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Abstract
Objectives: The aim of this study was to compare the morphology, immune phenotype, and cytokine profiles between
myocardial telocytes (TCs) and bone marrow mesenchymal stem cells (MSCs), and explore the difference between those two
types of interstitial cells. Methods: TCs and MSCs were cultured in vitro and cell morphology was observed with a light
microscope. The expression levels of CD34, c-kit, and vimentin were detected by immunofluorescence, RT-qPCR, and
Western blotting in both TCs and MSCs. The related supernatant was collected and total of 49 cytokine profiles were
detected by RayBio Mice Cytokine Antibody Array. Significantly different cytokines were further confirmed by ELISA.
Results: TCs have small cellular body and very long prolongations and they were CD34þ/c-kitþ/vimentinþ, whereas MSCs
have no telopodes and they were CD34–/c-kit– /vimentinþ. Cytokine profile analysis and ELISA showed that 19 of 49 cytokines
were increased dramatically in the supernatant of TCs compared with those of MSCs. Moreover, 9 of 19 cytokines were
increased 2-fold at least in the supernatant of TCs compared with those of MSCs. Of 49 cytokines, 30 exhibited no significant
changes in the supernatant of TCs compared with those of MSCs. Conclusions: Using various technologies, we identified that
myocardial TCs and MSCs are significantly different in terms of cell structure and cytokine profiles.
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Introduction

Telocytes (TCs) are a newly discovered interstitial cell type

characterized by small and fusiform cellular body with tel-

opodes1. TCs are regarded as connecting cells involved in

intercellular communication, either directly via homo-and

heterocellular junctions, or by extracellular vesicle release

at long distance2. Recent studies have identified TCs in the

interstitial space of many organs in mammals3,4, and they

considered to participate in the neo-angiogenesis5, repair,

and regeneration of specific tissues6,7. So far, the biological

functions of TCs remain unclear, although TCs have been

characterized by genomic and proteomic approaches by

comparison with several other cell types, including

mesenchymal stem cells (MSCs)8–12.

Bone marrow MSCs are morphologically characterized by a

small cell body with a few cell processes that are long and thin.

The cell body contains a large and round nucleus with a pro-

minent nucleolus, which is surrounded by finely dispersed

chromatin particles, giving the nucleus a clear appearance.

MSCs are considered to play a pivotal role in tissue

regeneration13,14. Upon stimulation by trauma and other fac-

tors, MSCs could participate in the repair of injured tissues

under the direction of fibronectin or MSC growth factor15,16.

Zheng et al. showed that expression of genes and proteins are

totally different in TCs and MSCs17,18, although TCs and

MSCs are both interstitial cells. Additionally, Cismasiu et al.

also reported that TCs did not express miRNA19319, which

could differentiate TCs from other stromal cells such as MSCs.
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In the present study, we attempted to identify the dif-

ference of mouse myocardial TCs and MSCs from mor-

phology, gene expression, and immune phenotype and

cytokine profiles. Our results revealed that myocardial

TCs and MSCs differ significantly in terms of cell struc-

ture, gene expression, protein expression, and cytokine

profiles.

Materials and Methods

Cell Culture

The mice MSCs were purchased from Chinese Academy

of Science, Kunming Cell Bank (Cat. no. KCB200537,

HSF, Kunming, China) and were preserved at the Biome-

dical Research Center of Zhongshan Hospital (Fudan Uni-

versity, Shanghai, China). MSCs were cultured in 6-well

plates at a density of 1�105/well and maintained at 37�C
in a humidified atmosphere (5% CO2 in air); the cells

were cultured continuously in Dulbecco’s Modified

Eagle’s Medium (DMEM, Gibco, Carlsbad, CA, USA)

(2 ml per well) without fetal bovine serum (FBS) for

48 h. Subsequently, the supernatant was collected and

stored at –80�C for further cytokine antibody array

measurement.

