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Introduction

In recent  years,  invest igat ions have identif ied 
a novel population of stromal cells that are called 
telocytes  (TCs)  (details at www.telocytes.com).[1] The 
defining ultrastructural feature of TCs is the presence 
of special thin, long and uneven caliber  (moniliform) 
prolongations termed telopodes  (Tps). To date, TCs have 
been described in the interstitial compartments of different 
tissues and organs: Heart,[2‑6] respiratory tract,[7‑10] brain,[11] 
digestive system,[12‑15] skin,[16‑18] eye,[19] skeletal muscle,[20] 
digestive glands,[21‑24] urinary tract,[25,26] vasculature[27] and 
bone marrow[28] etc. Through Tps, TCs interact with other 
adjacent cells.[29] Collectively, they make up a labyrinthine 

system[30] that is essential for renewal, regeneration, and 
repair.[2]

In previous studies, electrophysiological properties were 
detected for TCs,[5,31,32] the microarray‑based gene expression 
analysis and micro‑RNA signature were analyzed[9,33] and 
some of their genomic features were demonstrated[34] as 
additionally, the proteomic profile differences between TCs 
and fibroblasts were reported.[10] However, as a proliferative 
cell population, telomerase activity related to cell division 
has not been clear and could provide additional evidence 
that is different from other cells.

The present study produced morphological evidence for the 
cultured cardiac TCs that is consistent with the population 
in  situ. CD117+CD34+  cardiac TCs, the predominant 
subgroup, were sorted and evaluated with highest cell 
density in high‑glucose Dulbecco’s Modified Eagle’s 
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Medium  (DMEM) with 10% fetal bovine serum  (FBS). 
Subsequently, the growth of CD117+CD34+  cardiac TCs 
was continuously observed; Cytokinesis did not occur 
immediately but occurred a short time after mitosis. 
Accordingly, a biochemical assay was performed to find 
that the telomerase activity of the subgroup was relatively 
low and was less than the cardiac fibroblasts (CFBs). These 
discoveries provided a new prospective on the dynamics of 
cardiac TCs in cardiac physiology and pathogenesis.

Methods

Animals
C57BL/6J mice were obtained from the Animal Research 
Center of Fudan University, Shanghai, China. Each 
mouse was euthanized with an overdose of intraperitoneal 
pentobarbital sodium  (Sigma, USA, 100  mg/kg) before 
target tissues were obtained. The protocol was approved 
by the committee on the ethics of animal experiments at 
Fudan University.

Transmission electron microscopy
Hearts were harvested from 6‑week‑old C57BL/6J male mice 
and diced into 1 mm3. Then the hearts were fixed in 2.5% 
glutaraldehyde at a pH of 7.3 for 4 h at 4°C. After a brief rinse 
with 0.1 mol/lcacodylate buffer, the tissues were fixed with 
1% osmium tetroxide in 0.1 mol/l cacodylate buffer at a pH 
of 7.3 and then dehydrated with ethanol. This was followed 
by overnight impregnation with propylene oxide and Epon 
812. With a LKB‑IV ultramicrotome (Leika, Frankfurt, 
Germany), ultra‑thin sections that were 70 nm in thickness 
were obtained and placed onto a formvar‑coated copper 
grid for uranyl acetate and lead citrate staining. Images 
were captured with a JEM 1230 transmission electron 
microscope  (Jeol Ltd., Tokyo, Japan) at an acceleration 
voltage of 80 kV.

Culture of cardiac telocytes
Hearts were harvested from the 6‑week‑old C57BL/6J male 
mice. Tissues were washed twice with phosphate buffered 
saline (PBS) (Gibco, USA) and minced into approximately 
1 mm3 fragments. These pieces were then incubated in 
HBSS (Gibco) supplemented with 0.25% (w/v) collagenase 
type II (Sigma, USA) and 0.125% (w/v) trypsin (Sigma) at 
37°C for enzymatic dissociation. Released cells were filtered 
through a cell strainer (40 μm pore size, BD Falcon, USA) 
and centrifuged at 500 × g for 7 min. The cell pellet was 
resuspended in DMEM (Sigma) with 10% FBS  (Sigma) 
that was supplemented with 100 IU/ml penicillin G (Gibco) 
and 0.1  mg/ml streptomycin  (Gibco). Then, cells were 
transferred to a 75 cm2 plastic culture flask (Corning, USA) 
in a humidified incubator at 37°C with 5% CO2 at a density 
of 1 × 105 cell/cm2 for 2 h; nonadherent cells were achieved 
for propagation. The medium was changed every 48  h, 
and the morphology was examined and captured with a 
DM IRE2 light microscope (Leica Microsystems, Wetzlar, 
Germany). After cells had been grown to confluence (80%), 
these cells were harvested with HBSS  (Gibco) that was 

supplemented with 0.2% trypsin and 0.04% EDTA for 
further use.

