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Abstract 
Mesenchymal stem cells (MSCs) are multipotent cells and able to differentiate into connective tissues 
such as bone, fat, cartilage, tendon, and muscle. They show to be very potent tools for tissue engineering 
and regenerative medicine. Several researches have shown that amniotic membrane mesenchymal stem 
cells (AM-MSCs) and umbilical cord mesenchymal stem cells (UCB-MSCs) are both multipotent in 
nature differentiating into several cell types such as adipocytes and osteoblasts. In this study, 
mesenchymal stem cells were derived from the human amniotic membrane (hAM-dMSCs) and 
umbilical cord then characterized with their surface antigens using flow cytometry. These cells 
differentiated to osteocyte and adipocyte in induction medium then the expression of RunX2, 
Osteonectin, and ALP genes were calculated by Real-Time PCR. We showed that AM-MSCs and UCB-
MSCs can discriminate to osteogenic and adipogenic cells in the specific induction medium. The 
capability of AM-MSCs and UCB-MSCs differentiation to osteogenic cells was confirmed by enhanced 
expression of RUNX2, ALP and Osteonectin gene and deposition calcium shown by alzerin staning. 
Given the available evidence, we conclude that AM-MSCs and UCB-MSCs have suitable access, low 
immunization and lack of medical ethics problems are one of the appropriate sources for differentiation 
in to osteogenic and adipogenic cells. Also, they can be considered as good choices for treatment of 
mesenchymal tissue injuries and tissue engineering.  
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1. Introduction 
Stem cells are predictable the mainly positive 

agent for the treatment of degenerative and ischemic 
diseases as of their self-renewal and multiline age 
differentiation capacity [1]. Mesenchymal stem cells 
(MSCs) were first discovered in 1968 by Friedenstein 
as a supporter fibroblast-like population in the bone 
marrow competent of differentiating into bone [2]. It 
was then revealed that MSCs can be isolated from 
different tissues for instance adipose tissue, peripheral  
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blood, placenta, amniotic membrane (AM), and 
umbilical cord (UC) [3, 4]. 

The human amniotic membrane (hAM) is the 
innermost fetal layer considered as an imperative 
source of MSCs for the treatment of several disorders 
[5, 6]. Furthermore, hAM is a highly plentiful tissue 
and willingly available having a single layer of 
epithelial cells, underlying fibroblasts, and an 
avascular collagenous stroma [7]. Umbilical cord 
blood (UCB) is considered one of the youngest 
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accessible sources of adult stem cells. As well 
hematopoietic stem cells, UCB has been shown to have 
endothelial progenitor cells with MSCs [8, 9]. Human 
umbilical cord derived MSCs isolated from the cord’s 
structures; arteries, vein, cord lining and Wharton’s 
jelly. Various studies have shown that amniotic 
membrane mesenchymal stem cells (AM-MSCs) and 
UCB-MSCs are both multipotent in nature 
differentiating into various cell types such as 
adipocytes, osteoblasts, hepatocyte, chondrocytes, 
haemopoetic cells, cardiac and neural cells [10-13]. 
Umbilical cord stem cells have also been proved 
promising in probable executive of several diseases 
and situation [14-16]. 

Through the past decades, the efficiency of MSCs 
such as hAM-dMSCs and UCB-MSCs has been widely 
investigated both in basic and clinical experiments [17, 
18]. Due to their anti-inflammatory properties, low 
immunogenicity and less ethical issues related with 
their use compared with further sources of stem cells, 
hAM-dMSCs and UCB-MSCs are alternative resource 
in the field of tissue engineering [19, 20]. These 
varieties of MSCs have been studied in clinical trials for 
currently deadly diseases, for instance bone and 
cartilage defects, stroke, myocardial infarction, graft-
versus-host disease (GvHD) and autoimmune 
diseases [21]. These cells have a homing aptitude, 
meaning that they can transfer into injured sites, and 
they acquire the ability to differentiate into confined 
components of injured sites and the ability to secrete 
chemokines, growth factors and cytokines, that 
facilitate in tissue regeneration [22]. These cells are 
identified to create trophic factor for tissue 
repair/regeneration [23].  

