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Objective(s): Mesenchymal stem cells (MSC) can be isolated from adult tissues such as adipose tissue 
and other sources. Among these sources, adipose tissue (because of easy access) and placenta (due to 
its immunomodulatory properties, in addition to other useful properties), have attracted more 
attention in terms of research. The isolation and comparison of MSC from these two sources provides a 
proper source for clinical experimentation. The aim of this study was to compare the characteristics of 
MSC isolated from human adipose tissue and placenta.  
Materials and Methods: Adipose and placental MSC were isolated from the subcutaneous adipose 
tissues of 10 healthy women (25 to 40 years) and from a fresh term placenta (n= 1), respectively. Stem 
cells were characterized and compared by flow cytometry using CD29, CD31, CD34, CD44, CD45, 
CD105, CD166 and HLA-DR markers. Osteocytes and adipocytes were differentiated from isolated 
human mesenchymal stem cells (HMSC). 
Results: Adipose and placenta-derived MSC exhibited the same morphological features. ADSC 
differentiated faster than placenta; however, both were differentiated, taking up to 21 days for 
osteocyte and 14 days for adipocyte differentiation. About 90% of PLC-MSC and ADSC were positive 
for CD29, CD44, CD105, and CD166; and negative for CD31, CD34, CD45, and HLA-DR. 
Conclusion: The two sources of stem cells showed similar surface markers, morphology and 
differentiation potential and because of their multipotency for differentiating to adipocytes and 
osteocytes, they can be applied as attractive sources of MSC for regenerative medicine. 
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Introduction 
Stem cells have two defining properties: the ability 

to differentiate to different lineages and the capacity 
for self-renewal. These cells have two general types: 
embryonic stem cells (ESC) and adult stem cells (1). 
ESC are acquired from the inner cell mass of the 
blastocyst and are related to tumor genesis; therefore, 
their application involves ethical and safety concerns. 
However, applying adult MSC is less challenging. MSC 
are stromal cells that have the capacity for self-
renewal and also exhibit multilineage differentiation. 
MSC can be isolated from two cell types, i.e., adult 
sources (bone marrow, peripheral blood, adipose, 
etc.) and fetal sources (placenta, amniotic fluid, 
umbilical cord and umbilical cord blood) (2-5). MSC 
have been generally used in experimental and clinical 
research because of their unique biological 

characteristics and their advantages, especially (3-8) in 
bone marrow transplantation (6, 9), tissue engineering 
(9, 10) and cell therapy (9, 11, 12).  

Adipose tissue is a main source of adult stem cells, 
called adipose stem cells (ADSC) (13, 14). ADSCs are 
fairly easy to obtain from adipose tissue and unlike 
bone marrow tissue, can be grown in cell cultures. (15). 
Additionally, it has many of the same properties as 
bone marrow, including wide proliferation, the ability 
to undertake multilineage differentiation and evident 
plasticity both in vitro and in vivo (16-18). ADSC can 
represent the biochemical profile in vitro of adipocytes, 
chondrocytes and osteoblasts under proper culture 
conditions (19, 20). Therefore, human adipose-derived 
MSC are today viewed as potential sources for stem cell 
banks and in tissue engineering. 
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From fetal sources, placenta–due to its easy access 
without invasive procedures (contrary to bone marrow 
harvest), its pluripotency potential (as adipose tissue) 
(21, 22) and its immunomodulatory properties – is 
defined as a good source of MSC for use in medical 
applications (4, 23-25). Therefore, the aim of this study 
was to isolate MSC from adipose tissue and placenta 
and then to differentiate them into the adipocyte and 
osteocyte lineages. In addition, we compared 
morphological and immunophenotypic characteristics 
and the success rates of stem cells isolated from these 
two derived sources. 