CD117+CD34+  cardiac telocytes sorted by flow 
cytometry
Dislodged cardiac TCs were incubated with FITC‑conjugated 
CD34 and PE‑conjugated CD117 antibodies for 
20  min and then sorted with an EPICS ALTRA cell 
sorter  (Beckman Coulter, Fullerton, CA, USA) equipped 
with a FITC filter (530/30 nm) and a PE filter (585/42 nm). 
CD117+CD34+  cells were harvested for further use, and 
their morphology was examined with a DM IRE2 light 
microscope (Leica Microsystems, Wetzlar, Germany).

Examination of CD117, CD34 and vimentin expression in 
cardiac telocytes by laser scanning confocal microscope
Cardiac TCs were seeded on a polylysine‑coated 1 cm2 glass 
cover slip and inoculated in culture medium for 48 h at 37°C 
with 5% CO2, and the culture medium was replenished 
after 24 h. Cells were then fixed in 4% paraformaldehyde 
for 15 min, washed twice with PBS and blocked with PBS 
containing 5% BSA for 30  min. This was followed by 
primary antibody probing of CD117 (ab5506, Abcam, USA), 
CD34  (ab8158, Abcam) and vimentin  (ab8978, Abcam) 
at 4°C overnight. Appropriate fluorophore‑conjugated 
secondary antibodies were used to visualize the expression 
in immunofluorescent cell images that were captured by 
a TCS SP2 confocal microscope  (Leica Microsystems, 
Wetzlar, Germany).

Cell proliferation assay
CD117+CD34+ cardiac TCs were inoculated on a 96‑well 
plate at a density of 5000 cells/well. To attain the optimal 
culture condition for these cells, four different culture 
media were tested:[1] low‑glucose DMEM with 10% 
FBS,[2] low‑glucose DMEM with 20% FBS,[3] high‑glucose 
DMEM with 10% FBS and[4] high‑glucose DMEM with 
20% FBS. All media were supplemented with 100 IU/ml 
penicillin G and 0.1 mg/ml streptomycin. The proliferation 
of CD117+CD34+  cardiac TCs in each culture condition 
at 0.5, 1, 2 and 4 h was examined with the cell counting 
kit 8 (Sigma Aldrich, USA) recorded at an absorbance of 
450 nm with an Infinite M200 microplate reader (TECAN, 
Männedorf, Switzerland).

Live cell imaging of cardiac telocytes
CD117+CD34+  cardiac TCs were dispersed on a 10 cm2 
culture plate at a density of 1 × 104 cells/ml and cultured at 
37°C for 24 h. The morphological features of the cardiac 
TCs were tracked with a Cell‑IQ® imaging platform 
(CM Technologies, Oy, Tampere, Finland) at 20  min 
interval for 96 h. The video was acquired at a resolution of 
1392 × 1040 pixels.

Isolation and culture of bone mesenchymal stem cells
Femurs and tibiae of 6‑week‑old C57BL/6J male mice 
were harvested and washed twice with PBS. Bone 
marrow plugs were extracted by flushing the bone marrow 
cavities with DMEM. Mononuclear bone marrow cells 
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were then purified by density gradient fractionation at 
400 × g for 7 min in 1.073 g/ml perfusate (Pharmacia, 
Piscataway, NJ, USA). Cells were washed with PBS and 
inoculated in 10% FBS containing DMEM supplemented 
with 100 IU/ml penicillin G and 0.1 mg/ml streptomycin 
and incubated at 37°C with 5% CO2. After 48  h, 
hematopoietic and other nonadherent cells were washed 
away by replenishing the culture medium, and the bone 
mesenchymal stem cells  (BMSCs) that remained were 
allowed to propagate.

