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Abstract 
Background: Due to increasing clinical demand for adipose tissue, a suitable cell 
for reconstructive adipose tissue constructs is needed. In this study, we investigated 
the ability of Human Endometrial-derived stem cells (EnSCs) as a new source of 
mesenchymal stem cells to differentiate into adipocytes. EnSCs are the abundant and 
easy available source with no immunological response, for cell replacement therapy. 
Methods: Single-cell suspensions of EnSCs were obtained from endometrial tissues 
from 10 women experiencing normal menstrual cycles, and were cultured at clonal 
density (10 cells/cm2) or limiting dilution. Endometrial mesenchymal stem cell 
markers were examined flow cytometry. These cells were treated with adipogenic-
inducing medium for 28 days. The adipogenic differentiation of the EnSC was as-
sessed by cellular morphology and further confirmed by Oil Red O staining and RT-
PCR. The BM-MSC differentiated into adipocytes in the presence of adipogenic 
stimuli for 3 weeks.  
Results: The flow cytometric analysis showed that the cells were positive for CD90, 
CD105, CD146 and were negative for CD31, CD34.We showed that the key adipo-
cytes marker PPARa was expressed in mRNA level after 28 days post treatment 
(PT).  
Conclusion: According to our finding, it can be concluded that EnSCs represent a 
useful in vitro model for human adipogenesis, and provide opportunities to study the 
stages prior to commitment to the adipocyte lineage. 
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Introduction 
arge numbers of plastic and reconstructive 
surgical procedures are performed every 
year to repair soft tissue defects that result  
 

from deep burns, tumor resections and hereditary 
and congenital defects such as Romberg's disease  

 
 
 

 
and Poland syndrome (1). Despite the increasing 
clinical demand, the optimal strategy for the re-
construction of soft tissue defects remains a chal-
lenge in plastic and reconstructive surgery (2, 3). 
Cell replacement therapy is a promising strategy 
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to cure such diseases. Stem cells are undifferenti-
ated cells without mature tissue specific character-
istics. They have the capacity to proliferate indef-
initely (self renewal) or giving rise to tissue spe-
cific committed progenitors or differentiated cells 
(4, 5). 

Recently, a number of attempts have been made 
in vitro and in vivo to differentiate adipose tissue 
using mesenchymal stem cells (6−11). The cap-
acity of stem cells to differentiate into endothelial 
cells and adipocytes upon receiving proper stimuli 
may be promising for developing vascularised fat 
graft for reconstructive purposes (12). 

Various stem cells such as mesenchymal stem 
cells/marrow stromal stem cells (MSC), hemato-
poietic stem cells (HSC), multipotent adult pro-
genitor stem cells (MAPCs), umbilical cord blood 
stem cells (UCBSC), and embryonic stem cells 
(ES) have the potency to differentiate into the 
adipocyte cells (13−17). The human endometrium 
is a dynamic tissue, which undergoes cycles of 
growth and regression with each menstrual cycle. 
Endometrial regeneration also follows parturition 
and extensive resection and occurs in postmen-
pausal women taking estrogen replacement ther-
apy. It is likely that adult stem/progenitor cells are 
responsible for this remarkable regenerative cap-
acity (18−21). 

It has been demonstrated that human endometri-
um contains a low number of EnSCs which seem 
to belong to the family of the mesenchymal stem 
cells. These cells are engaged in the monthly re-
structuring and remodeling of human endometri-
um (21−23).  

Human endometrium is structurally and func-
tionally divided into two major regions. The func-
tionalis, comprising the upper two thirds contains 
glands and basalis containing the basal region of 
the glands. The functionalis is shed by each men-
ses but basalis stable and used for generating the 
new functionalis each month (21). The human en-
dometrium is a dynamic remodeling tissue under-
going more than 400 cycles of regeneration, dif-
ferentiation and shedding during a woman’s re-
productive years (22). Each month 4−10 mm of 
mucosal tissue grows within 4−10 days in the 
proliferative stage of the menstrual cycle under 
the influence of increasing circulating estrogen 
levels. It has been hypothesized that adult stem or 
progenitor cells are responsible for the cyclic 
regeneration of the endometrial functionalis each 
month. These adult stem cells reside in the basalis, 

and are present in the atrophic endometrium of 
postmenopausal women (23). 