For culture of myocardial TCs, myocardial samples

were isolated from BALB/c mice. The study was approved

by the Ethics Committee of Fudan University. The methods

used for isolation and culture of TCs were described

previously20,21. Briefly, myocardial tissues were cut and

harvested under sterile conditions, and collected in sterile

tubes containing DMEM. Next, the samples were rinsed

with DMEM and minced into small fragments of around

1 mm3 and digested with 1mg/ml collagenase type II in

PBS without Ca2þ and Mg2þ, which were then incubated

at 37�C for 4 h on an orbital shaker. The reaction of col-

lagenase was terminated by 10% FBS (Gibco, Carlsbad,

CA, USA). Dispersed cells were separated from the non-

digested tissue by filtration through a 40-mm diameter cell

strainer (BD Falcon, NJ, USA) and collected by centrifuga-

tion at 2000 rpm for 5 min. The cells were seeded on 25 cm2

plastic culture flasks in DMEM with 10% FBS and 1%
penicillin/streptomycin (Sigma Chemical Co., St. Louis,

MO, USA), at a density of 1�105 cells/cm2, and maintained

at 37�C in a humidified atmosphere (5% CO2 in air) until

becoming sub-confluent (usually 4 days after plating).

Culture medium was changed every 48 h. At day 5, the

adhered cells were collected and re-plated into a new

6-well culture plate at a density of 1�105/well. The cells

were cultured continuously in DMEM (2 ml per well) with-

out FBS for 48 h, and the supernatant was collected and

stored at –80�C for cytokine antibody array measurement.

For morphology study, the cells were observed and photo-

graphed under a light microscope through a 40� objective

(Olympus 1X51, Tokyo, Japan).

Immunofluorescence

Cultured TCs and MSCs were washed with PBS and fixed by

4% paraformaldehyde (PFA) for 20 min. The cells were then

rinsed with PBS and incubated with 0.5% Triton X-100 for

30 min at room temperature. Next, the cells were incubated

in blocking buffer (5% normal goat serum) for 1 h at room

temperature. Immunostaining was performed with goat anti-

vimentin (ab11256, Abcam, Cambridge, MA,USA), mouse

anti-CD34 (ab6330, Abcam), rabbit anti-c-kit (ab5506,

Abcam). The primary antibodies were diluted in blocking

buffer at a dilution of 1:100 for vimentin, 1:200 for CD34,

and 1:100 for c-kit and incubated at 4�C overnight. The cells

were washed with PBS and incubated with indicated Alexa

Fluor secondary antibodies at a dilution of 1:500 for 2 h at

room temperature. Finally, the cells were washed and coun-

terstained with DAPI. Stained cells were observed and

photographed by a fluorescence microscope through a 40�
objective (Olympus 1X51, Japan).

Total RNA Extraction and RT-qPCR

Total RNA was extracted using TRIzol reagent (Invitrogen),

and 1 mg total RNA was used to perform reverse transcrip-

tion. Gene expression was measured by quantitative real-

time PCR (qPCR) using SYBR Green reagent (Bio-Rad,

Hercules, CA, USA) and normalized to GAPDH. Primers

used in this study were: CD34 forward: 50AAGGCTGG

GTGAAGACCCTTA30; reverse: 50TGA ATGGCCGTT

TCTGGAAGT30; c-kit forward: 50TCATCGAGTGTG

ATGGG AAA30; reverse: 50GGTGACTTGTTTCAG

GCACA30; vimentin forward: 50CGTCCA CACGCA

CCTACAG30; reverse: 50GGGGGATGAGGAATAGAGG

CT30. GAPDH forward: 50TGGATTTGGACGCATTGG

TC30; reverse: 50TTTGCACTGGTACGTGTTGAT30.

Western Blot Analysis

Western blot analysis was performed according to standard

procedures. Total protein was isolated from TCs and MSCs.

Protein concentrations were determined by BCA Protein

Assay kit (Beyotime Biotechnology, Haimen, China). The

proteins were separated by SDS polyacrylamide gel electro-

phoresis (PAGE) and transferred to polyvinylidene difluor-

ide (PVDF) membrane. The membrane was incubated with

antibody against vimentin (ab11256, Abcam), CD34

(ab6330, Abcam), and c-kit (ab5506, Abcam). b-actin anti-

body (Abcam) was served as a loading control. Signals were

detected by secondary antibodies labeled with HRP (horse-

radish peroxidase) and signal intensity was determined using

Quantity One software (Bio-Rad, Richmond, CA, USA).