Isolation and culture of cardiac fibroblasts and 
cardiomyocytes
Twenty hearts were excised from 2‑day‑old C57BL/6J 
neonatal mice. With the endocardium and epicardium 
removed under a stereomicroscope, the left ventricular 
tissues were minced into 1 mm3 cubes and washed twice 
with PBS, followed by digestion in HBSS containing 
0.1  mg/ml trypsin and 0.125  mg/ml collagenase type  II 
for 7  min at 37°C. Then, the supernatant was collected, 
and the digestion step was repeated 6 times. The collected 
supernatant was pooled and centrifuged at 400 × g for 7 min. 
This was followed by an HBSS wash and inoculation in 
10% FBS containing DMEM that was supplemented with 
100 IU/ml of penicillin G and 0.1 mg/ml streptomycin for 
72 h. The less‑adherent cardiomyocytes (CMs) present in 
the supernatant were then transferred to a new culture plate 
while the CFBs remained attached to the culture plate.

Real‑time quantitative telomeric‑repeat amplification 
assay
mRNA was extracted from cardiac TCs, BMSCs, FBs, and 
CMs with the Trizol reagent (Takara Bio Inc., Shiga, Japan), 
and then a total of 1 μl of each group was mixed separately 
with 11.5 μl polymerase chain reaction (PCR) grade water 
and 12.5 μl of 2 × QTD premix (according to the directions 
of the Quantitative Telomerase Detection Kit, Allied Biotech, 
Inc., Germantown, MD, USA). The reaction mix was then 
added to a 96‑well PCR plate and subjected to 20 min of 
incubation at 25°C, followed by 10 min at 95°C. Thirty‑five 
amplification cycles were then applied, in which each cycle 
contained 30 s of denaturation at 95°C, a 30 s annealing 
step at 60°C and a 30 s extension at 72°C. Reactions were 
performed in an ABI PRISM 7000 Sequence Detection 
System (Applied Biosystems, CA, USA). The amplification 
level was reflected in the green fluorescence signal associated 
with the SYBR‑bound amplicons; amplicons were analyzed 
with the SDS software suite  (Applied Biosystems). 
A standard curve of TSR dilutions was generated according 
to the manufacturer’s instructions (Allied Biotech, Inc).

Statistical analysis
Statistical analyses were carried out with the statistical 
software SPSS v. 20.0 (SPSS, version 20.0, Inc., Chicago, 
IL, USA). The Pearson χ2 test or χ2 test with continuity 
correction and Fisher’s exact test were used to compare 
qualitative variables. Quantitative variables were analyzed 
with Student’s t‑ or Mann–Whitney test. Experimental data 

were presented as the mean of each condition standard 
definition, and a P < 0.05 was considered as statistically 
significant. Receiver operating characteristic curves were 
used to determine the diagnostic values of the markers.

Results

Characteristic of cardiac telocytes
Telocytes exist in various organs and tissues and are 
characterized by extremely long and thin Tps, with an 
alternation of podomers and podoms. Typical morphological 
features are considered to be essential for their identification 
by either an electron microscope or a phase contrast 
microscope. In situ, one cardiac TC in the interstitial 
space of a mouse heart was visible in parallel with and 
in close proximity to myocardium bundles, with an 
oval‑shaped cell body and a very long, thin, convoluted 
and overlapped Tps that formed a three‑dimensional 
labyrinthine network disposition; this is the significant 
feature that is different from FBs [Figure 1a]. In culture, 
cardiac TCs featured the characteristic morphology. The 
moniliform Tps of TCs were obviously observed after 
passages, with the alternation of thin segments (podomers) 
and dilated portions (podoms) [Figure 1b]. When cardiac 
TCs were grown to confluence  (80%), these cells were 
harvested and sorted by flow cytometry, targeting CD34 
and CD117 cell membrane protein markers. Additionally, 
64% of the cultured cardiac TCs possessed both CD34 
and CD117 positive expression [Figure 2a]. Subsequently, 
the immunophenotype of these selected cardiac TCs was 
validated via a laser scanning confocal microscope. The 
result was positive coexpression of CD34 and CD117 
in both cell bodies and cell prolongations; specifically, 
the former was more widely distributed than that of the 
latter [Figure 2b].

