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Abstract
Objectives: To characterize potency of menstrual
blood-derived stem cells (MenSCs) for future cell
therapies, we examined differentiation potential of
MenSCs into adipocytes.
Materials and methods: Differentiation potential of
MenSCs in comparison to bone marrow stem cells
(BMSCs) was assessed in conventional culture
medium. Differentiation potential of MenSCs into
adipocytes was improved using different combina-
tions of growth factors and hormones.
Results: First, we demonstrated that MenSCs pre-
serve their appearance and karyotypic stability dur-
ing passages. Although these cells express
mesenchymal stem cells markers, they cannot
simply be classified as mesenchymal stem cells due
to expression of embryonic stem cells marker,
OCT-4. Oil red O staining showed that differenti-
ated MenSCs in conventional medium with/without
retinoic acid (protocols 1 and 2) did not attain
adipocyte characteristics, whereas differentiated
BMSCs in conventional medium accumulated oil
vacuoles typically. Nevertheless, real-time RT-PCR
results showed that LPL gene expression was up-
regulated in both protocols 1 and 2, whereas LEPR
was up-regulated only in protocol 2 (fortified with
retinoic acid). Surprisingly, protocol 3 (including

rosiglitazone) had odd influence on mRNA expres-
sion of all genes (LEPR, LPL and PPAR-c). Oil
red O staining confirmed fat-producing ability of
MenSCs under protocol 3.
Conclusions: Presented data suggest an efficient
differentiation protocol for in vitro production of
MenSC-derived adipocytes. These cells are sug-
gested to be an apt alternative to BMSCs for future
stem cell therapy of soft tissue injuries.

Introduction

A large percentage of plastic and reconstructive surgical
procedures are performed each year to restore soft tissue
defects resulting from serious burns, tumour resection,
and genetic and congenital defects (1). Strategies to
restore soft tissue injuries consist of use of adipose tis-
sue as an implant and filler (2). However, grafting adi-
pose tissue has problems, including tissue resorption,
immunological rejection and more (3). Due to these lim-
itations, in recent decades, characteristics of stem cells
such as self-renewal potential and trans-differentiation
into other lineages (including adipocytes) have impelled
scientists to take advantage of stem cell therapy as a
novel therapeutic approach for soft tissue healing (4).
Nevertheless, the main challenge in everyday clinical
practice is to achieve high cell density from an easily
accessible and safe stem cell resource.

Numerous ethical considerations surrounding use of
embryonic stem cells (ESCs) have triggered the scien-
tist’s interest in adult stem cells (5). Their most conven-
tional source has been bone marrow, cell obtained from
the iliac crest. Trans-differentiation ability of bone mar-
row-derived stem cells (BMSCs) into adipocytes consis-
tent with differentiation into other lineages such as
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osteoblasts and chondrocytes that has been established
in a variety of studies (6,7). However, problems such as
poor availability, invasive methods for sample collection
and lower proliferation capacity compared to ESCs,
limit clinical use of BMSCs.

Recently, menstrual blood (MB) has been suggested
as a unique source of stem cells with some characteris-
tics such as easy retrieval, no restriction in sample col-
lection, and fewer ethical problems, compared to ESCs
(8–10). It has been proposed that MB, in addition to
cells shed from the endometrium, contains circulating
bone marrow mesenchymal stem cells, which contribute
to endometrial regeneration (11). Whether menstrual
blood-derived stem cells (MenSCs) have features in
common with BMSCs, or have source-specific peculiari-
ties, is still under investigation. These cells appear to
express markers of stromal/mesenchymal stem cells such
as CD10, CD29, CD44, CD73, CD146, CD105, CD90,
CD9, CD41a and CD59 which are also expressed by
BMSCs. Likewise, MenSCs do not express haematopoi-
etic stem cell markers such as CD14, CD45, CD34,
CD38, CD133 similar to BMSCs. On the other hand,
expression of OCT-4 as pluripotency marker and lack of
some mesenchymal markers (such as STRO-1) distin-
guishes MenSCs from BMSCs (8–10,12–15).

Previous studies have demonstrated that growth abil-
ity of MenSCs is much greater than that of BMSCs
(8,16). The MenSCs population has different trans-dif-
ferentiation ability into osteogenic, chondrogenic and
hepatic lineages compared to BMSCs (9,10,16,17). At
present, little information is available on differentiation
potential of MenSCs into adipocytes, specially compared
to BMSCs (9,18,19). Considering these differences,
comparative evaluation of MenSCs and BMSCs in terms
of differentiation into further lineages, including that of
adipocytes would help us to understand any potential
distinctive characterization that they may have. Mean-
while, study of adipogenic differentiation potential of
MenSCs compared to BMSCs, as the well-established
stem cell source with adipogenic differentiation ability,
will help researchers realize whether these cells could
find a place for future stem cell therapy of soft tissue
injuries.

