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Abstract

We used rat experimental myocardial infarction to study the ultrastructural recovery, especially neo-angiogenesis in the infarction border
zone. We were interested in the possible role(s) of telocytes (TCs), a novel type of interstitial cell very recently discovered in myocardim
(see www.telocytes.com). Electron microscopy, immunocytochemistry and analysis of several proangiogenic microRNAs provided evi-
dence for TC involvement in neo-angiogenesis after myocardial infarction. Electron microscopy showed the close spatial association of
TCs with neoangiogenetic elements. Higher resolution images provided the following information: (a) the intercellular space between the
abluminal face of endothelium and its surrounding TCs is frequently less than 50 nm; (b) TCs establish multiple direct nanocontacts with
endothelial cells, where the extracellular space seems obliterated; such nanocontacts have a length of 0.4–1.5 �m; (c) the absence of
basal membrane on the abluminal face of endothelial cell. Besides the physical contacts (either nanoscopic or microscopic) TCs presum-
ably contribute to neo-angiognesis via paracrine secretion (as shown by immunocytochemistry for VEGF or NOS2). Last but not least,
TCs contain measurable quantities of angiogenic microRNAs (e.g. let-7e, 10a, 21, 27b, 100, 126-3p, 130a, 143, 155, 503). Taken together,
the direct (physical) contact of TCs with endothelial tubes, as well as the indirect (chemical) positive influence within the ‘angiogenic
zones’, suggests an important participation of TCs in neo-angiogenesis during the late stage of myocardial infarction.
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Introduction

Understanding the mechanisms of cardiac regeneration and repair
after myocardial infarction is an important subject of contempo-
rary medicine. The effects of experimental myocardial infarction
were frequently reported [1–16]. Indeed, according to PubMed
database, there are 3840 titles (from 1956 to August 2011) for the
‘rat myocardium infarction’ search! Experimental myocardial
infarction shows two different zones: (a) the central zone where
most of the normal myocardial components (cardiomyocytes –
CMs, interstitial cells, capillaries) are disintegrated; (b) the border
zone with acute hypertrophy, followed by chronic hypertrophy
(even after the healing process is over), and tissue remodelling.

Previously, our group documented the presence of a distinct
interstitial cell type in heart [17–19]. The term telocyte (TC) was
coined for these cells, and telopodes (Tps) for their very long (tens
to hundreds of �m) and moniliform prolongations [20–23]. Tps
are an alternation of thin segments (podomers) and dilated seg-
ments (podoms). Podomers are very thin (up to 0.2 �m), below
the resolving power of light microscopy, explaining the fact that
TCs were overlooked [20–23]. The concept of TC was taken up by
other Laboratories [24–36]. Moreover, Liu et al. [37] reported the
distribution of TCs in rat heart: more in atria than in ventricles (20
versus 9 cells/mm2) and significantly higher in subepicardium
than in endocardium (18 versus 7 cells/mm2).

The aim of this study was to assess the involvement of TCs in
the neo-vascularization process in the border zone of infarction. By
electron microscopy and immunocytochemistry we observed TCs in
the border zone 30 days after myocardial infarction. TCs appear in
close spatial relationships with blood vessels and immunopositive
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for VEGF and NOS2. By microRNA qPCR we found, at the level of
TC body, the expression of various angiogenic microRNAs.
Therefore, TCs appear as key-players in neo-angiogenesis within
the ‘angiogenic zones’ of the border zone infarction.

Materials and methods

Rat surgery

A number of four Wistar male rats (average weight of 270 g) have under-
gone surgery for ligation of left anterior descending coronary artery
(LADC), in accordance with the Institutional Ethical Committee approval.
For rat myocardial infarction the experimental protocol was adapted from
that used by Odörfer et al. [38].