Since endometrial stromal cells are easy to 
isolate, expand rapidly from patients without lead-
ing to major ethical and technical problems, and 
produce a higher overall clonogenicity, they have 
a unique potential as therapeutic agents as autolo-
gous graft (1, 18). Therefore, endometrium may 
be an alternative source of MSC-like cells for 
tissue engineering purposes, obtainable with no 
extra morbidity than that required for other 
sources of stem cells (22, 23). In the our previous 
study, we have shown EnSCs can differentiate to 
neural and adipocyte cells and we used oil-red O 
staining for illustration of adipocyte differenti-
ation (24). In this study we assayed PPARa spe-
cific marker for adipocyte with RT-PCR. The 
major aim of the present study was to obtaine 
growth curve and doubeling time for EnSCs, then 
to investigate the ability of EnSCs to differentiate 
in vitro toward adipocyte in the presence of 
adipogenic-promoting media. The adipogenic dif-
ferentiation was demonstrated by cellular morph-
ology, Oil Red O staining and RT-PCR for 
PPARa. 
 

Methods 
Isolation and cloning of human EnSCs: This study 

was down in cell culture laboratory, Department 
of Tissue Engineering, School of Advanced Tech-
nologies in Medicine, Tehran University of Med-
ical Sciences in early 2011. 

Human endometrial tissues were obtained from 
Tehran reproductive aged women referred to the 
Imam Khomeini hospital for infertility treatment. 
A written informed consent form (According to 
instruction of Tehran University of Medical Sci-
ences Research assistant) describing the proce-
dures and aims of the study was obtained from 
each donor in compliance with regulations con-
cerning the use of human tissues. Endometrial 
samples were obtained from the fundal region of 
the uterine cavity using an endometrial sampling 
device. The biopsy tissue was washed in Dulbec-
co’s phosphate buffered saline (DPBS), minced 
and digested in Hank's balanced salt solution 
(HBSS) (Gibco, USA) containing 4-(2 hydrox-
yethyl)-1 piperazineethanesulfonic acid (HEPES) 
(25 mM), collagenase A (1 mg/ml, Gibco, USA) 
for 30−45 min at 37 ºC with agitation. Resultant 
dispersed cell solutions were then passed through 
70, 40 µm sieves (BD Biosciences, USA) to re-
move glandular epithelial components. The cells 
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were then centrifuged and mononuclear cells were 
separated by Ficoll (Gibco, USA) and washed in 
PBS. The isolated cells were cultured in DMEM/ 
F12 medium (Gibco, USA) containing 10% FBS, 
1% antibiotic penicillin/streptomycin (Gibco, 
USA) and 1% Glutamine (Gibco, USA) and then 
incubated at 37 ºC in 5% CO2 (18, 24). 

Imunophenotyping of EnSCs: To detect surface 
antigens, cells were characterized by flow cytom-
etry after passage three. First, cells were washed 
with HBSS+2% BSA twice and incubated with 
the specific antibody conjugated with fluorescein 
isothiocyanate (FITC) or phyco erythrin (all from 
Santa Cruz) at concentrations recommended by 
the respective manufacturers. Cells were incu-
bated for 20 min and analyzed by flow cytometry 
(Partec, Germany). The antibodies used were: 
SH2 (CD105, endoglin), CD90 (Thy-1) (mesen-
chymal markers), CD146 (endometrial stem cell 
marker), CD34 (hematopoietic marker), CD31 
(endothelial marker), and FITC conjugated mouse 
IgG1, PE-conjugated mouse IgG1 were used for 
negative control.  

