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Objectives: Mesenchymal stem cells (MSCs) are adult stem cells which identified by adherence to plastic, expression 
of cell surface markers including CD44, CD90, CD105, CD106, CD166, and Stro-1, lack of the expression of hema-
topoietic markers, no immunogenic effect and replacement of damaged tissues. These properties led to development 
of progressive methods to isolation and characterization of MSCs from various sources for therapeutic applications 
in regenerative medicine. 
Methods: We isolated MSC-like cells from testis biopsies, ovary, hair follicle and umbilical cord Wharton’s jelly and 
investigated the expression of specific cell surface antigens using flow cytometry in order to verify stemness properties 
of these cells. 
Results: All four cell types adhered to plastic culture flask a few days after primary culture. All our cells positively 
expressed common MSC- specific cell surface markers. Moreover, our results revealed the expression of CD19and CD45 
antigens in these cells. 
Conclusion: According to our results, high expression of CD44 in spermatogonial stem cells (SSCs), hair follicle stem 
cells (HFSCs),granulosa cells (GCs)and Wharton’s jelly- MSCs (WJ-MSCs)may help them to maintain stemness properties. 
Furthermore, we suggest that CD105+SSCs, HFSCs and WJ-MSCs revealed the osteogenic potential of these cells. 
Moreover, high expression of CD90 in SSCs and HFSCs may associate to higher growth and differentiation potential 
of these cells. Further, the presence of CD19 on SSCs and GCs may help them to efficiency in response to trans-
membrane signals. Thus, these four types of MSCs may be useful in clinical applications and cell therapy.
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Introduction 

  Stem cells (SCs) are indefinitely dividing cells that can 

give rise to more differentiated cell types. SCs are consid-
ered as one of the fundamental bases of tissue biology. 
They replenish tissues that need cell replacement like 
blood, bone, gametes, epithelia, nervous system, muscle, 
and numerous other tissues by fresh cells throughout life 
(1). Terms that frequently have been used to define the 
differentiation potential of SCs are: totipotent, pluripo-
tent, multipotent, oligopotent, and unipotent. Cells in ear-
ly days after fertilization are totipotent and can give rise 
to a complete and functional organism. During the devel-
opment of the embryo, the totipotent cells become speci-
alized more restricted and are considered to be pluripo-
tent, that they can give rise to every cell in the embryo. 
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Pluripotent SCs become increasingly restricted in their 
lineage potential and generate tissue-specific multipotent 
SCs, which can differentiate into the cell types of tissues 
that they are belonging to it. Adult stem cells (ASC) or 
somatic stem cells are undifferentiated cells that located 
throughout of the body characterized by self- renewing 
and multipotency; these cells participate in regeneration 
of damaged tissues and replenish of dying cells (2). Multi-
potent mesenchymal stromal cells or mesenchymal stem 
cells (MSCs) are adult stem cells that found not only in 
bone marrow, but obtained from different human organs 
such as adipose tissue, umbilical cord, synovium, as well 
as adult human testis (3-5). Based on the minimal criteria 
of International Society of Cellular Therapy (ISCT), hu-
man MSCs identified by adherence to plastic and ex-
pression of cell surface markers including CD29, CD44, 
CD90, CD49a-f, CD51, CD73 (SH3), CD105 (SH2), 
CD106, CD166, and Stro-1 and lack of expression of 
CD45, CD34, CD14 or CD11b, CD79a orCD19 and 
HLA-DR surface molecules (6). MSCs have no immuno-
genic effect and could replace the damaged tissues (7). 
These properties led to development of progressive meth-
ods to isolation and characterization of MSCs from vari-
ous sources for therapeutic applications in regenerative 
medicine. In present study, we isolated MSC- like cells 
from testis biopsies, ovary, hair follicle and umbilical cord 
Wharton’s jelly and investigated the expression of specific 
cell surface antigens using flow cytometry in order to ver-
ify stemness properties of these cells.

Materials and Methods

  In this study, all samples collected and used for re-
search following informed consent.

