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Adipose-derived mesenchymal stem cells attenuate
cisplatin-induced apoptosis in epithelial ovarian cancer cells
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Abstract. Environment-mediated drug resistance (EMDR)
serves an important role in tumor chemotherapy resistance.
Adipose-derived mesenchymal stem cells (ADSC) are an
important component of the tumor microenvironment.
However, the role of ADSC in EMDR remains unclear.
Therefore, in order to clarify whether ADSCs contribute to
the cisplatin-mediated apoptosis in epithelial ovarian cancer
(EOC), the present study isolated ADSCs from the omentum
of women with benign disease and collected the ADSC culture
medium as conditioned medium. Subsequently, it was revealed
that ADSCs decreased the sensitivity of EOC cells to cisplatin
via an MTT assay. In addition, it was revealed that ADSCs
may reduce cisplatin-induced apoptosis in EOC cells, as
determined by Hoechst staining and flow cytometric analysis.
Additionally, a lower level of cleaved caspase-3 was observed,
accompanied with decreased intracellular platinum accumu-
lation in EOC cells indirectly co-cultured with ADSCs. In
conclusion, the findings of the present study suggested that
ADSCs reduced cisplatin-induced apoptosis and the intracel-
lular level of platinum in EOC cells, which in turn resulted
in cisplatin resistance. Therefore, ADSCs may serve as a
therapeutic target for recurrent EOC.

Introduction

Epithelial ovarian cancer (EOC), which is commonly
diagnosed at an advanced disease stage due to the absence of
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specific symptoms and the lack of early detection markers,
is the most lethal gynecological malignancy (1). Primary
cytoreductive surgery and platinum-based chemotherapy
constitute the fundamental treatment for EOC, with 70-80%
of patients achieving complete remission (2). Unfortunately,
60-70% of EOC patients eventually undergo relapse, resulting
in mortality that is frequently ascribed to the development of
chemoresistance (3,4). In addition, the mechanism underlying
chemoresistance in EOC remains unclear.

Mesenchymal stem cells (MSCs), also called multipotent
mesenchymal stromal cells, comprise a heterogeneous group
of adult progenitor cells with differentiation capacities. These
cells may be easily derived and propagated from a variety
of sources, including bone marrow and adipose tissue (5).
Accumulating evidence has demonstrated that MSCs serve
an essential role in tumor development and progression (6-8).
In addition, MSCs are receiving attention as potential thera-
peutic agents with unique immunological properties that allow
them to survive in a xenogeneic environment and exert a
powerful potential for repairing injured tissues in cancer and
regenerative medicine (9).

The omentum, which is primarily composed of adipose
tissue and milky spots with islands of compact immune cells,
is the most common site for EOC metastatic spread and is
invariably involved in cases of advanced ovarian cancer (10).
Interactions between ovarian cancer and the omental micro-
environment are an important driver of clinical outcome in
patients with EOC (11). Previous studies have demonstrated
that adipose tissue contains an abundance of mesenchymal
progenitor cells, which promote tumor progression (12-14).
Furthermore, it has been reported that the omentum is an
independent predictor of the response of ovarian cancer
to chemotherapy (15,16). In the present study, the effects of
primary omental adipose-derived mesenchymal stem cells
(ADSCs) on cisplatin-induced apoptosis in EOC cells were
investigated, to determine the contribution of ADSCs to
chemoresistance.

Materials and methods
Cell lines. Human epithelial ovarian carcinoma cell lines ES2

(clear cell carcinoma) and SKOV3 (adenocarcinoma) were
purchased from the Type Culture Collection of the Chinese
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Academy of Sciences (Shanghai, China). Primary ADSCs
were isolated from three healthy adult female donors and were
identified as described in a previous study (17). All donors
provided written informed consent, and the present study
was approved by the Ethics Committee of Union Hospital,
Tongji Medical College, Huazhong University of Science and
Technology (Wuhan, China), approval no. 2014073. Primary
ADSCs were cultured in Dulbecco's modified Eagle's medium
(DMEM)/F12 supplemented with 10% fetal bovine serum
(FBS) (both from Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), 100 mg/ml penicillin and 100 mg/ml
streptomycin. The supernatants of ADSCs (passage 5 to 20)
cultures were harvested every 48-72 h, and the harvested
conditioned medium was centrifuged at 4°C at 300 x g for
5 min, filtered through a 0.22 ym syringe filter and stored
at 4°C. ES2 and SKOV3 cells were cultured in DMEM/F12
supplemented with 10% FBS or ADSC-derived conditioned
medium for 10 days. All cell lines were cultured at 37°C in a
humidified atmosphere containing 5% CO,.

