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Abstract

Recently, a novel type of stromal cell – the telocytes (TC) – was identified in mouse trachea. These cells are known to possess the ultra-
structural characteristics, which support their role in intercellular signaling. We found TC in all stromal compartments of the tracheal
wall. TC with long prolongations (telopodes, Tp) were lining longitudinally the collagen bundles, and were serially arranged (end-to-end
connections of Tp were found). Noteworthy, Tp frequently establish stromal synapses with mast cells (MC). Primary cilia were also iden-
tified in TC. In conclusion, tracheal TC could be involved in the tracheal regulation (e.g. secretion, contractility). The tandem TC-MC
deserves further investigations.
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Telocytes (TC) are stromal cells with extremely long, but
slender, prolongations named telopodes (Tp) [1–3].
Characteristically, Tp have thin segments (podomers) and dila-
tions (podoms) [2–7] which house mitochondria, endoplasmic
reticulum and caveolae [8, 9]. TC present in mouse trachea
were reported very recently by Zheng et al. [8]. It was previ-
ously demonstrated that TC are different of fibroblasts and
fibroblast-like cells [1–3, 10, 11].

Evidence of nonadrenergic and noncholinergic (NANC)
nerves innervating the airways determined the reassessment of
the model of airway neural control [12]. One of the principal neu-
rotransmitters of airway NANC neural system is NO [13] and we
provided recent evidence for the in vivo neuronal nitric-oxide
synthase (nNOS) phenotype of the mast cells (MC) in the

tracheal wall layers [12]. However, their cooperation with the
airway NANC neural system remains blurred since an intramural
‘scaffold’ has not been proved able to transmit at distance the
MC chemical signals. Mast cells activation is thought to mediate
the airway hyperresponsiveness (AHR) in asthmatic subjects;
however, ablation of MC does not ameliorate AHR, and it was
shown that c-kit is required for development of AHR in a MC-
independent fashion [14].

TC were identified in mouse trachea by scanning electron
microscopy [8] and also in terminal and respiratory bronchioles
(human and mice), as well as in alveolar ducts [10]. Telopodes
follow a longitudinal course with respect to the long axis of the
airways [10].

We report here evidence that indeed TC are present in rat
trachea and make structural associations with MC.

Wistar male rats (four) were used (280–300 g., 12 months).
After preanaesthesia with ether, the animals were killed by intrac-
ardiac injection of 0.2 ml. of T-61 (INTERVET, Kirkland, Quebec,
Canada), a veterinary euthanasia drug containing embutramide,
mebezonium and tetracaine in dimethylformamide. All proce-
dures were conducted in accordance with the Guide for the Care
and Use of Laboratory Animals of the National Institutes of
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Health, and protocols were approved by the ‘Carol Davila’
University of Medicine and Pharmacy Bioethics Committee. The
EC Directive 86/609/EEC for animal experiments and the Uniform
Requirements for manuscripts submitted to Biomedical journals
were followed accordingly.

Tracheal samples from each animal were prepared for trans-
mission electron microscopy (TEM), as previously described [15].
The Formvar coated grids were examined in a Philips electron

microscope EM 208S (acceleration voltage of 80 kV) and snap-
shots were taken using a video camera Veleta and the iTEM
Olympus Soft Imaging System.

Stromal cells were identified in the tracheal wall, sending long,
slender prolongations (up to 50 micrometers) with a characteris-
tic ‘beads on a string’ appearance (alternation of podoms and
podomers) (Fig. 1). As this feature is strictly specific for telopodes
(Tp), the respective stromal cells were considered as being TC.

Fig. 1 Ultrathin sections of rat trachea.
Two-dimensional sequenced concatenation
from 20 (A) and 16 (C) serial electron
micrographs depicting telocytes (TC) with
characteristic long and slender prolonga-
tions (TP: telopodes): (A) * � 44 microm-
eters; (B) ** � 45 micrometers. In (B) is
detailed a primary cilium (arrow) of the
telocyte in (A). bv: blood vessel. Telocytes
and telopodes were digitally coloured blue.
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Telopodes were longitudinally lining bundles of collagen fibres,
were serially arranged (end-to-end connections of Tp were found),
and presented, occasionally, primary cilia (Fig. 1). Within the tra-
cheal wall, TC were located in the vicinity of blood vessels and
smooth muscle cells (Fig. 1). TC and/or Tp establish close con-
tacts, stromal synapses, with tracheal mast cells, at distances
below 100 nm (the macromolecular interaction range) (Figs 2–4).

TC are stromal cells of mesenchymal origin [1–3, 9].
We found tracheal TC provided with primary cilia. Primary cilia

of TC were previously identified in various tissues [16–18]. Such
primary cilia persist in many differentiated cells; presumably, as
semipermanent structures, the cilia function as mechano- or
chemosensors and as a cellular global positioning system to
detect changes in the surrounding environment, or to initiate cel-
lular replacement after damage [19].

As in the trigeminal ganglion [15], mast cells (MC) establish
stromal synapses (connective connections) [20] with TC and/or
Tp. This tandem was also found in mucosae [21], prior to the TC
definition in 2010 [1], and the cells adjacent to MC were described
then only as ‘stromal cells’ [21].

It was proven that c-kit is required for the MC-independent
development of AHR [14]. On other hand, tracheal TC are c-kit
positive cells [8]. These results taken together with our findings
suggest that both cell types, the MC and the TC, could be involved
in tracheal regulation. Possible implications of TC in pathology
were also recently addressed [22, 23].

Fig. 2 A tracheal mast cell (MC) surrounded by telopodes (Tp: blue).
Intercellular distances were measured in four locations: (a) � 29 nm; 
(b) � 14 nm; (c) � 51 nm; (d) � 72 nm.

Fig. 3 A long and branched telopode (Tp: digitally coloured blue) is closely
related to, and is contacting (arrows) a tracheal mast cell (MC).
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It is tempting to speculate that the tandem MC-TC may be func-
tionally added to the neural tracheal regulation; this hypothesis is
suggested by nNOS positivity of tracheal MC [12]. With this perspec-
tive, the NANC system could be regarded as consisting of a neural
(canonical) component and a stromal one, MC- and TC-related.

The close structural MC-TC association raises doubts on the
use of CD117/c-kit labelling, since both cell types are known as c-
kit positive [1–3]. Usually, in light microscopy is considered that a
c-kit positive cell with processes could not be a MC (and vice-
versa, a c-kit positive cell without processes could not be a TC)
[24]. The tandem TC-MC makes this identification unreliable (an
apparently c-kit positive cell with processes could be in fact a MC
neighboured by Tp).

In conclusion, tracheal TC could be involved in the tracheal
regulation (e.g. secretion, contractility). The tandem TC-MC
deserves further investigations.
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