Cytokine Profile Analysis

The supernatants of cultured myocardial TCs and MSCs

were analyzed with specially manufactured cytokine anti-

body array (Mouse Cytokine Antibody Array, Kangchen
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Bio-tech, Shanghai, China). Briefly, cytokine array mem-

branes were blocked in blocking buffer for 30 min, and then

incubated with samples at room temperature for 2 h. The

buffer was then gently removed and membranes were

washed with wash buffer. Subsequently, the membranes

were incubated with diluted biotin-conjugated antibodies at

room temperature for 2 h. The membranes were washed

again with wash buffer; horseradish peroxidase-conjugated

streptavidin was then added and incubated for 2 h at room

temperature. The membranes were then washed thoroughly

and incubated with detection buffer in the dark. By compar-

ing the signal intensities, relative expression levels of cyto-

kines could be obtained. The intensities of signals were

quantified by densitometry. Biotin-conjugated immunoglo-

bulin G served as a positive control.

ELISA

According to the results of the cytokine antibody array anal-

ysis, several cytokines with significantly different expres-

sion between TCs and MSCs were selected and further

detected with corresponding ELISA kits, strictly following

the protocol recommended by the producers. The following

ELISA kits were used: IL-1b (Sigma, St. Louis, MO, USA),

IL-2 (Thermo Fisher, Waltham, MA), GM-CSF (R&D sys-

tems, Minneapolis, MN), TGF-b1 (R&D systems), and FGF-

6 (R&D systems).

Data Analysis

The SPSS 17.0 software was used to process the data. All

experiments were carried out in triplicate under identical

conditions and data were represented as means + standard

error of the mean (SEM). To calculate a P value for compar-

isons between two samples, statistical analyses were per-

formed using Student’s t-test. The threshold of significance

was set at p < 0.05.

Results

Morphology of Cultured Myocardial TCs and MSCs

The morphology of mouse myocardial TCs and MSCs can be

observed clearly with a light phase contrast microscope. As

shown in Fig. 1A, myocardial TCs could be identified

according to their characteristic morphologies. For instance,

TCs had a small ovoid nucleus surrounded by a thin rim of

cytoplasm. Furthermore, the morphology of TCs displayed

cellular elongation and dichotomous branches—named tel-

opodes—from the cell body. In contrast, MSCs looked

spindle-shaped without extensive dichotomous branching,

and the nucleus was larger than in TCs (Fig. 1B). Taken

together, these results demonstrate that the morphology of

TCs and MSCs is distinctly different.

Identification of TCs and MSCs by
immunofluorescence, RT-qPCR, and
Western Blotting

Next, we further investigated the difference between TCs

and MSCs through detection of specific markers by various

methods. Firstly, as shown in Fig. 2A and 2B, immunofluor-

escence data showed that TCs were positive for CD34, c-kit,

and vimentin, whereas MSCs were negative for CD34 and c-

kit and positive for vimentin. Secondly, the mRNA expres-

sion levels of CD34, c-kit, and vimentin were measured by

RT-qPCR in both TCs and MSCs. As shown in Fig. 2C, the

mRNA expression level of CD34 and c-kit was barely

detectable, but the mRNA expression level of vimentin

showed no significant difference between TCs and MSCs.

Finally, the protein expression level of CD34, c-kit, and

vimentin in TCs and MSCs was measured by Western blot-

ting. As shown in Fig. 2D and 2E, CD34 and c-kit were

strongly expressed in TCs, but were barely detectable in

MSCs. The vimentin expression level was similar in both

TCs and MSCs. Altogether, these results further confirm the

difference between TCs and MSCs.

Fig. 1. Morphological differences between cultured myocardial TCs and MSCs. The morphological characteristics of TCs and MSCs were
observed by phase contrast microscopy. (A) TCs, (B) MSCs. Scale bar ¼ 20 mm.
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Cytokine Expression Profile in
Supernatants of TCs and MSCs

Subsequently, we investigated cytokine expression in

supernatants of TCs and MSCs using a cytokine antibody

array. As shown in Fig. 3, a total of 49 cytokines were

detected in the supernatants of TCs and MSCs. Of 49

cytokines tested, 30 were not significantly changed in

supernatants of TCs compared with MSCs (Fig. 3A–3C).

