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1. ABSTRACT

It is postulated that the electric waves of the gut
are generated by interstitial cells of Cajal (ICC). We
hypothesized the presence of ICC in the rectum as initiating
the rectal electric activity. The current study investigated
this hypothesis. Two rectal specimens were taken from
healthy areas of excised rectum of 22 rectal cancer patients
(age 44.6±9.2 SD years, 12 men, 10 women). The study
specimens were subjected to c-kit immunohistochemistry.
Controls for antisera specificity consisted of tissue
incubation with normal rabbit serum substituted for the
primary antiserum. C-kit positive branched ICC-like cells
were detected in the rectal musculature of the studied
specimens. They were distinguishable from the c-kit-
negative non-branched smooth muscle cells and from the c-
kit positive but non-branched mast cells. Immunoreactivity
was absent in the negative controls. We have identified in
the rectum for the first time cells with morphologic and
immunologic phenotypes similar to the ICC of the gut.  The
role of these cells in normal physiologic and pathologic
conditions of the rectum needs further studies.

2. INTRODUCTION

The motor activity of the rectum has attracted the
attention of many investigators.  The principle function of
the rectum is to contract in order to expel the fecal matter.
The rectal motility, aided by various physiologic reflexes,
serves specifically this function (1-4).

The rectum of healthy volunteers exhibits electric
activity in the form of slow waves (SWs) and fast activity
spikes or action potentials (APs) (5-7). The APs are
coupled with rectal pressure elevation (5-7). The
electromechanical activity of the rectum increases with
rectal distension (5). The electric waves appear to be
responsible for rectal motility (5-7). The source of these
waves is not exactly known; previous studies have shown
that they are transmitted through the smooth muscles of the
rectum and are partially controlled by the intrinsic and
extrinsic rectal innervation (8,9).

It is postulated that the gut electric waves are
generated from the interstitial cells of Cajal (ICC) (10-15).
These cells are located at the level of the myenteric plexus
in the deep muscular plexus and within the circular muscle
layer itself (10-15). They are considered to procreate the
spontaneous pacemaker activity in the smooth muscle
layers of the gut (16-18) and to be involved in
neurotransmission as well (8,9,15). Moreover, they are
claimed to pace the gastrointestinal phasic activity and are
regarded as the pacemaker cells in the gastrointestinal
muscles. They mediate or transduce inputs from enteric
motor nerves to the smooth muscle syncytium (8,9,15).
Interstitial cells of Cajal were recorded in the
gastrointestinal tract (10-18); however a study of the
presence of these cells in the rectum could not be traced in
the literature. As the rectum exhibits electric waves, we
hypothesized that it contains such cells; this hypothesis was
investigated in the current study.

3. MATERIAL  and  METHODS

We obtained one 1x1 cm rectal specimen from
each of 22 rectal cancer patients (mean age 44.6±9.2 SD
years, range 36-58, 12 men, 10 women). The specimens
were taken from the normal areas of the surgically excised
rectum. The histologic sections were examined by a
pathologist to exclude any malignant areas present in the
prepared specimens. An informed consent was obtained
from the patients to do investigations on their excised
rectum.

For immunocytochemical processing, tissue
sections were rehydrated in KPBS at room temperature for
20 min., blocked with 10% normal goat serum for 20 min.,
and incubated overnight at 4°C with the primary antiserum,
a rabbit polyclonal IgG antibody to the human c-kit protein
(Oncogene Research Products, Cambridge, MA), diluted
1:100 in KPBS, 0.05% goat serum and 0.1% Triton X-100.
The next day, slides were rinsed with KPBS three times
(each 10 min.) and then incubated with a Cy3-conjugated
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Figure 1.  Photomicrograph of a section of the rectal wall
showing c-kit-positive cells (arrow).  The cells appear
elongated with dendritic processes (c-kit immunostain
counterstained with hematoxylin X400)

Figure 2.  Photomicrograph of a section of the rectal wall
showing c-kit-positive cells.  Cells have either two
(bipolar) or more (multipolar) dendritic processes (arrows).
(c-kit immunostain counterstained with hematoxylin
X400).

Figure 3.  Photomicrograph of a section of the rectal wall
showing c-kit-positive cells (arrow) which are included in
the enteric nerve plexus.  (c-kit immunostain counterstained
with hematoxylin X400).

goat anti-rabbit IgG secondary antibody (Jackson
ImmunoResearch, West Grove, PA) at room temperature
for 2 hours at a dilution of 1:800 in KPBS 0.05% goat
serum, and 0.1% Triton X-100. Because mast cells also
contain the c-kit receptor and thus stain positive with c-kit
antibodies, dual staining with fluoroscein-avidin DCS

(Vector Laboratories, Burlingame, CA) diluted 1:200 for 2
hours was used to specifically identify mast cell staining.
Slides were again washed three times with KPBS and
overslipped. They were then imaged using an Olympus
Fluoview 500 scanning confocal microscope.
Controls for the specificity of the antisera consisted of
incubation of the tissue with normal rabbit serum
substituted for the primary antiserum.

