
  INTRODUCTION 
  Interstitial cells of Cajal (ICC) have been a topic of 

discourse in a wide range of research based on the im-
portant role in mammals: The ICC generate pacemaker 
activity throughout the gastrointestinal tract by initi-
ating the slow wave activity that is integral to the coor-
dination of gastrointestinal motility (Thuneberg, 1982; 
Sanders, 1996; Sanders et al., 2002; Sanders and Ward, 
2006). In addition, ICC are thought to be involved in 
mediating neurotransmission (Wang et al., 2000; Ward 
et al., 2002; Horiguchi et al., 2003; Kim et al., 2003) 
and facilitating active propagation of electrical events 
(Ward et al., 1991; Daniel et al., 1998; Wang et al., 
2000; Sanders and Ward, 2006). It has been proposed 
that this wide range of functions is carried out by sepa-
rate classes of ICC (Sanders, 1996). Although the first 
ultrastructural identification of ICC was reported in 
the gizzard of a love bird (Imaizumi and Hama, 1969), 
where they look similar to their mammalian counter-

part, little attention has been given to them by avian 
species. 

  At present, c-Kit has become a widely accepted, re-
liable marker for ICC at the microscopic level and it 
has been used to identify ICC (Huizinga et al., 1995; 
Isozaki et al., 1995; Han et al., 2010; Yun et al., 2010). 
In addition, it is also specific for mast cells, which are 
easily distinguished from ICC on the basis of their mor-
phology and distribution. c-Kit as an important mem-
ber of the tyrosine kinase receptor family, binds to its 
ligand, the stem cell factor (SCF) and initiates signal-
ing pathways, not only for hematopoietic stem cells and 
melanoma cells, but also in the differentiation, devel-
opment, and phenotype maintenance of the ICC. The 
normal expression of c-Kit is the key to maintain the 
ICC phenotype. A large number of studies suggest that 
the abnormal expression of c-Kit gene can cause trans-
formation of ICC phenotype, resulting in morphological 
and functional abnormalities (Kitamura et al., 2001; 
Sanders et al., 2002). 

  In recent years, many disorders of gastrointestinal 
motility have been found closely related to the abnor-
mality of ICC (Lyford et al., 2002; Jain et al., 2003). 
Therefore, understanding of the distribution and iden-
tification of the normal ICC and their association with 
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  ABSTRACT   The ultrastructure of the interstitial cells 
of Cajal (ICC) has been examined in birds, but the dis-
tribution of these cells remains obscure because a suit-
able marker is lacking. In the present study, the iden-
tification and expression of c-Kit-positive cells in the 
chicken intestine were demonstrated by means of in situ 
hybridization histochemistry and the expression of the 
c-Kit gene by real-time quantitative PCR. Two types of 
cells stained positive for c-Kit mRNA. The first group 
consisted of spindle-shaped or bipolar cells identified as 
ICC. The ICC were found at a variety of locations: at 
the level of the myenteric plexus between the circular 
and longitudinal muscle and intermingled with smooth 
muscle cells within muscle bundles in the circular and 

longitudinal muscle layers. The ICC were also iden-
tified along the submucosal layer. The second group 
was composed of round-shaped cells, which resembled 
mast cells. Mast cells were mainly found in the lamina 
propria region as well as in the submucosal layer. The 
expression of the c-Kit gene by real-time quantitative 
PCR revealed the expression of c-Kit mRNA through-
out the lamina muscularis and mucosa of the intestine; 
however, the quantitation was variable in different re-
gions. This study reveals conclusively for the first time 
the distribution of ICC, quantifies the expression of c-
Kit mRNA in the intestine of adult chicken, and also 
compares the c-Kit-positive cell types morphologically. 
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various disorders and pathologies of gastrointestinal 
motility have a very important significance. The re-
search on identification and distribution of ICC in the 
intestines of birds is widely lacking. This study there-
fore discusses the identification and distribution of c-
Kit-positive cells in the adult chicken intestine and pro-
vides cytological grounds for further research on their 
functions in the intestine of the chicken.

