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Abstract 
 
Background: Adipose derived stem cells (ADSCs) are a new type of mesenchymal stem cells 
(MSC) resemble bone marrow stem cells in their biologic activities. DScs is multipotent stem 
cells can differentiate into multiple cell types including osteoblasts, chondrocytes, adipocytes, 
myocytes, vascular endothelial cells, and neurons. Stromal vascular fraction (SVF) corresponds 
to ADSC and describes the cells obtained immediately from adipose tissues after the digestion 
of collagenase. Adipose tissue is a promising source of adult mesenchymal stem cells for thera-
peutic applications because it is available in large amounts (100 ml up to 1 liter) through liposuc-
tion and with minimal morbidity. Aim: To isolate and characterize the adipose derived stem cells 
from human liposuction aspirate. Material and Methods: liposuction aspirate was used for ex-
traction of stromal vascular fragment (SVF). SVF were used for culturing and isolation of 
hADSCs. ADSCs were cultured in tissue-culture flasks using collagenase digestion method. Flow 
cytometric analysis was used to identify ADSCs markers using fluorescence-activated cell sort-
ing (FACS) against CD44, CD90 and CD45. Results: Human ADSCs were isolated successfully us-
ing collagenase digestion method. After 4 days the cells appeared to be spindle in shape and 
formed symmetric colonies. After 7 days, the cell sheet formed 60% confluence and completed 
to 90% confluence after 10 days incubation. FACS analysis of ADSCs surface markers revealed 
expression of CD44, and CD90 markers in most of the adherent cells. In contrast, most adherent 
cells were negative for CD45. Conclusion: Human ADSCs were isolated successfully from human 
lipoaspirate. 
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Introduction 
 

Mesenchymal stem cells (MSC) is adult 
stem cells isolated from bone marrow, 
umbilical cord, epithelium and adipose tis-
sues and receiving more attention in pre-

clinical and clinical studies about cell ther-
apy(1). MSCs are considered good candi-
dates for cellular therapy due to the fol-
lowing criteria: a) they are easily harvest-
ed; b) they can be harvested from the pa-
tient himself c) possibility of harvesting an 



139 Liposuction derived mesenchymal stem cells 

 

 

 

adequate number of cells for transplanta-
tion, due to the high cellular proliferation 
in vitro, d) multipotent capacity of cell dif-
ferentiation and self-renewal, e) easy la-
boratory handling, f) they have little im-
munogenicity, and g) they have the ability 
to integrate into the host tissue and inter-
act with the surrounding tissue. Adipose 
derived stem cells (ADSCs) are a new type 
of MSC resemble bone marrow stem cells 
in their biologic activities and used as al-
ternatives for bone marrow transplanta-
tion (BMT)(2), ADSCs is multipotent stem 
cells can differentiate into multiple cell 
types including osteoblasts, chondro-
cytes, adipocytes, myocytes, vascular en-
dothelial cells and neurons(3). Adipose tis-
sue is highly complex and is constituted by 
mesenchymal cells, mature adipocytes, 
preadipocytes, fibroblasts, vascular 
smooth muscle cells, endothelial cells, 
monocytes, macrophages, and lympho-
cytes(4,5). Stromal vascular fraction (SVF) 
corresponds to ADSC and describes the 
cells obtained immediately from adipose 
tissues after the digestion of colla-
genase(6). Adipose tissue is a promising 
source of adult mesenchymal stem cells 
for therapeutic applications because it is 
available in large amounts (100ml up to 1 
liter) through liposuction and with mini-
mal morbidity(7). It is poorly antigenic, 
stable and low injury make them promis-
ing issues in autologus transplantation in 
tissue regeneration(8). The aim of this 
study was to isolate and characterize the 
adipose derived stem cells (ASCs) from 
human liposuction aspirate.  

Materials and Methods 

1-Sample preparation 
Subcutaneous fat biopsy sample (300ml) 
was obtained from elective liposuction 
procedures under spinal anaesthesia from 
female patient admitted to the plastic 
surgery department, Suez Canal Universi-

ty Hospital. The raw lipoaspirate was pro-
cessed according to established method-
ologies to obtain a stromal vascular frac-
tion (SVF)(9). 
 