Isolation of spermatogonial stem cells from human 
testes tissues
  Testicular biopsies obtained from azoospermic patients 
by testicular sperm extraction (TESE). A small portion of 
the testicular tissue placed in Hank’s balanced salt sol-
ution (HBSS) supplemented with penicillin and strepto-
mycin (Biosera, UK) and minced in small pieces. In order 
to isolation of spermatogonial stem cells from testis, the 
tissue was digested with 0.25%trypsin (Sigma Aldrich, 
USA) for 5 minutesat 37oC. The obtained suspension cen-
trifuged at 1500 rpm for 5 minutes and the supernatant 
discarded and cell pellet cultured in DMEM/F12 (Gibco, 
USA) supplemented with 20% FBS (Gibco, USA) and 1% 
penicillin/streptomycin. After 15 days, human spermato-
gonial stem cell clusters collected and mechanically iso-

lated and cultured in new cell culture flask. Subsequently, 
the cells subcultured after confluence phase and in pas-
sage one the expression of MSC- related cell surface anti-
gens analyzed by flow cytometry.

Collection and culture of granulosa cells from 
humanovarianfollicles
  Granulosa cells (GCs) were collected by transvaginal ul-
trasound-guided aspiration from infertile women treated 
byassisted reproduction technology (ART). After aspira-
tion, GCs isolated by enzymatic method, thenfreshly iso-
lated GCs were used for cell culture. The primary isolated 
GCs were centrifuged at 1500 rpm for 5 minutes. The su-
pernatant discarded and the cell pellet transferred to T25 
cell culture flask (orange scientific, Belgium) containing 
DMEM/F12supplemented with 20% FBS and 1%pen-
icillinandstreptomycinand incubated at 37oC and 5%CO2 

inhumidifiedincubator. The medium was changed every 4 
days until the cells reached confluence phase. For sub-
culturing, GCs detached by 0.25% trypsin/EDTA and 
re-plated in the same medium. The GCs analyzed for the 
expression of MSC- related cell surface antigens in pas-
sage one.

Isolation of hair follicle stem cells
  Hair follicles obtained from adult male scalp tissue by 
micropunch technique. Follicles transfer to T25flaskcon-
tainingnormalsaline. The flask was transported to the lab-
oratory in ice containing container. In the laboratory, un-
der the laminar flow hood, follicles removed from normal 
saline and were transferred into Petri dish containing 
HBSS supplemented with penicillin and streptomycin. 
Using a scalpel, the capsule around the hair follicle iso-
lated and the follicles cultured in DMEM/F12 medium 
supplemented with 20% FBS and 1% penicillin and strep-
tomycin and maintained at 37oC and 5% CO2 in humidi-
fied incubator. Sixteen days after culture of hair follicles, 
the migration and proliferation of first cells around the 
hair follicle bulge were appeared. In 23th day, the hair 
follicles removed from the culture flask and the attached 
cells were subcultured. In day 27, the expression of MSC- 
related cell surface antigens in hair follicle stem cells 
(HFCSs) were investigated by flow cytometry.

Isolation of mesenchymal stem cells from umbilical 
cord Wharton’s jelly
  Umbilical cord (UC) is an excellent source of stem cells. 
Wharton’s jelly (WJ) within the umbilical cord contains 
stromal fibroblast- like cells characterized by higher pro-
liferation rate and self-renewal capacity and wide multi-
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Fig. 1. Morphological characteristics of MSCs isolated from various sources. (A, B) Human spermatogonial stem cells on days 4 and 17,
respectively. (C, D) GCs on days 1 and 7, respectively. (E) HFSCs after first 15 days of culture and (F) fibroblast- like HFSCs. (G, H) 
Fibroblast- like WJSCs.

potency to differentiation into other cell types in com-
pared to adult stem cells. In order to isolation of 
Wharton’s jelly derived stem cells, fresh human UC was 
obtained after full-term birth and transferred to the labo-
ratory in normal saline within 6 hours. The UC sub-
merged in ethanol 70% for 30 second and after removal 
of the vessels, minced in 5∼6 cm pieces and transferred 
to Hank’s balanced salt solution (HBSS) and dissected. 
The obtained suspension centrifuged at 1500 rpm for 5 
minutes and the explants were cultured in DMEM/F12 
containing 20% FBS and 1% penicillin and streptomycin. 
After 15 days, the explants removed and the outgrowth 
cells from the explants isolated and cultured in the same 
medium. The expression of MSC- related cell surface anti-
gens assessed by flow cytometry.

