
Introduction

Ramón y Cajal discovered the interstitial cells when
he studied the intestinal plexi of amphibians [1] and

several mammals [2]. Dogiel (1985) confirmed this
finding and called them interstitial cells of Cajal
(ICCs) (‘Cajal' sche zellen’). Cajal reported that
these cells presented two different morphologies:
fusiform and triangular or stellate. He defined the
main morphologic characteristics present in both
type of cells: a very voluminous nucleus, scant per-
inuclear cytoplasm and long cytoplasmic prolonga-
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Abstract

Santiago Ramón y Cajal discovered a new type of cell related to the myenteric plexus and also to the smooth
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denum. We have found interstitial cells that are positive for c-Kit, CD34 and nestin and are also positive for Ki67
protein, tightly associated with somatic cell proliferation. By means of electron microscopy, we describe ICCs
around enteric ganglia.They present triangular or spindle forms and a very voluminous nucleus with scarce per-
inuclear chromatin surrounded by a thin perinuclear cytoplasm that expands with long cytoplasmic processes.
ICC processes penetrate among the smooth muscle cells and couple with the processes of other ICCs located
in the connective tissue of the circular muscle layer and establish a three-dimensional network. Intercellular con-
tacts by means of gap-like junctions are frequent. ICCs also establish gap-like junctions with smooth muscle
cells. We also observe a population of interstitial cells of stellate morphology in the connective tissue that sur-
rounds the muscle bundles in the circular muscle layer, usually close to nervous trunks. These cells establish
different types of contacts with the muscle cells around them. In addition, the presence of a single cilium show-
ing a structure 9 + 0 in an ICC is demonstrated for the first time. In conclusion, we report positive staining for 
c-kit , CD34, nestin and Ki 67. ICCs fulfilled the usual transmission electron microscopy (TEM) criteria. A new
ultrastructural characteristic of at least some ICCs is demonstrated: the presence of a single cilium. Some 
populations of ICCs in the rabbit duodenum present certain immunohistochemical and ultrastructural characteristics
that often are present in progenitor cells.

Keywords: interstitial cells of cajal • adult stem cells • pluripotent stem cells • intestine • single cilium

J. Cell. Mol. Med. Vol 11, No 4, 2007 pp. 776-787

*Correspondence to: Prof. C. JUNQUERA
Departamento de Anatomía e Histología Humanas.
Facultad de Medicina. Domingo Miral 
s/n 50009- Zaragoza, Spain.
Tel.: 34- 976 761667, Fax: 34- 976 761754
E-mail: cjunquer@unizar.es

© 2007 The Authors
Journal compilation © 2007 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

doi:10.1111/j.1582-4934.2007.00064.x



J. Cell. Mol. Med. Vol 11, No 4, 2007

777© 2007 The Authors
Journal compilation © 2007 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

tions. He indicated that these cells are more abun-
dant in young animals, and emphasized their stain-
ing affinities, similar to neurons when stained with
methylen blue and the double impregnation Golgi
method. ICCs are distributed in close relationship to
the intestinal nervous plexi and also in the connec-
tive tissue that surrounds the smooth muscle cells of
the circular muscle layer of the intestine. He also
drew with great precision the networks that these
cells constitute and suggested possible contacts
with the membrane of muscle cells. Due to all these
characteristics, Cajal considered them undoubtedly
as nervous elements.

Several studies have increased our knowledge of
the immunohistochemistry and ultrastructural fea-
tures of ICCs [3–5] as well as the relationships that
these cells establish with the surrounding elements [6].
According to the currently prevailing concept, ICCs
are heterogeneous cells, composed of fibroblast-like,
and/or muscle-like cells interposed between nerve
and muscle cells [7]. From the functional point of
view, ICCs are considered to be the origin of the slow
electric waves of the gastrointestinal tract (pacemak-
ers) and to be modulators in enteric neurotransmis-
sion [8–10]. However, Min in a recent review pointed
out a strong need to clarify some of the current con-
cepts about ICC [7].

Cajal also observed ICCs in relationship to ves-
sels and pancreatic parenchyma, postulating their
presence in different glands [11]. Recently, interstitial
Cajal-like cells have also been described in the pan-
creas [12] and in different organs: myocardium [13],
urethra [14], bladder [15, 16], urether [17], blood ves-
sels [18] and human myometrium [19], in all cases
with sympathetic innervations. These findings may
question the functional role of these cells [20].