One day before surgery, each animal received injectable antibiotic
enrofloxacin (Baytril; Bayer, Leverkusen, Germany) and pretreated metami-
zol sodium (Algocalmin; Zentiva, Bucharest, Romania). Anaesthesia was
made with a cocktail consisting of acepromazine maleate (Neurotranq;
Alfasan, Woerden, Holland) and Ketamine hydrochloride (Ketamine HCL®;
Kepro, Deventer, Holland). Animals were intubated using a Teflon catheter
(16G/� 1.7; Suru International Pvt. Ltd., Mumbai, India). Each animal was
positioned on the right side on a 38�C heat-held plate (Harvard Apparatus,
Holliston, MA, USA). During the surgery each animal was connected to a
ventilator CWE SAR-830/P ventilator (Ardmore, PA, USA) with external air
pump (ASF Inc, Norcross, GA, USA), set at a rate of 52 breaths per minute
with a volume of 8 ml of air. After the surgical tolerance was examined and
no more control reflexes were triggered, the thorax was opened between
the third and fourth ribs, by blunt splitting of the Mm. intercostales.
Pericardium was opened and arteria coronaria sinistra was proximally sur-
rounded Vicryl 5-0 (SMI, Hünningen, Belgium) with a surgical knot. In all
cases the ligation was made immediately below the lower margin of the left
auricle. The acute occlusion of LADC of the ligature was verified by the pal-
lor of the unsupplied myocardium. The closure of the chest was performed
using 3–4 stitches Vicryl 4-0 (SMI, Hünningen, Belgium) between cranial
and caudal ribs. The lung was previously expanded to prevent pneumoth-
orax. Each muscular layer was continuously sutured with Vicryl 4-0 (SMI,
Hünningen, Belgium). The surgical wound was bacteriostatic covered with
oxytetracycline (Oxyvet, Veterin, Attiki, Greece). After the surgery, the ani-
mal was disconnected from the ventilator and extubated. Once the reflexes
appeared, the animal was moved in a cage with sterile wood chips.
Subsequently, the animal received metamizole sodium (Algocalmin;
Zentiva, Bucharest, Romania) for immediate analgesia. The aftercare med-
ication was for 3 days after the surgery, contained enrofloxacin, for antibi-
otic therapy and sodium metamizole for pain therapy.

The LV dysfunction in this experimental model of rat myocardial
infarction was assessed by echocardiography, using a Vevo 770 Imaging
System (Visualsonics, Toronto, Canada) with a 15–22.5 KHz transducer.

Transmission electron microscopy

Thirty days after permanent ligation of the LADC, the rats were killed by
cervical dislocation. The hearts were harvested. Small fragments (1 mm3)
of rat ventricular myocardium (infarction area and border zone) were
processed for transmission electron microscopy (TEM) according to rou-
tine Epon-embedding procedure, previously described [17, 19, 39–41].

The thin and thick sections were cut with a diamond knife using an RMC
ultramicrotome (Boeckeler Instruments, Inc., Tucson, AZ, USA) and dou-
ble-stained with 1% uranyl acetate and Reynolds lead citrate. Sections of
about 60-nm-thin were examined with a Morgagni 286 transmission elec-
tron microscope (FEI Company, Eindhoven, The Netherlands) at 60 kV.
Digital electron micrographs were recorded with a MegaView III CCD using
iTEM-SIS software (Olympus, Soft Imaging System GmbH, Monster,
Germany). On TEM images TCs, Tps, blood vessels were digitally coloured
in blue and brown using Adobe© Photoshop CS3 to mark them out.

Immunocytochemistry

Immunohistochemistry for VEGF and NOS2 was done according to the
protocol reported by Suciu et al. [42] and Popescu et al. [43].

Laser capture microdissection (LCM), 
RNA isolation and microRNA qPCR

Cell cultures and methods used were previously described [44]. Cells were
fixed with absolute ethanol and stained with Giemsa. LCM was performed
using the PALM MicroBeam system (Carl Zeiss MicroImaging GmbH, Jena,
Germany) in accordance with the manufacturer protocols. For each sam-
ple, TC and control, a total of 500 cells were harvested in two separate
experiments. The catapulted cells were captured and lysed in Epp tube
caps filled with 30 ml of TRI Reagent (Sigma-Aldrich, St. Louis, MO, USA).
Total RNA was extracted using the standard protocol recommended by the
manufacturer (Sigma-Aldrich). The purity of RNA was evaluated with the
NanoDrop ND-1000 Spectrophotometer (Thermo Scientific, Waltham, MA,
USA). For cDNA synthesis we used QuantiMir RT (System Biosciences,
San Francisco, CA, USA) according to manufacturer instructions. The
cDNA templates were then quantified in a real-time SYBR Green qPCR
reaction (iCycler system and software, Bio-Rad, Hercules, CA, USA) using
universal reverse primers and microRNA-specific forward primers (System
Biosciences, San Francisco, CA, USA). Mouse U6 snRNA and RNU43 were
used as endogenous controls. The negative control was performed by
omitting the reverse transcriptase.

