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Abstract. Telocytes (TCs), a novel type of stromal cells, are 
crucial to cardiac renovation and regeneration. To dissect the 
pathophysiological effects of cardiac TCs in heart disease, 
it is essential to develop an effective method to isolate, 
culture, purify and characterize these cells. In the present 
study, cardiac TCs were isolated from the hearts of rats by 
enzymatic digestion. Histology and CD34/PDGFRα expres-
sion by flow cytometric assay were used to characterize the 
cultured cardiac TCs, which were purified by flow cytometric 
sorting and confirmed by immunofluorescence and electron 
microscopy. Typical TCs were observed in primary culture, 
with these exhibiting typical fusiform cell bodies with long 
moniliform telopodes. Based on flow cytometric sorting with 
antibodies to CD34 and PDGFRα, there was a substantial 
increase in the purity of cardiac TCs. Furthermore, immu-
nofluorescence demonstrated that almost all the sorted 
TCs expressed vimentin, a marker of TCs. Moreover, 
electron micrographs showed typical TCs based on their 
ultrastructural features. Using this method, we developed 
a reproducible protocol for the isolation and purification of 
cardiac TCs from rat hearts, which yielded TCs with typical 
characteristics.

Introduction

Telocytes (TCs) are a type of interstitial cells first identified by 
Popescu's group in 2005 and officially named in 2010. They 
exist in many tissues and organs, including those of humans 
and other vertebrates (1‑3). TCs are characterized by a small 
cell body and long, slender processes called telopodes (Tps). 
As a distinctive feature, Tps are extremely long with thin 

prolongations, with alternation of dilations (podoms) and thin 
segments (podomeres) (4‑7).

In the heart, TCs have been observed in the myocardium, 
epicardium, endocardium, valves and cardiac stem cell 
niches (3‑5,8‑10). Based on different junction types, TCs are 
documented to be in close contact with virtually all types of 
cells in the human heart, such as cardiac stem cells, cardio-
myocyte progenitors, blood capillaries, nerve endings and 
other cells found in the interstitial space (9,11). They form 
the interstitial cell network and contribute to the regulation of 
homeostasis, and renovation and regeneration in the heart (12). 
Additionally, TCs have been demonstrated to be important 
interstitial cells to guide or nurse putative stem cells and 
progenitor cells in stem cell niches in a number of tissues and 
organs (1,13). Thus, TCs may serve as a new target for regenera-
tive medicine. Previous studies have indicated that the number 
of TCs reduced and the interstitial cell network was impaired 
during myocardial infarction (14,15). However, after the trans-
plantation of cardiac TCs in infarcted and border zones of the 
heart, the infarction size decreased and myocardial function 
was improved (14,15). In addition, TCs have been found in the 
atrial appendages and shown to be involved in isolated atrial 
amyloidosis and the pathogenesis of atrial fibrillation (9).

Although increasing numbers of studies on TCs have 
emerged, the majority are limited to the investigation of their 
histology and morphology. Due to numerous difficulties in 
cell separation, purification and cultivation, research on their 
function and the mechanisms behind their biological effects 
progressing slowly. Therefore, the present study ultilized a 
novel method for the separation and purification of TCs. In 
addition to the distinctive morphology of TCs, their molecular 
markers have additionally been identified to some extent. 
Although TCs have no clear immunophenotypic markers, 
a number of studies have reported that TCs are capable of 
binding different antibodies (16,17). Based on several reports, 
it has been suggested that double‑positive immunostaining 
with cluster of differentiation (CD)34/platelet‑derived growth 
factor receptor α (PDGFRα) and CD34/vimentin is appro-
priate for identifying TCs (16). Based on this approach, the 
present study sorted CD34/PDGFRα double positive cells by 
flow cytometry to purify TCs, and then confirmed their iden-
tity by immunofluorescence with anti‑vimentin antibodies and 
electron microscopy. Establishing a successful protocol will 
enable the large‑scale isolation and culture of TCs.
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Materials and methods