Recent studies have considered the possibility
that ICCs present with certain plasticity and even
may suffer transdifferentiation in other cell types [21].
Popescu et al. 2005 [22–24] analysed the different
functions that ICC-like cells may develop. They sug-
gested that these cells might play a role as uncom-
mitted progenitor cells.

The mesenchymal origin of ICCs has been
established by several authors [25–29], demon-
strating that they do not derive from the neural
crest. This fact seems to disagree with the original
hypothesis of Cajal, who considered ICCs to be
primitive neurons. However, recent studies have
shown that after the emigration of neural crest cells

an additional population of cells emigrates from the
cranial neural tube. These cells originate in the ven-
tral part of the hindbrain, emigrate through the site
of attachment of the cranial nerves, and colonize a
variety of developing structures of the gastrointesti-
nal tract, where they differentiate into neurons, glia
and ICCs. This cell population has been named the
ventrally emigrating neural tube (VENT). ICCs in
anterior gut, therefore, develop from two sources of
cells, the mesodermal mesenchymal cells and
VENT [30]. The aim of this study was to character-
ize ICCs in the rabbit anterior intestine by means of
immunohistochemical and ultrastructural tech-
niques. The presence of a single cilium is demon-
strated. The functional role of this single cilium
remains to be established.

Material and methods

The investigation was performed according to the
European Community guidelines for animal ethical care
and the Guide for care and use of laboratory animals pub-
lished by the US National Institute of Health (NIH publica-
tion N° 85-23, revised 1985).

Normal adult rabbits (Orictolagus cuniculus) weighing
between 800 and 900 grams (six males and four females)
were used. They were housed in temperature controlled
rooms (20 ± 1°C), and natural light, and had free access to
standard food and tap water. The rabbits were sacrificed by
cervical dislocation, under ether anaesthesia. After the
extraction of the intestine, duodenum fragments were
immersed in the specific fixative for each of the techniques
described below.

Immunocytochemistry: DAKO

EnVision® method

The rabbit duodenum specimens were tested using the
following antibodies: In order to determine the ganglion
neurons of enteric plexus, we used neuron specific eno-
lase (NSE) 1:200 (DAKO, Glostrup, Denmark). To charac-
terize ICC: c-Kit (CD117), 1:500 (DAKO, Glostrup,
Denmark); CD34 1:150 (DAKO, Glostrup, Denmark) and
Nestin 1:100 (Rat-401; S Hockfield. Hybridoma Bank.
University of Iowa). CD117 + CD34 comprise progenitor
cells and their precursor of all haematopoietic cell lineag-
es. In order to detect the presence of cells during division
we used Ki-67 1:100 (DAKO, Glostrup, Denmark), a
nuclear antigen which recognizes proliferation cells at all
stages of the cell cycle.
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The pieces are fixed for 6 hrs in 10% neutral phosphate-
buffered formalin. Tissues are dehydrated using graded
alcohols, cleared with xylene and embedded in paraffin
wax. To minimize antigen denaturalization, tissues should
not be exposed to temperatures higher than 60°C during
processing. For increased tissue section adhesion, sec-
tions of 5µm. are collected in poly-L coated slides (DAKO
S3003). The tissue sections were deparaffinated in xylene
(10 min. twice) and rehydrated in a graded ethanol series
up to distilled water.

For heat-induced antigen retrieval, the samples were
treated for 2 min in an autoclave at 121°C containing
10% citrate buffer (Dako S2031). After washing twice
with PBS (pH 7.4) for 3 min, the sections were treated
with endogenous peroxidase blocking (Dako S2001) for
20 min, and washed twice in distilled water and PBS for
3 min. The blocking was repeated twice. The tissue sec-
tions with the primary antibodies were incubated for 30
min in a dark chamber, and afterwards washed twice in
phosphate buffer saline (PBS) for 3 min. The tissue sec-
tions was covered with a peroxidase-based visualization
kit (Dako K5007) for 30 min and then washed in PBS for
5 min. To confirm the presence of immunocomplexes, 3,3´-
diaminobenzidine (DAB) was used as chromogene. The
samples were washed twice in distilled water, contrasted
with Mayer’s haematoxylin for 1 min, rinsed gently with tap
water, dehydrated in a graded series of ethanol, cleared in
xylene and cover slipped with DPX. Digital microscope
images were captured by means of an Olympus BX 51
microscope. Negative controls were made by omission of
the primary antibody.

