x 330; D, x 900 



gastric areas with both antibodies used under both light
and fluorescence microscopes, and only those
identifiable as ICC (Faussone-Pellegrini and Thuneberg,
1999) were considered. 

In the fundus, these cells were interspersed among
the smooth muscle cells of the circular and longitudinal
muscle layers and accumulated at the myenteric plexus
level around ganglia and nerve strands (Fig. 1A). All
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Fig. 2. Human corpus (A-F) and antrum (G). A. Some c-Kit+ cells with three to five processes arising from the cell body (multipolar cells) in the circular
muscle layer. Bipolar c-Kit+ cells in the circular muscle layer (B) and in the longitudinal muscle layer (C). D. A detail of a cell ramification rich in thin
protrusions. E, F. In the circular muscle layer of the corpus, the body and processes of c-Kit+ cells form a three-dimensional network delimiting muscle
bundles. Most of the meshes appear polygonal in transverse section. Arrows (in E) indicate some ramifications of the c-Kit+ cells intramuscularly
located. G. In the circular muscle layer of the antrum, the ICC network is less dense than in the corpus. A, C and E-G: c-Kit immunohistochemistry with
DAB revelation. B. and D: c-Kit immunohistochemistry with FITC revelation. A, x 500; B, x 560; C, x 250; D, x 900; E and G, x 160; F, x 330.
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Fig. 3. Human stomach,
myenteric plexus level. A, B
and D antrum, C corpus. In A
the c-Kit+ cells are particularly
numerous at the myenteric
plexus level (MY). LM:
longitudinal muscle layer. In B
the c-Kit+ cells form sheaths
around a ganglion (arrow). C. In
the inner part of the circular
muscle layer of the corpus the
c-Kit+ cells are absent (asterisk).
D. The c-Kit+ cells are present
at the submucosal border of the
circular muscle layer of the
antrum. In C and D CM: circular
muscle layer; SM: submucosa.
A and C. c-Kit
immunohistochemistry with DAB
revelation. B and D. double-
labeling: c-Kit
immunohistochemistry with DAB
revelation and NADPH-d
staining. A, x 200; B, x 60; C, 
x 100; D, x 140

Fig. 4. Human stomach. Circular muscle layer, NADPH-d staining. In the fundus (A), NADPH-d+ nerve fibers are less numerous than in the corpus and
antrum (B). In the corpus (C) and antrum (D), both in transverse and longitudinal sections, the NADPH-d+ nerve fibers form a network with polygonal
meshes. A, B, x 60; C, x 60; D, x 330



these cells had an oval, spindle-shaped body. The body
of those located in the muscle layers was parallel to the
main axis of the smooth muscle cells and that of the cells
located at the myenteric plexus level had variable
orientation. Two long, slender processes originated at the
opposite poles of the cell body (Fig. 1B). Frequently,
two to three thin ramifications, with an oblique
orientation and a smooth profile, arose from the process
extremities (Fig. 1C,D). The cell bodies, processes and
ramifications formed intramuscular networks with
elongated, thin meshes and sheaths around myenteric
ganglia and nerve strands.

In the corpus and antrum, the c-Kit+ cells had
spindle-shaped bodies that were larger than those
observed in the fundus. Most of the cells had three or
more processes arising from the cell body (Fig. 2A) and
some had only two processes originating from the
opposite poles of the cell body. In both cases, numerous,
thin ramifications arose from cell processes (Fig. 2B,C),
all of which were rich in protrusions (Fig. 2D) and
extended for short distances. As in the fundus, the cell
bodies of the intramuscular c-Kit+ cells ran parallel to
the main axis of the smooth muscle cells. However, in