To date, a variety of hormones and cytokines such
as isobutylmethylxanthine (IBMX) as AMP cyclic acti-
vator, dexamethasone, retinoic acid (RA), rosiglitazone
as PPAR-c agonist, indomethacin, recombinant human
insulin, insulin-like growth factor-1, growth hormone,
thiazolidinedione, fatty acids and cyclic adenosine
monophosphate, are known to promote adipogenic dif-
ferentiation of stem cells (15,20–23). However, effi-
ciency of these factors in adipogenic development of
MenSCs is unsolved. In this study, differentiation

potential of MenSCs into adipocytes has been compared
to BMSCs using cytochemical and molecular experi-
ment. To find an appropriate stimulus to trigger adipo-
genic differentiation of MenSCs, we have developed
protocols using combinations of known factors involved
in adipogenic development of stem cells.

Material and methods

Isolation and culture of MenSCs and BMSCs

Menstrual blood donors were selected as healthy volun-
teers aged between 22 and 30 years. All donors signed
informed consent forms approved by the medical ethics
committee of Avicenna Research Institute, Tehran, Iran.
Five millilitre MB was collected using sterile Diva cups
(Diva International, Lunette, Finland) on the second day
of the menstrual cycle. Bone marrow aspirates (5–
10 ml) were also obtained from iliac crests of human
donors at the Bone Marrow Transplantation Center,
Shariati Hospital, Tehran, Iran. Samples were harvested
after obtaining signed informed consent documentation,
as above. The work was approved by the Medical Ethics
Committee, Ministry of Health, Iran. Collected speci-
mens were decanted into tubes containing 2.5 lg/ml
fungizone (Gibco, Scotland, UK), 100 lg/ml streptomy-
cin, 100 U/ml penicillin and 0.5 mM EDTA (Sigma-
Aldrich, St Louis, MO, USA) in phosphate buffered sal-
ine (PBS). Isolation of stem cells from menstrual blood
and bone marrow was performed as described previ-
ously (9,11).

Flow cytometric analysis and immunofluorescence
staining of OCT-4

For immunophenotyping of MenSCs, expression of mes-
enchymal stem cell markers such as CD73, CD44,
CD29, CD10, CD90 and CD105 was evaluated by flow
cytometric analysis as described in our team’s recent
publications (10,12,16,17). Also, for evaluation of
OCT-4 expression level by flow cytometry, cultured
cells at passage numbers 1 and 12, were detached from
tissue culture flasks with trypsin-EDTA and washed
twice in PBS at room temperature (RT). Cell density
was adjusted to 2 9 105 in 100 ll PBS containing 2%
FBS (PBS–FBS) and fixed in 4% paraformaldehyde for
10 min at RT. Subsequently, cells were washed twice in
PBS–FBS by centrifugation at 400 g for 10 min each,
then resuspended in permeabilization buffer (0.1% sapo-
nin) and centrifuged at 200 g for 7 min. Then, cells
were treated with primary rabbit anti-human OCT-4
polyclonal antibody (1:100) (Abcam, Cambridge, MA,
USA) optimally diluted in permeabilization buffer and
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incubated for 40 min at 4 °C. Afterwards, cells were
washed twice in permeabilization buffer and incubated
in FITC-conjugated sheep anti-rabbit IgG (1:100) (Avic-
enna Research Institute, Tehran, Iran) for 30 min at
4 °C in dark. Finally, cell suspensions were washed
twice in permeabilization buffer and analysed by flow
cytometry (Partec GmbH, Munster, Germany) using
appropriate isotype controls.

In addition, cells were fixed in acetone at �20 °C
for 5 min and then subjected to OCT-4 immunofluores-
cent staining. In brief, fixed cells were permeabilized
with 0.4% triton X-100 for 20 min. Washed cells were
incubated for 1 h at RT in primary rabbit anti-human
OCT-4 polyclonal antibody. Subsequently, cells were
washed three times in PBS and incubated in FITC-
labelled sheep anti-rabbit IgG at RT for 45 min in the
dark. Thereafter, cells were incubated in 4, 6 diamidino-
2-phenylindole (DAPI; 1 lg/ml) (Sigma-Aldrich) for
nuclear staining. Cells were visualized and photomicro-
graphed using an epifluorescence microscope (Olympus
BX51 microscope, Tokyo, Japan) connected to a digital
camera (Olympus DP71).

