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Abstract
Introduction: Stromal cells having preadipocyte characteristics can be isolated from adipose tissue, propagated 
in vitro and induced to differentiate in vitro toward the osteogenic, adipogenic, myogenic and chondrogenic 
lineages when treated with established lineage-specific factors.
In this research we isolated stromal cells from human adipose tissue and cultured and expanded and examined 
their stemness by determining their surface CD markers and their ability to differentiate into adipocyte lineage.
Material and methods: For isolating ASCs, raw lipoaspirates were washed with sterile phosphate-buffered 
saline (PBS) containing 5% penicillin/streptomycin. To digest the adipose tissue, aspirates were treated with 
0.075% collagenase for 1 h. To differentiate the cell to adipocyte, confluent cells were exposed to adipogenic
medium containing α-MEM, FBS, dexamethasone, indomethacin, IBMX, L-glutamin, and 
penicillin/streptomycin.
Results: Adhered cells were cultured for 2-3 weeks with replacing the media every 3-4 days and the ADSC 
were isolated, cultured and expanded. To examine the differentiation potential of the isolated cell, they were 
differentiated in specific medium and lipid droplets were appeared within the cells within 2-3 weeks. To 
confirm the lipid droplet, Oil red O lipid staining was used.
Conclusion: In conclusion, it could be taken to serious consideration that, besides, other sourses of 
mesenchymal stem cell, adipose derived are one the best and promising source being easily accessible and 
available by noninvasive method, as well as potential of being used in autologous cell transplantation in wide 
variety of disorders from nerve to cardiac injury from one side and musculoskeletal problem from other side. 
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Introduction
The properties of adult stem cells that make them 
suitable for clinical uses are: ease of harvest, high 
expansion rate in vitro and multilineage 
differentiation capacity. Bone marrow derived 
mesenchymal stem cells (MSCs) have been the 
subject of considerable research. But some 
problems like donor site morbidity limit the amount 
of marrow that could be obtained. By contrast, a 

desired volume of adipose tissue, as a source of 
stem cells, can be easily harvested by liposuction. 
In this study, the stromal cells from human adipose
tissue were isolated and examined their stemness by 
determining their surface CD markers and their 
ability to differentiate into adipocyte lineage.    
Stem cells are a population of cells possessing self-
renewal capacity, long-term viability and 
multilineage potential in differentiating to various 
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tissues. Because of ethical issues regarding the use 
of embryonic stem cells, adult stem cells have been 
proposed as an alternative source.(1)
Similar to bone marrow, adipose tissue is a 
mesodermally derived organ that contains a 
population of stem cells that can be enzymatically 
derived out of adipose tissue and make a 
homogeneous population in culture under suitable 
conditions for mesenchymal cells growth and 
exhibits stable growth and proliferation kinetics in 
culture.(2)
Stromal cells that have preadipocyte characteristics 
can be isolated from adipose tissue of adult 
subjects, propagated in vitro and induced to 
differentiate in vitro toward the osteogenic, 
adipogenic, myogenic and chondrogenic lineages 
when treated with established lineage-specific 
factors.(3) A variety of names have been used to 
describe the plastic adherent cell population isolated 
from collagenase digests of adipose tissue. Among 
them, the International Fat Applied Technology 
Society reached a consensus to adopt the term 
"adipose-derived stem cells" (ADSCs) to identify 
the isolated, plastic-adherent, multipotent cell 
population.(4)
Adipocytes develop from mesenchymal cells via a 
complex cascade of transcriptional and non-
transcriptional events that occurs throughout human 
life.(5) Adipocyte differentiation is a complex 
process accompanied by coordinated changes in cell 
morphology, hormone sensitivity and gene 
expression that have been studied primarily in 
murine preadipocyte cell lines rather than in human 
preadipocytes.(6)
In this study, we isolated ADSCs from human 
adipose tissue and to confirm whether human 
derived ADSCs represent stem cell population 
features, we studied the expression of several CD 
marker antigens that are specific to mesenchymal 
stem cells. Besides, we induced human derived 
ADSCs to differentiate into adipocytes in order to 
examine their differentiation potential.

Material and methods
Isolation of mesenchymal stem cells from 
adipose tissue: The initial methods to isolate cells 
from adipose tissue were pioneered by Rodbell and 
colleagues in the 1960s.(7) Subsequently, this 
procedure has been modified for the isolation of 
cells from human adipose tissue specimens.(8) 
Initially, fragments of human tissue were minced by 
hand; however, with the development liposuction 
surgery, this procedure has been simplified. During 
liposuction, plastic surgeons infuse the 