  

Materials and Methods 
This study was performed at the Bu-Ali Research 

Institute, Mashhad University of Medical Sciences, 
Mashhad, Iran in 2012. After receiving approval from 
the ethics committee (no 900886  ( and obtaining 
informed consent from participants, samples were 
obtained from adipose tissues of 10 healthy women 
and one placenta. For the isolation of ADSC, 
subcutaneous adipose tissues (50-100 g) were 
obtained from the abdomen region of healthy 
women aged 25 to 40 undergoing liposuction 
surgery (samples were collected by a surgeon in 
Qaem Hospital, Mashhad, Iran.). All samples outside 
the stated age parameters or those weighing less 
than 50 g, or samples with a particular disease–
especially cancer and cardiovascular disorders– 
were excluded from the study. The tissues were 
transferred in a sterile solution of phosphate-
buffered saline (PBS), a 2% fetal bovine serum (FBS; 
Stem Cell Technology Inc., London, UK), 100 units/ml 
penicillin (Gibco-Invitrogen) and 100 µg /ml 
streptomycin (Gibco-Invitrogen). A fresh term 
placenta (38 to 40 weeks gestation) was obtained 
from a normal delivery.  

 
Isolation of ADSC  

The samples were transferred to the Bu-Ali 
Research Institute's tissue culture department. After 
settling the adipose tissue above the bloody portion 
of the solution, the blood was removed using a sterile 
pipette and the sample was washed three times by 
way of a sterile PBS solution containing penicillin 
and streptomycin. Then, the adipose tissue was cut 
carefully into 1 mm³ pieces to remove the connective 
tissue and blood vessels. In the next step, the 
extracellular matrix was digested by adding 0.1% 
collagenase Type I at 37°C, and shaken vigorously for 
60 min to detach the stromal cells from primary 
adipocytes. Then, by adding an equivalent volume of 
low glucose-Dulbecco’s modified Eagle’s medium (L-
DMEM) containing 10% fetal bovine serum (FBS), 
the collagenase was inactivated and the supernatant 
was centrifuged for 10 min at 1000 RPM.  

The cellular pellet was re-suspended in 
DMEM/10% FBS and filtered through 100, 70 and 40 
µm filters to remove debris. The filtrate was 

centrifuged at 600 g for 10 min and was incubated with 
a lysis buffer (155 mM NH4Cl, 10 mM KHCO3, 0.1 mM 
EDTA) for 10 min at 22°C to 25°C, then centrifuged at 
300 g for 10 min before finally discarding the lysis 
buffer. By placing the cells for one hr on a glassy surface 
(e.g., a Petri dish), hematopoietic cells were attached to 
the surface and isolated; then, floating cells were 
transferred onto a six-well plate to culture at the final 
concentration of 1×106/m/ in a complete medium 
(DMEM, 10% FBS, 100 units/ml penicillin, 100 mg /ml 
streptomycin). Finally, MSC, upon reaching 80% 
confluence, were detached using Trypsin-EDTA (0.25% 
trypsin+0.02%EDTA, Gibco-Invitrogen) and were 
cultured as the primary culture. 
 

Isolation of placenta mesenchymal stem cells 
(PLC-MSC) 

Initially, the placenta tissue was washed with 
PBS, pH 7.2; blood clots and vessels were 
mechanically removed and the tissue was minced 
into small pieces and washed again with PBS. Then, 
tissues were incubated with 0.01% DNase I (Roche 
Diagnostics Australia Pty. Ltd., Australia) and 0.25% 
trypsin (Gibco-Invitrogen) for one hr at 37°C for 
removing trophoblasts. The sample was then filtered 
through a 250 μm metal sieve. The remnants were 
collected and digested with collagenase I 0.1 % (1 hr 
at 37°C). Digested tissue was passed through a 250 
μm metal sieve and 100 μm cell nylon membranes, to 
eliminate undigested fragments. Following filtrate 
centrifugation at 300 g for 10 min, cells were collected; 
red cells were lysed in a buffer containing 155 mmol/L 
NH4Cl and 20 mmol/l Tris for five min and cells were 
centrifuged at 300 g for 10 min. The cell pellet was 
suspended in a complete medium (low glucose content 
(1 g/l) DMEM/20% FBS plus 100 U/ml penicillin, 100 
μg/ml streptomycin, 5 ng/ml basic fibroblast growth 
factor (b-FGF, Promega) and 1mM/L-glutamine. 
Cultures were incubated in humidified 5% CO2 
incubators, at 37°C and plated into two 75 cm2 flasks. 
Non adherent cells were removed (after 24 hr) and 
replaced with fresh medium every three days, and 
adherent MSC were trypsinized upon reaching 80% 
confluence with Trypsin-EDTA (0.25% 
trypsin+0.02%EDTA, Gibco-Invitrogen ) after 14 days 
of culture.  
 