Strikingly, 19 of 49 cytokines were dramatically increased,

and 9 of 19 cytokines were increased at least 2-fold in

supernatants of TCs compared with MSCs (Fig. 3D–3E).

These results reveal that the cytokine expression profile is

different in TCs and MSCs.

Fig. 2. Identification of differences between TCs and MSCs by immunofluorescence, RT-qPCR, and Western blotting. (A, B) The expression
of CD34, c-kit, and vimentin was detected by immunofluorescence in TCs and MSCs (n ¼ 3). Scale bar ¼ 200 mm. (C) mRNA expression of
CD34, c-kit, and vimentin was measured by RT-qPCR in TCs and MSCs (n ¼ 3). *p < 0.05. (D) The protein expression level of CD34, c-kit,
and vimentin was evaluated by Western blotting in TCs and MSCs. Representative pictures are shown. (E) Quantitative analysis of changes in
expression of CD34, c-kit, and vimentin in TCs and MSCs. (n ¼ 3). *p < 0.05.
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ELISA Assay of Cytokines Expressed
Differentially in TCs and MSCs

In order to confirm the results of cytokine profiles identified

using antibody arrays in myocardial TCs and MSCs, we

detected six cytokines: GM-CSF, IL-1b, IL-2, TGF-b1, and

FGF-6 with the corresponding ELISA kits and the results are

shown in Fig. 4. The results of the ELISA assay indicated

that GM-CSF, IL-1b, IL-2, TGF-b1, and FGF-6 were mark-

edly elevated in TCs compare with MSCs (Fig. 4A–4F), and

these results further confirmed the cytokine expression pro-

file assay. Altogether, our data demonstrate that expression

of secreted cytokines is different between TCs and MSCs.

Discussion

In the present study, we compared differences between

mouse myocardial TCs and MSCs. Firstly, we confirmed

previous descriptions of TCs and MSCs in terms of morphol-

ogy and cellular structure. TCs have specifically moniliform

feature and extremely long and thin cellular elongations,

which were named telopodes22. The shape of the TC body

depends largely on the number of telopodes, and it can be

piriform, spindle-like, or triangular depending on the number

of telopodes23. The features of MSCs are very different from

those of TCs. Typical MSCs are moniliform, polygon, flat

star and so on, in shape. MSCs have a bigger cellular body

with cellular elongations, but there is no telopode structure

on the cells. Therefore, all the morphologic characteristics

identified in the present study are consistent with previous

reports.

Secondly, we further confirmed several specific markers

in TCs and MSCs using immunofluorescence, RT-qPCR,

and Western blotting. Our results revealed that CD34, c-

kit, and vimentin were positive in mouse myocardial TCs,

whereas CD34 and c-kit were negative and vimentin was

positive in MSCs. Because TCs and MSCs are interstitial

cells, they were both positive for vimentin as well. Because

TCs are identified around the blood vessels and separated

from the endothelial cells of the capillaries by collagen bun-

dles, fibrocytes, and pericytes, they are c-kit positive24,25.

Additionally, TCs have been identified as being closely

related to stem cells in these tissues; thus, they are also

CD34 positive26. Altogether, these findings not only uncov-

ered differences between TCs and MSCs, but also further

confirmed previous studies that reported the features of TCs

in vitro.

Thirdly, we detected 49 various types of cytokines in TCs

and MSCs using a cytokine antibody array, including trans-

forming growth factor, tumor necrosis factor, inflammatory

cytokines, angiogenesis factors, growth factor, chemokine,

and matrix metalloproteinases. The cytokine expression pro-

files identified in the current work for mouse myocardial

Fig. 3. Cytokine expression profile of myocardial TCs and MSCs. (A–H) The supernatants of TCs and MSCs were collected and subjected
to cytokine antibody array analysis (n ¼ 3). *p < 0.05.
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TCs and MSCs were different from results of protein profiles

obtained when comparing human lung or myocardial TCs

and MSCs. These results indicate that the cytokine expres-

sion specificity for TCs is closely related to a specific tissue,

and also indicates the existence of TCs subtypes. Here, we

showed that the expression of 19 of 49 cytokines differed

completely between myocardial TCs and MSCs. In particu-

lar, the expression of GM-CSF, IL-1b, IL-2, TGF-b1 and

FGF-6 was significantly higher in TCs than in MSCs.