It has been clarified that many various genes are 
involved in differentiation of osteoblast cells such as 
alkaline phosphatase (ALP), Runx2, andosteonectin. 
ALP is an enzyme which its expression and activity 
have been evaluated in some mammals like humans to 
conclude cell fate in developmental studies or even 
within clinical trials. This enzyme is considered as key 
markers in the recognizing of embryonic stem cell. 
Runt-related transcription factor 2 (Runx2) is a 
member of the Runx family, which is crucial for 
differentiation of osteoblast and chondrocyte 
maturation [24]. Expression of RUNX2 in 
mesenchymal cells has an induction effect on 
osteoblast differentiation which leads to bone 
formation [25, 26]. In addition, Osteonectin, also 

known as secreted protein acidic and rich in cysteine 
(SPARC) is a calcium-binding matricellular protein 
considered as an important non-collagenous protein 
expressed in mineralized and non-mineralized tissue 
[27, 28].  

Thus far, because of MSCs relieve of isolation, 
culture expansion, multipotential differentiation and 
immunomodulatory properties, they have the 
potential for concern in regenerative medicine and 
have therapeutic purpose [29]. Furthermore as 
mentioned above, MSCs used in the treatment of bone 
lesion. Thus, in this study, two available and non-
invasive extra-embryonic sources (AM-MSCs and 
UCB-MSCs) were selected. Also the differentiation 
potential of these cells to differentiate into osteocytes 
was compared.In addition, they can be considered as 
good choices for treatment of mesenchymal tissue 
injuries and tissue engineering. Initially we isolated 
MSCs from AM and UCB sources. In the next step, 
differentiation of AM-MSCs and UCB-MSCs into 
adipogenic and osteogenic cells were carried out in 
induction mediums. Then, the expression of ALP, 
Runx2, and osteonectin genes were evaluated in 
osteogenic cells differentiated from AM-MSCs and 
UCB-MSCs. 

 
2. Materials and Methods 
2.1 Isolation, MSCs from amniotic membrane 
Amniotic membrane samples were collected from 

mothers who gave informed consent at Milad hospital 
(Iran). They were then transferred to the laboratory to 
isolate the MSCs from amniotic membrane. A two-
step method was used to isolate MSCs: First the 
amniotic tissue was treated with trypsin to remove the 
epithelial cells, which was followed by treatment with 
Dnase and collagenase IV (Gibco, UK) for 5 minutes at 
37˚C. The MSCs extracted from amniotic membrane 
are adherence cells [30, 31]. AM-MSCs were cultured 
with DMEM (low glucose) medium and 10% FBS, 1% 
penicillin streptomycin solution at 37˚C in 5% CO2. 

 
2.2 Isolation, MSCs from UCB 
In this study, MSCs were isolated from UCB after 

receiving an approval form. Cord blood mononuclear 
cells (MNCs) were extracted according to the 
instructions [32]. Briefly, MNCs division was obtained 
by Ficoll (Sigma-Aldrich, USA) followed by 
concentration gradient centrifugation and in a 225 cm 
flask containing 6 ml of DMEM culture medium with 
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10% FBS (Invitrogen, USA), 1% penicillin and 1% 
Streptomycin (CinnaGen, Iran) and then cells were 
cultured at 37 ° C. The, 48 hours after culture, non-
adherent cells were removed by altering the culture 
medium. Replacement of cell culture medium with an 
interval of 3 days removed non-adherent cells. Finally, 
mesenchymal stromal cells from the third passage 
were provided for final experiments. 

 
2.3 Differentiation to osteoblasts and adipocytes 
The MSCs were differentiated to osteoblasts and 

adipocytes. The cells in Passage 5 were cultured in six-
well plates. The osteogenic differentiation culture 
containing DMEM and 10% FBS, ascorbic acid 50 
µg/mL, β-glycerolphosphate 5 mM and 
dexamethasone 10 mM, and the adipogenic 
differentiation culture containing DMEM and 10% 
FBS, ascorbic acid 50 µg/mL, Indomethacin 60 mM, 
and dexamethasone 10 mM were used (all from 
Sigma-Aldrich, USA). The cells were incubated for 14 
days at 37  ̊ C and 5% CO2. The differentiation to 
osteoblasts was observed during staining with Alizarin 
Red and the differentiation of adipocytes was revealed 
by staining with Oil Red O (all from Sigma-Aldrich, 
USA) [33].  