the circular muscle layer of both corpus and antrum, but
especially in the corpus, there were also other c-Kit+
cells that were located in the large connective septa
delimiting the muscle bundles. These cells, with their
bodies and processes, formed a sheath around each
muscle bundle and also sent branches within the muscle
bundles and towards the c-Kit+ cells of the neighboring
bundles (Fig. 2E-G). Thus, all these cells gave rise to a
three-dimensional network within the circular muscle
layer thickness. In both transverse and longitudinal
sections of the muscle layer, the meshes of the network
made up by these septal cells had a large, polygonal
contour (Fig. 2E-G); however, in the circular muscle
layer of the corpus the processes were thick and their
ramifications also extended deep into the muscle bundles
(Fig. 2E), whereas in the antrum, the processes were
short and thin and formed a less dense network (compare
Fig. 2G with Fig. 2E). In both regions, the c-Kit+ cells
were particularly numerous at the myenteric plexus level
(Fig. 3A), where they formed sheaths around the ganglia
(Fig. 3B) and the nerve strands. Moreover, c-Kit+ cells
were quite absent in the inner part of the circular muscle
layer of the corpus (Fig. 3C) and present at the
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Fig. 5. Human antrum. Circular muscle layer, SP immunohistochemistry. A. Thin, varicose SP+ nerve fibers, running parallel to the smooth muscle cell
major axis. B. SP+ nerve varicosities in contact with a c-Kit+ cell. A. SP immunohistochemistry with AEC revelation. B. Double-labeling: c-Kit
immunohistochemistry with FITC revelation and SP immunohistochemistry with rhodamine revelation. A, x 530; B, x 900



submucosal border of the circular muscle layer in the
antrum (Fig. 3D). 

NADPH-d-positive nerve fibers
NADPH-d-positive (NADPH-d+) varicose nerve

fibers and neurons were observed in all the gastric areas.
In the fundus, the NADPH-d+ nerve fibers ran
interspersed both in the circular and longitudinal muscle
layers, parallel to the smooth muscle cell main axis (Fig.
4A). In the circular muscle layer of the corpus and
antrum, the NADPH-d+ fibers were more numerous than
in the fundus and most of them ran in bundles connected
to each other forming a three-dimensional network (Fig.
4B). In both transverse and longitudinal sections of this
muscle layer, the meshes of the NADPH-d+ network had
a polygonal contour and delimited the muscle bundles
exactly reflecting the network made by the c-Kit+ cells
(compare Fig. 4C,D with Fig. 2E-G). In the longitudinal
muscle layer of the corpus and antrum, the NADPH-d+

fibers were scant and ran interspersed among the smooth
muscle cells. 

SP-positive nerve fibers
With both antibodies used and under both light and

fluorescence microscopes, in the fundus, corpus and
antrum, the intramuscular SP-positive (SP+) nerve fibers
were thin, varicose and ran parallel to the smooth muscle
cell main axis (Fig. 5A). All the three gastric areas,
especially the fundus, were poor in SP+ nerve fibers.

c-Kit/NADPH-d and c-Kit/SP double labeling
Both in the corpus and antrum, NADPH-d+ as well

as SP+ nerve fibers ran apposed to the c-Kit+ cell bodies
and processes (Figs. 5B, 6A-C), and most of the nerve
varicosities were in contact with these cells (Figs. 5B,
6B). On the contrary, in the fundus, the c-Kit+ cells and
the NADPH-d+ fibers ran far from each other (Fig. 6D).
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Fig. 6. Human corpus and antrum (A-C). c-Kit and NADPH-d double-labeling. A) corpus and B) antrum. Numerous NADPH-d+ nerve fibers in the
circular muscle layer, running closely apposed to the c-Kit+ cells. C. Several c-Kit+ cells close to a myenteric ganglion in the corpus. D. Human fundus:
the NADPH-d+ nerve fibers are few in the circular muscle layer and ran far from the c-Kit+ cells. A-D. c-Kit immunohistochemistry with DAB revelation
and NADPH-d staining. A, x 160; B, x 250; C, x 330; D, x 200