MTT assay. The effect of ADSC-derived conditioned
medium on EOC cells was assessed via the MTT assay.
EOC cells were seeded in 96-well plates (Corning Life
Sciences, Corning, NY, USA) at a density of 5x10° cells/well.
Following attachment, the cells were treated with various
concentrations of cisplatin (0, 10, 30, 60, 90 and 120 uM for
ES2 cells; 0, 20, 40, 80, 120, 160 and 200 uM for SKOV3
cells) for 48 h followed by incubation with 20 I MTT reagent
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at a
final concentration of 0.5 mg/ml at 37°C for 4 h. The medium
was removed and 100 ul pure dimethyl sulfoxide was added
to each well. Wells without cells containing culture medium
were used as blank controls, and wells with cells treated
with media without cisplatin served as negative controls.
The absorbance was measured at a wavelength of 490 nm
using a microplate reader (model iMark-10601; Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Cell survival curves
were generated, from which the half maximal inhibitory
concentration (ICsy) values of cisplatin in EOC cells under
different culture conditions were derived. Each assay was
performed in triplicate.

Hoechst 33342 staining. EOC cells (1x10* cells/well) were
seeded in 48-well plates (Corning Life Sciences), exposed
to cisplatin (at the IC, value) at 37°C for 48 h and then fixed
with 3.7% paraformaldehyde for 10 min at room temperature.
Following washing twice with cold PBS, the cells were stained
for 5 min with Hoechst 33342 (Invitrogen; Thermo Fisher
Scientific, Inc.) at 37°C in the dark. Following washing, the
cells were observed under a fluorescence microscope (model
[X70; Olympus Corporation, Tokyo, Japan). The Hoechst
reagent is taken up by nuclei, and the nuclei of apoptotic cells
exhibit bright blue fluorescence. Each experiment was repeated
three times separately.

Flow cytometric assay for apoptosis. ES2 and SKOV3 cells
(1x10° cells/well) were seeded in 6-well plates (Corning Life
Sciences), grown to confluence and exposed to cisplatin at the
IC,, value at 37°C for 48 h. The cells were then collected using
trypsin without EDTA, washed twice with PBS. Subsequently,
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FITC Annexin V Apoptosis Detection kit (catalog no. 556547;
BD Biosciences, San Jose, CA, USA) was used to detect
apoptosis. According to the manufacturer's protocol, cells
were resuspended in binding buffer (FITC Annexin V
Apoptosis Detection kit; BD Biosciences), and mixed with
Annexin V-fluorescein isothiocyanate and propidium iodide
at room temperature in the dark for 15 min. Subsequently,
the cells were analyzed by flow cytometry (FACSCalibur;
BD Biosciences). Each experiment was repeated at least three
times separately, and CellQuest™ analysis program software,
version 5.1 (BD Biosciences) was used to analyze the results.

Western blot analysis. Total protein from cultured cells was
extracted using a radioimmunoprecipitation assay buffer
(Beyotime Institute of Biotechnology, Haimen, China)
containing a protease inhibitor cocktail and quantified using
a Bradford assay (Beyotime Institute of Biotechnology)
according to the manufacturer's protocol. Proteins (30 ug)
were separated by 10% SDS-PAGE and transferred onto
nitrocellulose membranes. The membranes were blocked with
5% non-fat dry milk for 1 h at room temperature and incu-
bated overnight at 4°C with the following primary antibodies:
Rabbit anti-caspase-3 polyclonal antibody (cat no. 9665,
1:1,500 dilution; Cell Signaling Technology, Inc., Danvers,
MA, USA) and mouse anti-B-actin polyclonal antibody (cat
no. sc-130301, 1:500 dilution; Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA). Following washing with Tris-buffered
saline containing 0.1% Tween, the membranes were incubated
with a horse radish peroxidase-conjugated goat-anti-rabbit (cat
no. sc 2004, 1:5,000 dilution) or goat-anti-mouse secondary
antibody (cat no. sc-516102, 1:5,000 dilution) (both from Santa
Cruz Biotechnology, Inc.) for 1 h at room temperature and
visualized using an Enhanced Chemiluminescence system
(Beyotime Institute of Biotechnology). The protein bands
were quantified using Quantity One v4.62 software (Bio-Rad
Laboratories, Inc.). Each experiment was repeated at least
three times separately.