For oil-red-O staining, the differentiation medium 
was first removed and the cells were washed with PBS 
for stabilization. Cold ethanol 71% was added to the 
cells. After 1 hour, the ethanol was removed and the 
cells were washed 2 to 3 times with distilled water. 
Then 1ml Oil-Red-O 2% solution was added to the cells 
and incubated for 50 minutes at room temperature. 
After draining the staining solution, the cells were 
washed 4 times with distilled water. Finally in order to 
prevent the cells from drying out, 1 ml of distilled water 
was added to them and the cells were stained with 
were evaluated (all from Sigma-Aldrich, USA).  

For Alizarin staining, first the differentiation 
medium was removed and the cells were washed with 
PBS. Cold ethanol was added to the cells. After 1 hour, 
remove the ethanol and wash the cells 2 to 3 times with 
distilled water, then  1 Alizarin Red% 2 solution was 
added to the cells and  for 30- 40 minutes at room 
temperature Was incubated. After draining the 
staining solution, the cells were washed 4 times with 
distilled water. Finally in order to prevent the cells 
from drying out, 1 ml of distilled water was added to 
them. 

 

2.4 Flow cytometry 
Flow cytometric immune phenotyping was used 

to determine cell identity and surface markers.  
Based on references, after washing with PBS and 

trypsinizing, we dissolved about 105 cells in 1 ml PBS 
and 100 μl of this suspension was transferred to a tube; 
11 μl of monoclonal antibody conjugated to Fluorecein 
isothiocyanate (FITC) and Phycoerythrin was 
transferred to the microtube.  

After washing with PBS and trypsinized, the cells 
were stained with monoclonal antibodies against, 
PerCP-29, FITC-CD44, FITC-CD45 and PE-CD34 for 
30 min on ice (BD Bioscience, San Jose, CA, USA), 
where PerCP-IgG1, PE-IgG1, and FITC-IgG1 were 
used as controls. Then, they were washed with PBS 
and analyzed using flow cytometer (FACS Calibur; 
Becton-Dickinson) for stained cell [34]. Moreover, 
Flomax and FlowJo (FlowJo, LLC) softwares were 
applied for analyzing flow cytometrydata. 

 
2.5 RNA isolation and real-time PCR 
Total RNA was extracted by YT4500 Total RNA 

Purification Mini kit (Yekta Tajhiz Azma, Iran) 
according to manufactured protocol from the samples. 
Then, cDNA was synthesized using total RNA and 
cDNA synthesis kit (Stem Cell Technology Co., Iran). 
To conclude the concentration of DNA, fluorescence 
color SYBER Green (Sigma-Aldrich, USA) was used. 
GAPDH was used as the internal control [35]. Finally, 
real-time PCR (StepOnePlus, Korea) was employed to 
measure the expression of RUNX2, Osteonestin and 
ALP genes. Primer sequences are presented in Table 3. 

 
2.6 Statistical analysis 
All experiments were performed with at least 

three repetitions. In this study, standard error is used 
to describe the data. Using SPSS software, version 23 
is used to compare the means of two groups 
independent of the test and to compare the means of 
more than two groups of the test. The results are 
considered statistically significant if P value <0.05. 
Graphs and tables are drawn using Excel software. 

 
3. Results 
3.1 Growth characterization of AM-MSCs and 

UCB-MSCs 
In morphological study by invert microscope it 

was clarified that MSCs derived from amniotic 
membrane (Supplementary Figure 1A) and UCB 
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(Supplementary Figure 1B) were spindle-shaped cells. 
These kind of cells presented typical properties like 
having a large rounded nucleus containing nucleolus, 
and long and short cellular tails. Moreover they were 
adhesive cells which could maintain a strong mitotic 
competency to passage 3. 

