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Hyclone, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; ScienCell Research Laboratories, Inc.,
San Diego, CA, USA), 100 U/mL penicillin, and 100 μg/
mL streptomycin (Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) at 37°C in 5% CO2 until they
reached 80–90% confluence. Thereafter, they were disso-
ciated with 0.05% trypsin-ethylenediaminetetraacetic acid
and passaged. The cells of passages 2–6 were combined
and used for further characterization and in vitro differen-
tiation [18].

ADSC identification
The capacity of ADSCs to differentiate into osteoblasts,
chondrocytes, and adipocytes was assessed as described
[19–21].

Osteogenic differentiation assay
Human ADSCs (2×104 cells/cm2) were seeded in six-
well plates that were pre-coated with a 0.1% gelatin solu-
tion and then cultured in DMEM containing 10% FBS,
1% antibiotic/antimycotic, 0.01 μM 1,25-dihydroxyvita-
min D3, 50 μM ascorbate-2-phosphate, and 10 mM β-
glycerophosphate (HUXMD-90021, Cyagen Bioscience,
Inc., Santa Clara, CA, USA). The medium was changed
every 3 days. After 28 days of culture at 37°C under 5%
CO2, the cells were washed twice with PBS, fixed in 4%
paraformaldehyde for 30 min, and stained with 0.3% Ali-
zarin red for 5 min. After two washes with PBS, the cells
were observed and photographed under a phase-contrast
inverted microscope (Olympus, Tokyo, Japan).

Chondrogenic differentiation assay
Human ADSCs (4×105 cells) were seeded in 15 mL centri-
fuge tubes filled with DMEM containing 10% FBS, 1%
antibiotic/antimycotic, 6.25 μg/mL insulin, 10 ng/mL
transforming growth factor-beta 1, and 50 nM ascorbate-
2-phosphate (HUXMD-90041, Cyagen Bioscience, Inc.).
The medium was changed every 3 days. After 28 days of
culture at 37°C under 5% CO2, the cartilage balls were
formalin-fixed, paraffin-embedded, sectioned, and stained
with Alcian blue. The sections were observed and photo-
graphed under a light microscope (Leica Microsystems
GmbH, Wetzlar, Germany).

Adipogenic differentiation assay
Human ADSCs (2×104 cells/cm2) were seeded in six-well
plates in DMEM containing 10% FBS, 1% antibiotic/anti-
mycotic solution, 0.5 mM isobutyl-methylxanthine, 1 μM
dexamethasone, 10 μM insulin, and 200 μM indomethacin
(Cyagen Bioscience, Inc., HUXMD-90031). The medium
was changed every 3 days. After 28 days of culture at 37°C
under 5% CO2, the cells were washed twice with PBS,
fixed in 4% paraformaldehyde for 30 min, and stained with
0.3% oil red O solution for 30 min. After two washes with

PBS, the cells were observed and photographed under a
phase-contrast inverted microscope (Olympus).

Flow cytometric assay
Flow cytometric analysis was used to identify the
markers of ADSCs according to a published paper [22].
Briefly, hADSCs were harvested and washed thrice with
PBS. The cell suspension was incubated with fluorescein
isothiocyanate-conjugated antibodies against CD29,
CD31, CD45, and CD90 (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA) and phycoerythrin-
conjugated antibodies against CD105 and CD44 (Santa
Cruz Biotechnology, Inc.) at 37°C for 30 min in the dark,
washed, and resuspended in PBS and subjected to flow
cytometry (BD Biosciences, San Jose, CA, USA).

Dermatofibrosarcoma protuberans (DFSP) cell isolation
and cultivation
Three DFSP samples from one man and two women
were obtained after excision from the corresponding
sites (Table 1). Samples were soaked in chloromycetin
for 30 min, cut into as small pieces as possible, and then
digested with 0.1% collagenase IV for 30 min at 37°C.
After centrifugation, cells were suspended in high-
glucose DMEM (Hyclone, Logan, UT, USA) with 10%
FBS, 100 U/mL penicillin, and 100 mg/mL streptomycin
at 37°C in 5% CO2. Cells at passages 2–6 were used in
this experiment [23, 24].

DFSP-ADSC co-cultures
Indirect co-culture by a conditioned medium
To prepare a human ADSC conditioned medium (CM)
[25], 2×105 ADSCs were seeded onto a six-well cell cul-
ture plate with DMEM/F12 (Hyclone, Logan, UT, USA)
medium containing 10% FBS overnight, and the culture
medium was replaced with DMEM/F12 serum-free (SF)
and conditioned for 24 h. ADSC-CM was harvested, fil-
tered through 0.22-μm filters (Jet Bio-Filtration,
Guangzhou, China), and stored at −80°C until use.

Indirect co-culture by a Transwell system
Co-culture of DFSP cells and ADSCs was performed
using a Transwell system (Fig. 1) [12, 25, 26]. First,
2×105 ADSCs were seeded onto a polyester membrane
Transwell-clear insert (pore size 0.4 μm, Corning Incor-
porated, Corning, NY, USA). Next, DFSP cells were

Table 1 Clinical information of patients with
dermatofibrosarcoma protuberans

Sample Sex Age Location

1 1 30–39 Anterior chest

2 2 40–49 Abdomen

3 1 40–49 Left clavicle
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