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Abstract. Telocytes (TCs) are a specialized type of intersti-
tial cells, characterized by a small cell body and long, thin
processes, that have recently been identified in various cavitary
and non-cavitary organs of humans and laboratory mammals.
Chickens present significant economical and scientific nota-
bility; however, ultrastructural identification of TCs remains
unclear in birds. The aim of the present study was to describe
electron microscopic evidence for the presence of TCs in
the chicken gut. The ileum of healthy adult broiler chickens
(n=10) was studied by transmission electron microscopy. TCs
are characterized by several, long (tens to hundreds of ym)
prolongations called telopodes (Tps). Tps, which are below the
resolving power of light microscopy, display podomeres (thin
segments of <0.2 ym) and podoms (dilations accommodating
caveolae, mitochondria and endoplasmic reticulum). TCs were
observed in every field, but were predominantly located in
the myenteric plexus and the lamina propria. Tps frequently
establish close spatial relationships with immune cells, blood
vessels and nerve endings. On the basis of their distribu-
tion and morphology, it was hypothesized that the different
locations of TCs may be associated with different roles.

Introduction

The intestinal walls contain heterogeneous populations of
stromal cells, including one of the most important stromal
cells, the interstitial cells of Cajal (ICCs) (1). ICCs are a
class of cells located between the autonomic nerve endings
and smooth muscle cells in the gastrointestinal tract (GIT).
ICCs produce a direct impact on the contraction of smooth
muscle, such as peristalsis and segmentation in the GIT. The
pacemaker activity of ICC cells may initiate myoelectric slow
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waves, a basal electrical rhythm leading to contraction of the
smooth muscle (1-3). In the last decade, ICCs were investigated
from a number of aspects, including ultrastructure, immuno-
reactivity, electrophysiology and pathology (4-6). In a 2008
study (7), the intestinal wall cell population was re-examined;
consequently, a novel cell type was observed by transmission
electron microscopy (TEM) and immunohistochemistry. This
novel type of interstitial cell, previously known as interstitial
Cajal-like cells (ICLCs), are now established to be telocytes
(TCs) (8). Characteristics of TCs include long, projected
prolongations termed telopodes (Tps) measuring tens to
hundreds of ym long, as determined from TEM images (free
access data are available at www.telocytes.com). Tps are podo-
meres with dilated portions termed podoms. TCs present no
similarity to ICCs on the basis of structural differences.

TCs have been described in the interstitium of certain
parenchimatous organs in mammals (9-22) and, although
ICCs have been identified in the digestive tract of turkeys (23)
and in the intestine of chickens (24), the presence of ICLCs or
TCs in the digestive system of the chicken remains unclear.
In addition, Cantarero Carmona et al (25) described TCs at
the intestinal level, in the lamina propria of rat duodenum;
however, to the best of our knowledge, studies on TCs in the
intestinal muscularis have not previously been conducted.

Poultry has great economical importance as it is a major
source of meat to fulfill the human requirement. The present
study aimed to provide further details on the identification
and features of TCs in the muscularis of chicken ileum. Their
relationships with neighboring cells, including nerve cells and
smooth muscle cells (SMC) in the muscularis of adult chicken
ileum, were investigated.

Materials and methods

A total of 10 healthy adult Chinese Three Yellow broilers
(English translation of the local Chinese chicken breed),
between 7 and 9 weeks of age and weighing 1.8-2.0 kg/chicken,
were used in the current study. The feeding was conducted with
commercially available feeds (New Hope Group, Chengdu,
China) for adult broiler chickens. They were housed in temper-
ature-controlled rooms (20+1°C) with natural light (light/dark
cycle, 12/12 h), and had free access to food and tap water. The
chickens were sacrificed by cervical dislocation, under 3% ether
anesthesia through inhalation. The experiment was approved
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Figure 1. Transmission electron microscopy image of a clear Tc in the mus-
cularis of chicken ileum. Tc cells are present with a small body and a variable
number of telopodes, containing a nucleus, surrounded by a small volume
of cytoplasm. Bars, 0.5 ym. Cf, collagen fiber; Pd, podomer; Pm, podom;
Te, telocyte; Ve, vesicle.

