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Adipose tissue contains some populations, adipose-derived stem cells (ADSCs) which can differentiate into adipogenic,
chondrogenic, osteogenic, myogenic, and endothelial cells. Furthermore, adipose tissue can be easily obtained in large
quantities through a simple liposuction. ADSCs are thought to be an alternate source of autologous adult stem cells for
cell-based therapy. However, it is time-consuming and inefficient to harvest ADSCs by using a traditional collagenase-
digestion method. To meet the demand of large quantities of ADSCs in the basic and applied research of regenerative
medicine, we developed a rapid and efficient method for isolation and culture of primary ADSCs. The results indicated
that the ADSCs obtained with our method possessed strong abilities of proliferation and colony formation in vitro, and
could keep low level of cell senescence with stable population doubling during long-term culture in vitro. Furthermore,
these harvested ADSCs were capable to differentiate into osteogenic and adipogenic lineages in the specific induction
medium. In addition, the results of flow cytometry analysis indicated that these ADSCs could positively express multiple
CD markers, such as CD44, CD105, CD29, CD90, and CD13, and hardly expressed CD31, CD34, CD45, and CD106, which
was homologous to the mesenchymal stem cells. Therefore, the ADSCs isolated with our method are consistent with
previously reported characteristics of the ADSCs. This new method that we established in this study is an efficient tool to

isolate and culture the stem cells from adipose tissue.

Introduction

Mesenchymal stem cells (MSCs) with self-renewal potential
can differentiate into different lineages of tissue types, including
cartilage, fat, bone, tendon, skeletal muscle, and ligament in
the appropriate microenvironment."* This makes MSCs an
attractive source of adult stem cells for cell-based therapies in
tissue engineering and regenerative medicine.’” In addition,
bone marrow, which has a potential limitation due to its limited
availability, is the main source of MSCs, although other tissue
such as umbilical cord blood, peripheral blood, and placenta also
contain some population of MSCs.*°

Since Zuk and other researchers found that adipose tissue
contained an abundant source of adult stem cells,"'** adipose-
derived stem cells (ADSCs) have many potential applications in
tissue engineering and regenerative medicine. ADSCs are known
to be very similar to MSCs in cell surface antigens,'** and
possess the properties of multipotent cells that can differentiate
into adipogenic, myogenic, chondrogenic, osteogenic, and
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neuronal lineages.'*

'8 Because adipose tissue can be more easily
obtained with less invasive procedures and patient morbidity than
other tissue, it is a more reliable source of adult stem cells with
substantial therapeutic potential.'*** A large number of ADSCs
can be harvested after multiple steps of processing and culture.
Therefore, ADSCs have been proposed as a promising alternative
to MSCs from bone marrow.

The traditional methods for isolation and culture of
primary ADSCs have been described in previously published
articles.'”?"** Although these methods were widely utilized with
some modifications, they shared some indispensable steps, such
as enzymatic digestion with collagenase and multiple steps of
centrifugation. It has been noted that many steps and excessive
handling in the isolation process of ADSCs easily cause some
problems, such as increasing the risk of cell contamination
and exhausted labor. Accordingly, in this study we looked
at establishing a simple isolation method to obtain large
numbers of primary ADSCs. As a result, the ADSCs obtained

with our method possessed the consistent characteristics of
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Figure 1. Isolation and primary culture of human ADSCs. The isolated process and primary culture of human ADSCs were described in the Materials and
Methods. (A) The pieces of adipose tissue attached on the walls of culture flasks on the first day of culture. (B) The ADSCs demonstrated spindle-like
morphology on the seventh day of culture. (C) The ADSCs with fibroblast-like morphology developed into 80-90% confluence after 10 d of primary
culture. (D) One representative colony with sphere-like shape was observed in 2-week culture. Scale bars: 200 um

mesenchymal stem cells, and expressed the similar profile of
2324 Furthermore,
these isolated cells could undergo adipogenic and osteogenic
differentiation in vitro.

cell surface antigens as reported previously.