GM-CSF stimulates stem cells to produce granulocytes

(neutrophils, eosinophils, and basophils) and monocytes, and

plays a central role in anti-infectious immunity. In recent

studies, it was shown that GM-CSF participates in tissue

repair27–29. TGF-b1 was first identified in human platelets

as a protein with a potential role in tissue repair30, and it also

plays an important role in controlling the immune system31,

showing different activities on different types of cell, or cells

at different developmental stages. FGF is a potent epithelial

cell-specific growth factor involved in cell growth and tissue

repair. These studies in mouse and rat demonstrate the roles

of cytokines in the healing of wounds and in bone repair32,33.

Taking into account that the myocardium is rich in con-

nective tissue, the higher expression of TGF-b1 and FGF in

myocardial TCs might indicate that TCs participate in the

repair of heart tissues, which has also been hypothesized

previously. Kostin et al. reported that myocardial TCs could

be involved in tissue regeneration and the repair of injured

heart tissues34. There were 19 cytokines with a higher

expression level in TCs than in MSCs, especially GM-

CSF, IL-1b, IL-2, TGF-b1, and FGF-6. These cytokines are

destined for the extracellular matrix, and play a role in

enhancing the production of extracellular matrix compo-

nents and wound healing. More recent findings also reported

that rat myocardial TCs secrete some cytokines, including

IL-2, IL-10, IL-13, and GRO-KC, and concluded that the TC

secretome plays a modulatory role in stem cell proliferation

and differentiation35. Other findings suggest that subsets of

TCs belong to the endothelial lineage while other subsets of

cells with TC-like morphology might be actually stem/pro-

genitor cells36,37.

In conclusion, our results not only confirm that TCs and

MSCs are different types of interstitial cells, but also reveal

that TCs and MSCs have different morphology, immune

phenotype, and cytokine secretion profiles. Further investi-

gation will clarify the specific functions of TCs and MSCs in

vivo.

Fig. 4. ELISA analysis of cytokine expression in TCs and MSCs. The supernatants of TCs and MSCs were collected and subjected to ELISA
assay. (A–F) GM-CSF, IL-1b, IL-2, TGF-b1 and FGF-6 were measured using the relevant ELISA kit. (n ¼ 3). *p < 0.05.

1520 Cell Transplantation 27(10)



Acknowledgments

We would like to thank Kangchen Bio-tech Company (Shanghai,

China) for their technique assistance on the present study. This

study was supported by Shanghai Sailing Program (No.

16YF1401600) and National Natural Science Foundation of China

(81470261, 81500229).

Ethical Approval

The study was approved by the Ethics Committee of Fudan

University.

Statement of Human and Animal Right

The mice MSCs were purchased from Chinese Academy of Sci-

ence, Kunming Cell Bank (Cat. no. KCB200537, HSF, Kunming,

China) and were preserved at the Biomedical Research Center of

Zhongshan Hospital (Fudan University, Shanghai, China).

Statement of Informed Consent

There are no human subjects in this article and informed consent is

not applicable.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support

for the research and/or authorship of this article: This study was

supported by Shanghai Sailing Program (No. 16YF1401600) and

National Natural Science Foundation of China (81470261,

81500229).

References

1. Popescu LM, Faussone-Pellegrini MS. Telocytes – a case of

serendipity: the winding way from interstitial cells of cajal

(ICC), via interstitial cajal-like cells (ICLC) to telocytes. J Cell

Mol Med. 2010;14(4):729–740.

2. Cretoiu D, Xu J, Xiao J, Cretoiu SM. Telocytes and their extra-

cellular vesicles-evidence and hypotheses. Int J Mol Sci. 2016;

17(8): E1322.

3. Zheng Y, Bai C, Wang X. Telocyte morphologies and potential

roles in diseases. J Cell Physiol. 2012;227(6):2311–2317.

4. Cretoiu SM, Popescu LM. Telocytes revisited. Biomol Con-

cepts. 2014;5(5):353–369.

5. Zheng Y, Chen X, Qian M, Zhang M, Zhang D, Bai C, Wang

Q, Wang X. Human lung telocytes could promote the prolif-

eration and angiogenesis of human pulmonary microvascular

endothelial cells in vitro. Mol Cell Ther. 2014;2:3.

