
Summary. Conventionally, cells described in the stroma
of the intestinal wall are fibroblasts/fibrocytes, mast
cells, plasma cells, eosinophils, macrophages and,
interstitial cells of Cajal (ICCs), the latter being
considered as the pacemakers of gastrointestinal
rhythmicity. Recently, a new type of stromal cell called
telocyte (TCs) was found in various cavitary and non-
cavitary organs (www.telocytes.com). We show here
direct electron microscopical evidence for the presence
of TCs in the lamina propria of rat jejunum just beneath
the epithelial layer of the mucosal crypts and in between
the smooth muscle cells (SMCs) of muscularis mucosae.
TCs are characterized by: several very long (tens to
hundreds of µm) prolongations called telopodes (Tps).
Tps (with caliber below the resolving power of light
microscopy) display podomeres (thin segments ≤0.2 µm)
and podoms (dilations accommodating caveolae,
mitochondria, and endoplasmic reticulum). Tps present
dichotomous branching and form a three dimensional
network close to immune cells, SMCs or nerve bundles.
TCs could play a role in intercellular signaling and
control of local tissue homeostasis. 
Key words: Telocytes, Telopodes, Stromal cells,
Fibroblasts, Cell signaling

Introduction

The stromal cell population in the intestinal wall is
heterogeneous. In this population the most studied cells
are interstitial cells of Cajal (ICCs) (Faussone-Pellegrini
and Thuneberg, 1999). These cells were described by
Santiago Ramon y Cajal using light microscopy in 1893,
as components of the periglandular plexus located in the

basal portion of the intestinal villi of guinea pig, stained
by the Golgi method. This periglandular plexus consists
of fusiform cells, with two long processes emanating in
opposite directions, as well as triangular or stellate cells
whose prolongations branch and seem to contact each
other, with nerve trunks and neighboring muscle cells.
Because of this, they were considered as ICCs (Cajal,
1899; Garcia Lopez et al., 2009). In the last decade,
ICCs were studied from different points of view
(ultrastructure, immunoreactivity, electrophysiology,
pathology) (Vanderwinden et al., 2000; Farrugia, 2008;
Mikkelsen, 2010). Recently, the intestinal wall cell
population was re-evaluated and another cell type was
substantiated by transmission electron microscopy
(TEM) and immunohistochemistry (IHC) (Pieri et al.,
2008). These new type of interstitial cells, formerly
known as interstitial Cajal-like cells (ICLC) (Popescu
and Faussone-Pellegrini, 2010; Faussone-Pellegrini and
Popescu, 2011; Popescu, 2011a) are now named
Telocytes (TCs). TCs are characterized by long,
projected prolongations called telopodes (Tps) tens - up
to hundreds of µm, as measured on TEM images - (free
access data are available at www.telocytes.com). Tps are
composed of an alternation of slim segments 
- podomeres and dilated portions - podoms. Briefly, TCs
are not identical or similar to ICLC. 

TCs have been described in the interstitium of some
parenchimatous organs such as pancreas (Nicolescu and
Popescu, 2012), parotid gland (Nicolescu et al., 2012),
placenta (Suciu et al., 2010b), mammary gland
(Gherghiceanu and Popescu, 2005; Popescu et al., 2005;
Radu et al., 2005), and lungs (Popescu et al., 2011b) and
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in cavitary and non-cavitary organs such as uterus and
Fallopian tube (Ciontea et al., 2005; Popescu et al.,
2006b, 2007; Cretoiu et al., 2011b), gallbladder (Hinescu
et al., 2007), blood vessels (Gherghiceanu et al., 2008;
Cantarero et al., 2011; Manole et al., 2011; Rusu et al.,
2011b; Gherghiceanu and Popescu, 2012), heart
(Popescu et al., 2009; Faussone-Pellegrini and Bani,
2010; Gherghiceanu and Popescu, 2010; Gherghiceanu
et al., 2010; Kostin, 2010; Mandache et al., 2010; Suciu
et al., 2010a; Cismasiu et al., 2011; Rusu et al., 2012b),
urinary tract (Gevaert et al., 2011; Koh et al., 2012),
trachea (Rusu et al., 2012a; Zheng et al., 2011b). 

TCs were also identified in serous membranes:
pleura (Hinescu et al., 2011), epicardium (Popescu et al.,
2010), mesentery (Hinescu et al., 2008), and skeletal
muscle (Popescu et al., 2011a; Bojin et al., 2011; Suciu
et al., 2012) or skin (Rusu et al., 2011a). 