MATERIALS AND METHODS
Normal adult Chinese Three-Yellow broiler chickens 

of 7 to 8 wk of age and weighing between 1.8 and 2 
kg (n = 12) were obtained from a commercial poul-
try farm. They were housed in temperature-controlled 
rooms (20 ± 1°C) with natural light and had free access 
to food and tap water. The chickens were killed by cer-
vical dislocation, under ether anesthesia. All the experi-
ments abide the regulations of Chinese Committee for 
Animal Use for Research and Education. The intestinal 
samples, namely, from the duodenum, jejunum, ileum, 
ceca, and colon were immersed in the specific fixative.

In Situ Hybridization
Six chicken intestines were used. Upon removal of 

the intestine from the abdominal cavity, tissue blocks 
about 1-cm thick were dissected in both the longitudi-
nal and transverse planes of different segments (duo-
denum, jejunum, ileum, ceca, and colon), followed by 
a fixative containing 4% paraformaldehyde in 0.1 M 
phosphate buffer (4°C, pH 7.4) for 4 h and then stored 
overnight in a 20% sucrose solution at 4°C. Frozen se-
rial sections (20 μm) of the intestine were placed on 
polylysine-coated glass slides.

In situ hybridization (ISH) experiments essentially 
followed the method described by Liu et al. (2009). 
Briefly, every 4 serial sections of different segments of 
the intestine were designated as a group, and within 
each group, the second and third ones were stained with 
digoxigenin-labeled oligonucleotide probe of chicken c-
Kit mRNA, respectively, and the first and fourth ones 
were used as controls of ISH, in which the probes were 
replaced with oligonucleotide probes of c-Kit mRNA 
without digoxigenin-labeled or 0.1 M phosphate buf-
fer. Chicken c-Kit oligonucleotide probes with the di-
goxigenin-label containing 3 different oligonucleotides 
complementary to the mRNA coding for chicken c-Kit 
receptor were used: 3 oligonucleotides for c-Kit mRNA 
complementary to bases 1308–1274, 1688–1722, and 
2111–2145 (GenBank accession number GI: 303532) 
were employed. Each region was chosen because it shares 
no similarity with the other known chicken sequences 
using BLAST. Oligonucleotides probes typically show 
single-nucleotide specificity; nevertheless, probes show-
ing significant homology with other chicken sequences 
were eliminated from consideration. For photography, a 
BH-2 microscope (Olympus, Tokyo, Japan) was used. 
The criteria fixed for the identification of ICC and mast 

cells were the morphology, localization, and organiza-
tion of positive cells and relating these findings to pre-
vious and present light and electron microscopic inves-
tigations as described (Rømert and Mikkelsen, 1998; 
Vanderwinden et al., 1999).

Semiquantification was done using +++ for strong 
expression, ++ for moderate expression, + for low ex-
pression, and − for absent expression.

Real-Time Quantitative PCR
The lamina muscularis and mucosa of tissue samples 

(duodenum, jejunum, ileum, ceca, and colon) were col-
lected from the 6 chicken intestines. All samples were 
stored at −70°C until analysis.

Total RNA was isolated using Trizol Reagent (Invit-
rogen, Carlsbad, CA) according to the manufacturer’s 
instructions. The RNA concentrations were determined 
by UV absorbance at 260 and 280 nm and were stored 
for a short period at −70°C before cDNA synthesis.

Primer pairs specific for c-Kit (Table 1) and for the 
housekeeping gene for β-actin were used for real-time 
quantitative PCR (RT-qPCR) analysis. Primers were 
designed using Beacon Designer 3.0 from Premier (Bio-
soft International, Palo Alto, CA) and were selected to 
span predicted exon boundaries where possible. BLAST 
searches were performed for all sequences to confirm 
gene specificity. Target and reference gene primers were 
synthesized by Invitrogen. The oligo(dT)-based first-
strand cDNA was synthesized from 1 μg of total RNA, 
using a Transcriptor first-strand cDNA synthesis kit 
(Roche Diagnostics, Indianapolis, IN) according to the 
manufacturer’s instructions. The expression levels of 
the c-Kit gene were estimated by RT-qPCR using a 
LightCycler 480 system (Roche). For the color emis-
sion, a SYBR Green I master kit (Roche) was exploited 
for its higher affinity to stain double-stranded DNA, 
following the manufacturer’s instructions. An initial de-
naturation step lasting 10 min at 95°C was followed by 
45 cycles of denaturation for 10 s at 95°C, annealing for 
5 s at 58°C (55°C for housekeeping), and extension for 
10 s at 72°C. Melting curve analysis was also performed 
to monitor the specificity of the PCR products gener-
ated and to allow detection of samples contaminated 
with genomic DNA.