Results

Rapid isolation and primary culture of ADSCs

In order to isolate ADSCs, human adipose tissue was cut into
pieces that attached to the walls of culture flasks so that stem
cells could grow out from the pieces of adipose tissue during
the incubation period (Fig. 1A). Generally, on the third day of
primary culture, many little spot-like cells, defined as ADSCs,
appeared from the edges of the pieces of adipose tissue, and they
could continue to grow and proliferate. After 7 d of culture, the
morphology of ADSCs looked like spindles, and could be easily
observed under an inverted microscopy (Fig. 1B). After 10-15 d
of incubation, the cells reached 80-90% confluence (Fig. 1C),
and a typical sphere-like colony was observed under an inverted
light microscopy (Fig. 1D). Subsequently, cell passage was
indispensable for ADSCs to expand in vitro. Generally, 1 x 107
ADSCs can be obtained from about 4 g of adipose tissue after
10 d of culture using this method. Therefore, our method is an
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efficient isolation tool to obtain large numbers of primary
ADSCs.

Cell surface antigens of ADSCs

Cell surface markers of ADSCs at the third cell passage were
assayed by flow cytometry. The results showed that the ADSCs
obtained with our method positively expressed high levels of cell
antigens of CD29, CD44, CD90, CD13, and CD105 (Fig. 2A
and 2B), but presented low levels of CD34, CD45, CD3l,
and CD106 antigens, which were under 4 of geometric mean
(Fig. 2B). Based on these cell markers, the phenotypes of ADSCs
we harvested were almost consistent with previously reported
ADSCs obtained by using the traditional collagnase-digestion
method.?"?* These results confirm that the cells derived from
pieces of adipose tissue were ADSCs, which are homogenous
populations of mesenchymal stem cells with no contamination
by endothelial cells, pericytes, and smooth muscle cells.

ADSCs undergo adipogenic differentiation in vitro

After two weeks of culture in the induction medium,
ADSCs presented an expanded cell morphology (Fig. 3A), and
demonstrated positive staining of Oil red-O solution, indicating
the lipid droplets formed on the cytoplasms of cells (Fig. 3B).
These data confirmed adipogenic differentiation could be
induced in our harvested ADSC:s.
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Figure 2. Cell surface antigens of human ADSCs were detected by flow cytometry. The ADSCs at passage 3 were processed with FITC or PE-conjugated
monoclonal antibodies to test a set of expression levels of cell surface antigens as described in the Materials and Methods. Nonspecific IgG were exam-
ined as a control (red). (A) Representative results of flow cytometry analysis, which showed that ADSCs could expressed positively CD44, CD105, CD29,
CD90, and CD13. In contrast, almost no expression of the hematopoietic lineage markers of CD45, CD34, CD31 and CD106 was detected in ADSCs. (B) The
geometric mean of cell surface antigens detected by flow cytometry.
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Figure 3. Adipogenic and osteogenic differentiation of human ADSCs in vitro. Human ADSCs at passage 2 were cultured in the induction medium for
two weeks for adipogenic differentiation, or for three weeks for osteogenic differentiation. (A) Adherent ADSCs, no staining as a negative control for
adipogenic differentiation. (B) Oil red-O staining for induced ADSCs was positive, and presence of lipid droplets demonstrated that ADSCs could dif-
ferentiate into adipogenic lineage. (C) Adherent ADSCs, no staining as a negative control for osteogenic differentiation. (D) Von Kossa staining showed
that a calcified extracellular matrix of induced ADSCs was detected, which confirmed ADSCs could differentiate into osteogenic cells. Scale bars: 200 um

ADSCs undergo osteogenic differentiation in vitro

To confirm the osteogenic differentiation of ADSCs, cells
were cultured in the induction medium as described in the
Materials and Methods. One of the indicators of osteogenic-
specific markers is secretion of the collagen I-rich extracellular
matrix that becomes calcified at the late stage of differentiation.
Therefore, extracellular matrix calcification was evaluated by von
Kossa staining. The results showed that ADSCs demonstrated
spindle-like cell morphology after three weeks of induction
(Fig. 3C). Several black regions within the cell monolayers,
served being indicative of calcification of extracellular matrix,
could be observed in the induced cells (Fig. 3D), which implied
that osteogenic lineage of these ADSCs could be successfully
induced in vitro.

The growth curve of ADSCs

To detect the proliferative potential of ADSCs in vitro, the cells
atpassage 3 (P3) wereseeded in 96-well microplates. Following the
culture, cell counting kit-8 was used to examine the absorbance
of each well at 450 nm with a microplate reader at indicated time
point. The measured data were delineated as a growth curve of
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ADSCs (Fig. 4A), which indicated the proliferative potential of
ADSCs could be maintained during extended culture periods

Cell senescence assay

The senescence of ADSCs in long-term culture (passage 3,
8, and 15) was assayed by 3-Gal staining which was negative in
proliferating cells, but presented blue color in aging cells. The
results indicated that cells at passage 3 did not show apparently
positive 3-Gal staining, although an increase of B-Gal staining
was exhibited at later passage 8 and passage 15 (Fig. 4B and
C), but the percentage of senescent cells still remained below
5% even at passage 15. Therefore, these results showed that
ADSCs could maintain a stable long-term culture period and
cell population doubling, keeping a very low percentage of
senescence.

