
Abstract. Background: Chemo-resistance to cisplatin-
centered cancer therapy is a major obstacle to effective
disease treatment. Recently, salinomycin was proven to be
highly- effective for the elimination of cancer stem cells both
in vitro and in vivo. The objective of the present study was
to evaluate the anticancer properties of salinomycin in
cisplatin-resistant ovarian cancer cells (A2780cis). Materials
and Methods: The tetrazolium dye (MTT) assay was used to
determine cell viability. Flow cytometric analysis was
performed to analyze the effect on cell cycle and apoptosis.
The expression of apoptosis-related proteins was evaluated
by western blot analysis. Results: Cell viability was
significantly reduced by salinomycin treatment in a dose-
dependent manner. Flow cytometry showed an increase in
sub-G1 phase cells. Salinomycin increased the expression of
death receptor-5 (DR5), caspase-8 and Fas-associated
protein with death domain (FADD). A decline in the
expression of FLICE-like inhibitory protein (FLIP),
activation of caspase-3 and increased poly ADP-ribose
polymerase (PARP) cleavage, triggered apoptosis.
Furthermore, annexin-V staining also revealed the apoptotic
induction. Conclusion: These findings provide important
insights regarding the activation of caspase-8 and DR5, to
our knowledge, for the first time in salinomycin-treated
cisplatin-resistant ovarian cancer and demonstrate that
salinomycin could be a prominent anticancer agent.

Despite attempts to implement effective early detection,
the long term survival of ovarian cancer remains poor.

Maximal surgical cytoreduction with platinum-based
chemotherapy is the standard treatment for patients with
ovarian cancer. However, the recurrence of ovarian cancer
due to chemoresistance takes place in up to 75% of the
patients (1). Oncogene expression, increased drug efflux,
reduced accumulation of drug, enhanced DNA repair and
defective apoptotic program are believed to be major
causes of chemoresistance. Currently, no specific treatment
has been reported to reduce chemoresistance in ovarian
cancer.

Several antitumor drugs, or cytokines, have been
developed for the prevention of ovarian cancer but resistance
to apoptosis is a major obstacle to chemotherapeutic
treatment of cancer. The ability to induce apoptosis makes
salinomycin a potentially effective therapeutic agent to
combat malignancy. Recently, in a high-throughput
screening test, salinomycin was found to be the most
effective agent against breast cancer stem cells. Among the
16,000 natural and commercial chemical compounds
studied, salinomycin was 100-times more effective than
paclitaxel (2). Salinomycin was originally used as
antimicrobial agent to kill bacteria and fungi (3-5). It is a
monocarboxylic polyether antibiotic derived from
Streptomyces albus, which is extensively used as
coccidiostat in poultry and commonly fed to ruminant
animals to improve feeding efficacy (6). As an ionophore
with strict selection for alkali ions and a strong preference
for potassium, it interferes with the transmembrane
potassium potential. It has been reported that salinomycin
can overcome drug resistance in human cancer cells (7). The
combination treatment of paclitaxel and salinomycin
resulted in strong antitumor efficacy for the eradication of
breast cancer and cancer stem cells (8). The anticancer
mechanism of salinomycin has been recognized based on its
ability to induce apoptosis and cause growth inhibition in
diverse types of chemo-resistant cancer cells (9-11). 

The apoptotic signals induced by salinomycin are
transduced by its binding to death receptors (DRs). The
DRs are members of the tumor necrosis factor receptor
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superfamily and comprise a subfamily that is characterized
by an intracellular death domain. DR4 and DR5 are
capable of engaging the cell suicide apparatus. Among all
the DRs, tumor necrosis factor-related apoptosis-inducing
DR4 and DR5 are selectively expressed in cancer cells
and, thus, offer an advantage for targeted therapy and
prevention (12, 13). 

The present study examined the effect of salinomycin in
cell growth-inhibition, cell-cycle progression and regulation
of apoptosis on cisplatin-resistant ovarian cancer cells. To the
best of our knowledge our results provide the first evidence
that salinomycin induces DR5-mediated apoptosis. This may
offer a promising therapeutic approach to overcome
cisplatin-resistant ovarian cancer.

Materials and Methods
Reagents and cell lines. Dulbecco’s modified Eagle’s medium was
obtained from GIBCO BRL (Grand Island, NY, USA).
Salinomycin was purchased from Sigma-Aldrich (Sigma-Aldrich,
St. Louis, MO, USA) and dissolved in dimethylsulfoxide (DMSO).
The ovarian cancer cells (A2780) and cisplatin-resistant ovarian
cancer cells (A2780cis) were obtained from the European
Collection of Animal Cell Cultures (Salisbury, UK). The cells
were cultured at 37˚C in 5% CO2.