Flow cytometry analysis of ADSC and PLC-MSC 
For immunophenotyping, cells were initially 

washed twice with ice-cold 20 mM PBS, pH 7.2 and 
trypsinized with 0.25% trypsin, 0.02%EDTA, then 10 
µl of secondary conjugated Ab (AbD Serotec 
company, USA) per 200-500×103 cells (up to 106 
cells) in 100 µl PBS to which CD45, CD34, CD29, 
CD105, CD31, CD166, CD44 and HLA-DR were added. 
Following on, the final volumes of all the tubes were 
enhanced to 1 ml with PBS. In the next step, cells 
suspended with specific antibodies were incubated 
for 45 min at 4°C. Finally, after washing the samples 
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Figure 1. Human mesenchymal stem cells (a-i), Adipogenic and osteogenic differentiation; (g,h) morphology and growth of fibroblastoid-
adherent cells or placenta-derived Mesenchymal stem cells at phase 0 on days 2, 5 and 12, respectively (a-c) . (a) Small, round cells 
(Magnification: ×100). (b,c) Long, thin cells (Magnification: ×100) with spindle-shape, which were reached to high confluence and were 
formed in a colony, as seen in the picture. (c) With morphology and growth of adipose-derived Mesenchymal stem cells at passage 0 on 
days 2, 4 and 8 (colony), respectively (d-f). (d) A single long spindle-shaped ADSC with thin processes; (Magnification: ×1000). (e,f) ADSCs 
that were growing (cells were created in a colony (f)) (Magnification: ×100). Adipogenic differentiation was evidenced by the formation of 
lipid vacuoles (yellow) by Oil Red O staining at passage three in adipose-derived MSC (g) (Magnification: ×1000). Osteogenic differentiation 
was evidenced by the formation of a mineralized matrix at passage three in adipose-derived MSC (Magnification: ×400) (h) 
Undifferentiated adipose MSC (i) Scale bar is 50 μm d, g, h) and 100 μm (a, b, c, e, f, i) 

 
in PBS, they were analyzed by flow cytometer (BD 
FACSCalibur flow cytometer; Becton Dickinson. USA) 
using the CellQuest software. All markers were 
stained with secondary conjugated Ab (mouse anti-
human Ab) with fluorescein isothiocyanate (FITC), 
except HLA-DR, which was conjugated with 
phycoerythrin (PE). 
 
Differentiation study  

Osteocyte and adipocyte differentiations were 
qualitatively determined using standard methods. 
Placenta- and adipose-derived adherent cells were 
trypsinized. Then, cells were transferred into 
replicate 24-well plates and were incubated for 24 hr 
to adhere cells to plates. The medium was replaced 
with a differentiation medium. All differentiation 
studies were conducted at passage three.  
 
Osteogenic differentiation  

Cells were plated in an osteocytogenic 
differentiation medium containing L-DMEM, 10% 
FBS, 0.1 μM dexamethasone (Sigma-Aldrich), 200 μM 
L-ascorbic acid-2-phosphate (Sigma-Aldrich) and 10 
mM β-glycerol phosphate (Sigma-Aldrich) for 21 
days and induction was confirmed by Alizarin Red S 
staining (26). Alizarin Red Stain positive cells 

(differentiated MSC with calcium deposits) under 
microscope were stained bright orange-red, while 
negative cells (undifferentiated MSC without calcium 
deposits) were stained as faintly reddish cells. 
 
Adipogenic differentiation 

Cells were seeded onto a medium consisting of 
DMEM/10% FBS, 50 μmol/l indomethacin, 10 μM 
insulin , 1 μmol/l dexamethasone and 0.5 mM 3-
isobutyl-1-methyl-xanthine (all from Sigma-Aldrich) for 
two weeks and induction was confirmed by Oil Red O 
staining using a standard method (27). Observation of 
Oil Red droplets in microscopic evaluation proved the 
adipose differentiation of MSC. 