Flow cytometry analysis
  SSCs, GCs and HFSCs at their first passage and WJ- 
derived MSCs at their fifth passage, after reaching con-
fluence, detached using 0.25% trypsin/EDTA and centri-
fuged at 1500 rpm for 5 minutes. The supernatant dis-
carded and the cell pellet resuspended in D-PBS-A contain-
ing 1% fetal bovine serum. Cells incubated with 10 μL of 
primary antibody (1:100 ratios) in 4oC for 45 minutes. 
Inpresent study, human mesenchymal stem cell marker 
antibody panel (R&D system, USA) including anti- Stro-1, 
anti- CD90, anti- CD105, anti- CD106, anti-CD146, anti- 

CD166, anti- CD44, anti-CD45 and anti- CD19 anti-
bodieswere used. Then cells centrifuged at 12000 rpm for 
15 minutes and washed with flow cytometry washing buf-
fer and secondary antibodies including Goat anti mouse 
IgG-FITC (Dako, USA) and Goat anti mouse IgM-FITC 
(Abcam, USA) were added and the tubes were incubated 
in 4o for 45 minutes in the dark. After a washing step, 
the cells analyzed by flow cytometry analyzer (BD FACS 
Calibur).

Results

Isolation and characterization of SSCs
  Cells where isolated from testes of azoospermic patients 
were fibroblast- like cells which adhered to plastic culture 
flask after 4 days (Fig. 1A). Human spermatogonial stem 
cell colonies appeared after 10∼17 dayson the fibroblast- 
like cells (Fig. 1B). The number of SSC colonies varied 
between one and 10 colony in each culture flask. Then, 
these colonies collected and cultured in new flasks. SSCs 
in passage one and after reaching confluence, assessed for 
the expression of mesenchymal stem cell associated cell 
surface markers. Flow cytometry results showed that hu-
man SSCs highly expressed CD90, CD105 and CD44 and 
are positive for Stro-1, CD146, CD106 and CD166. 
Furthermore, the expression of CD19 and CD45 observed 
in low percentage of these cells (Fig. 2 and 4).
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Fig. 2. Immunophenotyping results of human SSCs and GCs.

Culture and characterization of granulosa cells from 
human ovarian follicles
  Isolated GCs during of the first day of culture, adhered 
to plastic culture flask and were round shaped cells emit-
ted long cytoplasmic extensions (Fig. 1C). Light micro-
scopy visualizations showed that GCs exhibited fibroblast- 
like morphology after seven days of culture (Fig. 1D). GCs 
examined for the expression of mesenchymal stem cells as-
sociated markers in their first passage. These cells were 
positive for Stro-1, CD105, CD146, CD90, CD106, CD44 

and CD166 markers. Moreover, the expression of CD45 
and CD19 markers observed in 8.8% and 41% of cells, 
respectively.

Isolation and characterization of hair follicle stem cells
  Human hair follicles decapsulated and cultured in un-
coated culture flasks. After the first 15 days, the primary 
cells observed around the hair follicles were somewhat amor-
phous and mostly round shaped (Fig. 1E). In twentieth day 
of culture, the cells became elongated and in the next days 
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Fig. 3. Immunophenotyping results of human HFSCs and WJSCs.

of culture turn to fibroblast- like cells (Fig. 1F). HFSCs ex-
pressed Stro-1, CD90, CD44, CD105, CD146, CD166 and 
CD106 markers; these cells showed low expression of CD19 
and CD45 surface markers (Fig. 3 and 4).

Isolation and characterization of Wharton’s jelly 
derived stromal cells
  The outgrowth cells from human umbilical cord ex-
plants displayed a spindle- shape and fibroblast- like mor-
phology (Fig. 1; GandH). The immunophenotyping of 

UC- derived stromal cells indicated that these cells pos-
itive for common surface markers of MSCs and expressed 
Stro-1, CD44, CD90, CD105, CD106, CD146 and CD166 
markers. Moreover, these cells revealed some levels of ex-
pression of CD19 and CD45 markers (Fig. 3 and 4).