Cell viability assay. The number of viable cells was evaluated by
a colorimetric 3-(4,5-dimethylthiazol-2,5-diphenyl tetrazolium
bromide (MTT) assay. Initially, cells were seeded in 96-well
plates, and then cultured for 24 h to allow their adhesion to the
plates. After this pre-incubation, the culture medium was changed
to experimental medium supplemented with salinomycin (0.1, 0.5,
1, 5 and 10 μM) or DMSO (control) for 48 h. The MTT reagent
was then added and cells incubated for an additional 4 h at 37˚C.
The intensity of the purple color formed in this assay is
proportional to the number of viable cells. The optical density was
measured at 495 nm. The mean value and their standard deviation
were calculated from triplicate experiments.

Determination of cell-cycle distribution. To determine the cell
distribution, cisplatin-resistant ovarian cancer cells were treated
with various doses of salinomycin or DMSO (control). After 48 h
treatment of salinomycin, cells were harvested by trypsinization
and centrifugation, washed with cold phosphate-buffered saline
(PBS), and were fixed in ice-cold 70% ethanol at 4˚C for 24 h.
Ethanol-fixed cells were then washed and treated with RNaseA for
30 min at 37˚C, stained with propidium iodide (PI) and then
incubated for 30 min at room temperature. DNA fluorescence was
measured by flow cytometry (FACS Calibur™; Becton Dickison,
Franklin Lakes, NJ, USA). The percentage of cells in each cell-
cycle phase was determined using the ModFit LT™ software
(Becton-Dickinson) based on the DNA histogram.

Protein isolation and immunoblotting. Extracts of cells (2×105/ml)
were prepared in lysis buffer [10 mM Tris (7.4) 5 mM EDTA, 
130 mM NaCl, 1% Triton X-100, serine protease inhibitor
phenylmethylsulphonyl fluoride (10 μg/ml), leupeptin (10 μg/ml),
aprotinin (10 μg/ml), 5 mM phenanthroline, and 28 mM
benzamidine-HCl]. Protein concentrations were measured using

the Bio-Rad Protein Assay Reagent (Bio-Rad, Hercules, CA,
USA), following the manufacturer’s protocol. Aliquots of protein
were separated by 8% to 15% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidine difluoride membrane (Millipore, Bedford, MA,
USA). The membrane was blocked with Tris-buffered saline
containing 5% skimmed milk (Becton Dickinson) and 0.2% Tween
20 (Amresco, Solon, OH, USA). After washing, the membranes
were incubated with primary antibodies to DR4 (Santa Cruz
Biotechnology, Santa Cruz, CA, USA), DR5 (Koma Biotech,
Seoul, Korea), p53, cleaved caspase-3, cleaved caspase-8, Fas-
associated protein with death domain (FADD) and poly ADP-
ribose polymerase (PARP; Cell Signaling, Beverly, MA, USA),
FLICE-like inhibitory protein (FLIP; Enzo Life Science
International, Farmingdale, NY, USA) and β-actin (Santa Cruz
Biotechnology). After reaction with horseradish peroxidase-
conjugated secondary antibodies (Santa Cruz Biotechnology),
bands on the membranes were visualized by an enhanced
chemiluminescence system (Thermo Scientific, Rockford, IL,
USA), following the manufacturer’s suggested procedure.

Apoptotic assessment by annexin-V/PI staining. Cells were
incubated for 48 h at 37˚C with different concentrations of
salinomycin or DMSO (control). After washing with cold PBS, cells
were re-suspended in 1× binding buffer. Staining of apoptotic cells
was performed using the annexin V-fluorescein isothiocynate
(FITC)/PI apoptosis assay kit (Becton Dickinson, Pharmingen,
Heidelberg, Germany) according to the manufacturer’s instructions.
Determination of apoptotic cells was performed by flow cytometry
using a FACScan flow cytometer and Cellquest software (Becton
Dickinson).

Statistical analysis. The data are presented as the mean±SD.
Statistical analysis was conducted using one-way analysis of
variance (ANOVA), followed by Duncan’s multiple range test for a
post-hoc comparison by SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
Statistical significance was set at p<0.05.

Results

Growth-inhibitory effect of salinnomycin on A2780cis cells.
To evaluate the effect of salinomycin on ovarian cancer cells,
A2780 parental and cisplatin-resistant ovarian cancer cells
were grown in the presence of different doses of
salinomycin. In comparison with control, salinomycin
reduced the viability of A2780 and A2780cis cells in a dose-
dependent manner (Figure 1).

Effect of salinomycin on the cell cycle. To assess whether
salinomycin-induced growth inhibition is mediated via
alternations in the cell cycle, we examined the effect of
salinomycin on the cell-cycle distribution. PI staining was
carried out so that the DNA content of untreated and treated
cisplatin-resistant ovarian cancer cells could be measured by
flow cytometric analysis. DNA histograms showed an
increased percentage of cells in sub-G1 phase compared to
untreated cells (Figure 2). 
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Induction of apoptotic cell death by salinomycin. Apoptosis
assay was performed using A2780cis cells to evaluate the
mechanism of the inhibition of cell growth using annexin-V
FITC/PI kit. Flow cytometric analysis showed a significant
increase of apoptotic cells upon 48 h exposure to
salinomycin (Figure 3).