In the last 2 years, many groups embraced the TC
notion (e.g. Zhou et al., 2010; Barile and Lionetti, 2011;
Gevaert et al., 2012; Laflamme and Murry, 2011; Liehn
et al., 2011; Xiao et al., 2012; Zheng et al., 2011a; Zhou
and Pu, 2011). The possible role of TCs in pathology
was considered (Mandache et al., 2010; Ardeleanu and
Bussolati, 2011; Cozzi et al., 2011). Cantarero Carmona
(2011) even described TCs at intestinal level, in the
lamina propria of rat duodenum. 

This study is based on the idea of searching for TCs
in the lamina propria of the rat small intestine to
compare our results with those found in the villi of rat
duodenum (Cantarero Carmona et al., 2011) and those in
the human muscle coat with the aim of having a
complete knowledge of intestinal TC distribution within
the entire intestinal wall. This report, therefore, provides
evidence for TC existence in the lamina propria of rat
jejunum wall and their spatial relationships with the
intestinal crypt epithelium, immune cells, smooth muscle
cells (SMCs) and nerve bundles.
Materials and methods

Male adult Wistar rats, body weight 200-250 g, with
free access to food and water, were maintained in a
temperature-controlled facility with a 12-h light/dark
cycle for at least 1 week before use. All rats were
anesthetized, killed and subjected to an intracardial
perfusion of 2.5% glutaraldehyde. This study was
approved by the Bioethics Committee of the ‘Victor
Babes’ National Institute of Pathology, Bucharest,
according to generally-accepted international standards.
The jejunum was excised and dissected into small
samples of about 1-1.5 mm3.The fragments were
immersed in fresh 4% glutaraldehyde, for 4 h, at 4°C.
Samples were further subjected to the usual Epon
embedding procedure, as previously described
(Mandache et al., 2007). Ultrathin sections (60 nm) were
cut and double stained with uranyl acetate and lead
citrate. The grids were examined on a CM 12 Philips
electron microscope, at an acceleration voltage of 60 kV.

Semi-thin sections (≤1 µm thick) were stained with

toluidine blue and examined by light microscopy (Nikon
Eclipse E600). Representative photomicrographs were
taken using a Zeiss Axiocam MRc5 digital camera.

3-D spatial relationships between TCs and immune
cells were studied in several ribbons of ultrathin (60 nm
thick) serial sections. Digital electron photomicrographs
(negatives) were taken with Olympus Morada CCD
camera (16 bit, 11 Mpx) on a CM 12 Philips electron
microscope. Images were processed using Adobe
Photoshop© to outline cell contours, then imported in
Reconstruct software (Fiala, 2005) (Reconstruct 1.1.0.0.,
1996-2007 John C. Fiala). Image calibration was
performed by drawing traces on an image of known size
scale. Section thickness was set at 0.05 µm. Reconstruct
was used to align images with respect to specific cells of
interest. Three-dimensional reconstruction and rendering
were performed using the cell contours arranged into
objects. For cell membrane 3-D representation, a
Boissonnat surface reconstruction algorithm was used.
Results

TC morphology

Light microscopy
TCs were first identified in toluidine-blue stained

thin sections, as having a characteristic appearance: a
spindle shaped and slender body with very long Tps
(Fig. 1). 

Transmission electron microscopy (TEM) 
TCs are cells with a small body and a variable

number of Tps. Tps have a particular ultrastructural
signature, consisting of an alternation of thin segments
(podomers) and dilations (podoms) (Suciu et al., 2010a).
Each TC can have 1-5 Tps, the shape of cell body
depending on Tps number: piriform / spindle / triangular
or stellate. The nucleus is small, oval, with a moderately
dense chromatin and has no obvious nucleolus. The thin
rim of cytoplasm surrounding the nucleus contains a
small Golgi apparatus, some mitochondria and few
cisternae of rough endoplasmic reticulum (RER) and
smooth endoplasmic reticulum (SER). 

Tps are the longest cellular prolongations in the
human body (except for some neurons), characterized by
variable width, ranging from about 0.1 µm, below the
resolving power of light microscopy, at podomer level,
to a mean width of about 0,5 µm in the podom areas.

Usually, only 2-3 Tps are observed on a single
section since the 3D convolutions of Tps prevent them
from being observed full length in a 2D ultrathin section.
However, Tps are not always convoluted and have
variable extent and complexity. The podoms
accommodate mitochondria, RER, SER and caveolae -
the so-called “Ca2+ uptake/release units” (Popescu et al.,
2006a).