Figure  1: The morphology of cardiac TCs in  situ and in culture. 
(a) Transmission electron microscope showed that Tps, 
characteristic cellular prolongations of cardiac TCs, were special 
long, predominantly narrow (usually about 100 nm) and moniliform 
forms, accommodating mitochondria, endoplasmic reticulum and 
vesicles in podoms  (usually  <1 µm width). And in the merged 
two‑dimensional image, the Tps were observed to be discontinuous, 
suggesting their three‑dimensional distribution in heart tissue; (b) Under 
a phase contrast microscope, cardiac TCs featured long, thin Tps with 
typical moniliform podoms and podomers. TC: Telocyte; Tp: Telopode; 
CM: Cardiomyocyte; FB: Fibroblast; Bar: 20 µm.
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Optimizational medium for CD117+CD34+  cardiac 
telocytes
Different cell lines show differences in metabolism and 
nutritional requirements that dictate the media optimization 
method. For the simple generation of cell mass, cell growth 
rate and viability are paramount in the quest for obtaining 
the highest possible cumulative viable cell density. Hence, 
cell culture media must be able to support maximal 
cell growth and sustain cell viability by improving cell 
densities. Four culture conditions were evaluated for 
the ability to propagate CD117+CD34+  cardiac TCs. 
Cell numbers were measured at 1, 2, and 4 h in culture. 
The results showed that high‑glucose DMEM with 10% 
FBS was the most effective medium for stimulating 
proliferation (P < 0.05) [Figure 3].

Ce l l  d i v i s i on  and  t e l omerase  ac t i v i t y  o f 
CD117+CD34+ cardiac telocytes
Cell division is the process that cells undergo to divide, with 
two types depending on the purpose: Meiosis and mitosis. In 
both types of cell division, the nucleus splits and DNA are 
replicated. Mitosis produces daughter cells that have all of 
the genetic material of the parent cell, as well as cytoplasm 
and the cell membrane. Twelve hours into culture, adherent 
CD117+CD34+  cardiac TCs began to divide  [Figure  4a]. 
Forty‑eight hours into culture, CD117+CD34+ cardiac TCs 
entered into cell division with an obvious invagination 
forming across the middle of the cell body  [Figure  4b]. 
Fifty‑six hours into culture, CD117+CD34+  cardiac TCs 
expressed characteristic morphological forms, Tps, as the 
daughter cells migrated in opposite directions [Figure 4c]. 
Based on this phenomenon, cytokinesis, the process of 
dividing the cytoplasm and the cell membrane, may follow a 
short time after mitosis, but not immediately. Subsequently, 
the activity of telomerase in CD117+CD34+ cardiac TCs was 
examined using a real‑time quantitative telomeric‑repeat 
amplification assay. BMSCs, CFBs, and CMs were included 
in the analyses as references. The telomerase concentration 
in CD117+CD34+ cardiac TCs was 2.5‑ and 1.5‑time lower 

than in BMSCs and CFBs, respectively (P < 0.05), and was 
significantly higher than in CMs (P < 0.05) [Figure 5].

Discussion

Previous transmission electron microscope studies showed 
that TCs exhibited unique morphological features such as 
Tps, composed of podomers (usually approximately 100 nm) 
in alternation with podoms  (usually  <1‑µm width) that 
accommodated the mitochondria and endoplasmic reticulum. 
Tps extended away from the relatively small cell body and 
integrated the three‑dimensional interstitial environment 
where peripheral interstitial cells, nerve fibers, capillaries 
and resident stem cells existed.[12,29,30,35] The present results 
suggested that in  situ cardiac TCs were relatively rich in 
mitochondria in both cell body and Tps, which correlated 
with previous findings.[10] Additionally, the characteristic 
appearance of Tps either in vivo or in vitro was consistent 
with the criteria reported previously.[2]

Figure 3: Optimization of culture medium for CD117+CD34+ cardiac 
TCs. Four culture conditions were evaluated for the ability to propagate 
CD117+CD34+ cardiac TCs. Cell numbers were measured at 1, 2, and 
4 h in culture. The results showed that high‑glucose DMEM with 10% 
FBS was the most effective at stimulating proliferation (P < 0.05). 
TC: Telocyte; DMEM: Dulbecco’s Modified Eagle’s Medium; FBS: Fetal 
bovine serum.