Electron microscopy

Tissue samples (about 1.5 mm3) were fixed in 2% glu-
taraldehyde (in 0.1 M cacodylate buffer), pH 7.3, for 4
hrs, at 4°C. Later they were washed twice with the same
buffer for 10 min. Post-fixation was performed in 1%
osmium tetroxide in 0.1 M cacodylate buffer for 2 hrs at
4°C. The samples were dehydrated in graded acetone
(30%, 50%, 70% with 2% uranyl-acetate, 90%, 100%).
After immersion in propylene oxide (three times for 10
min each), the samples were immersed in a mixture (1:1)
of propylene oxide and Epon 812 resin overnight, and
embedded in Epon 812. Semi-thin sections were cut and
stained with 1% toluidine blue. Specific areas were cho-
sen for ultrathin sectioning. Sections were cut using an
ultramicrotome (Reichert-Jung, Austria). Ultrathin sec-
tions (50 nm) were collected on copper grids, counter-
stained for 10 min with 1% uranyl acetate and Reynold’s
lead citrate, and then observed in a Jeol 1010 electron
microscope at an acceleration voltage of 60 kV (Jeol,
Tokyo, Japan).

Results

By means of immunohistochemical techniques, the
ganglia in the myenteric plexus of the rabbit duode-
num were characterized.The neurons of these ganglia
are reactive for the neuron-specific enolase (Fig. 1A).
Distributed around these ganglia there are interstitial
cells that are positive for the c-Kit (Fig. 1B). In this loca-
tion, specific antibodies were applied against c-Kit
(Fig. 1C), CD34 (Fig. 1D) y Ki-67 (Fig. 1E) in serial
sections and it was found that these interstitial cells
are immunoreactive against these three markers. The
observation of the preparations permitted the recogni-
tion of a positive reaction in the same cells. The Ki67
antibody (proliferation marker) reveals the nuclei of the
cells, and that is why the marks are slightly displaced
in Figure 3E. Some c-Kit positive cells contact by
means of their cytoplasmic processes, following the
connective tissue that separates the muscle bundles
in the circular muscle layer (Fig. 1F). In this loca-
tion, nestin positive immunoreactivity was found in
cells with long cytoplasmic prolongations stained
brown (Fig. 1G).

TEM images showed the structure of ganglia in
the myenteric plexus of the duodenum of
Orictolagus cuniculus. Neurons surrounded by glial
cells constitute compact ganglions. Thick axonal
trunks constitute part of these ganglion structures.
The nucleus of the neurons presents uniformly dis-
tributed chromatin, a thin frame of marginal hete-
rochromatin and a prominent nucleolus (Fig. 2A).
Around these ganglia, and separated by a margin
of connective tissue, ICCs can be observed pre-
senting triangular or fusiform shapes. The nucleus
of these interstitial cells is very voluminous and is
surrounded by a small perinuclear cytoplasm that
expands with long prolongations. The most com-
mon cytological characteristics are: cisternae of
smooth and rough endoplasmic reticulum, free
ribosomes, dictyosomes of Golgi apparatus,
numerous simple vesicles, several mitochondria,
intermediate filaments and lysosomes. A basal
lamina appears incomplete or absent. The cyto-
plasm of these cells presents a higher electron
density than the cytoplasm of the surrounding
muscle cells. The cytoplasmic processes of ICCs
surround the external contours of the ganglia. In
addition, these prolongations penetrate among the
smooth muscle cells and couple with the prolonga-
tions of other ICCs located in the connective tissue
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Fig. 1 Rabbit duodenum. Immunohistochemistry, EnVision® method. (1A) NSE positive ganglion. (1B) ICC
processes surrounding a ganglion in the myenteric plexus. (1C, D  E) Serial sections of the same ganglion. (C) c-Kit.
D: CD34. (E) Ki-67 labelled nucleus. The arrows point towards positive structures for the three markers. (1F) c-Kit
positive ICC interconnected in the circular muscle coat. (1G) Nestin positive ICC in the connective tissue of the
circular musculature. Scale bar = 20 µm.
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of the circular muscle layer (Fig. 2A). ICCs of this
location establish close intercellular contacts
between themselves by means of different special-
ized areas of the plasmalemal membrane: invagi-
nations to receive and surround the extreme of a
prolongation of a nearby ICC (Fig. 2B), close con-
tacts between the membranes of two ICC, present-
ing electrondense reinforcements (Fig. 3A); occa-
sionally peg and socket junctions can be see
although gap-like junctions are more frequent. In
addition to constituting networks of interconnected
cells, these cells establish contacts with smooth
muscle cells by means of gap-like unions. Smooth
muscle cells in the intestine wall contact with each
other by means of multiple cellular junctions, char-
acterized by an electron dense reinforcement
immediately under the cell membrane in the zones