TEM examination of jejunum lamina propria
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revealed, at the muscularis mucosae level, a specific
aspect of Tps surrounding nerve bundles and
establishing close relationships with SMCs. The

characteristic alternative succession of slim segments -
podomeres and dilated portions - podoms, surround the
intramuscular nerve fibers (Fig. 2). The distance
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Fig. 1. Rat jejunum.
Toluidine blue stained
semi-thin Epon
sections of jejunum
mucosa showing the
bottom of Lieberkühn
glands in transverse
section and a telocyte
(red star) surrounding
one of the glands.
Note the spindle-
shape body sending
off two Tps, one of
which measures at
least 50 µm in the
section plane. Scale
bar: 6 µm.

Table 1. Ultrastructural characteristics of TCs compared to those of fibroblasts.

TELOCYTES FIBROBLASTS
Cell body shape Spindle, pyriform, stellate, triangular Polymorphic, dominantly elongated

Membrane

Basal lamina Absent or scarce Absent
Caveolae Present (high numbers) Absent or only very few in situ/many only in cell culture
Junctions/Cell-to-cell
and stromal contacts

Gap junctions with each other, Close contacts with
SMCs, nerve bundles/ immune cells, stromal contact

Do not establish connections with other cells or
structures in situ

Nucleus Predominant  heterochromatic Euchromatic with 1-2 visible nucleoli
Cytoplasm Small quantity Large quantity

Cell
prolongations

Number 2-5 Usually 2
Length Extremely long, tens to hundreds of micrometers Short, a few micrometers
Thickness Uneven, moniliform with podoms and podomeres No podoms No podomeres
Branching Dichotomous Unexplored

Organelles

RER + +++
SER + +/-
Golgi apparatus + +++
Mitochondria + ++

Contacts
Nerve bundles + -
SMCs + -
Stromal contact +++ -



between Tps and nerve bundles ranges from 12 to 42±10
nm. Podomeres contain cytoskeletal elements and free
ribosomes, while at the podom level one may observe
mitochondria, caveolae and RER cisternae (Fig. 3). In
our study, the most common encountered image was of
cells with 2 non-convoluted Tps. The basal lamina
seems absent. 

TC in Figure 4 is located close to the bottom of the
Lieberkühn gland (intestinal crypt). We measured a
mean distance of 176±70 nm between TCs and intestinal
crypts.

The fibroblast from Figure 4 is obviously distinct
from TCs because of the large, dilated RER cisternae
which practically fill its cytoplasm. Comparative
ultrastructural individuality of TCs and fibroblasts is
presented in Table 1. 
TC spatial relationships

Tps with different trajectories run in the lamina

propria, some underlying the intestinal epithelium and
some establishing homocellular junctions between TCs
(Fig. 3C). TCs were also found to establish contacts with
immune cells, usually present at mucosal level (Fig. 5A).
Based on morphometric analyses we highlighted two
types of contacts between Tps and immune cells: either
multicontact or planar junctions (Fig. 5B,C). In these
images, the planar (uniform) contacts observed between
a Tp and two regions of plasma cell membrane at one
point extended for 6.9 µm length and had a cleft width
of 13±4 nm and in the second point for 7.1 µm with a
cleft width of 11±3nm. The multicontact connection
with the same plasma cell is defined by a 9.1 µm length,
a 148±84 nm cleft width and six contact points (19±4
nm wide). 

Using serial ultrathin sections and 3D reconstruction
software, we were able to obtain different incidences of
the reconstructed morphology of a TC from rat jejunum
in close proximity to muscularis mucosae (Fig. 6A-E). In
order to better understand the spatial arrangement of the
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Fig. 2. Rat jejunum muscularis
mucosae. The photo is a
colour-enhanced digital
micrograph of a black and
white transmission electron
microscopy image. A blue Tp
of 14.2 µm in the section plane
is illustrated around a nerve
bundle (green) between SMCs
(brown). ax: axon; m:
mitocondria. Scale bar: 2 µm.
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Fig. 3. Rat jejunum
mucosa. A. This
electron microscope
image discloses a Tp
(blue) in the profound
region of lamina
propria, close to the
muscularis mucosae
(brown) and in the
proximity of a nerve
bundle (green). Note
the alternating podom
and podomere. Scale
bar: 2 µm. B. Inset
disclosing the
organelle details of the
podomere 
- intermediate filaments
and free ribosomes,
and of the podom -
mitochondrion and
endoplasmic reticulum
cisternae. Scale bar:
0.2 µm. C. High
resolution image
illustrating in detail
multiple mitochondria,
endoplasmic reticulum
cisternae and caveolae
(arrows). Note the gap
junction between Tps
(arrowheads). ax:
axon; coll: collagen; m:
mitocondria. Scale bar:
0.5 µm.



close contacts that TCs establish with the nerve bundles
we also managed to find different incidences of a TC
from muscularis mucosae (Fig. 6F-H).