 

Results 
Adipose and placenta-Derived MSC exhibited the 

same morphological features. MSC from both adipose 
and placenta were observed as fibroblast-like 
adherent cells at passage 0, that at first appeared as 
small cells with two forms –epithelial and fibroblast-
like; at later stages (third passage) the epithelial-like 
morphology was eliminated and the remaining cells 
were larger with fibroblast-like and cobblestone 
morphologies. With these morphologic findings, we 
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Figure 2. Immunophenotyping analysis of adipose mesenchymal stem cells. ADSC was positive for CD105, CD29, CD44 and CD166, and 
negative for CD31, HLA-DR, CD45 and CD34. Control histogram is highlighted in red. 
a: Control and CD105; b: Control and CD29; c: Control and CD44; d: Control and CD166; e: Control and CD31; f: Control and HLA DR;                    
g: Control and CD45; h: Control and CD34 

 
were unable to differentiate MSC from the 
differently-derived sources (MSC morphologies were 
imaged using a Carl Zeiss Inverted Axiovert 40 
microscope, equipped with a camera) (Figure 1a-1f). 
The isolation process for ADMSC (adipose-derived 
mesenchymal stem cells) were conducted with a 
100% success rate for all the samples (n=10); this 
ratio was not calculated for PLC-MSC, because of 
limitations in the number of evaluated placenta 
samples in this study. In all passages, the culture 
medium was removed and replaced when MSC 
reached 80% confluence. 

The ability of MSC to differentiate into mesodermal 
cells, such as adipocytes, osteocytes and myocytes was 
proven. Adipose and placenta-derived MSC were 
similarly differentiated into mesodermal cells. These 
abilities were proved via Oil Red O staining and showed 
the presence of lipid droplets (Figure 1g), while Alizarin 
Red S staining showed calcium deposits (Figure 1h). 
These results were verified by comparing the samples 
with control cultures (no morphological changes were 
observed in control cultures). ADSC was differentiated 
quicker than placenta; however, both were 
differentiated within 21 days for osteocytes and 14 

days for adipocyte differentiation (all samples of the 
two sources were differentiated to adipocytes and 
osteocytes). 
 
Cell surface markers 

About 90% of PLC-MSC and ADSC were positive 
for CD 29, CD44, CD105 and CD166, and negative for 
CD31, CD34, CD45, HLA-DR (the two sources were 
similar) (Figures 2, 3). The following are the 
percentages of positive cell markers. Adipose MSC: 
CD 105: 75.98 %; CD 29: 82.93 %; CD 44: 86.34 %; 
CD 166: 27.65 %. Placenta MSC: CD 105: 84.82%; CD 
29: 83.52 %; CD 44: 88.59 %; CD 166: 77.67 %. 

 

Discussion 
MSC exists in many tissues in adults (bone 

marrow, adipose, cartilage, peripheral blood) and in 
fetal tissues (placenta, cord blood, amniotic fluid). 
Despite bone marrow being the main source of 
isolation for MSC, its aspiration is an extremely 
invasive procedure and differentiation potential, life 
span and the number of MSC derived from it 
decreases with increasing age. Therefore, other 
sources of MSC isolation such as adipose tissue and 
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Figure 3. Immunophenotyping analysis of placenta mesenchymal stem cells. PLC-MSC was positive for CD105, CD29, CD44 and CD166, and 
negative for CD31, HL-DR, CD45 and CD34. Control histogram is highlighted in red. 
a: Control and CD105; b: Control and CD29; c: Control and CD44; d: Control and CD166; e: Control and CD31; f: Control and HLA DR;                  
g: Control and CD45; h: Control and CD34  
 

 
placenta are being studied. The collection of PLC-
MSC is less invasive and poses no side-effects for the 
mother or the neonate. MSC can also be obtained 
from adipose tissue (these cells can be isolated from 
cosmetic liposuction procedures in large numbers 
and quantities and easily cultured under standard 
conditions) (28). 