Quantitative analysis

c-Kit+ cells
The mean number of the c-Kit+ cells measured in the

whole muscle coat, was significantly higher in the
fundus than in the corpus and antrum (Fig. 7A).
Conversely, the mean area of each c-Kit+ cell was
significantly smaller in the fundus as compared with that
measured in the antrum, with the highest mean area
value in the corpus (Fig. 7B). No significant difference
was found in the mean area occupied by the c-Kit+ cells
in the whole muscle wall of each gastric region, 7.2% in
the fundus, 7.8% in the corpus and 7.6% in the antrum,
respectively. Quantitative analysis of the mean area
occupied by the c-Kit+ cells revealed that in all the
gastric regions the mean area at the myenteric plexus
level was significantly higher than that at the circular
and longitudinal muscle layers (Fig. 8). Furthermore, the
mean area of the c-Kit+ cells at the myenteric plexus
level was statistically significant vs. the circular and
longitudinal muscle layer in the fundus, corpus and
antrum.

NADPH-d+ fibers.
Due to the scarcity of NADPH-d+ fibers in the

longitudinal muscle layer, quantitative analysis was
performed only in the circular muscle layer. Data
revealed that the number of these fibers was significantly
higher in the antrum than in the corpus and fundus (Fig.
9). 
Discussion

In the present study, we focused our attention on the
ICC of human stomach; in particular on those located in
the muscle coat and around the myenteric plexus of the
fundus, corpus and antrum taken along the greater
curvature. By using histochemical methods and
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Fig. 7. c-Kit+ cell (ICC) mean number (A) and area (µm2) (B) in the
muscle wall of the fundus, corpus and antrum of human stomach. All
data are statistically significant vs. each other. Values are mean ± SD.
p<0.05. 

Fig. 9. Quantitative evaluation of the mean area occupied by the
NADPH-d+ fibers (µm2) in the circular muscle of the fundus, corpus and
antrum. All data are statistically significant vs. each other. Values are
mean ± SD. p<0.05. 

Fig. 8. Mean area (mm2) of the c-Kit+ structures (ICC) in the circular and
longitudinal muscle layers and at the myenteric plexus level. All data on
the myenteric plexus are statistically significant vs. the circular and
longitudinal muscle layer in the fundus, corpus and antrum.
Furthermore, all data on the myenteric plexus are statistically significant
vs. each other. Values are mean ± SD. p<0.05.



quantitative analysis we showed that ICC shape, size and
distribution were different in these three gastric areas.
Furthermore, we found that the relationships between
ICC and both NO-producing and SP-containing nerves
were different among gastric areas.

By c-Kit-labeling, ICC were seen in the muscle coat
of all the gastric areas, where they showed different
shape. In fact, in the corpus and antrum the c-Kit+ cells
had a relevant richness in ramifications in comparison to
the fundus and were bipolar in the fundus and mainly
multipolar in the corpus and antrum, both in muscle
layers and at myenteric plexus level. These data confirm
previous information obtained by ultrastructural
examination of the human stomach (Faussone-Pellegrini
et al., 1989). ICC shape has been reported to differ
among animal species and according to the gastric
region. Similar to what we have seen, these cells were
described as bipolar cells in the muscle coat of the
fundus of human fetus (Torihashi et al., 1999), of mouse
and guinea-pig (Burns et al., 1996, 1997), and as
multipolar cells at the myenteric plexus level of the
corpus and antrum of both mouse and guinea-pig (Burns
et al., 1996, 1997). However, differently from what we
observed in man, ICC in the mouse and guinea-pig are
also bipolar within the muscle layers of the corpus and
antrum and are apparently lacking at the myenteric
plexus level in the fundus (Burns et al., 1996, 1997).
Also in the antrum of rat (Mitsui and Komuro, 2002)
and dog (Horiguchi et al., 2003) all the ICC are bipolar.
The reason for these species- and region-related
differences in ICC shape is unknown and up to now
difficult to explain. 