The TEM collage in Fig. 7 depicts the stromal
atmosphere of lamina propria with TCs underlying the
mucosal crypts and the main types of connective cells
from this level.
Discussion

Our results show the existence of TCs in the lamina
propria of jejunum mucosa. These cells underlie the
intestinal crypts, establish contacts with immune cells,
and are in close vicinity to nerve bundles and SMCs of
muscularis mucosae. 

Cells pertaining to intestinal lamina propria were
recently classified as subepithelial and interstitial
stromal cells (Eyden et al., 2010). Terms with identical

meaning like “pericryptal fibroblasts” or “subepithelial
fibroblasts” (Marsh and Trier, 1974) were earlier used to
define the subepithelial stromal cells. The ultrastructural
morphology of TCs described in our paper is not at all
similar to that of subepithelial stromal cells (TCs lack a
basal lamina, corkscrew-nucleus typical of an SMC and
myofilaments with focal densities described by Eyden et
al. (2010)). Moreover, a distinction can be made between
TCs and nonpericryptal interstitial fibroblasts (or
interstitial stromal cells) which have a well developed
secretory apparatus and extended RER cisternae
(Rumessen et al., 1982) and a few, short, large caliber
cell processes. The ultrastructural identity of TCs and
the numerous long, thin Tps in close proximity with
epithelial cells and immune cells enable us to affirm that
TCs are a distinct cell type, apart from fibroblasts and
ICCs. On the contrary our TCs are identical to those
described by Cantarero et al. (2011) in the stroma of the
rat duodenal villi.

The TCs found between the SMCs of muscularis
mucosae are similar to the enteric TCs described by Pieri
et al. (2008) in the muscularis externa of human gut
(cells described at that time as ICLC). They showed that
ICLC were intermingled with ICCs, smooth muscle cells
and nerve elements and considered them to be CD34-
positive and c-kit-negative. Pieri et al. (2008) and
Faussone-Pellegrini (2009) hypothesized: “these cells
might directly or indirectly influence gut motility, and
also be the progenitors for cells of mesenchymal origin
such as the ICC”. This hypothesis is also supported by
our studies showing that at least one of the pathways
regulating myometrial contractility is via a novel
mechanism, possibly involving a tyrosine-kinase
independent signaling pathway. This suggests that TCs
might act as contractility modulators (Cretoiu et al.,
2011a).

The possibility that TCs might be progenitor cells is
of high interest and can be supported by
immunohistochemical data. Indeed, TCs express nestin
and on this basis it was suggested they could be involved
in the differentiation process of mesenchymal cells in
human term placenta (Suciu et al., 2010b). Noteworthy,
it was shown that nestin positive cells from the postnatal
intestine could be stem cells (Suarez-Rodriguez and
Belkind-Gershon, 2004; Junquera et al., 2007). Recently,
Cismasiu et al. (2011) showed that microRNA
expression (e.g. miR-193) clearly differentiated TCs
from fibroblasts and other stromal cells and could
possibly be involved in guiding myocardial precursors to
form the correct 3D tissue pattern. Anyway, TCs could
act as supporting cells for myocardial tissue organization
(Bani et al., 2010; Popescu and Faussone-Pellegrini,
2010; Gherghiceanu and Popescu, 2011; Rusu et al.,
2012b).

Renewal of intestinal epithelium takes place in the
intestinal stem cell niches located within the folds
created inside regions called crypts. The stem cells
reside near the base of each crypt and give rise to four
different progeny: Paneth cells, enteroendocrine cells,
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Fig. 4. Rat jejunum. Digitally coloured TEM image showing a fibroblast
(garnet) and a telocyte (blue) in the lamina propria. The fibroblast’s
internal structure can be seen, including the extended RER (garnet).
Scale bar: 2 µm.
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Fig. 5. Rat jejunum
mucosa. A. TC’s
(blue) Tp is
engaged in
different types of
contacts with a
plasma cell; two
planar contacts
(PC) and one
multicontact
connection (MC)
are seen. coll:
collagen. Scale
bar: A, 5 µm; B, 2
µm.
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Fig. 6. Rat jejunum. 
A-E. 3-D image
reconstruction from 5
serial sections of TCs
(blue) in lamina
propria: Tp branching
in a 3-D pattern. TC
nucleus is coloured in
violet. F-J. Computer-
aided volume
rendering and
different-angle
stereoscopic views of a
TC (blue) surrounding
a nerve fiber (green) in
muscularis mucosae
(dark red). Scale bar: 2
µm.