Colony formation of ADSCs in vitro

Clonogenic ability of ADSCs in vitro was detected by crystal
violet staining. A colony forming unit (CFU) containing at least
10 cells was defined as a colony. The results showed that colony
formation of ADSCs increased in a cell density-dependent
manner during the same culture period (Fig. 5).
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Discussion

Increasing studies have indicated that ADSCs have potential
clinical application nowadays. Therefore, an efficient method for
isolation and culture of large numbers of stem cells from adipose
tissue needs to be developed. In the present study, we report a
rapid and efficient method for obtaining primary ADSCs from
human fresh sub-abdominal adipose tissue excised surgically.
The results indicate large numbers of ADSCs can be obtained
with this method from human adipose tissue, and furthermore,
the morphology (Fig. 1) and surface antigens (Fig. 2) of these
harvested ADSCs are consistent with previously reported
articles.”? In our experiments, we found that ADSCs isolated
with our method positively expressed CD44, CD105, CD29,
CD90, and CD13, although the geometric mean (12.14) of
CD105, showed in Figure 2B, was relatively lower than that of
CD44, CD29, CD90, and CDI13. However, this is consistent
with Dr Zuk’s previous reports,” which indicated that the
geometric mean (8.39) of CDI105 was also relatively lower
than that of CD44, CD90, CD4d, and CD13. On the other
hand, the expression of hematopoietic lineage markers CD31,
CD34, and CD45 was hardly observed in the ADSCs obtained
with our method, which suggest the ADSCs isolated with our
method were relatively pure populations of stromal stem cells.
In addition, although the surface immunophenotype of ADSCs
resembles that of bone marrow-derived mesenchymal stem or
stromal cells (MSCs), small differences in surface antigens have
been noted between ASDCs and MSCs. Moreover, differences in
antibody sources used in different labs could contribute to some
discrepancies in detection of cell surface antigens. In addition,
these ADSCs obtained with our method could differentiate
into adipogenic and osteogenic lineages by induction medium,
which indicated these cells at least possessed bipotent properties.
Furthermore, these ADSCs had strong clonogenic ability in vitro,
and maintained very low percentage of cell senescence during a
relatively long-term culture and passages. It is essential to note
that there is no use of centrifugation and collagenase digestion
in our method, as shown in Figure 6. In the experiments, we
cut adipose tissue into 1-3 mm? pieces, and placed them into
the plastic flasks for culture with suitable amount of FBS. After
about 10 d of culture, cells could grow into 80-90% confluence.
Due to reduction of multiple steps, such as centrifugation and
collagenase digestion, this method undoubtedly decreases
intensive labor and the risk of cell contamination in the whole
isolation processes, and also saves time and cost. Accordingly,
it is a rapid and efficient method to obtain large numbers of
ADSCs from adipose tissue. Traditional collagenase-digestion
to isolate ADSCs has been adopted in the past decades, but it
requires relatively large quantities of adipose tissue (-250 mL) by
lipoaspirate.?® Otherwise, few ADSCs can be harvested, because
of loss of some stem cells during centrifugation in isolation
process. However, large numbers of ADSCs can be produced
from relatively less quantities of adipose tissue with our method.
About 1 x 107 cells can be obtained from about 4 g of adipose
tissue with our method after 10 d of culture. Furthermore, it only
needs to take about 1 h to accomplish some simple isolation steps,
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Figure 4. Growth kinetics and senescence of human ADSCs were
assayed. The human ADSCs at passage 3 were inoculated in 96-well
microplates with 100 p.L of cell suspension at a density of 2000 cells/well,
and its proliferative potential was measured using cell counting kit-8.
(A) The results of cell proliferation were delineated as a growth curve,
which showed ADSCs could be amplified and maintained for an
extended culture periods. (B and C) Cellular senescence was assayed by
staining ADSCs at passage 8 and 15 for B-Gal expression, respectively.
The arrows in the photographs indicated B-Gal staining positive cells
that were senescent cells, and percentage of cellular senescence at pas-
sage 8 (B) and 15 (C) was both below 5%. These results demonstrated
that ADSCs could maintain a stable long-term culture period without
senescence in vitro. Scale bars: 100 um

such as washing, cleaning and cutting adipose tissue into pieces,
before starting culture in an incubator at 37 °C. Therefore, our
presented isolation protocol is an efficient method to obtain large
quantities of ADSCs. Additionally, a possible injury on stem cells
in adipose tissue might be avoided because there is no digestion
with collagenase during our isolation procedures. In addition,
owing to lack of spin in our isolation process, loss of stem cells
can be rescued.