Population doubling numbers (PDN) and time (PDT) 
and growth curve: The number of population 
doublings (PDN) and the time required by cells 
for each population doubling (PDT) were calcu-
lated by hemocytometer counts for each passage 
according to the following formulae and growth 
curve was obtained after 7 days: 
PDN=log (N1/N0)x 3.31 
PDT=CT/PDN 

Where N1 is the cell number at the end of 
cultivation period, N0 is the cell number at culture 
initiation, and CT is the cell culture time.  

Adipogenic differentiation: Cells derived from 
whole isolates of endometrium were expanded 
and passaged in DMEM with 10% FBS. Adipo-
genic differentiation was induced in the third 
passage cells by plating the EnSCs at 2×104 cells 
per cm2, allowing the cells to reach confluence 
and then incubating for a further 48 hr. The media 
was then changed to DMEM supplemented with 

10% FBS as described above and the following 
hormones were added: insulin (10 g/ml), dexa-
methasone (1 M), indomethacin (200 M) and iso-
butylmethylxanthine (0.5 mM) all from Sigma, 
USA (18). Media were changed every 4 days and 
differentiation medium every 3−4 days for 28 
days. 

Morphological observation: Cells were observed 
under a phase-contrast microscope to evaluate 
their overall appearance. Microphotographs were 
taken with 10x objective (TS-100 Nikon, Japan). 

Oil Red O Staining: Oil Red O Stain was used to 
confirm the presence of lipid in differentiaed cells. 
Cells were washed with PBS, fixed in 2% 
paraformaldehyde, 0.2% gluteraldehyde in PBS 
for 15 min and then rinsed with PBS. Then they 
were stained with Oil Red O (reconstituted in iso-
propanol) (Sigma, USA) for 10 min and rinsed in 
60% isopropanol followed by PBS (10). Lipid 
droplets were visualized in red under light 
microscopy. 

Reverse Transcription-Polymerase Chain Reaction 
(RT-PCR): RT-PCR analysis was done to monitor 
the expression of activation of peroxisome prolif-
erator activated receptor- PPAR during the pro-
gramming of EnSCs into adipocytes cell lineage. 
First, whole total RNA was extracted from differ-
entiated cells 28 post treatment by TRIZOL Re-
agent (Invitrogen, USA) according to the manu-
facturers instructions. Subsequently, 5 g of total 
RNA was transcribed into cDNA by using Molo-
ney-murine leukemia virus (MMLV) Superscript 
II reverse transcriptase (Promega) and random 
hexamer primers. The specific oligonucleotides 
for RT-PCR are listed in table 1. Each RT-PCR 
analysis was done on three independent samples. 
 

Results 
Characterization of isolated human EnSCs: Human 

EnSCs could be isolated easily by their adherence 
to plastic flask. After plating for 24 hr, some ad-
herent MSCs appeared in flask, which was hetero-
geneous in appearance. About 10 days later, these 

Table 1. Primers used in RT-PCR for adipocyte markers 
 

Gene Sequence Annealing 
temperature (ºC) 

Length 
(bp) Gene bank code 

PPARα    

 F 5'−CCGCCTCCTTCGGCGTTC−3' 
58 149 NM_001001928.2 

 R 5'−AGCTCCAAGCTACTGTGGTGACA−3' 

β- actin    
 F 5'–CGTGACATTAAGGAGAAG−3' 

56 202 NM_001101 
 R 5'−TGATGGAGTTGAAGGTAF−3' 
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cells developed to many clusters, and could be 
used for subculture. These cells are relatively 
elongated or spindle-shaped cells (Figure 1A and 
1B). In order to determine a clonal population of 
cells, we derived cell lines by single-cell plating 
in 24 well plates, which revealed clonogenic 
potential (Figure 1C and 1D). The cells grew at a 
doubling time of approximately one doubling 
every 49.9 hr based on quantification of cell 

number using microscope counting and growth 
curve obtained after 7 days (Figure 1). 