Figure 2: Flow cytometry analysis and immunofluorescence of CD117+CD34+ cardiac TCs. (a) As shown by fluorescenceactivated cell sorting, 
64% of the cultured cardiac TCs possessed both CD34+ and CD117+; (b) Laser scanning confocal microscope validated that sorted cultured 
cells co‑expressed markers of cardiac TCs, CD34 and CD117. TC: Telocyte; Tp: Telopode; Bar: 20 µm.
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Numerous s tudies  have descr ibed the cel lular 
immunophenotype of the TC population with a list of 
membrane molecular markers such as CD117, CD34, 
PDGFRa, PDGFRb.[13,20,36‑38] CD117 and CD34 are the 
predominant cell membrane markers of cardiac TCs, although 
they are not the special markers. Combined with both positive 
expression and typical morphology, a diagnosis for cardiac 
TCs is recommended. In the current study, 64% of the 
cultured primary cardiac TCs, the main subgroup, possessed 
both CD34 and CD117 positive expressions. Focusing on the 
CD117+CD34+ cardiac TCs would help researchers continue 
to move the study forward and accurately provide biological 
specializations of the population.

Media can be categorized by the degree of complexity of 
their added ingredients, such as animal serum and protein 
growth factors. Serum‑containing media require nutrients 
and growth factors supplied by animal serum for supporting 

cell growth. Medium optimization focuses on reducing 
percentages of serum present or achieving maximum 
cell density. Finding a good cell culture medium is very 
important because it affects overall process performance. 
Our results showed that high‑glucose DMEM with 10% 
FBS was the most effective at stimulating proliferation 
of CD117+CD34+ cardiac TCs. The selected medium met 
applicable quality standards and regulatory requirements. 
Under this conditioned medium, various biochemical 
assays were performed to elucidate the special population.

Cell proliferation involves a series of highly regulated events 
that lead to DNA replication and cell division. In cells, the 
levels of telomerase components are growth‑regulated. 
Previous studies indicated that mouse telomerase RNA 
component levels correlate well with levels of histone H4, 
a proliferation marker,[39] and the levels of the telomerase 
RNA component in human are tightly correlated with the 
proliferation marker MIB‑1 in ependymal tumors.[40] Hence, 
telomerase concentration could explain the difference 
in proliferation among various cell lines. To date, the 
differences in expression of cardiac TCs from other 
cells have yet to be fully delineated. Published data 
demonstrated that the microarray‑based gene expression 
analysis and micro‑RNA signature were analyzed[9,33] and 
some of their genomic features were demonstrated.[34] 
Additionally, the proteomic profile differences between 
TCs and fibroblasts were reported.[10] To provide additional 
evidence of cardiac TCs as a unique cell population, 
dynamic live cell imaging related to cell division was 
recorded; in addition, the telomerase activity associated 
with mitosis was analyzed compared to BMSCs with a 
high concentration, CFBs with a common concentration 
and CMs with an almost “zero” concentration. In our study, 
the telomerase concentration in CD117+CD34+ cardiac TCs 
was 1.5 times lower than in CFBs, showing a difference 
of statistical significance  (P  <  0.05). The obtained data 
agreed with the observed phenomenon; cytokinesis of 
CD117+CD34+ cardiac TCs occurred not immediately, but a 
short time after mitosis. Therefore, this study enabled us to 
suggest the involvement of cardiac TCs in the modulation 
of stress‑induced reactions.

Figure 4: The cell division of CD117+CD34+ cardiac TCs monitored by live cell imaging system. (a) 12 h into culture, adherent CD117+CD34+ cardiac 
TCs began to divide. (b) 48 h into culture, CD117+CD34+ cardiac TCs entered into cell division with an invagination forming across the middle 
of the cell body. (c) Fifty‑six hours into culture, CD117+CD34+ cardiac TCs expressed characteristic morphological forms, Tps, as the daughter 
cells migrated in opposite directions. TC: Telocyte; Tp: Telopode.

Figure  5: Comparing the telomerase expression activity between 
CD117+CD34+ cardiac TCs and, FBs, CMs. The activity of telomerase in 
CD117+CD34+ cardiac TCs was examined using a real‑time quantitative 
telomeric‑repeat amplification assay. BMSCs, CFBs, and CMs were 
included in the analyses as references. The telomerase concentration in 
CD117+CD34+ cardiac TCs was 2.5‑ and 1.5‑time lower than in BMSCs 
and CFBs, respectively (P < 0.05); and was significantly higher than in 
CMs (P < 0.05). CTCs: Cardiac telocytes, BMSCs: Bone mesenchymal 
stem cells, CFBs: Cardiac fibroblasts, CMs: Cardiomyocytes.
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In conclusion, our work evaluated the optimized basic 
medium for CD117+CD34+ cardiac TCs. In addition, we also 
demonstrated the mitosis phenomenon of the population and 
its relatively low telomerase activity.
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