In order to obtain high quality and large quantities of ADSCs,
we found that use of 100% FBS at the early stage of primary
culture was very important for ADSCs to come out from pieces
of adipose tissue (Fig. 1B). We speculated that 100% FBS could
offer more growth factors and nutrition to support stem cells in
adipose tissue to grow more rapidly than general culture medium
with 10-20% FBS. Besides, 100% FBS could help pieces of
adipose tissue firmly attach the walls of plastic flasks before stem
cells coming out from adipose tissue. If 100% FBS was replaced
with general culture medium with 10-20% FBS at the early stage
of primary culture, pieces of adipose tissue attached the walls of
culture flasks might easily float up in the culture medium before
stem cells grow out. Once pieces of adipose tissue drifted up in
the culture medium at the early stage of culture, no stem cells
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Figure 5. Colony formation of human ADSCs was assayed. The clono-
genic ability of primary ADSCs on the sixth day was analyzed by seeding
cells in 35 mm dishes at an indicated cell density for two weeks of cul-
ture. Formed colonies were stained with crystal violet solution. Colony
forming unit (CFU) containing at least ten cells was defined as a colony
and counted under a microscope. (A) 100 cells/dish; (B) 300 cells/dish;
(€) 400 cells/dish; (D) The quantities of CFU showed that colony forma-
tion of ADSCs increased in a cell concentration-dependent manner.
Values were presented as means + SD (n = 3). *P < 0.05 group B or C vs.
group A.

could grow out from the adipose tissue. Therefore, using suitable
quantities of 100% FBS at the early stage of primary culture plays
an important role in strengthening the attachment of pieces of
adipose tissue on the walls of plastic flasks. Generally, 2 mL of
100% FBS is suitable to culture pieces of adipose tissue in 25 cm?
culture flask, and help them to attach the walls of plastic flask.
In addition, 100% FBS was replaced by DMEM-Low glucose
medium supplemented with 10% FBS on the third day of primary
culture, and at that time, ADSCs had already sprouted out from
pieces of adipose tissue. Short-term use (about three days) of 100%
FBS at the early stage of primary culture could not accelerate
cellular senescence (data not shown), although FBS had been
thought to contain many growth factors acting as predominantly
on the proliferation and differentiation of stem cells.?”* In this
study, our data indicated that ADSCs harvested could undergo
adipogenic and osteogenic differentiation in specific induction
medium (Fig. 3), which demonstrated their multipotentiality of
stem cells. The B-Gal staining revealed ADSCs could keep a very
low percentage of senescence during a long-term culture periods
in DMEM-Low Glucose medium supplemented with 10% FBS
(Fig. 4). Low percentage of cellular senescence is in favor of
maintaining the stemness and self-renewal ability of ADSCs. Our
data also showed a strong clonogenic ability of ADSCs (Fig. 5).
These results suggest that the ADSCs obtained with our method
have very good cell viability and quality. In addition, we found
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that ADSCs were easier to be isolated and obtained from adipose
tissue near fascias and blood vessels than that far from fascias
and blood vessels (data not shown). We suspect that adipose
tissue near fascias and blood vessels might contain more stem
cells including ADSCs, and these locations are like a reservoir
of stem cells which probably come from bone marrow via blood
stream because of much similar characteristics between ADSCs
and bone marrow-derived MSCs. However, this hypothesis needs
to be confirmed in further research.

In conclusion, we established a rapid and efficient method
for isolation and culture of human ADSCs in this study. The
ADSCs obtained with our method could differentiate into
adipogenic and osteogenic lineages in vitro, and expressed similar
cell surface antigens with bone marrow-derived mesenchymal
stem cells. In addition, these ADSCs had strong capacities of
colony formation and proliferation, and could keep low levels
of cell senescence during long-term culture and propagation in
vitro. Therefore, our method is an efficient and strong tool with
a potential application to isolate and harvest human ADSCs for
the application in regenerative medicine.