of intercellular contacts, so-called ‘desmosome-
like’ by some investigators. In the intercellular
space, a mild electron density due to trans-mem-
brane proteins can be observed (Fig. 3B).

A population of interstitial cells can be observed of
stellate morphology in the connective tissue that sur-
round the muscle bundles in the circular muscle layer,
usually close to nervous trunks. These cells present
four or five long cytoplasmic processes in the same
cross section (Fig. 4).These processes emerging from
the cell body and extend through the connective tissue
that separate the smooth muscle cells and establish
contact with their membrane. Three type of contacts
can be observed: small type-gap-like junctions, as
both membranes present a clearly visible electron
dense reinforcement (Fig. 4A); lateral contacts with
small buttons in the muscle cell (Fig. 4B); and small

Fig. 2 Interstitial cells in the myenteric plexus of rabbit duodenum. (2A) TEM. ICC in the limit between ganglia in the myen-
teric plexus and the circular muscle layer. Processes from these cells (arrows) extend among smooth muscle cells. Scale
bar = 2 µm. (2B) TEM. Detail  of  2A. ICC with triangular morphology, elongate nucleus and a scarce perinuclear cytoplasm.
Junctions between this cell and a process of neighbour ICC (arrows). Desmosome-like junctions between two smooth mus-
cle cells. CM: Circular muscular layer, ICC: interstitial cell of Cajal, m: mitochondria, N: neuron, Nt: Nervous trunk, Rer: rough
endoplasmic reticulum. Scale bar = 1 µm.
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invaginations in the membrane of the smooth muscle
cells that receive a long dichotomous branching
processes (Fig. 4C). An ICC can contact by means of
gap-like junctions with several muscle cells at the
same time (Fig. 4) and a single prolongation can con-
tact simultaneously with two different muscle cells
(Fig. 4D). Moreover, these prolongations extend
around the nervous trunks and establish close con-
tacts with some of the axons (Fig. 5), although ultra
structural images of synapses were not verified. Some
of these axons present varicosities that contain pep-
tidergic-type vesicles (showing their typical size and
electron dense content with a clear surrounding halo);
there are frequently mixed-type varicosities as well
(containing electron-clear vesicles of smaller size and
peptidergic-type vesicles).

All the processes of ICCs present an electron
dense cytoplasm, so that the organelles accumulate
in the proximal and wider part of the long prolonga-
tions (Fig. 6A). At this level, mitochondria, small cis-
terns of the granular endoplasmic reticule and free
poly-ribosomes can be seen (Fig. 6B). Initially we
have not observed any ultra structural difference
between ICC prolongations, so that we consider
them as functionally equivalent.

It is especially interesting that the presence of a
basal corpuscle that seems to guide the development
and differentiation of a prolongation by means of poly-
merisation of microtubules can be observed in an ICC
(Fig. 6A and B). This basal corpuscle constitutes a
single cilium showing a 9 + 0 structure because it
does not present the central pair of microtubules.

Discussion

Our results demonstrate c-kit positivity in ICCs
around the ganglions and the intramuscular ICCs,
in agreement with the results obtained in several
mammal species [31–33]. The staining pattern of
CD34 was quite similar to that of c-Kit, but there
appeared to be larger numbers of cells stained for
CD34 than for c-Kit, suggesting that only some
CD34 positive cells concomitantly express c-Kit.
The frequency and anatomic location of the ICC
identified under the electron microscope corre-
sponded well to those c-Kit positive cells seen in
immunostained sections.