Statistical Analysis
Relative gene expression levels were calculated using 

3.5.3. real-time system software program of LightCy-
cler 1.5 instrument package (Roche). The housekeeping 
gene was used to allow relative quantification of c-Kit 
expression using the ΔCT method. Expression levels of 
c-Kit mRNA were normalized against the housekeep-
ing gene and compared with the level of c-Kit mRNA 
in the lamina muscularis of duodenum. The specificity 
control data of the reaction were obtained following 
melting curve analysis using the same software. All ex-
periments were done in triplicate, and all of the data 
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were presented as mean ± SD. Statistical significance 
was determined by Student’s t-test.

RESULTS

ISH
Numerous c-Kit-positive cells were expressed with-

in all investigated intestinal segments of chicken. We 
identified 2 types of c-Kit-positive cells that showed 
a different expression pattern in the chicken intestine. 
The first group of c-Kit-positive cells consisted of spin-
dle-shaped or bipolar cells (Figure 1). These cells were 
identified as ICC. The ICC were found at a variety of 
locations: at the level of the myenteric plexus between 
the circular and longitudinal muscle and intermingled 
with smooth muscle cells within muscle bundles in the 
circular and longitudinal muscle layers. The ICC were 
also identified along the submucosal layer (Figure 2). 
The second group was comprised of round-shaped cells, 
which resembled mast cells (Figure 3). Mast cells were 
mainly found in the lamina propria region as well as in 
the submucosal layer.

The distribution of the 2 groups of c-Kit-positive cells 
was irregular. In the small intestine, the spindle-shaped 
or bipolar ICC were mainly found in myenteric plex-
us between the circular and longitudinal muscle and 
within muscle bundles in the circular and longitudinal 
muscle layers. High expressions of ICC were seen in the 
jejunum and ileum, and moderate expression in duode-
num. In the submucosal layer, ICC also were highly ex-
pressed in the jejunum, and moderate expression in the 
ileum, but low expression in duodenum. In the colon, 
numerous ICC were found in the myenteric plexus, but 
few ICC could be found within muscle bundles in the 

circular and longitudinal muscle layers; many ICC were 
also identified along the submucosal layer. Whereas in 
the ceca, only few ICC were found in the myenteric 
plexus and submucosal layer, no ICC were found within 
muscle bundles in the circular and longitudinal muscle 
layers. In addition, c-Kit-positive ICC often surround 
a nerve and its neighboring blood vessels in the myen-
teric plexus (Figure 4). The round-shaped mast cells 
were easily found in the duodenum and jejunum and 
the ileum, whereas in the cecum and colon, the number 
was small. The distribution of mast cells was observed 
in the lamina propria as well as in submucosa of the in-
testine. The distribution patterns and the comparisons 
of 2 c-Kit-positive cell types in the different intestinal 
segments are summarized in Table 2.

RT-qPCR
In mucosa, c-Kit mRNA was detected at high levels 

in all samples of the jejunum in adult chickens, fol-
lowed by the ileum and duodenum, whereas the levels 
of mRNA in the ceca and colon were low. In the lamina 

Table 1. Nucleotide sequences of PCR primers used to assay gene expression by real-time quantitative PCR 

Gene

NCBI  
accession  
number Forward primer 5′→3′ Reverse primer 5′→3′

Product  
Size, bp

c-Kit GI_303532 ATCCAGCAATGGTGACAAG GAAGTTGCGTTGGGTCTAT 239
β-Actin NM_205518 TGCGTGACATCAAGGAGAAG TGCCAGGGTACATTGTGGTA 499

Figure 1. c-Kit-positive interstitial cells of Cajal (arrow) consisted 
of spindle-shaped or bipolar cells in the lamina muscularis (a) and 
submucosal layer (b). The round-shaped c-Kit-positive mast cell has 
also been found in the submucosal layer (hollow arrow). LM: the lon-
gitudinal muscle layer, CM: the circular muscle layer; LP: the lamina 
propria. Bar = 20 μm. Color version available in the online PDF.