goblet cells, and adsorptive villus cells. Without the
presence of these niches, the stem cells would be lost
(Dansereau and Lasko, 2008; Bardin et al., 2010). The
mesenchymal cells in the lamina propria emit signals
that participate in regulating stem cell activity (Fuchs et
al., 2004). One of the hypotheses about the process that
controls the number and distribution of intestinal stem
cell niches relies on the existing contacts between the
niche and the surrounding connective tissue (Karpowicz
and Perrimon, 2010). In support of a possible role of
TCs as progenitor cells we brought evidence, in this
study, that TCs are present around intestinal crypts.
Briefly, we like to hypothesize that they could be
involved in the regeneration of epithelium. This possible
role can be sustained also taking into account previous
studies suggesting the involvement of ICLC/TCs from
human gastric mucosa in reparatory processes in glands
for chronic gastritis (Yun et al., 2010). It was suggested
that telocytes and stem cells could act as a tandem in
tissue regeneration and repair (Popescu, 2011b; Popescu
et al., 2011a,b). Cantarero et al. (2011) even described,

in rat duodenum, a “mesenchymal cell niche”, composed
of TCs, nerve fibers and blood vessels. 

TCs might be involved in intercellular signaling
either physical contacts, paracrine (VEGF, NO) or
microcrine (miRNA). Our previous reports show that
Tps release shed vesicles or exosomes, sending
macromolecular signals to neighboring cells and
eventually modifying their transcriptional activity
(Popescu et al., 2011a,b; Gherghiceanu and Popescu,
2011; Zheng et al., 2011b) which might indicate the
possible involvement of TCs in intercellular
communication (Hinescu et al., 2011). The presence of
estrogen and progesterone receptors (ER-α or PR-A)
suggests that TCs could behave as sensors for steroid
hormones controlling the Fallopian tube peristalsis and
uterine contractions, depending on ovarian hormone
levels - accelerated by estrogens and delayed by
progesterone (Cretoiu et al., 2006, 2009). Tps might
influence neighboring cells not only by transferring
bioactive molecules (toward cells from intestinal stem
cell niche), but also by direct stimulation of target cells,
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Fig. 7. Transmission electron microscopy photographic montage. Rat jejunum mucosa. Note the TCs underlying epithelial crypts and some connective
tissue cells. Scale bar: 2 µm.



since it is well known that inter-cellular communication
is fundamental for an appropriate coordination between
different cell types within tissues (Popescu et al., 2006a;
Mandache et al., 2007; Gherghiceanu and Popescu,
2011). 

ICLC/TCs were previously reported in rat stomach
as establishing contacts with immune cells (Popescu et
al., 2005). We also found such contacts in rat jejunum,
described as planar (uniform) contacts and as
multicontact connection. In agreement with the literature
(Fuchs et al., 2004; Cantarero et al., 2011), these
contacts could be responsible for the guidance of
immune cells between blood capillaries and the
intestinal stem cell niche, contributing to the immune
surveillance (Yamazaki and Eyden, 1998).

Finally, very recent studies demonstrated the
presence of TCs possessing a primary cilium located
close to blood vessels (Cantarero et al., 2011), a cilium
which might be involved in signaling processes within
the vascular niche. This non-motile cilum (9+0) appears
to have the following hypothetical functions: (a)
organizer of the mitotic spindle (Alieva and Vorobjev,
2004); (b) sensory organelle involved in signal
transduction - hedgehog pathway (Singla and Reiter,
2006); (c) mechanical sensing and mechanochemical
conversion in endothelial cells (Nauli et al., 2008;
Egorova et al., 2011). We have not seen such a cilium in
our specimens; however, in favour of this hypothesis, we
can extrapolate that TCs could be involved in the
signaling process when located near the intestinal niche,
or might act as stretch sensors when located at the level
of the muscularis mucosae.

In conclusion, relying on these data we suggest that
the TCs located in the lamina propria of rat jejunum can
be, rather than a uniform population, a heterogeneous
population having members capable of switching
between one activation state to another, performing cell
to cell communication by juxta/paracrine mechanisms or
by ‘connective or stromal connections’ and acting as
stem cell adjutants involved in epithelium renewal.
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