 
3.2 Surface markers of AM-MSCs and UCB-

MSCs 
The isolated AM-MSCs and UCB-MSCs were 

characterized with their surface antigens using flow 
cytometry. Flow cytometry analysis showed that MSCs 
derived from amniotic membrane and UCB was 
positive for mesenchymal associated markers (CD29 
and CD44) and negative for the hematopoietic cell 
antigens (CD34 and CD45). The results displayed that 
in AM-MSCs CD29, CD44, CD34 and CD45 were 
expressed 97.4%, 99.6%, 1% and 0.5%, respectively. As 
well, the expressions of these markers in UCB-MSCs 
were 95% (CD29), 99% (CD44), 1% (CD34) and 5% 
(CD45). 

 
3.3 Adipogenic differentiation from AM-MSCs 

and UCB-MSCs 
To evaluate adipogenic differentiation from AM-

MSCs and UCB-MSCs, cells of passage 3 were cultured 
in induction medium and differentiated into 
adipogenic cells (Supplementary Figure 3). On the 
other hand, the MSCs cultured in basic culture 
medium were considered as controls and did not show 
any differentiation (Supplementary Figure 3A and C). 
As shown by arrows, red points were lipid vesicles 
identifying adipogenic differentiation from AM-MSCs 
(Supplementary Figure 3B) and UCB-MSCs 
(Supplementary Figure 3D). 

 
3.4 Osteogenic differentiation from AM-MSCs 

and UCB-MSCs 
AM-MSCs and UCB-MSCs of passage 5 were used 

to culture in osteogenic induction medium, which 
differentiated into osteogenic cells (Supplementary 
Figure 4). Nevertheless any differentiation shown in 
the control MSCs cultured in basic culture medium 
(Supplementary Figure 4A and C). After 14 days 
Alizarin Red staining was used to represent the 
osteogeniccells by inverted microscopy. This kind of 
staining could illustrate osteogenic differentiated from 
AM-MSCs (AM-OST) (Supplementary Figure 4B) and 

UCB-MSCs (UCB-OST) (Supplementary Figure 4D) 
with calcium deposition.  

 
3.5 Gene expression by RT-PCR analysis in 

osteogenic differentiated cells 
Quality of extracted RNA in osteogenic 

differentiated cells from AM-MSCs and UCB-MSCs 
were evaluated by Nano drop. Moreover, agarose gel 
was run to check the quality of RNA (Supplementary 
Figure 5). 

Expression of ALP, RUNX2, and Osteonectin in 
these osteogenic differentiated cells was analyzed by 
RT-PCR compared to GAPDH transcript level (as 
internal control) (Supplementary Figure 6). As 
presented in Supplementary Figure 6A, expression of 
RUNX2 displayed a dramatic enhancement in AM-
OST (5-fold) and UCB-OST (6-fold) in comparison to 
the control. ALP gene expression in AM-OST and 
UCB-OST significantly enhanced 10 and 6.8 times 
respectively greater than that in MSCs control 
(Supplementary Figure 6B). In addition, the greatest 
increase was found in expression level of osteonectinin 
AM-OST and UCB-OST, which showed 13- and 9-fold 
increase, respectively, compared to the equivalent 
control (Supplementary Figure 6C).Since the 
expression of these genes were equal in AM-MSCs and 
UCB-MSCs, we considered AM-MSCs as the control. 

 
4. Discussion 
MSCs are multipotent cells and capable to 

discriminate into connective tissues for instance bone, 
cartilage, tendon, fat and muscle. They show to be very 
influential role for regenerative medicine and tissue 
engineering, not just for their multilineage 
discrimination possible [35].  But frequently for their 
paracrine activity, exerted during the release of soluble 
agent [36] for instance anti-inflammatory cytokines, 
trophic molecules and anti-apoptotic that stimulate 
tissue renovate and counteract inflammation [37]. 
These cells are regular and reside in different tissues 
for self-repair and tissue homeostasis. They can be 
remote from bone marrow, periosteum, adipose 
tissue, trabecular bone, synovium, skeletal tissue, 
blood, spleen, brain, kidney, liver, lung, muscle, bone 
marrow, thymus, pancreas and deciduous teeth [38]. 
In this study potential differentiation of AM-MSCs and 
UCB-MSCs into adipogenic and osteogenic cells were 
compared. Additionally, the expression of ALP, 
Runx2, and osteonectin genes were evaluated in 
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osteogenic cells differentiated from AM-MSCs and 
UCB-MSCs. 