Figure 2. The distribution of interstitial cells of Cajal (ICC; ar-
row) in chicken intestine. a) The ICC were mainly found in the myen-
teric plexus and within muscle bundles in the longitudinal muscle layer 
in duodenum. b) ICC were mainly found in the myenteric plexus and 
within muscle bundles in the circular and longitudinal muscle layers 
in the jejunum. c) In the submucosal layer, ICC were low in expres-
sion in the duodenum. d) In the submucosal layer, ICC were high in 
expression in the jejunum. LM: the longitudinal muscle layer; CM: the 
circular muscle layer; LP: the lamina propria. Bar = 50 μm. Color ver-
sion available in the online PDF.
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muscularis, c-Kit mRNA was detected at high levels in 
all samples of the ileum and colon in adult chickens, 
moderate levels in the duodenum and jejunem, and low 
levels in the ceca (Figure 5). The c-Kit gene showed 
comparable levels of expression. The levels of house-
keeping gene mRNA did not differ between the experi-
mental groups.

DISCUSSION
Since the discovery of tyrosine kinase receptor (c-

Kit) expression on ICC (Maeda et al., 1992; Ward et 
al., 1994), it has been possible to identify ICC by ISH 
investigations using specific c-Kit probes as markers 
(Isozaki et al., 1995; Lecoin et al., 1996) and by immu-
nohistochemical investigations using specific antibodies 
against c-Kit (Maeda et al., 1992; Ward et al., 1994; 
Huizinga et al., 1995). The successful labeling and iden-
tification of ICC has resulted in extensive research on 
the development, localization, morphology, and physi-
ology of these cells both in humans and animals. The 
present study is the first study to successfully describe 
the distribution of ICC and mast cells and the expres-
sion of the c-Kit gene in the intestine of adult chicken.

Previous studies in the rat (Isozaki et al., 1995) and 
chicken embryos (Lecoin et al., 1996) have shown that 
c-Kit probes specifically label ICC. Lecoin et al. (1996), 
in ISH on the chimeric bowels, showed that all the c-
Kit-positive cells were of the chick type in quail/chick 
chimeras, belonged to the gut mesenchyme, were not 
neural crest-derived cells; they pointed out the typi-

cal ICC at electron microscopic level. However, defined 
distributions of ICC in intestine were not described be-
cause the muscularis externa is not fully developed at 
this stage. This study indicated ICC should exist in the 
chicken intestine and needed further study. Reynhout 
and Duke (1999) identified ICC in the digestive tract of 
turkeys (Meleagris gallopavo) and suggested ISH study 
could provide a better understanding of the control of 
gastrointestinal motility in the avian groups. Studies on 
the distributions of ICC are few in birds because the 
specific antibodies and probes are difficult to obtain. 
At present, in all mammalian species, a widespread oc-
currence of c-Kit-positive cells involves all layers and 
segments of the intestine with regional variations. The 
presence of 2 different types of c-Kit-positive cells has 
been shown using light microscopy (Burns et al., 1997; 
Hudson et al., 1999; Han et al., 2010). All these stud-
ies suggest that c-Kit-positive ICC play a major role in 
intestinal motility.

The first type of c-Kit-positive cells included abun-
dant spindle-shaped or bipolar cells within lamina mus-
cularis and along the submucosal layer of the circular 
muscle layer of the intestine of various species (Hud-
son et al., 1999; Fintl et al., 2004; Cserni et al., 2009). 
These cells are Cajal or Cajal-like cells. At present, the 
functions of ICC within the intestine are clear in mam-
malian species (Sanders et al., 2002; Sanders and Ward, 
2006; Mikkelsen, 2010). Nevertheless, it has not been 
shown that chicken intestinal ICC have this similar 
function, such as whether is it able to trigger contrac-

Figure 3. c-Kit-positive mast cells in the lamina propria of the 
ileum (a) and jejunum (b). Bar = 50 μm. Color version available in 
the online PDF.