Discussion

  Mesenchymal stem cells (MSCs) are regenerative popu-
lation of cells in developed organs with potential of differ-
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Fig. 4. Comparative analysis of the expression of MSC-related markers in four cell type.

entiation into osteocytes, adipocytes and chondrocytes in 
vitro. They are excellent candidate for cell therapy through 
their low immunogenicity, ease accessibility, broad differ-
entiation potential and immunomodulatory effects (8). 
Multipotent mesenchymal stem cells derived from bone 
marrow (BM) first characterized and described in 1976 by 
Friedenstein et al. (9). Several researches demonstrated 
that BM-MSCs express important stem cell surface mark-
ers such as CD44, CD90, CD105 (SH2), CD166 and CD73 
(SH3) and are negative for hematopoietic markers includ-
ing CD14, CD34 and CD45 (10). Recent studies focused 
on discovery of MSC- Like cells from other tissues. In 

present study, we demonstrated that MSCs isolated from 
various tissues of the human body including SSCs, GCs, 
HFSCs and WJ- MSCs expressed BM- derived MSC sur-
face markers.
  In this study we showed that, CD90 expressed by high 
percentage in SSCs (85.9%) and HFSCs (50.85%). Cluster 
differentiation 90 (CD90) which also known as Thy-1 is 
a cell surface anchored glycoprotein, expressed on human 
mesenchymal stem cells (MSCs) and have a role in cell- 
cell and cell- matrix interactions as well as cell motility 
(11). Our study also showed that GCs and WJ- MSCs ex-
pressed CD90 on 13.47% and 26.84% of cells, respectively. 



124  International Journal of Stem Cells 2014;7:118-126

According to the expression of CD90 marker in SSCs, 
HFSCs, GCs and WJ- MSCs, this protein may have a role 
in stem cell growth and differentiation. CD44 or homing 
cell adhesion molecule (HCAM) also known as hyaluro-
nate receptor is widely expressed on many cell types of 
stem cells (12). CD44 which expressed by 94.55% of SSCs, 
61.2% of HFSCs, 57.49% of WJ-MSCs and 35.9% of GCs 
have considered that functions in cell adhesion, migration, 
homing, proliferation and apoptosis of stem cells and have 
role in stemness maintenance by involving in contact be-
tween stem cells/progenitor cells and their cellular niche 
(13, 14). Other MSC marker, CD105 (endoglin) also iden-
tified as SH2, is a component of the receptor complex of 
transforming growth factor- beta (TGF-β) which involved 
in cell proliferation, differentiation and migration (15). 
Our data showed that CD105 expressed on 94.2% of SSCs, 
48.22% of WJ- MSCs, 45.24% of HFSCs and 21.47% of 
GCs. It is found that CD105+ MSCs are capable of differ-
entiation toward adipogenic, osteogenic and chondrogenic 
lineages (16, 17). Vascular cell adhesion molecule-1 (VCAM-1) 
or CD106 is a member of the immunoglobulin (Ig) super-
family which interacts with the integrin very late anti-
gen-4 (VLA4). The VCAMl/VLA4 interaction mediates 
both adhesion and signal transduction (18). Furthermore, 
CD106 plays a role in T and B lymphocytes life cycle and 
biological function and is necessary for homing (19). Some 
studies demonstrated that VCAM1 act as an environ-
mental sensor for responding to chemokines involved in 
tissue repair (20). As we shown in this study, CD106ex-
pressed in low percentage of our cells. In the case of 
CD146 stem cell marker, CD146 expressed on 43.25%, 
26.82%, 14.35% and 11.86% of WJ-MSCs, GCs, SSCs and 
HFSCs, respectively. CD146 or M-CAM mediates cell-cell 
interactions and migration in endothelial cells (21). The 
intracellular tail of CD146 binds to ezrinradixin- moesin 
(ERM) protein that connects actin filaments with plasma 
membranes, therefore mediating cytoskeleton remodeling 
(22). Furthermore, CD146 is important for endothelial cell 
migration and angiogenesis (23), and promotes inter-
mediate trophoblast invasion during pregnancy establish-
ment (24). CD146 also involved in signal transduction and 
regulation of cellular functions (25). CD166 or ALCAM 
by acting as a homophilic adhesion protein and hetero-
philic binding to CD6 in hematopoiesis, play an im-
portant role in the immune response and in the nervous 
system (26). ALCAM express during organ development 
in the central and peripheral nervous system, sensory or-
gans, hematopoiesis, endothelial and epithelial lineage 
(27). Homophilic (ALCAM-ALCAM) adhesion was shown 