In this study, MSC from two sources, placenta and 
adipose, were isolated and after characterization 
successfully differentiated into two lineages. The 
results showed that both adipocyte MSC and PLC-
MSC had osteogenic and adipogenic differentiation 
potential, as have been shown in previous studies 
highlighting their pluripotency potential (3, 21, 29, 
30). In this study, assessments were restricted to the 
mesodermal differentiation capacity (adipose tissue 
and bone). Based on recent reports, however, the 
range of differentiation for MSC does not appear to 
be limited to this lineage. MSC derived from both 
tissues have been shown able to differentiate to 
endo- and ectodermal lineages, too (14, 31-34). 

All MSC derived from these two sources showed 
typical MSC features with a fibroblastoid morphology, 
the formation of single separated fibroblastoid colonies, 
differentiation ability and the expression of classical 

markers of MSC, but without the expression of 
hematopoietic markers.  

We were able to differentiate MSC from two 
different sources to adipogenic and osteogenic 
tissues with similar capabilities. However, in a study 
by Kern et al (2006), which compared isolation of 
MSC from bone marrow, umbilical cord blood and 
adipose tissue, the researchers were unable to 
differentiate cord blood MSC to adipose tissue. This 
indicates that MSC from different sources can have 
different abilities for multilineage differentiation. 

Neither MSC derived from the two sources 
expressed hematopoietic stem cell markers (CD45, 
CD34), but they expressed MSC markers (CD29, CD44, 
CD105, CD166) with similar intensity. As in other 
studies, none of the MSC expressed HLA II (28). 
Definitive cell markers of ADSC or PL-MSC will help  
not only to separate them from other cell populations in 
cultures, but will also enable their purification from 
stromal vascular fraction. However, we have not 
distinguished these markers in the current study; this 
separation can be done by functional assay (35). The 
reproduction rate of adipose-derived MSC was much 
faster than placenta derived MSC. It took seven days 
for adipocyte- derived MSC to reach confluence of 
80%, whereas this took 12 to 15 days for PLC-MSC 
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(at passage 0). However, this difference was 
minimized in the following passages (PLC-MSC 
reached similar duplication rate in the third passage). 
Reliable, rapid and efficient methods for MSC 
differentiation are also necessary. The study showed 
that adipogenesis differentiation was relatively quick, 
occurring in nearly two weeks, but that chondrogenic 
and osteogenic differentiation took notably longer 
(roughly 21 days) (36). According to some studies, 
bone marrow MSC has been recognized as the most 
important source of MSC for medical applications (37); 
however due to limitations in obtaining bone marrow, 
as we have mentioned previously, and its reduced 
differentiation with age (38, 39), other sources of MSC 
such as adipose tissue and placenta, with easy isolation 
and sufficient MSC numbers, should be considered for 
clinical application (4, 28, 40-42). Addition to the 
regenerative function of ADSC and PL-MSC, is their 
important potential immunomodulatory effects. CP-
MSC may be more effective than other MSC in relation 
to immunomodulation and have been suggested as 
useful sources for cell therapy (25).  

According to some studies, isolated MSC from 
different sources, including peripheral blood, adipose 
and Wharton’s jelly have different immunomodulatory 
characteristics (43, 44). Studies have also shown that 
these characteristics result in membrane or secretory 
MSC molecules (45). Of course, these studies 
demonstrate that MSC could identify environmental 
signals and through understanding these signals, as 
well as the cell's needs, stimulatory or inhibitory 
functions can be achieved (45). Our study, as in a 
number of others, showed similar immunophenotypic 
and differentiation properties for neonatal (e.g., 
placenta) and adult MSC sources (e.g., adipose) (46, 47). 
These results differ from some studies that indicate 
differentiated potential for neonatal MSC sources (48). 
 

Conclusion  
The current study showed that PLC-MSC and 

ADSC show similar mesenchymal cell surface 
markers, morphology and differentiation potential, 
and due to their multipotency for differentiation into 
another lineage, like osteocytes and adipocytes, they 
can be considered an attractive source of MSC for use 
in regenerative medicine.  
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