Role of salinomycin on apoptotic signaling pathway. The
apoptotic cell death is related to the activation of regulatory
genes. Therefore, the expression level of its related proteins
was measured. The expression of DR5, caspase-8 and FADD
proteins were significantly increased. In addition, we
observed a down-regulation of FLIP expression. There was
no change in the expression of DR4 and p53. Caspase-3 and
PARP protein were increased after treatment (Figure 4).
These results suggest that salinomycin-induced cell growth-
inhibition and induction of apoptotic cell death involve the
activation of DR-mediated pathway.

Discussion

The present study demonstrated that salinomycin inhibited
the growth of cisplatin-resistant human ovarian cancer cells.
The growth-inhibition effects of salinomycin and
salinomycin-induced apoptosis in A2780cis cell was
associated with DR5-mediated cell death pathway.

In our study, salinomycin decreased the viability of
cisplatin-resistant cancer cells in a dose-dependent manner.

The growth-inhibitory effect of salinomycin demonstrated in
the cell viability assay may corroborate the increased number
of cells in the sub-G1 phase of the cell cycle. Salinomycin
significantly increased the proportion of cells in the sub-G1
phase upon treatment while the S phase remained almost
unchanged and those of G2/M phase decreased with
treatment of increasing concentrations of salinomycin. This
shows that salinomycin causes apoptosis without causing
G1/G2 arrest, which confirms previous findings that
salinomycin activates an apoptotic pathway not accompanied
by cell-cycle arrest (14). 

Apoptosis, a form of programmed cell death, is an
important homeostatic mechanism that balances cell division
and cell death, maintaining the appropriate cell numbers in
the body (15). It requires the cascaded activation and the
execution of a series of regulatory molecules and cysteine-
aspartic proteases known as caspases (16). Activation of pro-
caspases stimulates the down-stream signaling cascades
transmitted through two major pathways, which are
mitochondria-dependent and mitochondria-independent. The
mitochondria-independent signaling pathway directly
activates caspase-3 by activating caspase-8. After the
activation of caspase-3, PARP cleavage is induced, a
classical marker in the apoptosis cascade. Early apoptosis
was consistently marked by the annexin-V apoptotic assay
in the present study. 

Previous studies have also shown that salinomycin can
induce apoptosis of human lymphoma and leukemia cells
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Figure 1. Antiproliferative effect of salinomycin on cisplatin-sensitive
and -resistant ovarian cancer cells (A2780 and A2780cis). Cells were
treated with dimethyl sulfoxide (DMSO) control or salinomycin (0.5, 1,
5 and 10 μM) for 48 h. Cell viability was measured by the tetrazolium
dye (MTT) assay and results were expressed as the percentage of viable
cells. Values are means±SD of three measurements. 

Figure 2. Effect of salinomycin in the cell cycle. A2780cis cells were
treated with dimethyl sulfoxide (DMSO) control or salinomycin (0.5, 1
and 5 μM) for 48 h. After treatment with salinomycin, cells were
harvested, fixed, stained with propidium iodide and analyzed by flow
cytometric analysis. The values shown represent the number of cells in
different phases of the cell cycle as a percentage of total cells. Values
are means±SD of three measurements.



(17). Moreover, cancer cell-specific apoptotic effects of
salinomycin were documented in neuronal, colorectal and
prostate cancer cells (18-20). These findings show that the
cell growth inhibition by salinomycin was performed through
an apoptosis-dependent mechanism. To elucidate the
signaling pathways activated during salinomycin treatment,
we evaluated the key receptor proteins known to participate
in the apoptotic pathways. Treatment with salinomycin

resulted in an increase in the expression of DR5 in a dose-
dependent manner, however, the DR4 levels were unchanged.
DR4 and DR5 associate through their functional cytoplasmic
death domain motifs with FADD upon activation by the
extrinsic DR pathway, since FADD is known to be involved
in the activation of caspase-8 (21). Several studies have also
reported that DRs, such as tumor necrosis factor receptor
(TNF-R) can induce apoptosis in a ligand-independent
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Figure 3. Induction of apoptosis after salinomycin treatment of A2780cis cells. As described in Materials and Methods, cells were exposed to dimethyl
sulfoxide (DMSO) control or salinomycin (0.5, 1 and 5 μM) for 48 h. Apoptosis was quantified by flow cytometric analysis using annexin-V-
fluorescein isothiocynate (FITC)/propidium iodide (PI) staining. Values are means±SD of three measurements.



manner (22, 23). We therefore raise the possibility that
salinomycin might induce apoptosis through a DR5-mediated
extrinsic pathway. However, the dependency on DRs and
apoptosis, with respect to salinomycin, merits further
investigation. 

In conclusion, the results of this research demonstrated
that salinomycin-suppressed cell proliferation by inducing
apoptosis. Apoptosis induction was associated with the
activation of caspase-8 and FADD along with the elevated
expression of DR5. Our results may contribute to the
development of salinomycin-based therapy for patients with
cisplatin-resistant ovarian cancer.
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