@ﬁ SPANDIDOS
,3,‘ PUBLICATIONS

EXPERIMENTAL AND THERAPEUTIC MEDICINE 13: 1039-1043, 2017

Isolation, culture and identification of
human adipose-derived stem cells

JIAN-MEI WANG, YAN GU, CAI-JUN PAN and LI-RONG YIN

Department of Gynaecology and Obstetrics, The Second Hospital of Tianjin Medical University, Tianjin 300211, P.R. China

Received February 11, 2015; Accepted November 7, 2016

DOI: 10.3892/etm.2017.4069

Abstract. The aim of the present study was to improve
methods for the isolation and identification of adipose-derived
stem cells (ASCs). Human subcutaneous adipose tissue
was collected during liposuction surgery, without ultra-
sound-assisted liposuction and other assisted techniques, and
digested with 0.075% collagenase 1. First (P1) and second
(P2) passage ASCs were applied to the subsequent experi-
ments. ASCs were observed under a microscope, the growth
curves of the cells were assessed using a cell counting kit-8
assay and the membrane expression of cell surface antigens,
including cluster of differentiation (CD)44, CD105 and
CD45, were detected by flow cytometry. In addition, ASCs
were induced to differentiate into lipocytes and osteo-
cytes. Oil red staining was applied to examine adipogenic
induction, whereas alkaline phosphatase (ALP) staining
was used to assess osteogenic induction. Primary ASCs
adhered to the culture vessel wall after 72 h, were fusiform
in appearance at 5 days and exhibited stable growth with
active proliferation. In total, 1x10° stem cells were gained
per 50 ml of lipo-aspirate. ASCs were plated in a 25 cm?
culture flask at a density of 5x10*/ml; the cells underwent
the first logarithmic growth period after 72 h and grew to
90% confluence within 3 days. Flow cytometry demonstrated
that the cells were highly positive for CD105 and CD44, and
weakly positive for CD45; 18.6% of P1 cells and 90.7% of P2
cells were CD44*CD45-CD105". Oil red and ALP staining
were positive. The results of the present study suggested that
ASCs may be considered a promising cell type for tissue
engineering. Furthermore, the present study established an
effective method for the isolation and identification of ASCs,
which reduced damage to the stem cells and simplified the
identification procedure.
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Introduction

Human adipose-derived stem cells (ASCs) were initially
isolated from the aspirate of human fat by Zuk er al (1). ASCs
are convenient to obtain, have broad sources, a long culturing
time, strong breeding ability and are not associated with ethical
issues. Furthermore, ASCs possess identical immunosuppres-
sive effects to bone marrow-derived mesenchymal stem cells,
along with the potential to differentiate into multiple blastophyl-
lums, including cardiac cells. ASCs are adult stem cells that have
the characteristics of mesenchymal stem cells and an extremely
strong ability for external amplification, as well as the potential
for multi-directional differentiation. In recent years, researchers
have also shown that ASCs may have a paracrine mechanism.
ASCs secrete large volumes of vascular endothelial growth
factor, transforming growth factor-f3, hepatocyte growth factor
and other active factors to promote angiogenesis and improve
ischemia when transplanted into areas of myocardial necrosis.
Due to their advantages in various fields, ASCs have a strong
potential for application in future stem cell treatments and are
beneficial for allogenic transplantation treatments. ASCs may
emerge as the ideal seed stem cells in cell transplantation and
tissue engineering clinical treatments (2-5).

In accordance with the summary of worldwide experi-
ence in obtaining, isolating, cultivating and identifying ASCs,
the present study has improved existing methods for these
processes in order to reduce damage to and simplify the iden-
tification of ASCs.

Materials and methods

Reagents. Fetal bovine serum (FBS), type I collagenase and
trypsin were obtained from Sigma-Aldrich (Merck Millipore,
Darmstadt, Germany). Osteogenic and adipogenic differ-
entiation cultivating media were purchased from Cyagen
Biosciences (Santa Clara, CA, USA). Oil Red O dye and
Dulbecco's Modified Eagle's Medium (DMEM)-F12 culti-
vating medium were obtained from Bio Teke Corporation
(Beijing, China). Mouse anti-cluster of differentiation (CD)44,
anti-CD105 and anti-CD45 monoclonal antibodies were
purchased from Kangchen Bio-tech Corporation (Shanghai,
China).