Multiplex ligation-dependent probe amplification
(MLPA)

To investigate chromosomal imbalances in samples,
MLPA analysis was performed on genomic DNA of
cells at passages 1 and 12, using the SALSA MLPA kit
P036-E1 Human Telomer3 (MRC-Holland, Amsterdam,
the Netherlands) according to the manufacturer’s
protocol. The kit contains a probe for each human

subtelomere. Briefly, total of 100 ng genomic DNA in a
final volume of 5 ll was denatured and hybridized to
SALSA probe mix, followed by incubation at 60 °C for
18 h. Subsequently, annealed probes were ligated using
provided Ligase-65 mix at 54 °C for 15 min. Next,
10 ll ligated products, as template, were used for DNA
amplification. PCR amplicons were run on a Genetic
Analyzer 3130 (Applied Biosystems, Foster City, CA),
and results were analysed using GeneMarker software
version 2.4 (SoftGenetics LLC, State College, PA). The
normal pattern was expected to produce a normalized
signal value ratio of 1:1; any value out of the ranges
<0.75 or >1.35 was considered as abnormal and corre-
sponded to a deletion or duplication respectively. In
each MLPA reaction, four control samples were simulta-
neously used. In each MLPA reaction, four control sam-
ples (whole blood of adults with no evidence of genetic
anomalies) were simultaneously used. In addition, all
control samples were screened for chromosomal abnor-
mality through karyotyping and normal 550 GTG band-
ing protocol (24).

Adipogenic differentiation

For adipogenic differentiation, cells at passage 2–4 were
plated at 4 9 104 cells/cm2 and induced under sequen-
tial exposures to three different combinations of cyto-
kines, growth factors and hormones (as shown in
Fig. 1). In protocol 1 (P1), cells were cultured in 0.5 ml
DMEM-F12 supplemented with 10% FBS, 1 lM dexa-
methasone (DEX), 10 lg/ml recombinant human insulin,
0.5 mM 3-isobutyl-1-methyl-xanthine (IBMX) and

Figure 1. Schematic diagram of three dif-
ferentiation protocols for adipogenic.
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200 lM indomethacin (Indo) (Sigma-Aldrich) (called a
conventional medium). After 3 days, conventional
medium was replaced with normal medium consisting of
DMEM-F12 supplemented with 10% FBS (called main-
tenance medium). Replacement of conventional/mainte-
nance medium was repeated up to day 21 (9).

Protocol 2 (P2) was prepared in a similar manner
with P1 with a amendments. Cells were treated with
DMEM-F12 supplemented with 10�8

M all-trans RA
(Sigma-Aldrich) for 3 days, then conventional medium
and maintenance medium were replaced every 3 days
up to day 21 (25).

Protocol 3 (P3), cells were cultured in conventional
medium containing 1 lM rosiglitazone (Osvah Pharma-
ceutical Company, Tehran, Iran) instead of Indo for
6 days. Then, culture medium was replaced with mainte-
nance medium and cells were cultured for the next
3 days. Then they were treated with DMEM supple-
mented with 10% FBS, 1 lM DEX, 10 lg/ml recombi-
nant human insulin and 60 lM Indo up to 12 days (20).
Cultured cells in maintenance medium were considered
negative controls.

Oil red O staining

Adipogenic-induced cells were stained for fat vacuoles
using oil red O staining. Medium was removed from
each well, and cells were rinsed in PBS and fixed in
3% glutaraldehyde (Sigma-Aldrich) for 1 h at RT.
They were then washed three times in PBS and twice
in tap water before being stained in 0.6% oil red O
solution (Sigma-Aldrich) (three parts 1% oil red O in
99% isopropanol, and two parts PBS) for 30 min at
RT, followed by washing in 1 ml water three times to
remove unbound dye. Then cell nuclei were stained
with haematoxylin solution. Lipid droplets of differen-
tiated cells were then visualized using an inverted
microscope (Olympus CKX41) connected to a digital
camera (Olympus DP71). Cultured cells in mainte-
nance medium were stained in the same manner as the
controls.