Isolation and culture of TCs from heart tissues. This study 
was approved by the ethics committee of Xinhua Hospital 
Affiliated to Shanghai Jiaotong University School of 
Medicine (Shanghai, China; approval no. XHEC-F-2016‑012). 
Six‑week‑old female Sprague Dawley (150‑200  g) rats 
(Shanghai Songlian Laboratory Animal Farms, Production 
license: SCXK2007‑0011) were anesthetised with 3% pento-
barbital sodium. The hearts were removed under sterile 
conditions and placed in 50 ml centrifuge tube with ice‑cold 
Dulbecco's phosphate‑buffered saline (D‑PBS) supple-
mented with 1% penicillin and streptomycin (PS). Following 
rinsing with fresh D‑PBS to remove blood, the hearts were 
minced into millimeter‑sized pieces in a sterile culture dish 
containing Dulbecco's modfied Eagle's medium (DMEM)/F12 
(12400‑024, Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) supplemented with 1% PS. The pieces were washed 
twice using a short centrifugation at 250 x g for 1 min at room 
temperature and resuspended in D‑PBS to remove the blood. 
Subsequently, an enzymatic digestion medium was added and 
the mixture was incubated at 37˚C on a shaker at 180 rpm 
for 40 min. The enzymatic digestion medium was a mixture 
of 1.5 mg/ml collagenase type 2 (V900892; Sigma‑Aldrich, 
St. Louis, MO, USA), DMEM/F12 and 1% PS. The solution 
was filtered through a 41 µm nylon mesh (EMD Millipore, 
Billerica, MA, USA) and the collected cell suspension was 
centrifuged at 300 x g for 10 min. The cells were then seeded 
into sterile culture dishes containing 10  ml DMEM/F12 
supplemented with 10% fetal bovine serum (FBS; 16000‑044; 
Gibco; Thermo Fisher Scientific, Inc.) and 1% PS and cultured 
in a humidified atmosphere at 37˚C for 1 h to allow fibroblast 
attachment. The unattached cells (containing TCs) were 
replated onto a new dish with the above medium, and the 
medium was replaced every 2 days thereafter. Cell cultures 
were examined using an inverted microscope and photo-
graphed at 72 and 96 h after seeding. The cells were detached 
by digestion in 0.25% trypsin/EDTA (Invitrogen; Thermo 
Fisher Scientific, Inc.) for 1‑2 min after they had grown to 80% 
confluence, and then reseeded at a split ratio of 1:3 under the 
same conditions.

Flow cytometric analysis and sorting of isolated cardiac TCs. 
TC content in the enriched cultures was assessed by double 
labeling with phycoerythrin‑conjugated monoclonal anti‑CD34 
(ab187284; Abcam, Cambridge, MA, USA) and rabbit poly-
clonal anti‑PDGFRα (sc‑338; Santa Cruz Biotechnology, Dallas, 
TX, USA). The TCs were analyzed using a BD FACS CantoII 
cytometer (BD Biosciences, San Jose, CA, USA). Passage‑2 cells 
were washed with D‑PBS and harvested by trypsinization. The 
samples were stained with the above antibodies for 1 h at room 
temperature. Cells were then incubated with donkey anti‑rabbit 
H&L‑labeled secondary antibodies (ab150075; Abcam) for 
30 min at room temperature. As a negative control, unstained 
cell aliquots were incubated with D‑PBS under the same condi-
tions. According to the results of the identification, the flow 
cytometry was adjusted to set the gate and CD34+/PDGFRα+ 

cells were sorted to purify the cardiac TCs. The sorted cells 
were collected in a collecting tube, which was prefilled with 
complete culture medium and 2% PS, and then centrifuged at 

300 x g for 5 min. The cell density was adjusted to 1x105/ml 
with DMEM/F12 medium containing 10% FBS and 1% PS, 
following which the cells were seeded into sterile culture dishes 
and cultured in a humidified atmosphere of 5% CO2 at 37˚C.

Immuofluorescent staining. As an independent confirmation 
and to visualize the appearance of sorted TCs, immunofluo-
rescent staining was conducted on cells grown on coverslips. 
The sorted cells were fixed in 4% formaldehyde for 15 min, 
washed three times in D‑PBS and then incubated in 5% bovine 
serum albumin for a further 20 min. Subsequently, cells were 
incubated with rabbit monoclonal anti‑vimentin antibodies 
(ab92547; Abcam) at 4˚C overnight in the dark. After washing 
with PBS three times, cells were incubated with Alexa 
Fluor 594 labeled anti‑rabbit secondary antibodies (8889; 
Cell Signaling Technology, Inc., Danvers, MA, USA) at 37˚C 
for 1 h, and then stained with 4',6-diamidino-2-phenylindole 
(DAPI; P36935; Thermo Fisher Scientific, Inc.). Finally, the 
immunolabeled samples were observed and imaged using an 
Olympus IX83 fluorescence inverted microscope (Olympus 
Corporation, Tokyo, Japan).

