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Abstract 

Background and Aim: Mesenchymal stem cells (MSCs) of mesodermal origin could be 

originated from different types of tissue, including adipose tissue. Adipose derived 

mesenchymal stem cells have the potential to differentiate to a variety of mature cells. We 

evaluated the human adipose derived mesenchymal stem cells potential to differentiate to 

osteocytes and adipocytes.  

Methods: Adipose MSC were isolated from the subcutaneous adipose tissues of 10 healthy 

women (30 to 58 years). Osteocyte and adipocyte differentiations were qualitatively 

determined using standard methods. 

Results: The prepared adipose derived mesenchymal stem cells had the potential to 

differentiate to mature bone and adipose cells.  

Conclusion: Due to adipose derived mesenchymal stem cells potential to differentiate to 

osteocytes and adipocytes, their application in cell therapy is of significant importance. 
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Introduction 
Stem cells are a population of undifferentiated cells characterized by the ability to extensively 

proliferate (self-renewal([1]. Stem cells are but one class of the myriad types of cells within an 

organism. With potential to self-renew and capacity to differentiate, stem cells play essential 

roles at multiple stages of development. In the early embryo, pluripotent stem cells represent 

progenitors for all tissues while later in development, tissue-restricted stem cells give rise to 

cells with highly specialized functions. [2] Pluripotent stem cells, i.e. embryonic stem 

cells(ESC) or induced pluripotent stem cells (iPSC) differentiate into cells of all three 

embryonic lineages. Pluripotent stem cells, especially the patient-specific iPSC, have a 

tremendous therapeutic potential. [3] Multiple stem cells maintain and repair tissues. [4] Stem 

cells have the ability to differentiate into all types of cells in the body and therefore have great 

application potential in regenerative medicine, in vitro disease modelling and drug screening. 

[5] Several types of adult stem cells have been characterized and can be cultured in vitro, 

including mesenchymal stem cells. They are valuable as research tools and might, in the future, 

be used to treat a wide range of diseases. [6] Mesenchymal stem cells have been widely used  
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in the treatment of various chronic diseases. Therapeutic and regenerative potential of stem 

cells from adipose tissue, particularly adipose derived mesenchymal stem cells, has been 

demonstrated in recent studies. [7] Mesenchymal stem cells are objects of interest in 

regenerative medicine and are used for various therapies such as regeneration of bone, 

chondrocytes and other tissues including muscle, and adipose tissue. [8], [9] The aim of the 

present study was to evaluate the human adipose derived mesenchymal stem cells potential to 

differentiate to osteocytes and adipocytes in vitro. 

 

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, samples were obtained from 

adipose tissues of 10 healthy women (30 to 58 years) by liposuction method (Fig 1).  
 

 

 

 

 

 

 

 

 

 

 
Fig 1. Using suction technique to remove fat from patient abdomen. 

 

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 

Adipose-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 

Adipose-derived mesenchymal 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 3isobutyl-

1-methyl-xanthine (all from Sigma-Aldrich) for two weeks and induction was confirmed by 

Oil Red O staining using a standard method. Observation of Oil Red droplets in microscopic 

evaluation proved the adipose differentiation of MSC. 
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Results 
Adipose-derived mesenchymal cells were observed as fibroblast-like adherent cells (Figure 2). 

The ability of adipose-derived mesenchymal cells to differentiate into adipocytes and 

osteocytes was proven. Adipogenic differentiation was evidenced by the formation of lipid 

vacuoles (yellow) by Oil Red O staining in adipose-derived mesenchymal cells (Figure 3). 

Osteogenic differentiation was evidenced by the formation of a mineralized matrix in adipose-

derived mesenchymal cells (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.2. Adipose-derived mesenchymal cells.  

These cells were observed as fibroblast-like adherent cells 

 

 

 

 

 

 

 

 

Fig.3. Adipogenic differentiation.                                            Fig 4. Osteogenic differentiation. 

 

Discussion 
From the discovery of the first line of human embryonic stem cells, thousands of studies have 

been published concerning adult stem cells and their possible alleged therapeutic 

potential. [10] Study on the stem cells potential to differentiate to mature tissues has been of 

interest as well. Adipose derived mesenchymal stem cells have also been widely studied in 

recent years in vitro and in vivo. These cells have been shown to have a potential to differentiate 

to different types of tissues. [8], [9] In the present study we prepared adipose derived 

mesenchymal stem cells from human source and investigated their potential to differentiate to 

osteocytes and adipocytes. The results of our study indicated that adipose derived mesenchymal  
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stem cells can differentiate to osteocytes and adipocytes in vitro. In line with our findings it 

has been recently shown that adipose derived stem cells have pluripotent differentiation 

capabilities. [11] Indeed, mesenchymal stem cells are a pluripotent cell type that can 

differentiate into several distinct lineages. [12] It has also been found that human mesenchymal 

stem cells are differentiated into bone-forming cells by epidermal growth factor. [13] The 

findings have shown that adult human mesenchymal stem cells are primary, multipotent cells 

capable of differentiating to osteocytic, chondrocytic, and adipocytic lineages when stimulated 

under appropriate conditions. [14] Transforming growth factor-β (TGFβ) family members, 

including TGFβs and bone morphogenetic proteins (BMPs), play important roles in directing 

fate decisions for mesenchymal stem cells. TGFβ can provide competence for early stages of 

chondroblastic and osteoblastic differentiation, but it inhibits myogenesis, adipogenesis, and 

late-stage osteoblast differentiation. BMPs also inhibit adipogenesis and myogenesis, but they 

strongly promote osteoblast differentiation. [15] In vitro experiments have revealed that 

exposure of human mesenchymal stem cells to different bioactive factors may result in different 

lineages of adult cells. [16], according to which, in our study, using of osteogenic or adipogenic 

culture media for adipose derived mesenchymal stem cells resulted in osteogenic or adipogenic 

differentiation in mesenchymal cells.  

 

Conclusion 
Due to adipose derived mesenchymal stem cells potential to differentiate to mature cells, their 

application in skin cell therapy is of significant importance. 
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