
ICCBMS21., ICFNEAS21  

 August 19-20, 2021 

Conference Book  
ISBN 978-600-98459-7-2  

 

1 
 

 

 

Umbilical Cord Derived Mesenchymal Stem Cells 

Differentiation to Osteocytes and Adipocytes 
 

Reyhaneh Delfanian1*, Sona Zare2 
1Department of Molecular Genetics, Faculty of Basic Sciences, Tonekabon Branch, 

Islamic Azad University, Tonekabon, Iran 
2 Skin and Stem Cell Research Center, Tehran University of Medical Sciences, Tehran, Iran 

*Corresponding author: Reyhaneh Delfanian, Department of Molecular Genetics, Faculty 

of Basic Sciences, Tonekabon Branch, Islamic Azad University, Tonekabon, Iran (Email: 

reyhanedelfan2016@gmail.com) 

 

Abstract 

Background and Aim: Umbilical cord has been reported to have a population of cells 

including mesenchymal stem cells (MSC). In the present study we evaluated the human 

umbilical cord derived mesenchymal stem cells potential to differentiate to osteocytes.  

Methods: The fetal human umbilical cord was utilized to generate mesenchymal stem cells. 

Upon in vitro culture, adherent cells with fibroblastic morphology were generated. Using 

specific culture media, we evaluated the differentiation of mesenchymal stem cells to 

osteocytes and adipocytes.   

Results: The prepared umbilical cord derived mesenchymal stem cells were successfully 

differentiated to osteocytes.  

Conclusion: Due to umbilical cord derived mesenchymal stem cells have potential to 

differentiate to osteocytes and adipocytes, their application in bone and adipose tissue repair is 

predictable. 
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Introduction 
Recently the umbilical cord has been reported to be a rich source of different types of stem 

cells. Umbilical cord stem cells have the potential to give rise to other mature cells [1]. 

Umbilical cord is considered to be the most plentiful reservoir of cells and to have regenerative 

potential for many clinical applications [2]. Studies have shown that the umbilical cord 

mesenchymal stem cells can be easily obtained and expanded in vitro [3]. It has been also 

reported that the umbilical cord matrix is a promising source of mesenchymal stem cells [4]. 

Mesenchymal stem cells also are applied in a variety of ways for cellular therapy [5]. 

Mesenchymal stem cells are used for regeneration of damaged tissues and are able to self-

renew with a high proliferative capacity [6]. Advances in our understanding of stem cells 

differentiation, have provided new insights for generation of clinically relevant populations for 

cell therapy [7]. This research was aimed to investigate the capability of umbilical cord derived 

mesenchymal stem cells to differentiate to adipocytes and osteocytes.  

 

Materials and Methods 
This study was performed at the Skin and Stem Cell Research Center, Tehran University of 

Medical Sciences, Tehran, Iran during 2019. After receiving approval from the ethics 

committee and obtaining informed consent from participants, 30 samples were obtained from 

women undergone caesarean section operation.  
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The samples were transferred to the tissue culture department and PBS and antibiotic were 

added to the samples. After centrifugation (RPM1200, 5 minutes), and removing of 

supernatant, collagenase was added and the sample was incubated for 2 hours. The enzyme 

was then inactivated by adding culture media and supernatant was decanted to a media 

containing high glucose DMEM and serum (10%).    

Osteogenic differentiation 

Umbilical cord-derived mesenchymal cells were trypsinized and transferred into replicate 24-

well plates and incubated for 24 hr to adhere cells to plates. 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) under 

microscope were stained bright orange-red. 

Adipogenic differentiation 

The cells were cultured in passage 2. When the cells reached 50-40% of confluency, they were 

cultured in culture medium for 15 days to differentiate to adipose tissue. After 15 days, formalin 

solution was poured on the cells and exposed to ambient temperature for one hour and then oil-

red dye was added to cells. After 15 minutes, the cells were washed with PBS. Finally, cells 

were assessed using invert microscope. 

 

Results 
Human umbilical cord derived mesenchymal stem cells were observed under microscope 

(Figure 1). The ability of umbilical cord derived mesenchymal stem cells to differentiate into 

osteocytes was proven by the formation of a mineralized matrix in adipose-derived 

mesenchymal cells (Figure 2). 

 

 

 

 

 

 

 

 

 
Fig.2. Human umbilical cord derived mesenchymal stem cells  

 

 

 

 

 

 
 

Fig 2. Osteogenic differentiation. 
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The ability of umbilical cord derived mesenchymal stem cells to differentiate into adipocyte 

was proven by the formation of yellow vacuoles in adipose-derived mesenchymal cells (Figure 

3). 

 

 

Fig 2. Adipogenic differentiation. 

 

Discussion 
The development of methods for generating adipose and bone tissue is essential for successful 

adipose tissue engineering strategies. Stem cells offer an attractive cell source for adipose and 

bone tissue engineering applications [8]. We have shown that mesenchymal stem cells derived 

from umbilical cord is a promising source for generating adipose and bone tissue. It has been 

shown that the mesenchymal stem cells possess an extensive potential to proliferate and 

differentiate e.g. into osteoblasts, osteocytes, adipocytes and chondrocytes [9]. In line with our 

findings, it has been shown that placenta-derived adherent cells also can differentiate into either 

osteocytes or adipocytes in vitro [10]. The findings also indicate that the umbilical cord is an 

important source of mesenchymal stem cells that could be used in cell therapy protocols [11] 

as well as differentiation to variety of cell types. Different factors also have been reported to 

influence successful differentiation of mesenchymal stem cells to osteocytes and adipocyte 

[12]. It has been shown that the human adipose tissue-derived multipotent stem cells can also 

differentiate in vitro and in vivo into osteocyte-like cells [13]. Human mesenchymal stem cells 

from second-trimester amniotic  fluid  had  the ability  to  differentiate  in  vitro into  adipocytes  

and  osteocytes  under  specific culture conditions [14]. Due to their high plasticity and potential, 

mesenchymal stem cells possess the potential to differentiate into several different cell types 

[15]. 

 

Conclusion 
We have shown that human umbilical cord is one of the major sources of mesenchymal stem 

cells, which can be differentiate to osteocytes and adipocytes, according to which, their 

application in bone and adipose tissue repair is predictable. 
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