6. Popescu LM, Manole E, Serboiu CS, Manole CG, Suciu LC,

Gherghiceanu M, Popescu BO. Identification of telocytes in

skeletal muscle interstitium: implication for muscle regenera-

tion. J Cell Mol Med. 2011;15(6):1379–1392.

7. Cretoiu D, Radu BM, Banciu A, Banciu DD, Cretoiu SM.

Telocytes heterogeneity: from cellular morphology to func-

tional evidence. Semin Cell Dev Biol. 2017;64:26–39.

8. Zheng M, Sun X, Zhang M, Qian M, Zheng Y, Li M, Cretoiu

SM, Chen C, Chen L, Cretoiu D, Popescu LM, Fang H, Wang

X. Variations of chromosomes 2 and 3 gene expression profiles

among pulmonary telocytes, pneumocytes, airway cells,

mesenchymal stem cells and lymphocytes. J Cell Mol Med.

2014;18(10):2044–2060.

9. Sun X, Zheng M, Zhang M, Qian M, Zheng Y, Li M, Cretoiu

D, Chen C, Chen L, Popescu LM, Wang X. Differences in the

expression of chromosome 1 genes between lung telocytes and

other cells: mesenchymal stem cells, fibroblasts, alveolar type

ii cells, airway epithelial cells and lymphocytes. J Cell Mol

Med. 2014;18(5):801–810.

10. Zhu Y, Zheng M, Song D, Ye L, Wang X. Global comparison

of chromosome X genes of pulmonary telocytes with

mesenchymal stem cells, fibroblasts, alveolar type II cells,

airway epithelial cells, and lymphocytes. J Transl Med.

2015;13:318.

11. Wang J, Ye L, Jin M, Wang X. Global analyses of chromosome

17 and 18 genes of lung telocytes compared with mesenchymal

stem cells, fibroblasts, alveolar type II cells, airway epithelial

cells, and lymphocytes. Biol Direct. 2015;10:9.

12. Song D, Cretoiu D, Zheng M, Qian M, Zhang M, Cretoiu SM,

Chen L, Fang H, Popescu LM, Wang X. Comparison of chro-

mosome 4 gene expression profile between lung telocytes and

other local cell types. J Cell Mol Med. 2016;20(1):71–80.

13. Takewaki M, Kajiya M, Takeda K, Sasaki S, Motoike S,

Komatsu N, Matsuda S, Ouhara K, Mizuno N, Fujita T, Kur-

ihara H. MSC/ECM cellular complexes induce periodontal

tissue regeneration. J Dent Res. 2017;96(9):984–991.

14. Zhang S, Chuah SJ, Lai RC, Hui JHP, Lim SK, Toh WS. MSC

exosomes mediate cartilage repair by enhancing proliferation,

attenuating apoptosis and modulating immune reactivity. Bio-

materials. 2018;156:16–27.

15. Xin X, Yan L, Guangfa Z, Yan H, Keng L, Chunting W.

Mesenchymal stem cells promoted lung wound repair through

hox A9 during endotoxemia-induced acute lung injury. Stem

Cells Int. 2017;2017:3648020.

16. Hernandez-Monjaraz B, Santiago-Osorio E, Monroy-Garcia A,

Ledesma-Martinez E, Mendoza-Nunez VM. Mesenchymal

stem cells of dental origin for inducing tissue regeneration in

periodontitis: a mini-review. Int J Mol Sci. 2018;19(4):E944.

17. Zheng Y, Zhang M, Qian M, Wang L, Cismasiu VB, Bai C,

Popescu LM, Wang X. Genetic comparison of mouse lung

telocytes with mesenchymal stem cells and fibroblasts. J Cell

Mol Med. 2013;17(4):567–577.

18. Zheng Y, Cretoiu D, Yan G, Cretoiu SM, Popescu LM, Wang

X. Comparative proteomic analysis of human lung telocytes

with fibroblasts. J Cell Mol Med. 2014;18(4):568–589.

19. Cismasiu VB, Radu E, Popescu LM. Mir-193 expression dif-

ferentiates telocytes from other stromal cells. J Cell Mol Med.

2011;15(5):1071–1074.

20. Hatta K, Huang ML, Weisel RD, Li RK. Culture of rat endo-

metrial telocytes. J Cell Mol Med. 2012;16(7):1392–1396.