Atomic absorption spectroscopy for detection of platinum in
tumor cells. For the determination of the intracellular platinum
concentration, EOC cells were resuspended in PBS and divided
into two equal aliquots: One for protein content measurement
and the other for platinum determination. The protein content
was measured using the Bradford assay (Beyotime Institute of
Biotechnology). For platinum determination, cells were incu-
bated with 0.2% nitric acid at room temperature for 1 h. The
intracellular platinum concentrations were measured by flame-
less atomic absorption spectrometry (AAS; Varian SpectrAA
240FS, Palo Alto, CA, USA) using a standard curve covering
a range of 60-240 ug/. The intracellular platinum levels are
expressed as ng of platinum per mg of protein. All samples
were analyzed three times in duplicate.

Statistical analysis. All data are expressed as the
mean + standard deviation (n=3). The statistical significance
of differences between two groups was analyzed using a
two-tailed Student's t-test via SPSS statistical software
package, version 16.0 (SPSS, Inc., Chicago, IL, USA).
P<0.05 was considered to indicate a statistically significant
difference.
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Figure 1. ADSCs decrease the sensitivity of EOC cells to cisplatin. The relative viability of (A) ES2 and (B) SKOV3 cells cultured with human ADSC-conditioned
medium or DMEM/F12 was measured by MTT assay following treatment of cells with the indicated concentrations of cisplatin. Data are presented as the
mean = standard deviation. "P<0.05, “P<0.01, “"P<0.001 vs. DMEM/F12. EOC, epithelial ovarian cancer; ADSC, adipose-derived mesenchymal stem cells;
ADSC-CM, adipose-derived mesenchymal stem cell-conditioned medium; DMEM/F12, Dulbecco's modified Eagle's medium.

Table I. Sensitivity of ovarian cancer cell lines to cisplatin.

Cisplatin
Cell lines 1Cs, (umol/l) RI
ES2/DMEM/F12 14.82+0.98 1.00
ES2/ADSC-CM 23.70+0.97* 1.60
SKOV3/DMEM/F12 29.06+4.29 1.00
SKOV3/ADSC-CM 49.80+4.51* 1.71

ICs,, half maximal inhibitory concentration; RI, resistance index;
ADSC-CM, adipose-derived mesenchymal stem cells-conditioned
medium; DMEM/F12, Dulbecco's modified Eagle's medium. “P<0.01
vs. DMEM/F12 group.

Results

ADSCs decrease the sensitivity of EOC cells to cisplatin.
To investigate whether ADSCs modulate the sensitivity of
EOC cells to cisplatin, ES2 and SKOV3 cells were pretreated
with conditioned medium derived from ADSCs for 10 days
(named co-cultured ES2 and SKOV3 cells). The sensitivities
of the co-cultured cells and their parental cells to cisplatin
were then assessed using the MTT assay. As demonstrated
in Fig. 1, the co-cultured SKOV3 and ES2 cells exhibited a
right-shifted dose-survival curve and became more resis-
tant to cisplatin (Fig. 1). The ICs, values for cisplatin of the
co-cultured ES2 and SKOV3 cells were 1.60- and 1.71-fold
higher, respectively, than that of the parental cells (Table I).
These findings suggested that ADSCs decrease the sensitivity
of EOC cells to cisplatin.