Statistics

The data are represented as mean � S.D. of three experiments and two-
tailed P values of less than 0.05 were considered as statistically significant.

Results

In all the cases the central zone and the corresponding border
zone of infarction were clearly distinguishable. The lesion develop-
ment corresponded to that previously described in literature.
Figures 1–4 show TEM modifications of the border zone at specific
intervals after LADC ligation: 1 day, 2 days, 1 week and 1 month.

Figure 1 shows an area of border zone of myocardial infarction,
1 day after the ligation of LADC. The general aspect is typical 
for an acute inflammatory reaction. The dominant population is
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represented by granulocytes: eosinophils and polymorphonuclear
neutrophils. The lumen of capillaries is dilated, presumably due to
the hypoxic conditions at the level of the border zone. Apparently,
TCs are not so frequently found like in normal myocardium.
However, we did not make a quantitative comparison.

Figure 2 shows a TEM aspect from the border zone, 2 days
after the ligation of LADC. The most visible modification is fibrob-
last proliferation. Incidentally, Figure 2 presents three typical
fibroblasts and three CMs. However, in normal myocardium the
ratio fibroblasts:CMs is not 1:1 (!). Noteworthy, a previous study
of our Laboratory [45] reported a morphometric results, by stere-

ology, which indicated that CMs in rat ventricular myocardium
occupy 76% and fibroblasts only 1.5% of myocardial volume (the
remaining percentage corresponds to extracellular matrix,
endothelial cells, TC and other interstitial cells). Thus, in our opin-
ion, after 2 days of myocardial infarction the dominant phenome-
non is the beginning of fibrosis, which is primarily produced by
fibroblast proliferation. Again, TCs presence seems to be not so
frequent like in normal myocardium, but no direct quantitative
comparison was made.

Figure 3 demonstrates the presence of myofibroblasts (cells
which share features with Fb and with smooth muscle cells [46])

Fig. 1 Rat experimental myocardial infarc-
tion. Border zone: 1-day-old. Transmission
electron microscopy. The inflammatory
granulocyte reaction dominates: granulo-
cyte infiltration, mainly eosinophils (E) and
neutrophils (PMN); a mast cell (M) is visi-
ble; the arrow indicates an apoptotic cell. A
telocyte (TC) and several telopodes (Tp) are
digitally blue coloured.

Fig. 2 Rat experimental myocardial infarc-
tion. Border zone: 2-day-old. Transmission
electron microscopy. Three fibroblasts
(upper part) intermingle with three car-
diomyocytes (lower part). The accumula-
tion of fibroblasts indicates the beginning
of fibrosis. Note that usually, in normal
myocardium, there are no fibroblast clus-
ters; Fb: fibroblast; rER: rough endoplasmic
reticulum; Eu-N: euchromatin; n: nucleolus;
CM: cardiomyocyte; m: mitochondria; Z: Z
line. Centriole presence (black dotted line)
suggests fibroblast mitosis. Tp: telopode
(digitally blue coloured); E: eosinophil.
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in the border zone, seven days after the acute occlusion of LADC.
Abundant rER is obvious (like in active fibroblasts), as well as
myofilaments and caveolae (like in smooth muscle cells).
Moreover, this myofibroblast presents a very characteristic fea-
ture: a cell-to-matrix adhesive structure – fibronexus (Fig. 3) –
which enables the positive diagnostic [47, 48]. The myofibroblasts
are particularly responsible for matrix remodelling.

Thirty days after the LADC ligation, a process of recovering char-
acterizes the border zone of the myocardial infarction (Fig. 4). CMs
begin to have normal ultrastructural appearance. In the interstitium,
the number of TCs is clearly increased in comparison with normal
myocardium. TCs/Tps have close spatial relationships with blood
capillaries. However, the distances separating the Tps and abluminal
front of endothelial cells and Tps are different for capillary of neo-

Fig. 3 Rat experimental myocardial infarc-
tion. Border zone: 7-day-old. Transmission
electron microscopy. Note the presence of
a typical myofibroblast. Such cells are
responsible for matrix remodelling.
Myofibroblasts have intermediate features
between fibroblasts and smooth muscle
cells: prominent rough endoplasmic reticu-
lum (rER, like fibroblasts), and myofila-
ments (mf, like smooth muscle cells)
located under the cell membrane. The char-
acteristic ultrastructural feature, the
fibronexus, which is a cell-to-stroma
attachment, is highlighted by black dotted
circle. E: eosinophil; coll: collagen fibrils.