The immunophenotype was based on the flow 
cytometry analysis of a subset of mesenchymal 
stem cell markers (CD146, CD90 and CD105), 
hematopoietic marker (CD34) and endothelial 
marker (CD31). The flow cytometric analysis 
showed that isolated cells were positive for 
CD146, CD90, CD105 and were negative for 
CD31, CD34 (Figure 2). 

Analysis of adipocytes differentiation: After only 
12 days of adipogenic induction, small lipid drop-

Figure 1. Morphology of Cultured EnSCs; A: Morphology of freshly isolated EnS cells; B: Fibroblast-like morphology of 
EnSCs after 2 weeks cell culture; C: Clonal population of EnSCs after plating in 24 well plate 1 week after cloning; D: The 
same population 2 weeks after cloning. Growth curve for EnSCs after 7 days cell culture (×100 magnification) 

Figure 2. Flow cytometric analysis of isolated EnSCs for 
mesenchymal stem cell markers (CD90, CD105 and CD146), 
hematopoietic marker (CD34), endothelial marker (CD31). 
As shown in figure 2 the isolated cells are positive for CD90, 
CD105 and CD146 and are negative for CD31, CD34 
 

Figure 3. EnSCs differentiate into adipocytes. EnSCs before 
(A) and after differentiation into adipocytes at 12 days PT 
(B) and at 21 days PT (C), as demonstrated by light micro-
scopy (A,B,C), Oil Red O staining to demonstrate lipid ac-
cumulation at 28 days PT (D,E). Arrows in B and C show 
adipocyte cells (×100 magnification)  
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lets (arrows in Figure 3) were observed within 
EnSCs treated with differentiation-promoting me-
dium (Figure 3B) whereas there was no lipid 
droplet in non-treating group at day 12 (Figure 
3A). At day 21, in the presence of differentiation 
medium the size of the lipid droplets increased to 
occupy most of the cytoplasm, consistent with dif-
ferentiation of EnSC into adipocytes (Figure 3C). 
Adipogenic differentiation was further confirmed 
by Oil Red O staining at the end of the experiment 
(28 days). Lipid droplets in differentiating EnSC 
were positively stained with Oil Red O in the 
presence of differentiation medium (Figure 3D 
and 3E). To investigate the expression of adipo-
cyte marker in the level of mRNA, RT-PCR was 
carried out (Figure 4). The PPAR gene as a specif-
ic marker of adipocyte was expressed in the level 
of mRNA in 28 days PT. 
 

Discussion 
The EnSCs are new source of mesenchymal stem 

cells (21−25). In the present study, we isolated, 
characterized and differentiated EnSCs to adipo-
cyte. Our findings showed that EnSCs expressed 
CD146, CD105 and CD90. In our previous study, 
we didn’t survey CD146 (24), but in this study we 
have shown that EnSCs are positive for CD146 in 
agreement with Schwab et al. and Gargget et al. 
works (20, 23). We obtained growth curve and 
PDT=49.9 for these cells. The result showed that 
the EnSCs in presence of adipogenic-inducing 
medium obtained an adipocyte fate 28 days PT. 
The EnSCs-derived adipocyte cells could express 
adipocyte marker such as PPAR, associating with 
remarkable morphological modifications. These 
data support the possibility of wider applications 
of EnSCs in cell therapy of soft tissue defects that 
result from deep burns and tumor resections and 
congenital defects. Previous studies concerning 
long-term follow up of animals treated with endo-
metrial regenerative cells, and the karyotypic nor-
mality of these cells after extended passage (68 

doublings) confirmed lack of tumorigenicity (26− 
28). 