subcutaneous tissues with a saline solution 
containing anesthetic via a cannula and then remove 
both the liquid and tissue under suction.(9) The 
procedure generates finely minced tissue fragments 
whose size depends on the cannula's dimensions. 
The adipose sample can be kept at room 
temperature for no more than 24 h prior to use. For 
isolating ADSCs from adipose tissue, raw 
lipoaspirates were washed extensively with sterile 
phosphate-buffered saline (PBS) containing 5% 
penicillin/streptomycin to remove contaminating 
debris and red blood cells. In order to tissue 
digestion, washed aspirates were treated with 
0.075% collagenase Type І prepared in PBS 
containing 2% penicillin/streptomycin for 30 min at 
37˚C with gentle agitation. The collagenase was 
inactivated with an equal volume of α-MEM 
containing 10% fetal bovine serum (FBS). The 
samples were centrifuged at 2000 rpm for 5 min 
and then were shaken vigorously to thoroughly 
disrupt the pellet and to mix the cells. The 
centrifugation step was repeated. After spinning, all 
the collagenase solution above the pellet was 
aspirated without disturbing the cells. The pellet 
was resuspended in 1 ml of lysis buffer, incubated 
for 10 min on ice, washed with 20 ml of PBS and 
centrifuged at 2000 rpm for 5 min. The cell pellet 
was resuspended in 2 ml of α-MEM supplemented 
with 20% FBS, 1% L-glutamine and 1% 
penicillin/streptomycin. The cell suspension was 
filtered through a 100µm mesh filter to remove 
debris. The filtrated sample was plated onto tissue 
culture flasks and incubated at 37˚C, 5% CO2.
Culture and expansion of ASCs: Seventy-two 
hours after plating, the entire medium was aspirated 
from the flasks. The cells were washed with pre-
warmed PBS several times in order to clean the 
cells thoroughly from any tissue fragments and 
blood cells. In the presence of fresh medium, cells 
were maintained in an incubator at 37˚C with 5% 
CO2. 

Figure- 1: Cells which were isolated and cultured until the 
cells reached 80-90% confluency.
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Figure- 2A. The cell surface phenotype of ADSCs was studied using flow cytometric analysis. The cells displayed CD13, CD29, 
CD44, CD54, CD166

The medium was changed every second day until 
the cells reached 80-90% confluency (figure-1).
Adipogenic differentiation: ADSCs were seeded 
in a 6-well plate at a density of 50,000 cells per well 
and cultured in complete growth medium 
containing α-MEM, 10% FBS, 2.0 mM L-glutamine 
and 1% penicillin/streptomycin. 
When cells became fully confluent, adipogenic 
medium containing α-MEM, 10% FBS, 1.0 µM 
dexamethasone, 10 µg/ml insulin, 100 µM 
indomethacin, 500 µM IBMX, 2.0 mM L-glutamin, 
1% penicillin/streptomycin was added to the wells. 
The adipose differentiated cells would be obtained 
within 2-3 weeks.

Results
Cell Surface Characterization: The cell surface 
phenotype of ADSCs was studied using flow 
cytometric analysis. The cells displayed CD13, 
CD29, CD44, CD54, CD166 (Figure- 2A) and lack 
the expression of CD31, CD34, CD45 and CD 106 
and CD117. (Figure- 2B)
Cells were cultured for 2-3 weeks with replacing 
the media every 3-4 days, and lipid droplets were 
appeared within the cells (Figure- 3A). In order to 
confirm the lipid droplet, Oil red O lipid staining 
was used. The cells were fixed in buffered formalin 
and then were stained for 3 minutes and droplet 
were appeared as cherry red spheres within 
individual cells (Figure- 3B).
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Figure- 2B. The cell surface phenotype of ADSCs was studied using flow cytometric analysis. The cells displayed lack the 
expression of CD31, CD34, CD45 and CD 106 and CD117.

Figure- 3A. Mesenchymal stem cells differentiated into 
adipose cell, appearing in form of lipid droplets.

Figure- 3B. Differentiated adipose cells stained with lipid 
specific dye, Oil red O confirming lipid droplets.
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Conclusion
Much of the work conducted on adult stem cells has 
focused on mesenchymal stem cells (MSCs) found 
within bone marrow. However, the clinical use of 
MSCs has presented problems, such as pain, 
morbidity and low cell number upon harvest.(10)
This has led many researchers to find alternate 
sources for MSCs. Adipose tissue, like bone 
marrow, is derived from mesenchyme and contains 
a source of stem cells that could be easily isolated.
The proposed uses for ADSCs in tissue repair are so 
impressive. With its mesodermal origin, ADSCs are 
considered as a valuable tool for repairing bone and 
cartilage defects. However, the use of ADSCs is 
expanding to both the ectodermal and endodermal 
lineages, such as: stimulation of peripheral nerve 
repair,(11) functional recovery in spinal cord 
damage,(12) liver injury repair,(13) and treatment 
of diabetes.(14) Besides, in the field of surgery, 
ADSCs can be used widely as filler in plastic and 
cosmetic surgery.(15) 
In conclusion, it could be taken to serious 
consideration that, besides, other sourses of 
mesenchymal stem cell, adipose derived 
mesenchymal stem cell are one the best and 
promising source being easily accessible and 
available by noninvasive method, easily expandable 
to millions of cells without significant changes in 
phenotype and genotype, as well as potential of 
being used in autologous cell transplantation in 
wide variety of disorders from nerve to cardiac 
injury from one side and musculoskeletal problem 
and also from other side. 
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