Figure 2. Transmission electron microscopy image of a Tc in the muscularis
of chicken ileum. Tcs exhibit a piriform shape with 1 long prolongation, which
is a Tp. Bars, 1 pm. SMC, smooth muscle cell; Tc, telocyte; Tp, telopode.

by the Science and Technology Agency of Jiangsu Province
[license number, SYXK (SU) 2011-0036]. Tissue samples
were collected from the ileum and immersed in 2.5% glutar-
aldehyde fixative (Sigma-Aldrich, Saint Louis, USA) in 0.1 M
phosphate-buffered saline (4°C, pH 7.4) for 1 h, then washed
in the same buffer overnight. The tissues were postfixed with
a mixture of 1% osmiumtetroxide (Sigma-Aldrich) and 1.25%
potassium ferrocyanide (Sigma-Aldrich) for 1.5-2.0 h, washed
in the buffer, dehydrated in increasing concentrations of ethyl-
alcohol (75 and 85%, for 1 h each; 95 and 100%, two cycles for
1 h each), infiltrated with a propylene oxide/Araldite mixture
(Boster, Wuhan, China), and embedded in Araldite (Boster).
Semithin sections (1 zm) of the intestine were labeled with 1%
toluidine blue (Sigma-Aldrich) for light microscope examina-
tion, and specific areas were selected for ultrathin sectioning.
Sections were cut using a Reichert Jung Ultracut E ultramicro-
tome (Reichert, Vienna, Austria). Ultrathin sections (50 nm)

Figure 3. Transmission electron microscopy image of a Tc in the muscularis
of chicken ileum. Tcs are prominent with a long spindle shape and with
2 telopodes. Ve are also clearly visible in the telopodes of Tcs. Bars, 1 ym.
Pd, podomer; Pm, podom; Tc, telocyte; Ve, vesicle.

Figure 4. Transmission electron microscopy image of a Tc within the
longitudinal and circular muscle layers of chicken ileum. Tc demonstrates
a triangular shape with 3 Tp attached from surroundings. Tcs are closely
attached to smooth muscle cells through their Tps. Bars, 2 ygm. SMC, smooth
muscle cell; Tc, telocyte; Tp, telopode.

were collected on copper grids, counterstained for 10 min with
1% uranyl acetate (Sigma-Aldrich) and Reynold's lead citrate
(Sigma-Aldrich), then observed with a JEM-1200EX transmis-
sion electron microscope (Jeol, Tokyo, Japan).

Results

TEM examination is fundamental for identifying TCs. TCs
are cells with a small body and a variable number of Tps,
containing a nucleus, and are surrounded by a small volume
of cytoplasm (Fig. 1). Tps have a particular ultrastructural
signature, consisting of alternating thin segments (podomers)
and dilations (podoms). Each TC has 1-5 Tps, and the shape of
the TC is determined by the number of their Tps: Piriform for
1 prolongation (Fig. 2), spindle for 2 Tps (Fig. 3), triangular for
3 and stellate for =4 Tps (Fig. 4). The thin rim of cytoplasm
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Figure 5. Transmission electron microscopy image of a Tc in the muscu-
laris of chicken ileum. Tc shows the thin rim of cytoplasm surrounding the
nucleus, contains a small Golgi apparatus, some mitochondria and few cis-
ternae of rough endoplasmic reticulum and of smooth endoplasmic reticulum.
Bars, 1 ym. L, lysosome; M, mitochondrion; Nf, nerve fiber; Pm, podomer;
Tc, telocyte; Tp, telopode.
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Figure 7. Transmission electron microscopy image of Tcs in the myenteric
plexus of chicken ileum. Tcs shows clear contact with smooth muscle cells
and blood vessels, aided by telopod. Some Tps gap junctions with each
other (arrowheads). Bars, 2 ym. L, lysosome; SMC, smooth muscle cell;
Tc, Telocyte; Tp, telopode.