2-Isolation of mesenchymal cells 
Lipoaspiate was collected into a sterile jar 
and immediately transferred to the work-
ing lab., lipoaspirate was poured into a 
sterile bottle with an equal volume of pre-
warmed phosphate-buffered solution 
(PBS) with gentle shaking then allowed to 
separate based on the density. The aque-
ous supernatant was discarded, and the 
sediment were washed further for 2-3 
times with PBS with addition of antibiotic 
solution to PBS as described by Forum et 
al.,2013(10). Collagenase solution was pre-
pared (0.1 % collagenase type I , 1% albu-
min, PBS, 2 mmol/L CaCl2) and warmed in 
a 37oC water bath, then added to equal 
amount of lipid tissues in sealed sterile 
container and rocked at 37o C for 60 
minutes in a water bath as described by 
Dominici et al.,2009(11). After digestion, 
enzyme activity was neutralized with 
DMEM containing 10% FBS then filtered 
through 150 µ nylon mesh to remove cell 
aggregates and C.T. debris. The filtrate 
was centrifuged twice at 1200 rpm for 5 
minutes at room temperature. The top 
most layers of oil, fat and collagenase so-
lution were removed and discarded leav-
ing behind the undisturbed stromal vascu-
lar fraction (SVF) pellet that used as a 
source of adipose derived mesenchymal 
cells(10). 
 
3-Propagation of (ASCs) 
SVF pellet was plated into tissue culture 
flasks using stromal medium (DMEM, 10% 
fetal bovine serum, 1% antibiotics and anti-
mycotic) then incubated at 37oC in a hu-
mid atmosphere containing 5% CO2 with 
regular examination under inverted mi-
croscope. Subsets of mesenchymal cells 
begin to adhere to the flask surface with a 
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characteristic spindle shape morpholo-
gy(12). After 24 hours incubation, non-
adherent cells were removed, and the ad-
herent cells were washed with DMEM 
+10% fetal calf serum 2 times. Within 48 
hours incubation, mesenchymal cells 
begin to divide rapidly and showed 
clumps or cell aggregates(13).The medium 
was changed every 3-5 days(12). After 10 
days, the cell sheet was formed with 90% 
confluence. Adherent cells were detached 
by treatment with 0.25% trypsin-EDTA, 
then neutralized with FBS-containing cul-
ture media(14). 
 
4-Phenotyping of ADSCs 
Surface-marker expression of ADSCs was 
evaluated by fluorescent activating cell 
sorting (FACS) flow cytometry using fluo-
rescein conjugated mouse monoclonal 
antibodies against CD44, CD90 and CD45 
(Biolegend, US) as described by Min Sun 
et al.,2013(14). 

Results 

I-Cultivation and characterization of human 
ADSCs 
ADSCs were obtained from liposuction 
samples and cultured in tissue-culture 
flasks using collagenase digestion meth-
od. After digestion and centrifugation, 
stromal vascular fragment (SVF) was used 
as a source of adipose derived stem cells 
(ADSCs).  
 
A-Isolation of human ADSCs 
After 6 hours incubation at 37oC and 5% 
CO2, ADSCs shown to be rounded in 
shape with central nucleus and settled on 
the surface of tissue culture flasks [Figure 
1 (A)]. Within 12 hours incubation, ADSCs 
begins to adhere to the surface and some 
cells begins to extend and change their 
rounded appearance [Figure 1(B)].After 24 
hours incubation, non-adherent cells were 
removed and the adherent cells were 