Before studies showed that AM-MSCs were able to 
reverse the bone deficiency caused by oxidative stress 
and inflammation [39]. Furthermore, UCB-MSCs 
transplants were used in patient with bone marrow 
failure syndromes, hematologic malignancy, or 
inherited metabolic disorders, which led to treat them 
[40]. 

Several researches have represented that 
particular surface antigens, such as CD44, CD29, 
CD90, and CD105, are identified MSCs that originate 
from UCB, AM, bone marrow and adipose tissue [41, 
42]. Consist with Wang et al. and Chamberlain et al., 
our results showed that MSCs were positive for 
mesenchymal associated markers CD29, CD51, CD44, 
CD73, and CD105, showed lacked expression of CD34 
and CD45 as hematopoietic markers [7, 32]. 

These MSCs could differentiate into osteoblasts 
one of the most important cells correlated to bone 
repair. Also adipocytes diffrentiaed from MSCs could 
represent a new therapeutic target for multiple 
diseases from osteoporosis to leukemia [43]. Former 
researches have revealed that aging or harmful MSCs 
have damaged osteogenic differentiation ability and 
improved adipogenic differentiation capacity, which is 
a probable cause of osteoporosis in the elderly [44, 45]. 
The differentiation of MSCs in vitro mostly depends on 
the culture situation. Growth factors, for example the 
TGF-β family, result in chondrogenic demarcation 
[46], whereas MSCs cultured with isobutyl methyl 
xanthine, dexamethasone, and indomethacin will 
discriminate down an adipogenic lineage [47]. 
Osteogenic differentiation of MSCs in vitro is induced 
by the occurrence of dexamethasone, β-glycerol 
phosphate and ascorbic acid [48]. Alternatively, 
ascorbic acid 50 µg/mL, Indomethacin 60 mM, and 
dexamethasone are needed in culture medium for 
induction of adipogenic demarcation from MSCs [49]. 

Signaling cascades which expand MSCs into 
adipogenic and osteogenic lineage differentiation rely 
on two type transcription factors: PPAR𝛾and RUNX2, 
respectively. Also, PPAR𝛾 as the master regulator of 
adipogenesis has anti-osteoblastogenic effects. These 
transcription factors are devoted for moderating the 
effects of diverse cytokines in purpose of adipogenic 
versus osteogenic MSCs differentiation [50, 51]. On 
the other hand, in this study we used particular 
induction medium for adipogenic and osteogenic 

differentiation from AM-MSCs and UCB-MSCs, 
which lead to emerge individual adipogenic and 
osteogenic lineages. 

In this study, beside cells differentiation, the 
expression of some genes, RUNX2, ALP, and 
Osteonectin, involve in osteogenic differentiation from 
MSCs were examined. And all genes showed enhanced 
expression in osteogenic differentiated cells.RUNX2 is 
a member of the RUNX family, which has the DNA-
binding domain runt. This factor is necessary for 
differentiation of osteoblast and chondrocyte 
maturation. Expression of RUNX2 in mesenchymal 
cells has an induction effect on osteoblast 
differentiation which leads to bone formation. Thus, 
RUNX2 formed a condensed cell layer of osteoblast 
progenitors by enhancing their generation and 
inducing their differentiation into osteoblast lineage 
cells [52-54]. RUNX2-dependent osteoblast 
differentiation is associated with bone morphogenetic 
proteins (BMP) signaling. Actually, BMPs participate 
a role in induction of numerous target genes 
expression particularly RUNX2 by activating SMAD 
proteins and also further signal transduction 
pathways. In addition, RUNX2 increases the cells 
responsiveness to BMPs [55, 56]. Through 
differentiation of osteoblast, RUNX2 shows low 
expression in mesenchymal cells and the upregulated 
expression in preosteoblasts. Furthermore, its 
transcript level attains the highest level in immature 
osteoblasts, and finally is reduced in mature 
osteoblasts; which were in agreement with Qin et al 
[57].  