The results were analysed statistically using the
Student's t test. Values were given as the mean ± SD and
differences assumed significance at p<0.05.

4. RESULTS and DISCUSSION

Morphologically, cells that were different from
the smooth muscle cells (SMC) were detected in the
examined sections. These cells were c-kit positive and
varied in morphology and size (Figure 1). Two
morphological types could be identified: multi and bipolar.
The multipolar type had many processes laterally while the
bipolar had the  processes at each end of the cell (Figure 2).
The cells were arranged separately or in groups which were
surrounded by connective tissue cells. They were located at
the junctional area between the inner circular and outer
longitudinal smooth muscle layers and/or insinuated
between the smooth muscle fibers of the circular muscle
layer. They were found close to, or included in, the enteric
nerve plexus (Figure 3). The cells had different sizes
varying from 48 to 142 µm (mean 84.2±38). They were
fusiform, the cytoplasm had fine granules showing strong
immunoreaction, and the nucleus was large and oval
(figs.1, 2). As all branched cells were c-kit positive, they
were identified as ICC.

Also mast cells appeared  in the section as c-kit
positive (Figure 4); however they differed morphologically
from the ICC. They showed as rounded cells with rounded
nuclei. Their body did not bear processes. This is in
contrast to the fusiform cell body of the ICC with dendritic
processes and large, oval nuclei (figs.1,2).These findings
regarding the ICC also contrasted with those of the
surrounding SMC. The latter had a typical spindle shape
with more regular dimensions compared to the
morphologic heterogeneity of the ICC (figs.1, 2, 5). They
were generally larger than the ICCs and had a size varying
from 122-175 µm (mean 148.2±14.4). The SMC had no
dendritic processes like those of the ICC and had no
immunoreactivity to the c-kit antibodies.

Immunoreactivity was absent in the negative
controls in which the primary antibody had been omitted.

Recent investigations suggest a central role for the ICC in
the control of intestinal motility in that they act as
pacemakers (10-18). The current study is the first to
demonstrate the presence in the rectal wall of c-kit positive,
ICC-like cells that may act as pacemakers responsible for
generation of the electric waves. The cellular morphology
of these c-kit positive cells is characteristic of the cells
which were previously identified as the ICC or pacemaker
cells in the gastrointestinal tract. These cells were easily
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Figure 4. Photomicrograph of a section of the rectal wall
showing c-kit-positive mast cells with rounded body which
do not bear dendritic processes (c-kit immunostain
counterstained with hematoxylin X400).

Figure 5.  Photomicrograph of a section of the rectal wall
showing c-kit-positive cells and the c-kit negative smooth
muscle fibers (c-kit immunostain counterstained with
hematoxylin X400).

distinguishable as above described from the mast cells and
SMC. The mast cells were c-kit positive but their body was
not speculated, while the SMC were c-kit negative. The
cells were found in the muscle layers of the rectal wall
close to,  or included in,  the enteric nerve plexuses.
It is reported that ICCs function as pacemakers, signaling to
the bulk smooth muscle to contract, and also as
intermediaries in the transmission of nerve signals to
smooth muscle cells (10-18).Spontaneous electric activity
has been recorded from the rectum of humans(6,7). It was
generally assumed that this was an inherent property of the
smooth muscle cells themselves and that no specialized
pacemaker cells were necessary to initiate this activity.

However, the current study suggests that the
spontaneous SWs recorded from the rectum may have
originated in the ICCs and been conducted to the smooth
muscle cells. The resting rectal electric activity seems to be
controlled by the constant firing of pacemaker cells which
are most likely the ICCs, the activity of which is conducted
to the smooth muscle. It is believed that the release of small
amounts of excitatory transmitter acts either directly on the
rectal smooth muscle fibers or indirectly through
stimulation of the pacemakers' firing with a resulting rectal

smooth muscle contraction. Furthermore, as the ICC
apparently mediate the response to nerves in the
gastrointestinal tract (10-18), such a pattern may also exist
in the rectum. Thus, it is suggested that the ICC mediate the
effects of neurally released nitric oxide, provided that the
ICC are preferentially innervated.