Figure 4. The interstitial cells of Cajal (arrow) often surround 
nerve and its neighboring blood vessels in duodenum (a) and ileum 
(b). LM: the longitudinal muscle layer, CM: the circular muscle layer; 
LP: the lamina propria; BV: the blood vessels. Bar = 50 μm. Color 
version available in the online PDF.

Table 2. The quantitation and distribution of c-Kit-positive interstitial cells of Cajal (ICC) and mast 
cells observed in the different intestinal segments of chicken as demonstrated by in situ hybridization1 

Item2 Duodenum Jejunum Ileum Ceca Colon

ICC-LM ++ ++ + − +
ICC-MP ++ +++ +++ + +++
ICC-CM + ++ ++ − +
ICC-SM + +++ ++ + ++
MC-SM + + + − −
MC-LP + ++ +++ + +

1+++ = high; ++ = moderate; + = low; – = absent.
2ICC-LM: ICC within muscle bundles in the longitudinal muscle layer; ICC-MP: ICC in the myenteric plexus 

between the circular and longitudinal muscle; ICC-CM: ICC within muscle bundles in the circular muscle layer; 
ICC-SM: ICC along the submucosal layer; MC-LP: mast cells in the lamina propria; MC-SM: mast cells in the 
submucosal layer.
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tions of the neighboring smooth muscles. Based on hu-
man studies, the number and the distribution of these 
cells vary in different intestinal segments (Torihashi et 
al., 1999). However, there is no clear evidence whether 
these changes are primary or secondary due to different 
intestinal functions in the chicken. On the basis of elec-
tron microscopic analysis, ICC have been speculated to 
be populated close to the adjacent nerves and smooth 
muscle cells in birds and suggested similar functions in 
mammalian species (Lecoin et al., 1996; Reynhout and 
Duke, 1999). The current study seems to reconfirm the 
result at the microscopic level. However, the defined 
functions need further exploration.

The second population of c-Kit-positive cells was 
round-shaped cells distributed throughout the whole 
intestine within the lamina propria and muscle layer. 
These cells also stained for CD34 markers of mast cells 
and stained with toluidine blue, confirming their origin. 
In general, such differences in mast cell number could 
be explained by the important functions of these cells in 
intestine, which obviously have a more active immune 
response in jejunum than in other intestinal segments 
and other protective functions regulating the gastro-
intestinal barrier (Bischoff and Kramer, 2007). Some 
studies revealed c-Kit-positive mast cells, accounting 
for only a small percentage of all c-Kit-positive cells 
in the lamina muscularis (Vanderwinden et al., 1999; 
Rasmussen et al., 2007).

The normal expression of the c-Kit gene has an im-
portant role in the maintenance, development, and 
phenotyping of ICC (Sanders et al., 1999; Torihashi 
et al., 1999; Sanders et al., 2002; Ward et al., 2002), 
so further research of c-Kit mRNA expression is very 
necessary; it can help us to better explore the ICCs in 
the chicken intestine. In addition, a direct quantitative 
comparison is difficult through ISH; therefore, the use 
of RT-qPCR will allow us to better know the difference 
of quantity of c-Kit mRNA expressed in different seg-
ments of the chicken intestine. Previous study revealed 

the expression of c-Kit mRNA and reductions in both 
c-Kit mRNA and c-Kit protein were the result of dis-
ruptions to c-Kit/SCF signaling pathways in humans 
(Al-Muhsen et al., 2004; Li et al., 2010; Tong et al., 
2010) and mice (Young et al., 1998; Lin et al., 2010). 
Fintl et al. (2004) demonstrated that the expression of 
c-Kit mRNA was at a high level in the small intestine 
and moderate level in the large intestine in the normal 
horse, which is likely with the findings of the current 
study.

The ultimate aim of this study was to obtain further 
data to support findings regarding the distribution of 
ICC in the chicken intestine using quantitative histol-
ogy, supplying a range of normality of expression of 
c-Kit in the normal chicken intestine by a reproducible 
method. These data could facilitate further compara-
tive investigations that we hope to perform on chicken 
intestines affected by pathological and functional dis-
orders.
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