Evaluation of adipocyte-specific gene expression with
quantitative real-time reverse transcription polymerase
chain reaction (QRT-PCR)

Quantitative RT-PCR was performed to assess expres-
sion of a set of adipocyte-related genes including lipo-
protein lipase (LPL), Peroxisome proliferator-activated
receptor gamma (PPAR-c) and leptin receptor (LEPR)
(Table 1). Briefly, total RNA was isolated from 3 9 105

undifferentiated and differentiated MenSCs and BMSCs
by standard RNA extraction protocol using RNeasy

Mini Kit (Qiagen, Valencia, CA, USA). Reverse tran-
scription was performed using Super ScriptTM II Reverse
Transcriptase kit (Life Technologies, Carlsbad, CA,
USA). Reverse transcription was performed with 2 lg
DNAse (Fermentase Inc, Vilnius, Lithuania)-treated
RNA, 1 ll SuperScriptTM II Reverse Transcriptase
(200 U) (Life Technologies), 20 pM N6 Random-Hex-
amer, 20 pM dNTP Mix, 4 ll 5X First Strand buffer,
2 ll dithiothreitol (0.1 M) and 1 ll RiboLockTM RNase
inhibitor (all from Fermentas Inc) in a thermocycler (Ep-
pendorf, Germany) at 25 °C for 10 min, 42 °C for
50 min and 70 °C for 15 min. Real time PCR was per-
formed using SYBR Premix Ex TaqTM (Perfect Real
Time) (Takara Bio Inc, Otsu, Shiga, Japan). Next, 2 ll
cDNA was mixed with 1X SYBR Premix EX TaqTM
(Takara Bio Inc), 0.2 lM of each primer and 0.4 ll
ROXTM Reference Dye 50X, and amplified using a
7500 Real-Time PCR System (Applied Biosystems) as
follows: initial denaturation at 95 °C for 10 s, PCR
amplification at 95 °C for 5 s and 60 °C for 30 s for 40
cycles. Ultimately, dissociation stage was performed at
95 °C for 15 s, 60 °C for 1 min and 95 °C for 15 s.
Mean efficiencies and crossing point values for each
gene were determined with LinRegPCR (version 11.0)
(26) and normalized to values for GAPDH in differenti-
ated cells in reference to undifferentiated cells using
REST 2009 software (available at http://www.genequan-
tification.de/rest-2009.htm).

Statistical analysis

All experiments were performed using samples from 3
to 6 donors. All measurements were performed in tripli-
cate. Results of flow cytometry were presented as med-
ian and range. Statistical analysis of relative gene
expression results in real time PCR was performed using
REST© freeware according to formula presented by
Pfaffl et al. (27).

Results

Characterization of isolated MenSCs

Immunophenotype analysis of cells revealed that MenS-
Cs typically express surface antigens associated with
mesenchymal stem cells such as CD73, CD44, CD29,
CD 10, CD90 and CD105 (Fig. 2a). MenSCs were of
spindle-shape and fibroblast-like morphology which was
preserved even at high passage number up to passage
12 (Fig. 2b-i). However, expression of OCT-4 reduced
over following passages. Based on flow cytometry data,
while expression of OCT-4 was 97.5% in cells at pas-
sage 1, only 19.43% of this marker expressed by cells at
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(a) (b)

Figure 2. Characterization of isolated menstrual blood-derived stem cells (MenSCs). (a) Immunophenotyping of MenSCs by flow cytometry.
Representative histograms for CD markers are demonstrated (grey). Respective isotype control shown as black line. Results are presented as median
(range) of three to five independent experiments. (b) Phase contrast morphology (i) and OCT-4 expression of MenSCs judged by flow cytometry
(ii) and immunofluorescence staining (iii) at passages 1 and 12. Chromatograms illustrating no chromosomal aberrations in MenSCs at passage 12
compared to cells at passage 1 (iv). GeneMarker plots showing results of MLPA analysis. Green lines illustrated the upper and lower limits of
acceptable ranges of variations in MLPA analysis. Blue dots show the chromosomal locations which are balanced.

Table 1. Sequences of primers used for analysis of cell differentiation into the adipogenic lineage

Gene names Primer sequence Product size (bp) NCBI accession number

LEPR F50-CAATCTGAATGAAACCAAACCTC-30

R50-GGCTGCTCCTATGATACCTC-30
230 NM_001198689.1

LPL F50-CCCTACAAAGTCTTCCATTAC-30

R50-AGTTCTCCAATATCTACCTCTG-30
197 NM_000237.2

PPAR-c F50-CATTCTGGCCCACCAACTT-30

R50-CCTTGCATCCTTCACAAGCA-30
372 NM_138711.3

GAPDH F50-CTCTCTGCTCCTCCTGTTCG-30

R50-ACGACCAAATCCGTTGACTC-30
114 NM_002046.4

LPL, lipoprotein lipase; PPAR-c, peroxisome proliferator-activated receptor gamma; LEPR, leptin receptor; GAPDH, glyceraldehyde 3-phosphate
dehydrogenase.
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passage 12 (Fig. 2b-ii). These data were confirmed by
immunofluorescent staining results. As shown in
Fig. 2b-iii, typical expression of OCT-4 reduced over
passages.