ADSCs protect EOC cells from cisplatin-induced apoptosis. To
further determine whether ADSCs protect EOC cells against
cisplatin-induced apoptosis, co-cultured ES2 and SKOV3 cells
and parental cells were exposed to cisplatin for 48 h at their ICy,
doses based on the MTT assay. Hoechst 33342 staining was then

performed to analyze cisplatin-induced apoptosis. According
to fluorescence microscopy images, the co-cultured ES2 and
SKOV3 cells revealed significantly lower nuclear fragmentation
compared with the parental cells (Fig. 2A and B). Consistently,
Annexin V/propidium iodide dual staining followed by flow
cytometric analysis demonstrated that ADSC-treated superna-
tants exhibited a significantly decreased proportion of apoptotic
ES2 and SKOV3 cells following exposure to cisplatin. Compared
with the parental cells, the proportion of apoptotic cells among
the co-cultured ES2 and SKOV3 cells decreased by 1.9- and
2.33-fold, respectively (Fig. 2C-F). In addition, the proportion of
co-cultured ES2 and SKOV3 cells in the early phase of apoptosis
was 2.14- and 3.01-fold lower, respectively, than the parental
cells (Fig. 2E and F). To further explore the molecular mecha-
nisms underlying the ADSC-mediated protection of EOC cells
against cisplatin-induced apoptosis, caspase-3 was evaluated by
western blot analysis. As presented in Fig. 3, after cisplatin treat-
ment, the expression levels of cleaved caspase-3 in conditioned
cells were significantly reduced in the co-cultured ES2 and
SKOV3 cells compared with the parental cells. These findings
suggested that ADSCs may reduce cisplatin-induced apoptosis
in EOC cells by inhibiting caspase-3 activity.

ADSCs decrease intracellular platinum accumulation in EOC
cells. Given that decreased intracellular drug accumulation is
a critical mechanism of chemoresistance, the effect of ADSCs
on intracellular platinum accumulation in EOC cells was inves-
tigated using atomic absorption spectroscopy assays. As
presented in Fig. 4, following treatment with cisplatin for 48 h
at their ICs, doses, platinum concentrations in the co-cultured
ES2 and SKOV3 cells were at least 2.34 and 3.60-fold lower
than that the control cells, respectively (Fig. 4). These results
suggested that ADSCs may decrease the intracellular platinum
concentration in EOC cells.

Discussion
Resistance to platinum-based chemotherapy remains of

primary concern in the treatment of EOC. In the present study,
it was demonstrated that ADSCs confer cisplatin resistance
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Figure 2. ADSCs protect EOC cells from cisplatin-induced apoptosis. Representative fluorescent images of (A) ES2 and (B) SKOV3 cells cultured with
ADSC-CM or DMEM/F12 and stained with Hoechst 33342 (blue) following cisplatin treatment. The bar is 20 zm. Apoptotic cells in (C) ES2 and (D) SKOV3
cells cultured with ADSC-CM or DMEM/F12 were assessed using flow cytometry with double staining with Annexin V and propidium iodide following
cisplatin treatment. The apoptotic percentage in (E) ES2 and (F) SKOV3 cells cultured with ADSC-CM or DMEM/F12 following treatment with cisplatin.
Data are presented as the mean + standard deviation. "P<0.05. EOC, epithelial ovarian cancer; ADSC, adipose-derived mesenchymal stem cells; ADSC-CM,
adipose-derived mesenchymal stem cell-conditioned medium; DMEM/F12, Dulbecco's modified Eagle's medium.
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Figure 3. ADSCs decrease the expression level of cleaved caspase-3 in EOC
cells. Caspase-3 and cleaved caspase-3 were measured by western blotting
in ES2 and SKOV3 cells cultured with ADSC-CM or DMEM/F12, with or
without cisplatin treatment. $-actin was used as a loading control. EOC,
epithelial ovarian cancer; ADSC, adipose-derived mesenchymal stem cells;
ADSC-CM, adipose-derived mesenchymal stem cell-conditioned medium;
DMEM/F12, Dulbecco's modified Eagle's medium.
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Figure 4. ADSCs decrease intracellular platinum accumulation in EOC
cells. The platinum accumulation in ES2 and SKOV3 cells cultured with
ADSC-CM or DMEM/F12 was examined by flameless atomic absorp-
tion spectrometry following cisplatin treatment. Data are presented as the
mean =+ standard deviation. "P<0.05. EOC, epithelial ovarian cancer; ADSC,
adipose-derived mesenchymal stem cells; ADSC-CM, adipose-derived
mesenchymal stem cell-conditioned medium; DMEM/F12, Dulbecco's
modified Eagle's medium; Pt, platinum.
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to EOC cells via inhibition of cisplatin-induced apoptosis
and decreased intracellular platinum accumulation. These
findings may provide a novel insight into the mechanism of
chemoresistance in ovarian cancer.