Materials and Methods

Isolation and culture of human primary ADSCs

Human adipose tissue was obtained from three healthy
female donors with a mean age of 15 y old. Informed consent
was obtained from each donor, and this study was approved by
the Human Research and Ethical Committee of the Hospital.
About 4 g subcutaneous adipose tissue were taken from sub-
abdominal region of each donor undergoing surgical procedures
under local anesthesia. The isolation procedure of ADSCs was
showed in Figure 6 with technique flowchart. The fresh adipose
tissue taken separately from 3 donors were immediately washed
extensively with sterile phosphate-buffered saline (PBS) (137 mM
NaCl, 2.7 mM KCl, 10 mM Na,HPO, and 1.8 mM KH_PO,,
pH 7.4) to clean the surface of adipose tissue, blood clots, red
blood cells, and local anesthetics. Adipose tissue was then
placed into 20 mL of PBS supplemented with penicillin (600 U/
mL) and streptomycin (300 mg/mL) in a 10 cm culture plate
(Corning) for about 5-10 min at room temperature to remove
the debris of blood vessels, connective tissue, and/or dermis
of adipose tissue with ophthalmic scissors and forceps. After
washing and cleaning again, the adipose tissue was transferred
to another 10 c¢m culture plate added with 2 mL PBS, and was
cut into irregular little pieces (1-3 mm?) with a pair of scissors.
These little pieces of adipose tissue were immediately pipetted
into 25 cm? culture flasks (Corning) and were aligned to 0.3—
0.4 cm distance intervals where stem cells would spread and
grow from the pieces of adipose tissue. Subsequently, 2 mL of
FBS (Gibco) were added into the culture flasks to nourish the
pieces of adipose tissue for 12 h in an incubator at 37 °C in a
humidified atmosphere containing 95% air and 5% CO,. Then
culture flasks were turned on their sides to allow pieces of adipose
tissue to attach to the walls of culture flasks, and continued to
incubate for another 12 h in an incubator. Subsequently, the
culture flasks were turned again and restored to their original
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Adipose-Derived Stem Cells
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Figure 6. Isolation procedure of human ADSCs with technique flowcharts. No centrifugation and collagenase digestion are required in our isolation
protocols for ADSCs from human adipose tissue, and multiple steps and intensive efforts are also decreased, but large numbers of ADSCs can be har-

vested by this new method.

position for continuous culture of 24 h. Replacement of FBS in
culture flasks with culture medium for the first time depends on
the growth and progress of ADSCs from pieces of adipose tissue.
Generally, we first replaced the initial FBS in the culture flasks
on the third day of culture with DMEM-Low Glucose medium
(Gibco) supplemented with 10% FBS while the ADSCs grew
out from pieces of adipose tissue. On the seventh day of culture,
culture flasks were washed two or three times with PBS (137 mM
NaCl, 2.7 mM KCI, 10 mM Na,HPO, and 1.8 mM KH,PO,,

pH 7.4) to remove residual adipose tissue. The culture medium

www.landesbioscience.com

was regularly changed every two or three days with DMEM-Low
Glucose medium supplemented with 10% FBS. When primary
cells grew into 80-90% confluence, they were digested with
0.25% trypsin containing 0.02% EDTA, and passed for cell
continuous growth and proliferation for subsequent experimental
assays.

Flow cytometry assay for cell surface antigen

Flow cytometry assay was performed according to a reported
method with minor modification.?® Briefly, cell suspension of
ADSCs at passage 3 (P3) harvested using 0.25% trysin/EDTA
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was centrifuged at 800 x g for 5 min, and cells were then fixed
with 75% ethanol on ice for 30 min. Cells were then washed with
PBS (137 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO, and 1.8
mM KH,PO,, pH 7.4) containing 0.5% bovine serum album,
and were filtered through a 250 pm (pore size) nylon membrane.
A total of 1 x 10° ADSCs were incubated for 30 min with
fluorescein isothiocyanate (FITC)-conjugated or phycoerythrin
(PE)-conjugated monoclonal antibodies: CD44, CD45,
CD105, CD29, CD34, CD90, CD13, CD106, and CD31 (BD
Bioscience) to test cell surface antigen expression. A nonspecific
phycoerythrin-conjugated IgG was used to assess background
fluorescence for ADSCs staining. CD surface antigens were
analyzed on a Becton Dickinson FACSCalibur flow cytometer
(Becton-Dickinson) by using CELLQestPro acquisition software.