Based on MLPA analysis, MenSCs maintained
diploid configuration without chromosomal aberration
during passages. Passage 12 MenSCs had no chromo-
somal abnormalities (Fig. 2b-iv).

Evaluation of adipogenesis of MenSCs and BMSCs

In the case of BMSCs, adipogenic differentiation usually
takes place in the presence of conventional medium
comprising DEX, recombinant human insulin, IBMX
and Indo referred to P1. First, we investigated whether
this medium would be potent enough to induce adipo-
genesis of MenSCs. As shown in Fig. 3a, MenSCs did
not reach adipocyte characteristics this way, whereas
BMSCs developed typical accumulation of oil vacuoles
as shown by oil red O staining. Analysis of adipogenic

genes using QRT-PCR showed that although LPL
mRNA was significantly up-regulated in differentiated
MenSCs under conventional medium with reference to
undifferentiated MenSCs (P = 0.001), unexpectedly
mRNA expression level of PPAR-c (P = 0.001) and
LEPR (P = 0.17) was down-regulated or was with no
significant change in these cells. Contrary to MenSCs,
differentiated BMSCs in the presence of conventional
medium expressed typical levels of these genes with ref-
erence to undifferentiated cells (Fig. 3b).

Influence of fortification of conventional medium
with RA (referred as P2) for adipogenic differentiation
of MenSCs was investigated thereafter. As shown in
Fig. 3b, medium fortification with RA caused up-regula-
tion of LEPR mRNA in MenSCs differentiated under P2
compared to undifferentiated cells (1.42-fold, P =
0.001), however, it had no considerable effect on
expression of PPAR-c mRNA (2.04-fold, P = 0.17). In
addition, results of oil red O staining were negative in
these cells.

(a) (b)

Figure 3. Histological and molecular evaluation of differentiated menstrual blood-derived stem cells (MenSCs) and bone marrow-derived
stem cells (BMSCs). (a) assessment of oil vacuoles accumulation by Oil Red O staining in differentiated MenSCs under different protocols and
BMSCs. (b) qRT-PCR results; data of differentiated cells were normalized to corresponding GAPDH results and calculated with reference to undif-
ferentiated cells. †Indicates significant difference (P < 0.05) between different protocols in MenSCs.
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Interestingly, protocol 3 produced an odd influence
on mRNA expression level of all genes (LEPR, LPL
and PPAR-c). The promoting efficacy of protocol 3 was
more pronounced when treated MenSCs exhibited typi-
cal expression of LEPR (32.09-fold, P = 0.001) com-
pared to undifferentiated cells; a gene which had been
down regulated under P1. Moreover, up-regulation level
of PPAR-c mRNA was significantly (20.43-fold,
P = 0.001) higher in differentiated MenSCs under P3
compared to undifferentiated cells. Oil red O staining
confirmed lipid content of those cells indicating fat-pro-
ducing ability of induced MenSCs under P3.

Discussion

In recent years, advantages of menstrual blood stem
cells, such as easy accessibility and high availability,
have impelled scientists to search for the characteristics
of these cells. However, more studies are required to
achieve comprehensive information on their nature spe-
cially in comparison to other adult stem cells. They pre-
served their morphological appearance and karyotypic
stability during passages. This preservation of normal
karyotype at high passage number has also been shown
by others (8,28). In addition, Allickson et al. have
reported that MenSCs are able to be subcultured more
times before senescence compared to stem cells from
other sources, such as bone marrow and dental pulp (23).