The MSCs recruited to the tumor microenvironment
serve various roles in tumor growth and metastasis (18). The
presence of environment-mediated drug resistance (EMDR)
suggests an adaptive, reciprocal signaling connection between
tumor cells and the surrounding microenvironment, and
MSC:s are currently regarded as a primary contributor to the
development of drug resistance in tumor cells (19). In the
present study, ADSCs were isolated from the human omentum
and it was identified that indirect co-culture with ADSCs
significantly inhibited cisplatin-induced apoptosis accompa-
nied by a decreased level of cleaved caspase-3. Similarly, a
previous study reported that the conditioned medium of bone
marrow-derived MSCs may protect healthy renal cells from
apoptosis induced by cisplatin in vitro (20). MSCs seem to
provide non cell-specific protection against cisplatin induced
apoptosis in both cancerous and non-cancerous cells. Research
has also indicated that exosomes released by human umbilical
cord MSCs may protect against cisplatin-induced renal oxida-
tive stress and apoptosis (21). These findings are consistent
with the results of the present study.

In the present study, the conditioned medium of
ADSCs was capable of supporting EOC cell survival in the
presence of cisplatin. It has been reported that MSCs asso-
ciated with EMDR secrete a series of cytokines and growth
factors, including stromal cell-derived factor-1, interleukin
(IL)-6, nitric oxide, IL-3, granulocyte-colony stimulating
factor, macrophage-colony stimulating factor and granu-
locyte-macrophage-colony stimulating factor, which may
protect tumor cells against chemotherapy drugs (22). In addi-
tion, bone marrow-derived MSCs secrete soluble neuregulin 1
to promote the survival and inhibit the apoptosis of colorectal
cancer cells through human epidermal growth factor receptor
(HER)2/HER3-dependent phosphoinositide 3-kinase/protein
kinase B signaling (23), and MSCs secrete several fatty acids
that confer resistance to platinum chemotherapy in breast
cancer cells (24). There are several reports to date regarding
ADSC paracrine action on tumor progression. For instance,
ADSCs may secrete IL-6 to promote the tumor-initiating
capacity of breast and colon cancers (25), and hypoxia-induced
secretion of IL-10 from ADSCs may promote tumor growth in
Burkitt lymphoma (26). However, future studies are required
to identify the key mediators linking omental ADSCs and
chemoresistance in EOC.

Cisplatin resistance is regulated by a cascade of events that
interfere with multiple steps involved in its cytotoxic actions,
from initial drug entry into cells to the final stages of apop-
tosis. The findings of the present study suggested that ADSCs
regulate both platinum accumulation and platinum-induced
apoptosis in EOC cells, which in turn may lead to tumor
cisplatin resistance. The intracellular cisplatin accumulation
is mainly regulated by copper transporters, including copper
transporter 1 and 2, copper-transporting p-type adenosine
triphosphatase 1 and 2 (27). Further investigation to clarify
whether ADSCs regulate the expression of these copper trans-
porters on EOC cells is needed. However, the results regarding
platinum accumulation are preliminary, as only AAS was
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used to assess platinum concentrations. The effect of ADSCs
on platinum accumulation in EOC cells require verification
by cisplatin uptake and efflux assays using a platinum detec-
tion method with improved accuracy, including inductively
coupled plasma-mass spectrometry. In addition, further studies
are required to verify whether the suppression of apoptosis
mediated by ADSCs is associated with the decrease in the
intracellular platinum concentration.

In conclusion, ADSCs were identified to be a contributor
to cisplatin resistance, exhibiting an ability to reduce
caspase-3-dependent apoptosis and intracellular platinum
accumulation in EOC cells. These findings may provide
evidence of the link between the tumor microenvironment
and chemotherapy-associated clinical outcomes, and suggest
that ADSCs may serve as a therapeutic target for recurrent
EOC. However, the evidence provided regarding the effects
of ADSCs on apoptosis and platinum accumulation in ovarian
cancer cells is preliminary, and the underlying specific
molecular mechanisms remain unclear. The identification of
key factors and pathways involved in the interaction between
ADSCs and tumor cells will help clarify the role of ADSCs in
cisplatin-resistance development in ovarian cancer.
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