ALP is an enzyme which its expression and activity 
have been evaluated to conclude cell fate in 
developmental studies or even within clinical trials. 
Hydrolysis of phosphate esters is mentioned as a 
general activity of ALP [58]. This enzyme is considered 
as key markers in the recognizing of embryonic stem 
cell. It has been known some isoenzymes of ALP are 
specific for definite tissue in humans, which are 
expressed by embryonic cells but also carcinoma cells. 
Another isoenzyme is ubiquitous, which is not tissue-
specific and appears in bone, kidney, and liver [59, 60]. 
Some of ALPs are responsible in the mineralization of 
hard tissue by providing free phosphate for the 
creation of hydroxyapatite crystals and hydrolysing 
pyrophosphate (an inhibitor of bone matrix 
formation). Also, they interfere in the metabolism of 
vitamin B6, and also, 𝛾-aminobutyric acid (GABA, as a 
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neurotransmitter). These ALP activities are dominant 
in the developing skeleton; therefore their suppression 
causes various defects in the mineralization of hard 
tissue and the expansion of the nervous system [61, 
62].   

The main modulating pathways regulating 
osteoblastic differentiation and ALP expression are the 
BMP/RUNX2 (CBAf1, AML3)/Osterix system, and 
the Wingless type (Wnt) signaling cascade, which 
correlate to each other [63-65]. Some studies of the 
BMP/RUNX2 system have indicated that a number of 
patterning gene products were involved in both 
inductions of osteogenesis in MSCs and controlling 
expression of some isoenzymes of ALP via 
chromosomal remodeling [66]. An additional 
regulation of ALP expression is applied through the 
actions of 1, 25-(OH) 2 -vitamin D, and Parathyroid 
hormone and retinoic acid, which interact with the 
main modulatory systems [67, 68]. In various studies, 
osteoblastic differentiation and mineralization were 
elucidated by determining ALP expression by RT-
PCR, and mineralized matrix pattern by Alizarin red S 
staining which is consist with our study [69]. The 
results presented here are consistent with previous 
reports [67, 70].  

Osteonectin was a different protein which its gene 
expression was evaluated in this study. This protein 
identified as SPARC or basement membrane protein 
40 is a 32 kDa calcium-binding matricellular protein is 
secreted by osteoblasts in bone during bone 
development [71, 72]. Usually, expression of this 
protein is related to fibrillar collagens such as collagen 
type I. It has been proposed that osteonectin binds 
collagen and hydroxyapatite crystals in the osteoid 
(pre-mineralized bone matrix), and releases calcium 
ions rising mineralization of the collagen matrix in 
bones. Osteonectin can be originate in osseous tissue 
for instance in active osteoblasts and bone marrow 
progenitor cells, hypertrophic chondrocytes, 
odontoblasts (dentin-forming cells), and osteoid, 
which show high expression of this protein [73].  

Various studies on animals have revealed that 
defection in osteonectin could cause various 
phenotypic abnormalities and decrease in bone 
mineral density [74, 75]. These consequences could 
lead to osteopenia is considered as a forerunner to 
osteoporosis [76]. Furthermore, these evidences have 
clarified that osteonectin has an effect on osteoblast 
and osteoclast activity; and induction of osteoblast 

differentiation in precursors with osteonectin defects 
would be impaired [77, 78]. Results showed that 
osteonectin protein level increased at early stages of 
differentiation and then declined as cells mature and 
began to express mature osteoblastic marker. Our 
results were in agreement with these reports. 

In conclusion, our results presented here indicate 
that MSCs isolated from AM and UCB were 
constructive for mesenchymal associated markers. 
This finding supported that MSCs could be obtained 
from these two various resources, AM and UCB, which 
are more potent than other sources of MSCs which 
their numbers decrease by increasing the age. In this 
study, the capacity of AM-MSCs and UCB-MSCs 
differentiation to Osteogenic cells was confirmed by 
enhanced expression of RUNX2, ALP and Osteonectin 
gene and deposition calcium shown by alzerin staning. 
Given the presented evidence, we conclude that AM-
MSCs and UCB-MSCs which have convenient access, 
low immunization and lack of medical ethics problems 
are one of the appropriate sources for differentiation in 
to Osteogenic and adipogenic cells. Moreover, they can 
be considered as good choices for treatment of 
mesenchymal tissue injuries and tissue engineering. It 
seems that further studies in this field are needed. 
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