The current study may thus indirectly support the
role of the ICC as mediators and/or initiators of rectal
motility. Therefore, we believe that recognition of
abnormalities of the ICC system in the rectum may offer an
insight into the causes of disorders of rectal motility.
Deficiency of ICC is suggested to play a role in inefficient
rectal motility. Further studies would be necessary to
determine the functional role of the c-kit-positive ICC in
rectal motility and motility disorders.

In conclusion, we have identified cells in the
rectum with morphologic and immunologic phenotypes
similar to the ICC of the gut. The role of these cells in
normal physiologic and pathologic conditions of the rectum
needs further studies.

5. REFERENCES

1. Denny-Brown, D. & E.G. Robertson: An investigation of
the nervous control of defecation. Brain 58, 256-310 (1935)
2 -Corman, M.L.: Physiologic and anatomic bases of
continence. In: Colon & Rectal Surgery. Ed: Corman M.L.
4th edn. Philadelphia, Lippincott-Raven, USA. 290-291
(1998)
3. Shafik, A. & O. El-Sibai: Rectal inhibition by inferior
rectal nerve stimulation in dogs: Recognition of a new
reflex: The ‘voluntary anorectal inhibition reflex’ Eur J
Gastroent Hepatol 13, 413-418 (2001)
4. Shafik, A., A.A. Shafik & I.A. Shafik: Role of Positive
Anorectal Feedback in Rectal Evacuation. The Concept of
a Second Defecation Reflex: The Anorectal Reflex. J
Spinal Cord Med. In press
5. Shafik, A.: Study of the electrical and mechanical
activity of the rectum. Experimental study. Eur Surg Res
26, 87-93 (1994)
6. Shafik, A.: Study of the electromechanical activity of the
rectum. II. Human study. Coloproctology 15, 215-218
(1993)
7. Shafik, A., A., Nour, & A.A. Fattah: Transcutaneous
Electrorectography. Human electrorectogram from surface
electrodes. Digestion 56, 479-482 (1995)
8.  Shafik, A.: A study of the origin of the  electric activity
of the rectum: Is it neurogenic or myogenic? Spinal Cord
36, 548-553 (1998)
9. Shafik, A.: On the origin of the rectal electric waves:
Further study. Dis Colon Rectum 42,1626-1631 (1999)
10-Ward, S.M., & K.M. Sanders: Physiology and
pathophysiology of the interstitial cells of Cajal: from
bench to bedside. I. Functional development and plasticity
of interstitial cells of Cajal networks. Am  J  Physiol  281,
602-611 (2001)
11-Daniel, E.E., J. Thomas, M. Ramnarain, T.J. Bowes & J.
Jury: Do gap junctions couple interstitial cells of Cajal
pacing and neurotransmission to gastrointestinal smooth
muscle?  Neurogastroenterol Motil 13, 297-307 (2001)



[Frontiers in Bioscience 9, 2848-2851, September 1, 2004]

2851

12. Liu, L.W.C & J.D. Huizinga: Electrical coupling of
circular muscle to longitudinal muscle and interstitial cells
of Cajal in canine colon. J Physiol (Lond) 470, 445-461
(1993)
13. Rumessen, J.J., H.B., Mikkelsen & L. Thuneberg:
Ultrastructure of interstitial cells of Cajal associated with
deep muscular plexus of human small intestine.
Gastroenterology 102, 56-68 (1992)
14. Vanderwinden J.M., J.J. Rumessen, H. Liu, et al.:
Interstitial cells of Cajal in human colon and in
Hirschsprung's disease. Gastroenterology111, 901-910
(1996)
15. Thuneberg, L.: Interstitial cells of Cajal: intestinal
pacemaker cells? Adv Anat Embryol Cell Biol 71,1-130
(1982)
16. Wester, T., L. Eriksson, Y. Olsson, L. Olsen: Interstitial
cells of Cajal in the human fetal small bowel as shown by
c-kit immunohistochemistry Gut 44, 65-71 (1999)
17. Liu, L.W.C, L. Thuneberg & J.D. Huizinga: Selective
lesioning of interstitial cells of Cajal by methylene blue and
light leads to loss of slow waves. Am J Physiol 266, 485-
496 (1994)
18. Durdle, N.G, Y.J. Kingma, & K.L. Bowes, et al.: Origin
of slow waves in the canine colon.  Gastroenterology 84,
375-382 (1983)

Key Words: Electric Waves; Slow Waves; Action
Potentials; C-Kit; Branched Cells; Mast Cells; Smooth
Muscle Cells

Send correspondence to: Ahmed Shafik, MD, PhD, 2
Talaat Harb street, Cairo 11121, Egypt, Tel/Fax: +20 2 749
8851, E-mail: shafik@ahmed-shafik.org, URL:WWW.ahmed-
shafik.org


