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Abstract. The mammalian target of rapamycin (mTOR) is 
well‑known as a promising therapeutic target in various cancer 
cells. mTOR activation decreases the sensitivity of ovarian 
cancer to cisplatin. Cardamonin inhibits the proliferation of 
various cancer cells by mTOR suppression. The present study 
examined whether cardamonin combined with cisplatin is 
efficacious for the anti‑proliferation of ovarian cancer cells. 
The anti‑proliferative effect was determined by MTT and 
cell cycle assays. Activation of the mTOR signal pathway 
and the expression of anti‑apoptotic proteins were evaluated 
by western blot analysis. Cardamonin significantly enhanced 
the effects of cisplatin on cell proliferation and cell cycle 
progression. The expression of B cell lymphoma‑2, X‑linked 
inhibitor of apoptosis protein and Survivin was significantly 
decreased following combination treatment. Furthermore, the 
activation of mTOR and its downstream 70 kDa ribosomal 
protein S6 kinase was inhibited by cardamonin. These results 
demonstrated that the combinatorial effects of cardamonin and 
cisplatin on anti‑proliferation were enhanced by suppressing 
the expression of anti‑apoptotic proteins and activation of 
mTOR in ovarian cancer cells.

Introduction

Ovarian cancer is a major cause of gynecological 
malignancy‑associated mortality worldwide. The majority of 
patients are diagnosed with epithelial ovarian cancer at the 
advanced stage and the 5‑year survival rate is 20‑40% (1). 
Platinum‑based adjuvant chemotherapy following cytoreductive 
surgery is commonly used for treatment of ovarian cancer, 
which is initially effective in a high percentage of cases (2). 
However, an increasing number of patients eventually relapse 

due to the decreased sensitivity to cisplatin (3,4). Therefore, 
novel therapeutic strategies are required to increase the 
sensitivity of cancer cells to cisplatin.

Chemotherapeutic drug‑induced apoptosis is usually 
disturbed by the anti‑apoptotic proteins, including B cell 
lymphoma‑2 (Bcl‑2), X‑linked inhibitor of apoptosis protein 
(XIAP) and Survivin (5). Bcl‑2 regulates programmed cell 
death in various cancer cell lines. It exerts a survival function 
in response to a wide range of apoptotic stimuli and inhibits 
the release of mitochondrial cytochrome c (6). XIAP is well 
known as a direct inhibitor of apoptosis, which binds to 
caspase‑3, ‑7 and ‑9 and prevents their activities (7). Survivin 
interferes with apoptosis by inhibiting the activity of caspases 
or via interaction with other regulators. It has been demon-
strated that Survivin binds to XIAP and inhibits the activation 
of caspase‑9  (8). The overexpression of these proteins is 
involved in the insensitivity of epithelial ovarian cancer cells 
to cisplatin (9‑11).

Mammalian target of rapamycin (mTOR) activation is 
essential in the development of cisplatin insensitivity in 
ovarian cancer cells. It was reported that the phosphorylation 
level of mTOR was higher in cisplatin‑insensitive clear‑cell 
ovarian carcinoma cells compared with in cisplatin‑sensitive 
cells (12,13). mTOR also performs a key role in the modulation 
of cisplatin‑induced apoptotic cell death. Cisplatin activates the 
mTOR survival pathway in epithelial and clear‑cell carcinoma 
ovarian cancer cells, which may counteract cisplatin‑induced 
apoptosis and in turn lead to cisplatin resistance (14,15). The 
mTOR inhibitors, rapamycin and its analogs, including evero-
limus, efficiently enhance the therapeutic efficacy of platinum 
in clear‑cell ovarian carcinoma cells (16,17). Therefore, mTOR 
is a promising therapeutic target for the treatment of ovarian 
cancer when combined with cisplatin.

Cardamonin is a natural chalcone compound, which 
increases cell apoptosis in nasopharyngeal carcinoma, pros-
tate cancer and triple negative breast cancer cells and induces 
autophagy in colorectal carcinoma cells (18‑21). Cardamonin 
inhibits a number of signaling pathways, including c‑Jun 
N‑terminal kinase, nuclear factor‑κB, and signal transducer 
and activator of transcription 3  (21,22). Combined with 
doxorubicin, cardamonin sufficiently prevents the enrich-
ment of drug‑resistant triple negative breast cancer stem 
cells and retards tumor growth (23). It may also increase the 
anti‑proliferative effect of cisplatin in cervical carcinoma, 
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hepatocellular carcinoma, prostate cancer and colon cancer 
cells (24). However, the underlying mechanism has not been 
previously studied. Our previous studies demonstrated that 
cardamonin inhibits the proliferation, angiogenesis and metas-
tasis of non‑small cell lung carcinoma cells, epithelial ovarian 
cancer cells and Lewis lung carcinoma cells by inhibition of 
mTOR activation (25‑27). In the current study, the therapeutic 
potency of cardamonin combined with cisplatin in ovarian 
cancer was evaluated and the underlying mechanism was 
investigated.