Fig. 4 Rat experimental myocardial
infarction. Border zone: 30-day-old.
Transmission electron microscopy. This
low magnification view shows four car-
diomyocytes (CM), two blood capillaries 
(1 and 2) and numerous telocytes (TC) 
with long and slender telopodes (Tp). Note
the close spatial relationship between
TC/Tp and capillary-1 wall (endothelium).
Capillary-1 is presumably a neo-capillary
created in the interstitial space. Capillary-2,
between three cardiomyocytes (CMs), has
a TC and Tps in the vicinity, but the distance
between abluminal membrane of endothe-
lium and TC/Tp plasma membrane is wider.
Thus, capillary-2 is probably an ‘old’
capillary.
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formation (e.g. capillary-1 in Fig. 4) versus preexisting capillaries
(e.g. capillary-2 in Fig. 4). Digitally measurements of the nanoscopic
and microscopic distances resulted in the following results:

(a) Capillary of neo-formation: there are two situations:
i. Either the extracellular space between abluminal

endothelial cell membrane and the Tp membrane is oblit-
erated, both membranes coming in direct physical con-
tact (less than 10 nm);

ii. A very narrow intercellular cleft (comparable with canon-
ical synaptic cleft !) with dimensions ranging between:
- a minimum of about 80 nm (red dots in Fig. 4), and
- a maximum of about 120 nm (orange dots in Fig. 4).

(b) Preexisting capillaries: the widths of spaces separating
the two plasma membranes (endothelial and telopodic) are
wider, being around 200 nm (below the practical resolving
power of light microscopy).

Figure 5 shows ultrastructural modifications in the central
zone, after 30 days of myocardial infarction (compare with the
‘border zone’ of Figs 1–4). Abundant deposits of collagen are
visible. CMs have discontinuous Z lines and myofibrils look
‘homogenized’. Cells have some characteristics of apoptosis:
shrinkage of the cells, condensation of chromatin, cellular frag-
mentation (observable at cellular poles, mainly). Apoptotic bodies
can also be seen. The dyskinetic areas of infarction (like in Fig. 5)
were documented by echocardiography and ECG. Figure 6 corre-
sponds to the functional damage of the left ventriculum, as a result
of LADC ligation.

Figures 7 and 8 provide additional evidence for the involvement
of TCs in neo-angiogenesis after 30 days of myocardial infarction.
The number of TCs and Tps is increased in the border zone. Their
close spatial relationships with new-formed blood capillaries is
obvious. In Figure 7, Tp1 surrounds and establishes multiple
nanocontacts with the new-formed capillary. The length of these
contacts ranges between 0.36 and 1.45 �m, as it is shown at
higher magnification in Figure 8. The width of the space between

Fig. 5 Rat experimental myocardial infarc-
tion. Central zone of the scar: 30-day-old;
transmission electron microscopy. Three
structural elements can be recognized in this
image: (a) abundant deposits of collagen fib-
rils (coll), cross or obliquely cut; (b) dam-
aged cardiomyocytes (CM), ‘homogenized’
myofibrils, only positions of Z lines being
recognizable; (c) apoptotic interstitial cells
(IC), and apoptotic bodies.

Fig. 6 Typical echocardiogram of rat experimental myocardial infarction
(30-day-old). The black arrow indicates the dyskinetic region of ventricular
free wall corresponding to myocardial infarction area. The corresponding
ECG in the lower part of the figure shows typical elevation of ST segment,
suggestive for acute myocardial infarction.
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Fig. 7 Rat experimental myocardial infarction. Border zone: 30-day-old. Transmission electron microscopy. A new-formed blood capillary with an anfrac-
tuous and narrow lumen is shown (brown colour) in the mass of collagen fibrils (coll) of the scar. This is surrounded by two telocytes (TC1 and TC2 -
blue colour) and their corresponding telopodes (TP1 and Tp2). Typically podoms (dilated portions) and the intercalary podomers (thin portions of Tp)
can be observed. At the level of podoms there are many mitochondria (m), elements of endoplasmic reticulum and caveolae. Note the close spatial rela-
tionships between telopodes and endothelial cells. The space between telopodes and the membrane of endothelial cell is occasionally less than 50 nm
and there is no visible endothelial basal lamina.