ICC distribution also differs among animal species
and gastric regions. ICC distribution related to the
circular muscle layer has a particular complexity and
both these region- or species-related differences might
be relevant in order to understand the mechanisms
controlling gastric motility. The present data have shown
that ICC are quite absent in the inner part of the circular
muscle layer of the corpus, as already reported for man
(Porcher et al., 1999) and guinea-pig (Seki et al., 1998),
and are present at its border with the submucosa in the
antrum, as already reported in man (Faussone-Pellegrini
et al., 1989), dog (Horiguchi et al., 2001) and mouse
(Seki and Komuro, 2002). c-Kit-labeling also confirmed
that the so-called ICC-IM were located within the
muscle bundles at all gastric levels and the so-called
ICC-SEP only in the corpus and antrum (Faussone-
Pellegrini et al., 1989). Moreover, the latter were clearly
seen to connect to each other and to envelop individual
muscle bundles with their large bodies and processes,
thereby forming a three-dimensional network through
the circular muscle thickness. Whether a similar ICC
distribution is also present at the lesser curvature cannot
be confirmed since the present results refer to the greater
curvature only and the previous ultrastructural study
(Faussone-Pellegrini et al., 1989) is not exhaustive. It is
noteworthy that in man, the ICC-SEP are strictly
apposed to and in close contact (gap junctions) with the

smooth muscle cells of each muscle bundle, suggesting
that the circular muscle layer is composed of different
anatomical-functional units. These units are under the
control of a defined number of ICC (the ICC-IM located
within each muscle bundle and the surrounding ICC-
SEP) and are interconnected to each other by the ICC-
SEP. In the canine antrum (Horiguchi et al., 2001, 2003),
ICC-SEP were easily identified by both
immunohistochemistry and electron microscopy on the
basis of their location and, as in man, formed a network
with large, polygonal meshes. However, these cells were
not seen to form sheaths around each muscle bundle.
ICC-SEP were also observed in the rat antrum (Mitsui
and Komuro, 2002). In this animal species, as well as in
man and dog, these ICC have ultrastructural
characteristics similar to the other ICC-IM. In the mouse
stomach, on the contrary, Vannucchi et al. (2004)
described two intramuscular ICC populations differing
from each other for some ultrastructural characteristics.
Interestingly, one of these ICC populations was very
similar to the ICC-MY. Such a specific distribution of
the ICC-SEP, as we found in man, has never been
reported for other species, presumably because the ICC-
SEP three-dimensional organization depends on the size
of the animal species and the muscle coat thickness.
According to the more recent literature, the antral ICC-
SEP can generate the secondary regenerative component
of slow waves (Dickens et al., 2001; Hirst, 2001; Hirst et
al., 2002; Kim et al., 2002) and to act as a propagation
pathway (Horiguchi et al., 2001) the ICC-IM are
considered to be the intermediaries in the
neurotransmission (Burns et al., 1996; Sanders, 1996;
Beckett et al., 2002). Similar roles in the human stomach
can reasonably be hypothesized for these ICC
populations. 

Quantitative analysis demonstrated that the number
of ICC was significantly lower and ICC size
significantly larger (up to two-fold) in the corpus and in
the antrum as compared to the fundus. Conversely, the
area occupied by the ICC network was quite similar in
each gastric region. Presumably, the abundance of small
ICC in the fundus could balance the scarcity of extensive
and ramified ICC in the other two gastric regions.
Furthermore, quantitative analysis demonstrated that
ICC distribution was different within the circular muscle
layer versus the longitudinal one, as well as versus the
myenteric plexus level. In particular, in all the gastric
areas, the mean area occupied by these cells was
significantly higher at the myenteric plexus level in
comparison to the circular muscle layer and even more
so with regard to the longitudinal muscle layer. Previous
studies on the fundus and pylorus of human stomach did
not report any difference in ICC distribution (Torihashi
et al., 1999). Therefore, even though some information is
available for guinea pig stomach, this is the first
quantitative study on the ICC distribution in the human
gastric areas, in particular for those located along the
greater curvature. In agreement with our data, the
density of the ICC-IM in guinea pig stomach was found
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to be very high in the fundus and decreased through the
corpus and antrum, and the density of ICC-MY
increased through the corpus and antrum (Burns et al.,
1997). 