washed with DMEM +10% fetal calf serum 
2 times. Adherent cells were shown to be 
more extended and take the spindle 
shape [Figure 1(C) and (D)]. Within 48 
hours incubation, ADSCs cells begins to 
divide rapidly and showed clumps or cell 
aggregates [Figure 2 (A)]. After 72 hours 
incubation, ADSCs were divided rapidly 
and appear to fill the intercellular gaps 
with about 15 % confluence [Figure 2 (B)]. 
After 4 days in culture, the cells appeared 
to be spindle shaped and formed symmet-
ric colonies. The medium was changed 
every 3-5 days. After 7 days, the cell sheet 
was formed 60% confluence [Figure 2 (C)] 
and after 10 days, the cell sheet was 
formed with 90% confluence with the ap-
pearance of some rounded cells [Figure 2 
(D)]. Ninety percent confluent adherent 
cell sheet were detached by treatment 
with 0.25% trypsin-EDTA, then neutralized 
with FBS-containing culture media then 
identified for mesenchymal surface mark-
ers and used for treatment of induced 
POF in rat model. 
 
B-Identification of human ADSC phenotypes 
The cell surface phenotype of human adi-
pose tissue-derived stem cells is quite sim-
ilar to other mesenchymal stem cells 
(MSC). However, adipose-derived stem 
cells also exhibit unique characteristics 
distinct from those seen in MSCs, includ-
ing cell marker CD44 and CD90. Absence 
of CD45 are used to exclude endothelial 
and hematopoietic cell populations. Flow 
cytometric analysis was used to identify 
ADSCs markers using fluorescence-
activated cell sorting (FACS). FACS analy-
sis of ADSCs surface markers revealed ex-
pression of CD44, and CD90 markers in 
most of the adherent cells. Those markers 
were expressed in more than 95% of the 
population. In contrast, most adherent 
cells were negative for CD45 [Figure 3 (A), 
(B) and (C)]. 
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Figure (1): (A) showing ADSCs after 6 hours incubation at 37oC and 5% CO2, the cells 
appear as rounded cells and central nucleus (X400). (B) showing ADSCs after 12 hours 
incubation at 37oC and 5% CO2, the cells appear to adhere to flask surface and begins to 
extend and change their rounded shape (X100). (C) showing ADSCs after 24 hours incu-
bation, cells appear more extended and take spindle shape (X100). (D) showing ADSCs 
after 24 hours incubation, with spindle appearance and high magnification (X400). 

 
 

 
Figure (2): (A) showing ADSCs after 48 hours incubation, the cells begins to divide with 
formation of cell clumps and aggregates (X100). (B) showing ADSCs after 72 hours incu-
bation, spindle mesenchymal cell appearance with 15% confluence (X400 ). (C) showing 
ADSCs after 7 days incubation at 37oC and 5% CO2, cell sheet showed 60% confluence 
(X400). (D) showing ADSCs after 10 days incubation at 37oC and 5% CO2, cell sheet 
showed 90% confluence (X100).  
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Figure (3): (A) showing positivity of ADSC for CD44 by FACS analysis (B) showing positivity of 

ADSC for CD90 by FACS analysis (C) showing negativity of ADSC for CD45 by FACS analysis 

 

Discussion 

ADSCs is multipotent stem cells can dif-
ferentiated into multiple cell types includ-
ing osteoblasts, chondrocytes, adipo-
cytes, myocytes, vascular endothelial cells 
and neurons(3). ADSCs is advantageous 
than other stem cells as it is abundant in 
individuals, easily harvested from patient 
himself, high cellular proliferation in vitro, 
multipotent capacity of cell differentia-
tion, self-renewal and little immunogenici-
ty. The involvement of human ADSCs in 
this context had not been investigated so 
far. Stem cells have emerged as a key el-
ement in regenerative medicine therapies 
with a great potential to treat chronic de-
generative diseases(15). In this study, hu-
man ADSCs were isolated from liposuction 
aspirate. Adipose stem cells is superior 
than other stem cell sources because, AD-
SCs is easily to obtained during liposuction 
surgery(16), minimally invasive, safe for au-
tologous transplantation and avoids ethi-
cal problems(17). Adipose stem cells are 
found in any type of white adipose tissue, 
including subcutaneous and omental fat. 