21. Cretoiu SM, Radu BM, Banciu A, Banciu DD, Cretoiu D,

Ceafalan LC, Popescu LM. Isolated human uterine telocytes:

immunocytochemistry and electrophysiology of t-type calcium

channels. Histochem Cell Biol. 2015;143(1):83–94.

Zhong et al 1521



22. Song D, Cretoiu D, Cretoiu SM, Wang X. Telocytes and lung

disease. Histol Histopathol. 2016;31(12):1303–1314.

23. Cretoiu D, Cretoiu SM. Telocytes in the reproductive organs:

current understanding and future challenges. Semin Cell Dev

Biol. 2016;55:40–49.

24. Cretoiu SM. Immunohistochemistry of telocytes in the

uterus and fallopian tubes. Adv Exp Med Biol. 2016;913:

335–357.

25. Zheng Y, Li H, Manole CG, Sun A, Ge J, Wang X. Telocytes in

trachea and lungs. J Cell Mol Med. 2011;15(10):2262–2268.

26. Rusu MC, Cretoiu D, Vrapciu AD, Hostiuc S, Dermengiu D,

Manoiu VS, Cretoiu SM, Mirancea N. Telocytes of the human

adult trigeminal ganglion. Cell Biol Toxicol. 2016;32(3):

199–207.

27. Rosler B, Herold S. Lung epithelial GM-CSF improves host

defense function and epithelial repair in influenza virus

pneumonia-a new therapeutic strategy? Mol Cell Pediatr.

2016;3(1):29.

28. Truong MD, Choi BH, Kim YJ, Kim MS, Min BH. Granulo-

cyte macrophage – colony stimulating factor (GM-CSF) sig-

nificantly enhances articular cartilage repair potential by

microfracture. Osteoarthritis Cartilage. 2017;25(8):

1345–1352.

29. Yan M, Hu Y, Yao M, Bao S, Fang Y. GM-CSF ameliorates

microvascular barrier integrity via pericyte-derived Ang-1 in

wound healing. Wound Repair Regen. 2017;25(6):933–943.

30. Ling KM, Sutanto EN, Iosifidis T, Kicic-Starcevich E, Looi K,

Garratt LW, Martinovich KM, Lannigan FJ, Knight DA, Stick

SM, Kicic A. Reduced transforming growth factor beta1

(tgf-beta1) in the repair of airway epithelial cells of children

with asthma. Respirology. 2016;21(7):1219–1226.

31. Zhang H, Caudle Y, Wheeler C, Zhou Y, Stuart C, Yao B, Yin

D. TGF-beta1/Smad2/3/Foxp3 signaling is required for chronic

stress-induced immune suppression. J Neuroimmunol. 2018;

314:30–41.

32. Okada K, Kojima K, Okumoto K, Kawao N, Matsuo O, Kaji H.

A synthetic peptide derived from staphylokinase enhances Fgf-

2-induced skin wound healing in mice. Thrombos Res. 2017;

157:7–8.

33. Yin J, Qiu S, Shi B, Xu X, Zhao Y, Gao J, Zhao S, Min S.

Controlled release of FGF-2 and BMP-2 in tissue engineered

periosteum promotes bone repair in rats. Biomed Mater. 2018;

13(2):025001.

34. Kostin S. Cardiac telocytes in normal and diseased hearts.

Semin Cell Dev Biol. 2016;55:22–30.

35. Albulescu R, Tanase C, Codrici E, Popescu DI, Cretoiu SM,

Popescu LM. The secretome of myocardial telocytes modu-

lates the activity of cardiac stem cells. J Cell Mol Med.

2015;19(8):1783–1794.

36. Rusu MC, Hostiuc S, Vrapciu AD, Mogoanta L, Manoiu VS,

Grigoriu F. Subsets of telocytes: myocardial telocytes. Ann

Anat. 2017;209:37–44.

37. Rusu MC, Manoiu VS, Cretoiu D, Cretoiu SM, Vrapciu AD.

Stromal cells/telocytes and endothelial progenitors in the peri-

vascular niches of the trigeminal ganglion. Ann Anat. 2018;

218:141–155.

1522 Cell Transplantation 27(10)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