Nestin belongs to the intermediate filaments
(class VI) family, is regarded as a marker for progen-
itor cells in CNS [34, 35]. Nestin is associated with
dynamic cell processes; the expression of nestin is
usually associated with dividing or migrating cells
[36]. In addition, nestin expression has been reported
in Kit-immunoreactive ICC and in gastrointestinal
stromal tumours (GIST) which are mesenchymal
tumours thought to derive from the ICCs [37]. These
results showing nestin immunoreactivity (-ir) in intra-
muscular ICC of the rabbit duodenum agree with the
results found by Vanderwinden [38]. He performed a
detailed analysis of high-resolution images and dou-
ble immunohistochemical staining in the human small
intestine and demonstrated that most myenteric and
intramuscular ICCs were nestin-ir, while nestin-ir was
not detected in ICCs in the longitudinal musculature or
in the submuscular plexus. It is thought that nestin

Fig. 3 Junctions between two ICC and between two smooth muscle cells. (3A) TEM. Adherent junction between two
processes of ICC. (3B) TEM. Desmosome-like junction between two smooth muscle cells in the rabbit duodenum.
cv: caveolae, dc: dense bodies, mt: mitochondria, N: nucleus, Rer: rough endoplasmic reticulum. Scale bar = 200 nm.
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expression may indicate some functional subdivision in
the subpopulations of ICC [38].

The myenteric plexus is endowed with a consider-
able ability of regeneration and plasticity [39]. Some
recent reports suggest that the postnatal enteric nerv-
ous system contains multipotent stem cells which per-
sist throughout life and are capable of differentiating to
neurons, glia and other cell types [40, 41]. Suarez-
Rodriguez [42] describes an in vitro culture system
where the presence, replication and differentiation of

nestin positive cells in the postnatal intestine are
observed. The replication and differentiation pattern of
these cells suggest that they are enteric neural stem
cells. The location of these multipotent cells in the in
vivo intestine is a subject of debate. Given that one
subpopulation of ICCs is immunoreactive for nestin,
could these cells be considered as candidates? 

Although self-renewal is difficult to demonstrate in
vivo, this study reveals by means of a proliferation
marker (Ki-67) [43, 44] that there are cells in different

Fig. 4 TEM. Intramuscular ICC
showing four long prolongations
in cross section, two of them sur-
round a nervous trunk. Different
types of contacts among
processes of ICC are observed.
(4A) Detail of Fig. 4. Small gap-
like junction. (4B) Detail of Fig. 4.
A small protrusion of a smooth
muscle cell projects towards the
prolongation of an ICC (arrow).
(4C) Detail of Fig. 4. A prolonga-
tion of an ICC divides into two
branches, one of which is
received by a smooth muscle
cell. (4D) A prolongation of an
ICC establishes simultaneous
contact with two smooth muscle
cells by means of gap-like junc-
tions. CM: Circular muscular
layer, Nt: Nervous trunk. Scale
bar = 500 nm.
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phases of the cell cycle in the periganglionic region
and in intramuscular connective tissue. These cells
seem to present the same location of ICCs.

Cajal described in detail two different morpholo-
gies in the ICCs of the amphibian intestine [1] and
in several mammals [2]. These morphologies agree
with the morphologic types that we have found in
the rabbit duodenum: fusiform and triangular or
stellate. Stellate ICCs are located mainly in the cir-
cular muscle layer. On the other hand, ICCs that
spread around the mienteric plexus present trian-
gular or fusiform shapes. Komuro [45] published
one of the best morphologic studies on ICCs in the
large intestine of the rabbit and he also found these
two ICC morphologies. Our studies on the enteric
nervous system have allowed us to confirm that, as
in rabbits, there are only two morphological types of
ICCs in Amphibians [46–48] and Reptiles [49, 50].
This seems to be a constant through the phyloge-
netic scale.