Recent researches noticed that 98–100% 
of the adipose cells in the lipoaspirate are 
viable(18). Human ADSCs in the current 
study were isolated from SVF pellet of lip-
osuction aspirate. Cells within the SVF can 
adhere readily to plastic tissue culture 
ware and growth of these cells is evident 
within 2-10 days after culture. The SVF 
contains population of stromal cells in ad-
dition to endothelial cells, smooth muscle 
cells, pericytes, fibroblasts, and circulating 
cell types such as leucocytes, hematopoi-
etic stem cells or endothelial progenitor 
cells(19). To obtain a high ADSCs yields, col-
lagenase digestion method is used in this 
study. Collagenase treatment of liposuc-
tion aspirate is the method of choice be-
cause of dissociation of tissues when 
compared to other methods e.g. explant 
culture method, combined enzyme diges-
tion method and high trypsin concentra-
tion method(20). Other researchers stated 
that the enzymatic treatment has higher 
cell yield but is a more invasive way of iso-
lating cells(21). It is necessary to replicate 
the adipose tissue stem cells prior to clini-
cal application to increase their numbers. 
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Cells are passaged in appropriate media 
for propagation and proliferation. In the 
current study, fetal bovine serum and 
DMEM media were used to promote ad-
hesion and proliferation of ADSCs to the 
surface of culture vessels(8). Other investi-
gators recognized that animal origin rea-
gents are avoided in human medicine. 
Removal of animal origin reagents pro-
vides a high level of safety for the patient 
and cell transplant(22). Within 12 hours in-
cubation, rounded ADSCs begins to ad-
here to the surface and begins to extend 
and change their rounded appearance 
[Figure 1 (B)]. Adherent cells shown to be 
more extended and take the spindle 
shape after 24 hours incubation [Figure 1 
(C) and (D)]. Within 48 hours incubation, 
the cells begin to divide rapidly and 
showed clumps or cell aggregates [Figure 
2 (A)] and divided rapidly to fill the inter-
cellular gaps with about 15% confluence 
after 72 hours [Figure 2 (B)]. These find-
ings were typically observed(9,23). Howev-
er, In vitro, ADSCs display a cell doubling 
time of 2 to 4 days, depending on the cul-
ture medium and passage number(24). In 
our study, we found that, the cells ap-
peared to be spindle shaped and formed 
symmetric colonies after 4 days incuba-
tion. After 7 days, the cell sheet was 
formed 60% confluence [Figure 2 (C)] and 
after 10 days, the cell sheet was formed 
with 90% confluence [Figure 2 (D)]. This 
information agrees with data obtained 
from different studies e.g. Izadpanah et 
al., 2006(25). Concerning to human ADSCs 
identification, flow cytometric analysis 
was used to recognize ADSCs markers us-
ing fluorescence activated cell sorting 
(FACS). FACS is a specialized type of flow 
cytometry provides a method for sorting 
of heterogeneous mixture of biological 
cells into two or more containers, one cell 
at a time, based upon the specific light 
scattering and fluorescent characteristics 
of each cell. It is a scientific instrument 

provides fast, objective and quantitative 
recording of fluorescent signals from indi-
vidual cells as well as physical separation 
of cells of particular interest(26). Identifica-
tion of ADSCs as carried out by surface 
marker phenotyping considered a golden 
standard way in characterization of AD-
SCs. ADSCs exhibit unique characteristics 
distinct from those seen in MSCs, and en-
dothelial haemopoietic cell population(17). 
According to experimental report, the 
present study selected CD44 and CD90 
stable markers are highly expressed in 
ADSCs(27) and CD45 has commonly been 
used as a surface marker for hemopoietic 
stem cells(8). FACS analysis was used to 
identify the expression of surface markers 
in ADSCs. As described in [Figure 3 (A), (B) 
and (C)], most of the adherent cells ex-
pressed CD44 and CD90. Those markers 
were expressed in more than 95% of the 
population. In contrast, the majority of 
adherent cells were negative for CD45. 
The expression profile of surface markers 
for hASCs as shown in these experiments 
is in line with previous reports(28) and oth-
er groups(6). 

Conclusion 

Human ADSCs were isolated successfully 
from human lipoaspirate. 
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