Separation and cultivation of ASCs. Conventional liposuction
using negative pressure suction with abdominal distention
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was performed under aseptic conditions on five female volun-
teers aged between 25 and 29 years at the Department of
Gynaecology and Obstetrics, The Second Hospital of Tianjin
Medical University (Tianjin, China), according to a previous
study (6). The present study was approved by The Second
Hospital of Tianjin Medical University. The body mass indexes
of the patients ranged from 25.7-29.9 kg/m?. Fat aspirate
(50 ml/patient) was obtained via the injector negative-pressure
method (6), in the absence of excessive distention solution
and the assistance of ultrasonic emulsification or resonance
technology. Prior to the cessation of the anesthetic (100 mg
lidocaine), the same volume of PBS (5 ml) was administered
and hemocytes in the liposuction were centrifuged at 1,200 x g
for 10 min at 37°C. The stock solution of collagenase I was
diluted to 0.075% using PBS, after which the adipose tissue
was transferred into a 50 ml centrifuge tube containing
collagenase I. The tissue was shredded using a small pair
of scissors, after which the tube was sealed with sealing
film and centrifuged at 37°C and 1,200 x g for 30 min. The
resulting pellet was resuspended in DMEM containing 10%
FBS (complete medium) with the same volume of digestive
enzyme (BioTeke Corporation, Beijing, China) to terminate
the collagenase-mediated digestion, after which centrifugation
at 1,200 x g for 10 min was performed to subside the cells.
After removal of the supernatant, the cells were sedimented
by centrifugation at 1,200 x g for 10 min. Complete medium
that was 10 times the cell sedimentation volume was placed
in a centrifuge tube. Subsequently, the cells were inoculated
into a 10-cm culture vessel at a density of 30-50%, followed by
the addition of complete medium to a final volume of 10 ml.
After 24 h, the medium was replaced to remove non-adherent
cells; half of the medium was replaced every 2 days until the
cells reached a confluency of 80-90%. The offspring produced
in this step were called the first passage (P1) cells and were
frozen. Differentiation was induced upon reaching 80-90%
confluency.

ASCs oriented differentiation into osteogenic cells. Second
passage (P2) ASCs were seeded into 6-well plates at a density
of 20-30%, followed by the addition of osteogenic-inducing
medium (HUXMD-90021; Cyagen Biosciences). The medium
was replaced every 2 days during the 2 weeks of constant
culture when the cells were not proliferating exponentially.
After 2 weeks, the cells were removed for alkaline phospha-
tase staining, and the cells were visualized under a confocal
microscope.

ASCs oriented differentiation into adipogenic cells. P2 ASCs
were seeded into 6-well plates at a confluency of 20-30%,
followed by the addition of adipogenic-inducing medium
(HUXMD-90031; Cyagen Biosciences). The medium was
replaced every other day for 1 week, after which the cell
climbing was removed for Oil Red staining, and the cells were
visualized under a microscope.

Proliferation activity of ASCs and their directional differ-
entiated cells. P2 ASCs (3,000 cells) were placed into wells
containing 100 1 DMEM culture medium, after which 100 gl
adipogenic- or osteogenic-inducing differentiation media were
added to some of the wells. In addition, 10 pl cell counting
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kit (CCK)-8 solution and 10 pl cell culturing solution were
added to each well. The wells without allocated cells served
as the blank control. The cells were incubated for 2 h at 37°C,
after which the absorbance was measured at 450 nm using a
spectrophotometer.

Identifying the surface antigens of ASCs by flow cytometry. P2
ASCs were digested with trypsin and then rinsed twice with
the Stain Buffer (Merck Millipore), which had been pre-cooled
at 4°C, prior to re-suspension to adjust the cell density to
2x107 cells/ml. The cell suspension (50 ul; 1x10° cells) was
added to 1.5 ml EP tubes, after which the cells were incu-
bated with 1 pug anti-CD44 (cat no. GD-x0297M-AF567),
anti-CD45 (cat no. GD-x0297M-AF468) and anti-CD105 (cat
no. GD-x0297M-AF555) antibodies (1:100 dilution) in the
dark for 20 min at 37°C. Subsequently, the cell suspension
was centrifuged at 300 x g for 5 min, followed by removal of
the supernatant and resuspension of the sediment in 200 pl
Stain Buffer. All steps were repeated twice prior to analysis
in the flow cytometer.

Results

Morphology and growth of ASCs. When observed under a
microscope, a small number of the original cells had adhered
to the culture vessel walls after 72 h. In addition, on day 14,
the cells were short fusiform and polygon in appearance.
Over time, the morphology of the ASCs altered into a long
shuttle shape that resembled fiber cells and bone marrow
derived mesenchymal stem cells. Lastly, the cells merged into
sheets and exhibited spiral growth upon reaching confluence.
Notably, the P2 cells grew at a faster rate compared with the
P1 cells (Fig. 1A and B).