Min described in the human small intestine two
morphological types of ICCs. He argues that the sec-
ond cell type (type II) may represent a lower degree
of differentiation than the cells defined as type I due
to their ultrastructural characteristics [51]. Recent
publications have showed evidences of plasticity in
these cells [7, 52]. The ultrastructural characteristics
that we have described are in agreement with the
gold standard established criteria for positive diagno-

sis of ICCs [53]. Without any doubt, the phenotypical
diversity of these cells should reflect in qualitative
and quantitative variations in different organelles. For
example, intramuscular ICCs show a large nucleus
with scarce chromatin and a thin perinuclear cyto-
plasm, and relatively few cytoplasmic organelles. A
voluminous nucleus in relation to the cytoplasm
might suggest their capability to proliferate.

The presence of a primary cilium in ICC has been
demonstrated for the first time. We would suggest
that this is possibly the most relevant ultrastructural
characteristic to be found in this study. The primary
cilium is a single non-motile cilium derived from the
parental centriole of the diplosomal pair that relo-
cates to a position beneath the cell membrane after
mitosis [54]. There are several structural differences
between primary cilia and motile cilia: reduced
length, lack of motility due to the absence of dynein
arms and the lack of a central pair of microtubules
in their axonemes. Several authors have reported
the presence of a single cilium emerging from a
basal centriole as an ultrastructural characteristic
of precursor cells. It has also been published that
neuronal precursors in the embryonic neuroep-
ithelium [55–57] and primary precursors of new
neurons in the adult avian brain [58] extend a sin-
gle cilium as well.

In mammals, adult neurogenesis occurs at two
principal sites: the subventricular zone of the lateral

Fig. 5 TEM. Nervous trunks
close to an ICC. In the axons
there can be observed micro-
tubules and mitochondria. Some
varicosities show peptidergic
type vesicles with electron dense
central core. CM: Circular mus-
cle layer, ICC: Interstitial cell of
Cajal, mt: mitochondria. Scale
bar = 500 nm.
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ventricles, which generates olfactory bulb neurons,
and the hippocampus. Subventricular zone astro-
cytes are the in vivo primary precursors in this region
and behave as stem cells in vitro. It is likely that sub-
ventricular zone astrocytes divide asymmetrically to
yield another subventricular zone astrocyte and a
short-lived transit-amplifying progenitor. These sub-
ventricular zone astrocytes have a short single cilium
[59–61]. Thus, the existence of a single cilium char-
acterizes the subventricular zone astrocytes in the
central nervous system. In the same way, a single cil-
ium could be a characteristic of precursor cells in the
enteric nervous system. Recent findings reveal that
the primary cilium is an antenna displaying specific

receptors and relaying signals from these receptors
to the cell body [62]. A second hypothesis is that they
are involved in controlling the cell cycle [63]. Further
studies on the functional role of this primary cilium
present in ICCs may provide clues about the cell biol-
ogy of enteric neurogenesis.

Conclusions

ICCs around the ganglia in the myenteric plexus and
in the connective tissue of the muscular circular layer
of the rabbit duodenum have been characterized.

Fig. 6 Presence of single cilium
in ICC. (6A) TEM. Intramuscular
ICC is close to nervous trunks.
Processes from this ICC contact
with the surrounding smooth
muscle cells by a small gap-like
junction (arrow). A single cilium
can be observed in the wider
cytoplasmic area. (6B) TEM.
Detail of  Fig. 6A. A centriole
constitutes the basal corpuscle
of a 9 + 0 structure single cilium.
Cell organelles are concentrate
in cytoplasm expanded regions.
CM: Circular muscular layer,
ICC: Interstitial cell of Cajal, mt:
mitochondria, Nt: Nervous trunk,
Rer: rough endoplasmic reticu-
lum. Scale bar = 2 µm
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These cells are immunoreactive for the precursor
cells markers: c-Kit, CD34 and nestin. In the same
location there are Ki-67 positive cells with proliferative
capability. The most typical ultrastructural characteris-
tics are: a voluminous nucleus, scarce perinuclear
chromatin, long cytoplasmic prolongations and also
the unions that they establish with each other and
with smooth muscular cells.

The presence of a single cilium, with the same
characteristics of those neural precursor cells in the
subventricular zone of the central nervous system
has been demonstrated. We suggest that at least one
subpopulation of ICCs in the rabbit duodenum 
presents some immunohistochemical and ultrastruc-
tural characteristics of progenitor cells.
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