Figure 6. Transmission electron microscopy image of Tcs in the myenteric
plexus of chicken ileum. The Tcs are in close contact with surrounding
smooth muscle cells. Tps also clearly surround blood vessels. Bars, 1 ym. BV,
blood vessel; SMC, smooth muscle cell; Tc, telocyte; Tp, telopode.

surrounding the nucleus contains a small Golgi apparatus,
a number of mitochondria, and few cisternae of rough and
smooth endoplasmic reticulum (Fig. 5).

In the myenteric plexus, TCs were identified according
to a particular ultrastructural signature. They often surround
blood vessels (Fig. 6) and certain TCs are connected to each
other (Fig. 7) and neighboring SMCs (Fig. 6) via gap junc-
tions. Bundles of enteric nerve fibers lay close to TCs (Fig. 8),
although intimate relationships were not observed. In the
current study, TCs were predominantly spindle-shaped, with
2 Tps.

Other TCs were located within the longitudinal and circular
muscle layers, containing numerous mitochondria, caveolae
and rough endoplasmic reticulum. These TCs displayed similar

Figure 8. Transmission electron microscopy image of Tcs in the myenteric
plexus of chicken ileum. The bundles of enteric nerve fibers are clearly vis-
ible around the Tcs. Bars, 2 pm. Nf, nerve fiber; SMC, smooth muscle cell;
Tc, telocyte; Tp, telopode.

ultrastructural features, and exhibited a predominantly stel-
late shape with 2 long processes and multiple short processes
(Fig. 4). The ends of the processes often formed large caveolae
(Fig. 4). The TCs of the longitudinal layer formed distinct
close contacts, not gap junctions, with adjacent SMCs (Fig. 4).

Numerous TCs were observed along the submucosal
surface of the circular muscle layer. These TCs were arranged
around the ganglia of the submucosal plexus (Fig. 9) and occa-
sionally surrounded neighboring SMC (Fig. 10).

TCs were located in the lamina propria of the ileum. These
cells presented a stellate morphology with multiple branches.
The branches made frequent close contacts with each other,
forming a network and close contacts with neighboring cells
(Fig. 11). In addition, these TCs displayed longer Tps than the
TCs in muscularis.
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Figure 9. Transmission electron microscopy image of Tcs along the sub- Figure 10. Transmission electron microscopy image of Tcs surrounding
mucosal surface of the circular muscle layer in the chicken ileum. Tcs were ~ neighboring SMCs in the submucosal plexus of the chicken ileum.
arranged around the ganglia of the submucosal plexus. Bars, 2 gm. Nf, nerve Bars, 2 ym. Nf, nerve fiber; SMC, smooth muscle cell; Tc, telocyte; Tp, telo-
fiber; Tc, telocyte; Tp, telopode. pode; Ve, vesicle.

Figure 11. Transmission electron microscopy image of Tcs in the lamina propria of the chicken ileum. These cells had a stellate morphology with multiple
branches. The branches made frequent close contacts with each other, forming a network and close contact with neighboring cells. F, fibroblast; N, nucleus;
Nf, nerve fiber; Pd, podomer; Pm, podom; SMC, smooth muscle cell; Tc, telocyte; Tp, telopode.

Discussion the lamina propria of the chicken ileum, revealing character-

istic ultrastructural features according to the TEM diagnostic
The current study demonstrated the morphological and ultra-  criteria for TCs (8). Although the term ‘telocyte’ is relatively
structural characteristics of TCs in the in the muscularis and new, a review of the literature indicated various studies