Identification of multi-differentiation potential. During the
2-week incubation in osteogenic-inducing medium, the number
of irregularly shaped cells increased in the experimental
group and alkaline phosphatase staining was positive, indi-
cating successful osteogenic induction of ASCs. Conversely,
the control group retained in their fiber cell appearance and
alkaline phosphatase staining was as negative (Fig. 1C and D).

After the 1-week incubation in adipogenic-inducing
medium, lipid droplets of various sizes could be seen in the
experimental group cells, and Oil Red O dye staining was
positive. In contrast, the control group cells were negative for
Oil Red O dye staining (Fig. 1E and F).

Proliferation activity of ASCs and their directional differ-
entiation cells. Osteogenic and adipogenic inductions were
performed on the P2 ASCs. ASCs cultured in DMEM were
used as a control. The proliferation of the cells was assessed
using the CCK-8 assay. P2 cells cultured in DMEM prolifer-
ated at a faster rate, as compared with the P2 cells cultured in
osteogenic and adipogenic induction medium (Fig. 2).

Identifying the surface antigens of ASCs with flow cytom-
etry. Flow cytometric analysis of the surface markers on
both P1 and P2 ASCs demonstrated that the percentage of
CD44+*CD45 CD105* cell subsets was 18.6% in P1 and 90.7%
in P2 ASCs (Fig. 3).
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Figure 1. Morphology, growth and staining of ASCs. (A and B) The cellular morphology of P2 ASCs on day 14 was observed under an inverted microscope
(A: magnification, x100; B: magnification, x200). Alkaline phosphatase staining was negative for (C) control group ASCs (magnification, x100) and positive for
(D) ASCs (P2) cultured in osteogenic-inducing medium (magnification, x200; the asterisks indicate positive cells). Oil red staining was negative in (E) control
group ASCs (magnification, x100) and positive in (F) ASCs cultured in adipogenic-inducing medium (magnification, x200). ASCs, adipose-derived stem cells.
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Figure 2. Comparison of the proliferative activity of ASCs and the differ-
entiated cells. Cell proliferation was assessed using the cell counting kit-8
method. ASCs, adipose-derived stem cells; OD, optical density.

Discussion

Adult ASCs are convenient to obtain, have broad sources, a
long culturing time, strong breeding ability and are not associ-
ated with ethical issues. Furthermore, they have the potential
of differentiating into multiple blastophyllums, including
cardiac cells (7,8), and they possess identical immunosup-
pressive effects to bone marrow-derived mesenchymal stem
cells (9-12), making them beneficial for allogenic transplanta-
tion treatments. Therefore, ASCs may emerge as the ideal seed
stem cells in future cell transplantation and tissue engineering
clinical practices.

A set of highly practical methods for extracting, culturing
and identifying ASCs have been improved in this study. First,
when selecting the donor tissues, the search was limited
to young female volunteers aged between 25 and 30 years
who had BMIs of 25-30 kg/m?, in order to minimize the
confounding effects of underlying conditions. It has previ-
ously been reported that BMI and ASC yield are negatively
correlated (r=-0.44, P<0.05), and that age does not influence
ASC yield (r=-0.17, P=0.27) (13). However, Yu, et al (14)
hypothesized that there are positive correlations among BMI,
age and ASC yield. Secondly, liposuction was selected as the


https://www.spandidos-publications.com/10.3892/etm.2017.4069
https://www.spandidos-publications.com/10.3892/etm.2017.4069

1042

WANG et al: ISOLATION, CULTURE AND IDENTIFICATION OF HUMAN ADIPOSE-DERIVED STEM CELLS

A pecimen_001-FMCS1-D1 Specimen_001-FMCS1-D1
. 06%| = 0.3%
T3 E
] 3 . 3
17y <23 s ’ aE al @
g i g { & Qzt &3
- 1 =+ 1 8 ]
) =
5 8% 8"
3 Q32 Q42 § ; @ o
] Q1 Q1 ]
L A "3
% bl R R M -ltltligz T lnm‘l;a T lln:} TT I“TJ}‘ T -rnm‘-;, T “";13 rnm:g. T r"“‘gﬁ T
CD105 PE-A CD45 FITC-A CO45 FITC-A
B Specimen_001-FMCS2-D1 Specimen_001-FMCS2-D1 Specimen_001-FMCS2:D1
o] i - 23%| o] 1.9%
“:'6-: '2-; i *"’-; Q1 Q@
g Q2 | ‘2 é art Q1 @3
3. ] 3 ] g ]
gy Qe 8%y
3 Q2 Q42 E 3 Q@ o
3 ] a1 Q1 b
2y s iy
B m i e L e e R e R T T T LRLERLL S e : T T TTT T
Y n - i I; T ‘| ‘}' ™ "‘21 T llll’llll'n[ "m|l|])‘ “‘1.23
CO105PE-A CD45 FITC-A CD45 FITC-A