Transmission electron microscopy (TEM). Cell samples 
were processed for TEM according to routine procedures as 
previously described (4,9). In brief, cell samples were fixed 
with 2% glutaraldehyde in PBS for 2 h at 4˚C. Following two 
rinses in PBS for 10 min, the samples were postfixed in 1% 
phosphate‑buffered osmium for 2 h at 4˚C. Subsequently, 
the samples were dehydrated in an increasing ethanol series 
(30, 50, 70, 80, 95 and 100%), cleared in propylene oxide and 
embedded in araldite. Ultrathin sections (50-100 nm) sections 
were obtained and stained with electronic lead citrate. The 
sections were examined with a Morgagni 286 transmission 
electron microscope (FEI Company, Eindhoven, Netherlands). 
Digital electron micrographs were recorded with a MegaView 
III charge‑coupled device using iTEM SIS software (Olympus 
Soft Imaging Systems, Münster, Germany).

Statistical analysis. Data were analysed using SPSS software, 
version 19 (IBM SPSS, Armonk, NY, USA) and Student's 
two‑tailed t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Culture and purification of TCs from heart tissue. Following 
72 h of primary culture, single adherent cells were observed 
in a distinct area of the culture dish. These cells were rhombic 
or irregular in shape, highly refractive, inconsistent in size 
and shape, clear at boundaries, but with obvious characteristic 
projections (Fig. 1A). After 96 h of culture, a cell monolayer 
was observed, with TCs exhibiting the characteristic outline 
of a small cell body and long moniliform Tps. Additionally, 
connections between the cells by Tps were observed, with 
these interconnected in the form of a network (Fig. 1B). TCs 
are characterized by a small cell body and the presence of 
Tps. As a distinct feature, Tps have extremely long and thin 
prolongations, with alternation of podoms and podomeres 
(Fig. 1C and D). After 7 days, the cells grew to 80% conflu-
ence in culture. Following the initial culture of cardiac 
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primary cells, adherent cells were digested and then stained 
for the markers CD34 and PDGFRα, with positive expression 
identified by flow cytometry (Fig. 2). The proportions of cells 
were as follows: CD34‑/PDGFRα‑, 15.4%; CD34+/PDGFRα‑, 
0.91%; CD34‑/PDGFRα+, 52.2%; and CD34+/PDGFRα+, 
31.5% (Fig. 2A). Following cell sorting, the proportion of 
CD34+/ PDGFRα+ cells reached 99.3% (Fig. 2B). The sorted 
cells were plated and cultured under normoxic conditions.

Immunofluorescence. In order to further analyze and charac-
terize the sorted CD34+/PDGFRα+ cells, we examined them for 
immunofluorescence following incubation with anti‑vimentin 
antibodies. Detection of immunofluorescence in the sorted 

cells demonstrated the presence of TCs as vimentin‑positive 
cells, corresponding to the phenotype described previously by 
others either in situ (18,19) or in vitro (20).

The percentage of vimentin‑positive cells was quantified 
and the mean was determined from 5 randomly selected 
magnification, x200 fields. The results showed that 96.7% of 
the sorted TCs were vimentin positive. The cells showed red 
immunofluorescence, indicating that they had been labeled 
with antibody and thus expressed vimentin and the nucleus 
was stained blue with DAPI (Fig. 3). Flow cytometric sorting 
and immunofluorescence of the isolated cells revealed posi-
tive expression of CD34, PDGFRα and vimentin, which are 
markers for TCs.

Figure 1. TCs shown under a light microscope in primary culture. (A)  A few cells had adhered 72  h after isolation. (B)  Arrows show typ-
ical TCs with long, thin Tps at 96  h in primary culture. (C)  TCs with typical moniliform aspects: Alternation of podoms and podomeres  
(as shown in black frame). (D) TC connections were formed by Tps and the cell body. TCs, telocytes; Tps, telopodes.

  A   B

  C   D

Figure 2. Flow cytometry revealed double positive expression of CD34 and PDGFRα (A) before and (B) after cell sorting. (C) Quantification of CD34/PDGFRα 
double positive cells. Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05. CD34, cluster of differentiation 34; 
PDGFRα , platelet derived growth factor receptor α.