reporting the presence of TCs in other organs, including
the epicardium (20), myocardium (21), endocardium (26),
placenta (27) and skin (28). The role of TCs is unclear;
however, based on the available data, numerous potential
and relevant roles have been proposed. Taking into account
the 3D network of Tps, and their strategic position between
target cells, nerve endings and blood capillaries, Popescu
and Faussone-Pellegrini (8) suggested that TCs may be
involved in intercellular signaling. They considered at least
two mechanisms that may be involved: i) Aparacrine and/or
juxtacrine secretion of small signal molecules; and ii) shed-
ding microvesicles, which serve unique roles in the horizontal
transfer of important macromolecules among neighboring
cells (e.g. proteins or RNAs, such as microRNA). The result
of the present study also demonstrates a close connection of
TCs with blood capillaries and nerve endings. It is suggested
that TCs may have the following functions in the myocardium:
i) Involvement in intercellular signaling at a distance, as they
are situated close to blood capillaries and nerve endings;
ii) mechanoreceptors/transducers, due to their extremely long
Tps and their ability to form attachment plaques connecting
them to the extracellular matrix; and iii) cardiac renewal and
cardiac repair (29).

Cretoiu and Popescu described the close contacts that
establish TCs with various types of immunoreactive cells,
including lymphocytes, plasma cells, eosinophils, basophils,
macrophages and mast cells in human mammary gland and
myometrium, rat stomach, gut, bladder, and uterus (30). The
current study demonstrated these contacts with immune cells
in the lamina propria of chicken ileum; on the basis of contact
distribution and morphology, these cells may be involved in
the immune response.

The present study indicated that TCs form contacts with
stem cells (SCs) in discrete sites that appear to be SC niches
in the myenteric plexus. The tandem TC-SC has previously
been observed in SC niches in a number of organs, including
the epicardium, lungs, skeletal muscle, choroid plexus and
skin (31). SC niches are highly organized interactive structural
units that commonly occur at tissue intersections or transi-
tion zones, and coordinate tissue repair and renewal (32,33).
The functionality of a SC niche relies on the physical contact
and signaling interactions of SCs with neighboring nurse
cells, in addition to the paracrine and endocrine signals from
local or distant sources, neural input and metabolic products
of tissue (33). TCs have a strategic position in the ileum
between blood capillaries and SC, and are in close contact
with nerve endings. TCs may be nurse cells, integrating local,
short-distance signals (direct contacts, exosomes and shed-
ding vesicles) and long-distance signals through the long TPs,
due to their 3D network. Recent studies have demonstrated
a particular immunophenotype (34,35), distinct microRNA
expression (36), specific gene-expression profiles (37) and
peculiar electrophysiological properties of TCs in various
organs (38). Close contact between TCs and fibroblasts was
indicated in the present study. Fibroblasts can be differentiated
from TCs on the basis of their short cell processes with thick
protrusions from the cell body. Furthermore, they exhibit a
different phenotype from Tps, which are long, moniliform and
convoluted (34). A comparative proteomic analysis of human
lung TCs versus fibroblasts showed that TCs are different from
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fibroblasts (39). The results described here are in agreement
with these findings as there are clear long, moniliform and
convoluted Tps.

The function of TCs in chicken ileum may be associ-
ated with the reparation of injured tissues during disease,
as in skeletal muscle (18). This hypothesis is supported
by the present observation that TCs and Tps were located
in close vicinity to blood capillaries, nerve endings and
smooth muscle cells. However, there is a requirement for the
investigation of TC-specific biomarkers in order to clarify
TC cell functionality and network biomarkers, to improve
understanding of the interaction between proteins, genes,
signaling pathways and dynamic networks, and to define
and predict time-dependent TC function and morpho-
logical features (40,41). TCs also function in the vascular
system, nervous system, immune system, interstitium and
SC/progenitors (42). Manole et al (36) demonstrated that
TCs are involved in neo-angiogenesis in experimental acute
myocardial infarction. TCs may further be involved in tissue
regeneration and reparation (28,18); it is suggested that TCs
are involved in angiogenesis, as it has been demonstrated that
TCs express CD34 and VEGF (27).

The present study provided ultrastructural evidence for the
existence of TCs in the muscularis and the lamina propria of the
chicken ileum. Tps connect with immune cells, smooth muscle
cells, nerve fibers and blood vessels. These data demonstrate
the existence of TCs in birds. Future studies should explore the
potential biological functions of TCs in certain pathological
conditions of the intestine, and investigate the mechanisms of
interaction between TCs and other cells.
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