Figure 3. Identifying the surface antigens of ASCs using flow cytometry. (A) CD44*CD45 CD105* subset in P1 ASCs was 18.6%. (B) CD44*CD45 CD105*
subset in P2 ASCs was 90.7%. ASCs, adipose-derived stem cells; CD, cluster of differentiation; APC, allophycocyanin; PE, phycoerythrin; FITC, fluorescein

isothiocyanate.

method to obtain adipose tissues, as the amount of subcu-
taneous fat obtained by conventional surgeries is usually
limited and a lot of time is spent on repeated shearing during
the separation process (15). The present study adopted the
method used by Panfilov er al (6), in which a fixed amount of
fat is initially extracted using a 50-ml injector under negative
pressure and in the absence of external ultrasonic emulsifica-
tion technology (16), resonance technology or the excessive
expansion solution method in order to prevent damage to the
adipose cells. Therefore, in comparison with existing surgical
and liposuction methods involving additional techniques, the
method used in the present study allowed time to be saved
when obtaining fat tissues, as well as the number of living
cells to be maximized, thereby improving the acquisition rate
of ASCs.

During the separation phase of the ASCs, low-concentration
(0.075%) collagenase was used to separate the cells. Although
this method increased the digesting time, as compared with the
combined enzyme digestion method and high-concentration
trypsin solution method chosen by previous studies (17,18), it
avoided excessive damage to the cells. In addition, the fluid
replacement method was selected in order to remove red blood
cells from the suspension and thereby avoid the use of the
conventional NH,CI method (19), which typically harms the
cells; this also increased the number and activity of the ASCs.
Based on our calculations, 1x10° ASCs was acquired from
every 50 ml of fat aspirate. Furthermore, it was discovered that
the breeding ability of the ASCs was increased; by observing
two 25-cm culturing vessels initially containing ~5x10* cells, a
logarithmic growth period was observed as commencing after
72 h, and the time needed for fusion was ~7 days, which was
similar to a previous study (20).

Taking into consideration the current lack of identification
methods specific for ASCs, the present study referred to the

newest joint declaration of the International Federation for
Adipose Therapeutics and Science and the International Society
for Cellular Therapy (21), which describes the conformation and
simplification of the identification of ASCs as its fundamental
purpose. This declaration suggests that ASC identification
should involve comprehensive identification involving assess-
ment of tissue origin, cellular morphology, surface markers and
their multi-differentiation potential (21). Particularly important
is selecting and identifying the surface markers of ASCs, as
the surface markers of stem cells transform over successive
generations of cells (22). Therefore, the present study selected
three comparably stable markers according to the joint
declaration (21), along with a number of global experimental
reports (23,24). Among them, CD45 has commonly been used
as a surface marker for hemopoietic stem cells; thus, the persis-
tent negative result in the present study helped to rule out this
type of stem cells (24). CD105 is a marker of mesenchymal
stem cells, while CD44 is a stable marker for ASCs; both are
highly expressed in ASCs and, therefore, the identification of
ASCs based on surface markers was simplified, while the cost
of and time spent on screening for markers was reduced (25).
Furthermore, desmocytes, which are similar to ASCs, could
be effectively distinguished through the multi-differentiation
ability of ASCs.

By using P1 and P2 ASCs in the experiments, the results
suggested that a low positive rate of P1 ASCs should be related
to adherent cells and contamination with other cells. In accor-
dance to relevant documents and experimental reports, ASCs
show signs of aging after being cultured for 10 generations (3.4).
On the other hand, the present study has demonstrated that P2
stem cells show satisfying purity and breeding activity, and,
hence, P2 cells have been selected to be stored for future use.

In conclusion, the present study has improved methods for
the isolation, cultivation and identification of ASCs, thereby



reducing damage to ASCs, simplifying their identification
and increasing the ASC yield from adipose aspirate. This
has allowed the establishment of mature and stable stem cell
sources for future research.
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