Briefly, in the muscle coat of the human stomach,
ICC networks have identical areas but different
composition: numerous, small cells form the ICC
network in the fundus, whereas less numerous and larger
and ramified cells form the ICC network in the corpus
and antrum. It is quite difficult to work out a morpho-
functional correlation for each gastric area between ICC
shape, size and distribution and region-specific motor
activities. Reasonably, these differences are related to the
specific motor activity of the gastric areas.
Hypothetically, in humans, the ICC-IM in the fundus
could regulate the motor activity of a restricted number
of smooth muscle cells and the ICC-SEP in the corpus
and antrum could regulate the motor activity of wide
muscle areas and, possibly, spread, and regenerate the
slow waves generated at the ICC-MY through the entire
circular muscle. The ICC located at the myenteric plexus
level were more numerous than in the muscle layers in
all the gastric regions. The richness of such cells in such
a restricted area is, however, common to all gastro-
enteric tracts. On the contrary, the region-specific
differences among the ICC located at the myenteric
plexus level are remarkable, and this might be related to
the role that these cells play in each region. For example,
the lower number of ICC at the myenteric plexus level in
the fundus might be correlated with the accommodating
function for food intake which is specific of this region. 

By ultrastructural examination of human stomach,
many nerve varicosities were seen close to the ICC body
and processes, with a gap of 20 nm, and which contained
either small agranular or large granular synaptic vesicles
(Faussone-Pellegrini et al., 1989). Immunohistochemical
and physiological studies performed on murine and
canine stomach confirmed that the gastric ICC are richly
innervated and are the target for different
neurotransmitters, inhibitor and/or excitatory ones, such
as NO, SP and ACh (Burns et al., 1996; Ward, 2000;
Horiguchi et al., 2003). NADPH-d+ nerve fibers had
already been described to be numerous in human
stomach, and NADPH-d+ neurons were quantified and
found more numerous in the corpus and antrum than in
the fundus (Ibba et al., 1998). The present quantitative
analysis demonstrated that the corpus and antrum were
also richer in NADPH-d+ nerves compared to the fundus.
Also, a close relationship between these nerves and ICC
was seen in the circular muscle layer of the corpus and
antrum. This finding supports a role of these cells in
neurotransmission in the human stomach as well, at least
for the ICC-IM. Moreover, NADPH-d+ nerves formed a
network with meshes very similar to those of the ICC-
SEP network indicating that inhibitory innervation is
important on these ICC as well. We can hypothesize that,
similar to laboratory mammals, such nerve control is
involved in the modulation of the motor activities of
these gastric areas. 
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SP+ nerve varicosities were also seen close to the
ICC. However, since these fibers are few in all the
gastric areas, an inhibitory innervation, rather than an
excitatory one, seems to be prominent on the ICC. It has
to be noted that we cannot exclude an important
cholinergic control on the ICC of the human stomach
since we only looked for SP innervation. Besides, since
we looked at the greater curvature only, the present
results do not allow us to exclude regional differences in
the excitatory innervation density. Indeed, we could
previously show (Faussone-Pellegrini et al., 1989) that
nerve endings close to the ICC in the antral circular
muscle mainly contained small agranular vesicles
(cholinergic nerve endings), whereas those in the other
gastric regions had large granular vesicles (peptidergic
nerve endings). 

In conclusion, our results demonstrate that in the
fundus, corpus and antrum of the human stomach, taken
along the greater curvature, the ICC 1) have a different
shape, size and distribution in the three gastric areas,
suggesting a different ICC relationship with the smooth
muscle cells; and 2) are in contact with both excitatory
and, especially, inhibitory nerves, although with region-
specific differences. Presumably, the region-specific ICC
distribution and innervation might correlate with the
motor activities peculiar to each gastric area.
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