Fig. 8 Higher magnification of the fields marked by colour rectan-
gles in Figure 7. (A) A nanocontact of about 1.45 µm long between
the telocyte (TC) and the membrane of the endothelial cell (E) is
marked by the green dotted line. The asterisk indicates the intercel-
lular space between TC and E. No endothelial basal lamina is pres-
ent. (B) A nanocontact of about 0.45 mm long between the E and
TC is indicated by the red dotted line. The asterisk mark intercellu-
lar space without endothelial basal membrane and the two arrows
show possible electron dense ‘feet’ connecting the endothelial cell
membrane and the TC membrane. (C) A nanocontact of 0.36 mm
long between endothelial cell membrane and TC is indicated by yel-
low dotted line between the endothelial cell membrane and TC
membrane. No basal lamina is visible in the extracellular space
between the endothelium and TC (asterisks).
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Fig. 9 Rat experimental myocardial infarction. Border zone: 30-day-
old. Transmission  electron  microscopy. Telopodes (Tp) are situated
in close vicinity of blood vessels. Vascular smooth muscle cells
(VSMC) and endothelial cells (End) have many caveolae. Note the
alternation of podoms and podomers. Podoms contain: mitochon-
dria (m), and endoplasmic reticulum (ER) and caveolae (cav). (A)
Shed vesicles (sv) are released from podoms. A vesicle cargo mul-
tivesicular is formed from a podomer (B) and another one is formed
from a podom (C). coll: collagen.

the plasma membrane of the Tp and the endothelial cell membrane
is 50–70 nm (Fig. 8B) or 40–100 nm (Fig. 8C). Within the extra-
cellular space some electron-dense ‘feet’, with a ‘height’ of about
60 nm, seem connect endothelial and TC cell membranes. The
endothelial basal lamina is absent along these nanocontacts.

In the vicinity of new-formed blood capillaries, TCs and Tps
release shed vesicles and vesicle groups from podoms and/or
podomers (Fig. 9). In Figure 9A, the visible shed vesicles have a
diameter between 60 and 330 nm. The vesicle groups in Figure 9B
and C are of 730/280 nm and 710/470 nm, respectively. They have
a heterogeneous content and seem to be involved in heterocellu-
lar communication.

For underlining the involvement of TC in angiogenesis, Figures
9 and 10 show the strategic positions of the Tps either among
new-formed blood vessels (Fig. 9), or surrounding them (Fig. 10).
The new-formed blood vessels have typical tall endothelial cells
with numerous organelles and a narrow and anfractuous lumen
(Figs 11 and 12). The endothelium has many transcytosis 
vesicles.

Immunocytochemistry performed show positive reactions of
TC for VEGF and NOS2 in normal heart (Fig. 13). In the border
zone of the myocardial infarction positive expression for both
VEGF and NOS2 is shown by cells with similar appearance with

Fig. 10 Rat experimental myocardial infarction. Border zone: 30-day-old. Transmission elec-
tron microscopy. A telopode (Tp - blue colour) is located between three new-formed capillar-
ies (cap). At the level of capillary A, basal lamina and fragments of pericytes (asterisks) are
visible. The capillary endothelium (brown colour) has many vesicles of transcytosis. Note the
alternation of podoms (containing mitochondria, endoplasmic reticulum and caveolae) and
podomers (thin segments) – arrows.
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TC. These cells are located in the close vicinity of blood vessels
having close spatial relationships with them.

Because the data suggest that TCs are intimately connected
with the neovascularization after myocardial infarction, we have
investigated whether TCs are expressing angiogenic microRNAs.
Cardiac TCs were isolated from the first-passage cultures by laser
capture microdissection (Fig. 14) and the expressions of
microRNAs were determined by RT-qPCR as previously described
[41]. The data presented in Figure 15 show that several
microRNAs with angiogenic functions are present in TCs.