Adipogenic differentiation in vitro

Adipogenic induction of ADSCs in vitro was followed by the
reported procedures with slight modifications.?? Briefly, ADSCs
were expanded in 35 mm culture plates (Corning) until passage 2
(P2) at 2 x 104 cells/cm?, and then were induced for two weeks in
an adipogenic induction medium, namely DMEM-low glucose
culture medium supplemented with 10% FBS, 0.5mM isobutyl-
methylxanthine (IBMX) (Sigma-Aldrich), 1 mM dexamethasone
(Sigma-Aldrich), 10 mM insulin (Sigma-Aldrich), 200 mM
indomethacin (Sigma-Aldrich) and 1% antibiotic/antimycotic
solution (Sigma-Aldrich). At the end of two weeks of induction,
cells were fixed in 10% formalin for 10 min at room temperature
and washed with PBS (137 mM NaCl, 2.7 mM KCl, 10 mM
Na,HPO, and 1.8 mM KH_PO,, pH7.4), and stained with 2%
(wt/vol) fresh Oil red-O solution (Sigma-Aldrich) for 5 min at
room temperature to detect lipid droplets in the induced cells.

Osteogenic differentiation in vitro

Osteogenic induction of ADSCs in vitro was performed
according to a reported method with minor modifications.”
The harvested ADSCs at passage 2 (P2) were inoculated at 2 x
10 cells/cm? in 35 mm culture plates added induction medium
consisting of regular DMEM-low glucose culture medium,
10% FBS, 0.1 wM dexamethasone (Sigma-Aldrich), 10 mM
B-glycerophosphate (Sigma-Aldrich), 0.05 mM ascorbate-2-
phosphate (Sigma-Aldrich), and 1% antibiotic/antimycotic
solution (Sigma-Aldrich). To reveal osteogenic differentiation of
ADSC:s, the cells induced for three weeks were stained with von
Kossa kit (Merck Chemicals) for calcium phosphate precipitates.
Briefly, the cells were fixed with 4% paraformaldehyde for 1 h at
room temperature, and then gently washed with deionised water,
and incubated for 30 min in a 1% (wt/vol) silver nitrate solution
protected from light. Subsequently, the cells were washed 3
times with deionised water, and detected under UV light for
1 h. Finally, the cells were observed and photographs were taken
under an inverted microscope (OLYPAS).

Growth kinetics of ADSCs

Cell Counting Kit-8 (CCK-8) was used to assay grow kinetics
of ADSCs followed previous procedures.** Briefly, ADSCs at
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passage 3 (P3) harvested by centrifugation were inoculated in
96-well microplates with 100 L of cell suspension at a density
0f 2000 cells/well. Ten microliters of CCK-8 solution were added
to each well of 96-well microplates and incubated for 1 h at
37 °C, and subsequently, absorbance of each well at 450 nm was
immediately measured with a microplate reader every 12 h after
cell seeding until 96 h. The measured values of absorbance at
different time point were performed as a growth curve standing
for growth kinetics of ADSCs.

Cell senescence assay

B-gal actosidase (3-Gal) staining assay was used to determine
cellular senescence as previously reported.”” The ADSCs of
passage 3, 8 and 15(P3, P8 and P15) were fixed for 5 min in
2% formaldehyde/glutaraldehyde and incubated according to
the instructions of 3-Gal staining reaction kit (Mirus Bio). Blue
color is present in 3-Gal staining at pH 6.0 for senescent cells,
but it is absent in proliferating cells. Accordingly, senescent cells
can be observed and counted under light microscopy.

Colony formation Assay

Colony formation of ADSCs in vitro was analyzed as described
previously.*® Briefly, ADSCs of primary culture on the sixth day
were harvested and seeded triply in 35 mm cell dishes at a density
of 100, 300 and 400 cells/dish, respectively. After 10-14 d of
culture in an incubator, the cells were washed with PBS (137 mM
NaCl, 2.7 mM KCl, 10 mM Na,HPO, and 1.8 mM KH PO,
pH 7.4) and fixed with 75% ethanol for 15 min, and then the
cells were stained for 25-30 min with Crystal Violet Staining
Solution (2.3% certified crystal violet, 0.1% ammonium oxalate
and 20% ethanol) (Sigma-Aldrich). After washed 3 times with
deionized water, the cellular colonies formed on the dishes were
visualized and counted under a microscope. A cell group with
more than 10 cells was defined as a colony forming unit (CFU).

Statistical analysis

All data are presented as mean + standard deviation (SD).
Statistical significance was evaluated by a two-tailed Student’s
t-test, and statistical analyses were performed using SPSS 17.0.
The P < 0.05 was considered statistically significant.
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