  A   B   C
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Transmission electron microscopy. Using electron micros-
copy, we noted that TCs had a small oval body, mostly 
occupied by the nucleus and encircled by a small amount 
of cytoplasm (Fig. 4A). Additionally, we observed that the 
cytoplasm was filled with mitochondria, lipid droplets, a small 
Golgi apparatus, in addition to elements of smooth and rough 
endoplasmic reticulum (Fig. 4B). Furthermore, higher magni-
fication images of Tps were obtained (Fig. 4C). As one of the 
most striking features of TCs, the connections were organized 
through homocellular junctions. Figure 5A shows that tight 
contacts (atypical junctions) occurred between Tps and the 
TC cell body. Apart from the homocellular junctions, TCs 
have been demonstrated to serve an important role in cellular 
communication in the heart by releasing extracellular vesicles 
(EVs) (Fig. 5B‑D). Different types of EVs were observed: 
Exosomes, mainly as intraluminal vesicles filled with multive-
sicular bodies (Fig. 5B); ectosomes, released from the plasma 
membrane of the cell body and Tps (Fig. 5C); and clusters of 
endomembrane vesicles encircled by the plasma membrane, 
termed multivesicular cargo (Fig. 5D).

Discussion

Cardiac TCs are a small shape‑specific cell type in heart inter-
stitial tissue. They can be distinguished from other cells easily 
because of their characteristic morphological structure in situ. 
As the positioning of cardiac TCs gradually becomes clearer, 
functional research on purified TCs has become inevitable.

In the present study, during culture it was observed that TCs 
exhibited the typical characteristics of a small cell body and 
Tps. We also found connections between TCs or between TCs 
and other cell types interconnected in the form of a network 
(Fig. 1B). Different cell types have differing adhesion abilities 
and require different times for adhesion in cell suspensions 
obtained by enzymatic digestion. In the present study, fibro-
blast attachment occurred within 2 h after seeding, while TC 
attachment took 24 h (17). However, a higher proportion of 
TCs could be acquired after differential adhesion for 1 h (data 
not shown). Therefore, we selected differential adhesion for 
1 h to partially purify cardiac TCs in preliminary culture.

Figure 3. Immunofluorescent staining for vimentin in the sorted cardiac TCs. (A) Fluorescence inverted microscopy showed that nearly all sorted TCs are 
positive for vimentin (red). Nuclei were counterstained with DAPI (blue). (B) Higher magnification of the telocytes. Staining was concomitant on cell body and 
thin telopode. Original magnification, x400. TCs, telocytes.

Figure 4. Transmission electron micrograph of a TC. (A) TCs had a small 
oval body, mostly occupied by the nucleus, encircled by a small amount 
of cytoplasm. (B) The structures in the cytoplasm were: m, mitochondria; 
li, lipid droplets; g, Golgi apparatus; er, endoplasmic reticulum; and NC, 
nucleus. (C) Higher magnification of a telopode. TC, telocyte.

  A   B

  A

  B

  C
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Previous studies have confirmed that TCs are able to bind 
various antibodies (21,22). Immunohistochemistry performed 
on a range of organs and tissues has demonstrated pheno-
typical traits for TCs, and a few markers have been verified 
to label them. The most reliable of these markers seems to be 
CD34 (1,23). CD34 is a highly glycosylated transmembrane 
glycoprotein. At present, increasing numbers of studies have 
shown that CD34 serves an important role in mediating cell 
adhesion, participating in the migration and positioning 
of hematopoietic stem cells involved in inflammation and 
lymphocyte homing. Cismasiu et al (24) observed a similar 
biological function of TCs.

PDGFRα and PDGFRβ are two types of tyrosine kinases 
activated by PDGF, which are important in cell survival, 
proliferation, differentiation and migration (25,26). In partic-
ular, PDGFRα is important during embryonic organogenesis 
and development. PDGFRα belongs to the type III receptor 
tyrosine kinase family and is an angiogenic factor  (27). 
Recently, CD34/PDGFRα have been proposed to be specific 
markers for cardiac TCs (14). Zhou et al (28) reported that 
PDGFRα positive cells accounted for a large proportion of 
rat cardiac TC‑enriched cultures, and one‑third of all cells 
were CD34/PDGFRα double positive. The results of the 
present study confirmed the positive expression of PDGFRα, 
consistent with previous studies. Therefore, we selected 
CD34 and PDGFRα as the markers to identify and purify 
cardiac TCs.