Discussion

Angiogenesis is essential for myocardium repair and remodelling
after myocardium infarction. Direct intercellular communication of
endothelial cells with other cells is crucial for an efficient vascular
formation [49]. The direct contact of endothelial progenitors with

‘ventricle slices’ (presumably TC !?) seems of importance for
angiogenesis [50].

It is widely accepted that after 30 days of experimental myocar-
dial infarction, the border zone of the lesion is characterized by
neo-angiogenesis [13, 51]. Generally, there are many types of
angiogenic factors: e.g. (a) growth factors and their receptors; (b)
matrix proteins and proteases; (c) adhesion molecules; (d)
microRNAs and transcription factors.

We used a trio of methods (morphology – transmission elec-
tron microscopy; immunocytochemistry – VEGF and NOS2
expression and molecular biology – angiogenic microRNAs
expression), which showed the involvement of TC in neo-angio-
genesis, in the border zone.

Electron microscopy

In the border zone of myocardial infarction the relationships
between TCs and new-formed blood vessels are obvious. TCs
have close vicinity with new-formed blood vessels (capillary
and/or arterioles), but also with the preexisting blood vessels.
The space between TCs/Tps and the abluminal face of the
endothelium is sometimes less than 50 nm, and therefore in
the macromolecular-interaction range. Anyway, TCs establish
heterocellular contacts also with CM as it was previously
described [52].

TCs/Tps release shed vesicles or exosomes. The roles of
exosomes are not understood, but they seem to play an impor-
tant role in intercellular communication [53]. Shed vesicles 

Fig. 11 Rat experimental myocardial infarction. Border zone: 30-day-old.
Arteriologenesis. Transmission electron microscopy. A telopode (Tp) sur-
rounding a new-formed blood vessel. Tall endothelial cells (End) with numer-
ous mitochondria (m) and endoplasmic reticulum (ER) cisternae, circumvent
a narrow and irregular lumen (L). VSMC: vascular smooth muscle cell.

Fig. 12 Rat experimental myocardial infarction. Border zone: 30-day-old.
Arteriologenesis. Transmission electron microscopy. Telopodes (Tp) with
typical podoms and podomers, from at least one telocyte (TC - blue colour)
are encircling an arteriole (A: brown colour). Note: (a) the endothelium
(brown coloured) surrounding the lumen which contains a red blood cell
(RBC: red colour); (b) lamina elastica interna – a clear space surrounding
the endothelium; (c) 2–3 layers of smooth muscle cells (SMC).
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and exosomes presumably transfer macromolecules (e.g.
microRNAs, proteins), which cannot be released through the
intact plasmalema. Our results suggest some possible mecha-
nisms for TCs involvement in ‘angiogenic zones’: either direct
(physical contact), or indirect (chemical signalling) (Fig. 16). An
‘exosome therapy’ could be taken into account as a future pos-
sibility [54, 55].

Immunocytochemistry

Immunocytochemistry done for NO and VEGF confirmed our pre-
vious studies regarding the presence of TC in normal myocardium.
After 30 days of myocardial infarction, interstitial cells similar to
those described in normal heart are found in affected myocardium.
At the level of cell body and cell prolongations these cells have pos-
itive expression for NO and VEGF, as it was previously reported in
other organs [41–43]. These data could be relevant because TC
may promote and/or modulate angiogenesis after myocardial
infarction via VEGF and/or NO secretion.

Angiogenic microRNAs

The human genome encodes 1048 microRNAs, which virtually reg-
ulate all biological processes [56]. In addition, microRNAs are pre-
dicted to regulate the expression of more than one-third of human
protein-coding genes. There is increasing evidence that miRNAs

play important roles in vascular development as well as in vascular
diseases. Here we show that several pro-angiogenic microRNAs
are expressed by TCs: e.g. miR 126 [57], miR130a [58], let-7 fam-
ily [59, 60], miR-10 [61], miR-155 [62], miR-503 [63]. Another
pro-angiogenic factor, miR-21, induces HIF-1� and VEGF expres-
sion and activates both AKT and ERK pathways for mediating
angiogenesis [64]. The clusters of miRNAs which include miR-27
are highly expressed in ECs and repress the anti-angiogenic pro-
teins Sprouty2 and Sema6A [65]. The proliferation, migration and
tube formation of ECs are regulated also by miR-100 [66]. Also,
miR-143 is abundant microRNA in vascular smooth muscle cells
and it was found down-regulated in diseased arteries [67].