Consistent with our recent studies (10,12,16,17), we
have shown that MenSCs express markers of stromal/
mesenchymal stem cells such as CD10, CD29, CD44,
CD73, CD90 and CD105, while failing to express
embryonic stem cell markers (ESC) such as SSEA-4,
Nanog and c-kit. Regardless of these findings, in the
present study, we demonstrated that MenSCs could not
be classified simply as mesenchymal stem cells, due to
their expression of ESC marker, OCT-4, which is not
typical of mesenchymal stem cells. However, expression
of OCT-4, critical for self-renewal potency of MenSCs,
was down-regulated during subculturing. Therefore,
although conservation of gross morphological properties
and karyotypic normality as well as proliferation ability
over long-term cell culture, all hold promise for MenS-
Cs expansion in quantities relevant to clinical applica-
tion, these data imply gradual reduction in self-renewal
ability of MenSCs.

Considering the aforesaid differences, comparative
evaluation of MenSCs and BMSCs in terms of differen-
tiation, including the adipogenic lineage, would help us
to understand other potential distinctive characteristics
that they may present. To the best of our knowledge,
such data have not been reported previously. In the
present study, to determine adipogenic differentiation

potential of MenSCs, specially compared to BMSCs, we
developed three protocols (P1–P3) using cocktails con-
sisting of dexamethasone, recombinant human insulin,
IBMX, indomethacin and rosiglitazone.

There are inconsistent previous reports concerning
differentiation potential of MenSCs into adipogenic lin-
eages. While the experiments of Musina et al. to induce
adipogenic differentiation of cultured MenSCs in well-
known adipogenic medium, were not successful (18)
others have presented primary results implying positive
adipo-differentiation of MenSCs (9). Although this dis-
crepancy can be attributed to donor differences, sample
source, sampling day or stem cell isolation method, one
limitation of the studies is to rely solely on the oil red
O staining technique without use of multiple experi-
ments to prove the obtained data. Here, we used both
cytological and molecular examinations for comparative
study between MenSCs and BMSCs required to obtain
robust decisions on adipogenic differentiation capacity
of MenSCs. The data of oil red O staining showed that
BMSCs only, differentiated in well-known adipogenic
medium, formed lipid vacuoles; differentiated MenSCs
failed to accumulate lipid droplets. Moreover, based on
quantitative real-time PCR results, while all three evalu-
ated adipogenic markers including LPL, LEPR and
PPAR-c up-regulated in differentiated BMSCs, in the
case of MenSCs, except LPL, two other assessed mark-
ers LEPR and PPAR-c were down-regulated during dif-
ferentiation into the adipogenic lineage.

The important role of RA for early adipogenic dif-
ferentiation of ESCs has been shown previously (25).
However, effectiveness of RA on adipogenic develop-
ment of adult stem cells, especially MenSCs, had not
previously been determined. Thus, influence of fortifica-
tion of conventional medium with RA (referred as P2)
on adipogenic differentiation of MenSCs was investi-
gated thereafter. Although the result of oil red O stain-
ing was negative once more, the commitment of
MenSCs to the adipogenic lineage was more pronounced
under this protocol compared to P1, as LEPR was sig-
nificantly up-regulated as was LPL in differentiated
MenSCs, with reference to undifferentiated cells.

Roziglitazon is known to be a promoting factor during
adipogenic development of BMSCs (20,29,30). It has
been demonstrated that treatment of rodents with rosiglit-
azone increased bone marrow adipocytes and concommi-
tently reduced new bone formation (31,32). Based on
these reports, we evaluated the fortification effect of dif-
ferentiation medium with rosiglitazone (referred as P3),
which resulted in typical impact on intensity of lipid accu-
mulation. Moreover, up-regulation level of adipogenic
markers LEPR, PPAR-c and LPL mRNA in differentiated
MenSCs under P3 was significantly much higher than in
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differentiated cells under P1 or P2. Although the molecu-
lar mechanisms governing promoting effect of rosiglitaz-
one on adipogenic differentiation of MenSCs is not clear,
it can be attributed to PPAR-c agonist property of this
agent (30). PPAR-c is a member of the nuclear hormone
receptor gene superfamily of ligand-activated transcrip-
tion factors that acts as a pivotal transcription factor in the
regulation of adipocyte gene expression and differentia-
tion (33).

In conclusion, based on accumulative data, MenSCs
could develop into adipocytes, but with a different dif-
ferentiation potential and expression pattern compared to
BMSCs. We have developed an efficient culture method
for adipogenic differentiation of human MenSCs by
combination of factors involved in adipogenic develop-
ment of BMSCs. The differences between MenSCs and
BMSCs may be attributed to different immunopheno-
typic features and signalling machinery. It is notable that
considering the refreshing nature, accessibility and lack
of ethical issues, MenSCs are superior to BMSCs and
therefore this study may be valuable in future in vivo
investigations concerning healing of soft tissue injuries.
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