Endometrial MSC were recently isolated from 
human endometrium by their coexpression of two 
perivascular cell markers, CD146 and PDGF-
receptor-β (PDGF-Rβ) (20−23). The CD146+ 
PDGF-Rβ+ cells underwent multilineage differen-
tiation into adipogenic, myogenic, chondrogenic 
and osteoblastic lineages when cultured in appro-
priate induction media (20, 23). We found that 
single, freshly isolated endometrial stem cells 
self-renewal, have high proliferative potential, and 
undergo adipogenic differentiation media can dif-
ferentiate into adipocyte cells in vitro, suggesting 
that they are similar to bone marrow MSCs. This 
suggests that they are responsible for monthly 
endometrial tissue regeneration, preparing the 
endometrium for steroid hormone-initiated differ-
entiation into a receptive environment for embryo 
implantation. Both epithelial progenitor cell and 
MSC-like populations were identified. The entire 
endometrial functionalis layer, which is shed each 
month during menstruation, is likely replenished 
from these endometrial stem cells, supposed to 
reside in the basalis (23). Endometrial stem cells 
demonstrated substantial proliferative capacity 
(49.9 PDs), greater than most human bone mar-
row, dental pulp, and adipose CFU-F (20 PDs) 
and fetal muscle cells (40 PDs) (29−32).  

EnSCs should also contribute to the development 
of novel regenerative therapies for reconstruction 
of soft tissue defects after tumor resections, exten-
sive deep burns and lipodystrophy. Adipose tissue 
engineering strategies have commonly involved 
the use of seeding preadipocytes on appropriate 
polymeric scaffolds. Recently, a number of at-
tempts have been made in vitro and in vivo to 
engineer adipose tissue using mesenchymal stem 
cells (33−35). Vashi et al. 2008, show that bone 
marrow mesenchymal stem cells (BM-MSC) can 
use for adipose tissue engineering. They used 
pluronic F12 hydrogel in vitro for differentiation 
of BM-MSCs to adipocytes (36). We purpose that 
EnSCs may apply in scaffolds for tissue engineer-
ing. In our study, the data clearly demonstrated 
EnSCs can be differentiated into adipocytes phe-
notype in vitro. We have shown that after 12 days 
of induction, small lipid droplets appeared within 
EnSCs treated with differentiation medium, and 
the size of the lipid droplets increased at 21 days 
PT. Besides the morphological evidence, we have 
also demonstrated that the adipocyte-like phenol-

Figure 4. Adipocyte-related gene expression analysis of 
EnSCs 28 days PT using RT-PCR. β-actin was used as 
internal standard  
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types derived from EnSCs express PPAR in 
mRNA level in 28 PT. 

It may be concluded that the EnSCs in the plastic 
and reconstructive surgical procedures for repair-
ing soft tissues defects are more convenient than 
other sources of stem cells due to the following 
properties. First, obtaining bone marrow stem 
cells in the clinic is invasive, because of the 
requirement for anesthesia whereas EnSCs can be 
obtained by a simple, safe and painless procedure 
such as Pop smears, in contrast to bone marrow 
aspiration. Second, EnSCs produce a higher over-
all clonogenicity of 1.25% in comparison to the 
clonogenic activity of stromal cells in bone mar-
row. Third, bone marrow MSCs are not perfect 
seeding cells for the elderly patients since these 
cells lose their differentiation capacity significant-
ly with increased donor age. Fourth, karyotypic 
normality of the endometrial stromal cells after 
extended passage (68 doublings) demonstrated 
lack of tumorigenicity (37, 38). 
 

Conclusion 
Adult human endometrium contains rare epithet-

lial progenitors and MSCs, likely responsible for 
its immense regenerative capacity, which may 
provide a readily available source of MSCs for 
cell-based therapies. We speculate that endo-
metrial adult stem cells can differentiate into adi-
pocytes cell when they are exposed to adipogenic 
induction media. The EnSCs are attractive alterna-
tive candidate for repairing soft tissue defects, 
because they exhibit several important and poten-
tial advantages over other stem cells and EnSCs 
have provided potential alternative cells for adi-
pose tissue engineering. The underlying mechan-
isms of these differences are unclear and further 
studies are needed to determine whether this may 
be of importance in further understanding of de-
terminants of cell fate within the adipocyte lin-
eage. 
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