Interestingly, TCs express both stromal specific [44] and vas-
cular smooth muscle specific (miR-143/145) microRNAs as well
as pro-angiogenic miRs highly enriched in endothelial cells (such
as miR-126). Such expression patterns may support the view that
several cell type specific signalling pathways converge in TCs and
further suggests a complex regulatory mechanism driven by
telocytes during the cardiac regeneration. In addition, TCs may
secrete microvesicles or exosomes containing specific cocktail(s)
of miRNAs, which are internalized by surrounding cells (such and
endothelial and smooth muscle cells). Thus, these cells can mod-
ulate the angiogenesis process through paracrine signals.

Figure 16 presents the essential data of our results and propos-
als for the mechanisms involved in neo-angiogenesis in the 
border zone of myocardial infarction, including the microRNA
participation via secretion (transport by shed vesicles and/or
exosomes), that we call ‘microcrine’ phenomenon. The possible

Fig. 13 Rat normal heart tissue (A, B) and
border zone of infarcted heart tissue 
(C, D) in experimental myocardial infarction
(30-day-old). (A) Immunostaining for VEGF
demonstrates positive expression in the
subepicardial area. A silhouette of 
a telocyte (TC) can be seen parallel with 
the epicardium. Very long and slender
telopodes (Tp) are obvious. (B) Positive
expression for NOS2 in rat normal
myocardium. A Tp splits dichotomously
near the TC cell body, and runs parallel with
cardiac fibres. (C) In the border zone of
infarcted heart tissue, near a new-formed
arteriole (A), a cell (most probable a TC,
taking into account the morphology) is
positive for VEGF (arrow). (D) Positive
reaction for NOS2 in two different cells
(arrows) near a new-formed blood vessel in
the border zone of infarction. Their prolon-
gations are neighbouring the blood vessel
wall. Original magnifications: (A, B) – 100�;
(C, D) – 60�.
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role(s) of TC in the maturation of capillaries into arteriolar vessels
remains to be established.

There is a good correlation between electron microscopy and
immunocytochemistry because it is well known that experimen-
tally induced ischaemia results in a dramatic increase of VEGF lev-
els in myocardium [68, 69]. Moreover, VEGF appears to act by
local up-regulation of NO production [70, 71].

Since telocytes are CD34 positive [20, 23, 41, 43], our results
support the assumption of Kumar & Caplice [72] that paracrine
factors secreted by CD34 positive cells contribute significantly 
to angiogenesis. Moreover, very recently Sahoo et al. [73]

demonstrated that CD34 positive cells secrete vesicles (exosomes)
that have independent angiogenic activity, both in vitro and in vivo.
But Figure 9 (A-C) shows directly by electron microscopy that TCs
release shed vesicles and group of such vesicles (as multivesicular
bodies) in angiogenic areas of the myocardial infarction border
zone. This may not be a simple coincidence.

Further studies are required to clarify the relationships between
TCs and pericytes, because pericytes are cells involved in angiogen-
esis, too [74, 75]. Anyway, preliminary studies in our Laboratory
showed that TC are PDGF-R positive, like pericytes, in other words
PDGF-R is not a marker for pericytes (Popescu et al., in preparation).

Fig. 15 Expression levels of microRNAs up-regulated
in telocytes. The relative expression was determined
by real-time PCR. RNU43 snoRNA and U6 snRNA
were used as normalizing controls. The error bars are
mean � S.D. (n � 3) and the data are representative
for two replicate experiments. AU: arbitrary units.

Fig. 14 Laser capture microdissection of cardiac telocytes in culture. Because other interstitial cells than telocytes might be present, only cells with ‘multi-
polar’ body and at least one prolongation of more than 50 mm long were considered telocytes. Such prolongations had typical telopode conformation, with
podoms (dilated portions) and podomers (thin segments). (A) The telocyte body encircled by the red line was dissected out by laser capture microscopy.
(B) The corresponding area of Figure 11A after microdissection. A total of 500 telocyte bodies were collected and analysed for microRNAs. 20� objective.
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Finally, we support the idea of Laflamme and Murry [36] that
‘after more than a decade of furious activity’ stem cells … and
neo-angiogenesis … ‘seem to be catching up with its promise’. A
TC-based therapeutic neo-angiogenesis in myocardial infarction
could have a significant clinical potential.
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