to play important role in tight cell-to-cell interaction and 
regulation of stem cell differentiation (28). CD166 ex-
pressed on 53.33% of SSCs and have low expression pat-
tern in GCs, WJ-MSCs and HFSCs. Stro-1 identified as 
acell surface antigen present in human bone marrow stro-
mal cells. The Stro-1 positive populations are considerably 
enriched in clonogenic cells that were able to both gen-
erate CFU-Fs (colony-forming units-fibroblasts) and dif-
ferentiate intomultiple mesenchymal lineages in vitro (29). 
Our data showed that stro-1 antigen have higher expre-
ssion on WJ-MSC compared to GCs, HFSCs and SSCs. 
In fact, the expression of endoglin and stro-1 considered 
as phonotypic marker of mesenchymal stromal cell multi-
potency (30, 31). The more primitive Stro-1positive MSCs 
have been shown to exert more powerful immunosuppre-
ssive effects in vitro and greater homing ability in animal 
models (32). The human CD19 antigen which identified 
as B4 antigen of human B lymphocytes is a transmemb-
rane glycoprotein belonging to immunoglubolin (Ig) su-
perfamily (33, 34) and is a specific biomarker of normal 
and neoplastic B cells (35). Previous studies showed that 
CD19 deficiency in human and mouse leading to hypo re-
sponsiveness to transmembrane signals (36). Our results 
showed that this protein expressed in 56.14% of SSCs, 
26.74% of HFSCs, 41.99% of GCs and 22.78% of WJ-MSCs. 
Finally, in present study, we showed that CD45 expressed 
between 8 to 26 percent of our cells. CD45 is a transmem-
brane protein tyrosine phosphatase that expressed on all 
leukocytes including hematopoietic stem and progenitor 
cells. CD45 regulates lymphocyte maturation stages, specif-
ically in their activation and proliferation. CD45 play mul-
tiple roles in regulation of autonomous motility of bone 
marrow progenitor cells and their retention (37). Our results 
revealed that SSCs were CD44+/CD90+/CD105+/CD166+. 
Previous studies demonstrated that SSCs from testis biop-
sies express CD90, CD105, CD166 and Stro-1 (5). In pres-
ent study, HFSCs positively expressed CD44, CD90 and 
CD105. Similarly, the expression of CD90 and CD105 re-
ported in stem cells isolated from human hair follicles 
(38). Immunophenotyping of GCs revealed that these cells 
positively expressed Stro-1, CD19, CD44, CD106, CD146 
and CD166. Other reports showed that GCs identified as 
CD44+/CD90+/CD105+/CD166+ cells which highly express 
CD105 and CD166 (39). Finally, in this study we showed 
that, WJ-derived MSCs expressed Stro-1, CD44, CD105 
and CD146. Previous studies revealed a positive response 
pattern expression of CD44, CD90, CD105, CD146 and 
CD166 detected at 4th passage (40).
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Conclusion

  In present study we aimed to isolate MSC-like cells 
from various sources and compare the expression of MSC 
specific cell surface markers in these cells. All four types 
of our cells including SSCs, HFSCs, GCs and WJ- derived 
MSCs exhibited the ability to attach plastic culture flask 
and expressed the CD44, CD90, CD105, CD106, CD146, 
CD166 and Stro-1 cell surface antigens which considered 
as common characteristics for mesenchymal stem cells. As 
we described above, high expression of CD44 in SSCs, 
HFSCs, GCs and WJ-MSCs may help them to maintain 
stemness properties. Furthermore, we suggest that the 
high expression of CD105 in SSCs, HFSCs and WJ-MSCs 
may have role osteogenic differentiation potential in these 
cells. Moreover, considerably high expression of CD90 in 
SSCs and HFSCs may associate to higher growth and dif-
ferentiation potential of these cells. Further, although 
MSC identified as CD19− cells, we suggest that the pres-
ence of CD19 on SSCs and GCs may help them to effi-
ciency in response to transmembrane signals. Thus, these 
four types of MSCs may be useful in clinical applications 
and cell therapy.
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