Currently available cell isolation techniques are predomi-
nantly based on properties including antibody binding, particle 
size, density gradient, adherence or absorbance  (29‑31). 
Above all, antibody‑binding methodology depends on 
antigen‑antibody binding of cell surface biomarkers, and 
hence provides precise sorting, with techniques such as 
fluorescence‑activated cell sorting (FACS) and magnetic‑acti-
vated cell sorting (MACS) (32‑34). However, the problem with 
MACS is that the remaining magnetic beads on sorted cells 
affect further culture and testing. Density gradient centrifuga-
tion is relatively simple, however, the purity is relatively low. 
Conversely, the different media used for separation risk cell 
damage. Therefore, we used FACS to sort cardiac TCs in the 
present study. Our findings for double positive expression of 
CD34 and PDGFRα before and after flow cytometry sorting 
were 31.5 and 99.3%, respectively, which demonstrates high 
efficiency.

On the basis of FACS, immunofluorescent staining for 
vimentin, another TC marker, was used to confirm the sorted 
TCs (2). Of the sorted TCs, 96.7% were vimentin positive. 
This contributed to the aim of confirming cardiac TCs by 
three markers and was consistent with the results of immuno-
histochemistry to localize cardiac TCs, which co‑expressed 
PDGFRα, CD34 and vimentin.

As a method to identify TCs, TEM offered high‑resolution 
information on ultrastructural features, which aids in under-
standing their function. Though the morphological characteristics 

Figure 5. Transmission electron micrograph showing connections of Tp with TC. (A) Black arrows show direct contacts (atypical junctions) between Tp and 
TC cell body. Extracellular vesicles: (B) Exosomes, intraluminal vesicles filled with mvbs; (C) ectosomes (arrow) released from the plasma membrane of 
the Tps; (D) multivesicular cargo (arrow), clusters of endomembrane vesicles encircled by the plasma membrane from a Tp. Tp, telopode; TC, telocyte; mvb, 
multivesicular body.

  A   B

  C   D
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of TCs in culture were not completely in accordance with the 
characteristics observed in  vivo, the main appearance was 
quite consistent (35,36). The distinctive morphology of Tps is 
presented in Fig. 4. As TEM is a 2D assay of an ultrathin section 
(~60 nm), the number of prolongations differs depending on the 
position and angle of sectioning. Additionally, as the microenvi-
ronment in culture is different to that in a normal heart in vivo, it 
is understandable that the appearance of TCs in culture was not 
fully typical of their morphology in vivo.

A large number of TCs are located around the stem pool, 
which exists in various organs and tissues and is crucial to the 
survival, migration and differentiation of stem cells, particu-
larly during tissue renewal (37). Studies confirm that TCs form 
a network in the myocardial interstitium and play an important 
role in short‑ and long‑distance intercellular communication 
by TC‑TC junctions, in addition to heterocellular junctions 
of TCs (11). The present study additionally showed that tight 
contacts (atypical junctions) occurred between the Tps and the 
TC cell body (Fig. 5B). Furthermore, Tps wrap around stem 
cells to supply nutrition or contribute to signal transduction. 
Therefore, TCs are also called stem cell accessory cells (38). 
Previous studies have reported that intercellular connections 
are formed between TCs and stem cells in the stem cell pool 
that participates in signal transduction by these cells (11,39,40). 
In addition, TCs can secrete extracellular vesicles in different 
forms, such as exosomes, ectosomes and multivesicular cargo 
(Fig. 5B‑D). These vesicles may contain small molecules or 
macromolecular signaling proteins functioning as intercellular 
shuttles for the communication of biological signals, which are 
critical to the development and differentiation of stem cells 
and the collection of other accessory cells from the blood to 
the stem cell pool (16). Thus, there is emerging evidence that 
TCs and stem cells may act in tandem (16). A promising idea 
is to use stem cells assisted by TCs to help repair damage and 
necrosis in future cell‑based cardiac repair strategies. Based 
on our hypothesis, it is of great importance to purify cardiac 
TCs and the present study contributes to that effort.

In summary, the method used in the present study is 
relatively simple and effective. Furthermore, this study 
demonstrates a new purification strategy for purifying TCs 
by flow cytometric sorting with antibodies against CD34 and 
PDGFRα. The purified cardiac TCs may become an impor-
tant tool for elucidating their biological effects, in particular 
in vitro studies. We believe that this method will contribute 
to providing novel approaches to understanding the regula-
tion of homeostasis, renovation and regeneration in the heart.
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