Materials and methods

Chemical reagents. Solutions and supplements for cell culture 
were purchased from Gibco (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Cardamonin, cisplatin, dimethyl sulf-
oxide (DMSO) and MTT were purchased from Sigma‑Aldrich 
(Merck KGaA, Darmstadt, Germany). Antibodies against 
mTOR (cat. no.  2972; dilution, 1:1,000), phospho‑mTOR 
(Ser 2448; cat. no. 2971; dilution, 1:1,000), 70 kDa ribosomal 
protein S6 kinase (p70S6K; cat. no. 9202; dilution, 1:1,000), 
phospho‑p70S6K (Thr 389; cat. no. 9205; dilution, 1:1,000), 
Bcl‑2 (cat. no. 2872; dilution, 1:1,000), Survivin (cat. no. 2803; 
dilution, 1:1,000), XIAP (cat. no. 2042; dilution, 1:1,000) and 
actin (cat. no. 4967; dilution, 1:1,000), and the secondary anti-
body (anti‑rabbit IgG, horseradish peroxidase‑linked antibody; 
cat. no. 7074; dilution, 1:2,000) were purchased from Cell 
Signaling Technologies, Inc. (Danvers, MA, USA). The cell 
cycle assay kit was from BD Biosciences (San Jose, CA, USA).

Cell culture. Epithelial ovarian cancer SKOV3 and A2780 
cells were obtained from Wuhan Boster Bio‑Engineering 
Ltd. Co. (Wuhan, China), and cultured, at 37˚C in a saturated 
humidity incubator with an atmosphere containing 5% CO2, 
in McCoy's 5A and high glucose Dulbecco's modified Eagle's 
medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.), 
respectively. The media was supplemented with 10% fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 
penicillin (100 U/ml) and streptomycin (100 µg/ml) (HyClone; 
GE Healthcare Life Sciences, Little Chalfont, UK).

Cell viability assay. MTT assay was used to analyze the effect 
of cardamonin on cell viability as previously described (28). 
Cells were cultured overnight at 37˚C in a saturated humidity 
incubator with an atmosphere containing 5% CO2 in 96‑well 
plates (5x103 cells/well). Cell viability was assessed following 
the addition of cardamonin and cisplatin at the indicated 
concentrations for 48  h in medium containing 10% FBS. 
Surviving cells were assessed using a microplate reader 
(Bio‑Rad Laboratories, Inc., Hercules, CA, USA) for the deter-
mination of the absorbance at 570 nm of the DMSO‑dissolved 
formazan product following the addition of MTT (5 mg/ml) 
for 4 h. Five independent experiments were performed.

Clonogenic survival assay. The clonogenic survival assay was 
performed as previously described (28). Cells (1x103/well) were 
seeded on 6‑well tissue culture plates in medium containing 
10% FBS. The cells were cultured overnight at 37˚C in a 
saturated humidity incubator with an atmosphere containing 
5% CO2, and then treated with cisplatin in the presence or 

absence of cardamonin for 48 h, followed by two washes in 
McCoy's 5A and DMEM, respectively. The cells were then 
cultured in medium containing 10% FBS and allowed to 
proliferate for 7 days. Cells were fixed with ethanol (75%) at 
room temperature for 15 min and stained by 1% crystal violet 
at room temperature for 60 min. Colonies (>30 cells/colony) 
were counted with a Leica DMIL LED microscope (magnifi-
cation, x200; Leica Microsystems GmbH, Wetzlar, Germany) 
for each group to generate survival rate in triplicate wells. Five 
independent experiments were performed.

Cell cycle assay. Cell cycle distribution was determined by 
flow cytometry based on DNA content measurement of nuclei, 
stained with propidium iodide (PI). Following treatment 
with cisplatin in the presence or absence of cardamonin for 
48 h, cells were the washed with cold PBS and harvested by 
centrifugation at 400 x g at room temperature for 5 min. Cells 
were then fixed in cold ethanol (70%) overnight at 4˚C. Next, 
the cells were stained with 50 µg/ml PI and 10 µg/ml RNase A 
(BD Biosciences, San Jose, CA, USA) in the dark at room 
temperature for 30 min in the dark. Cell cycle distribution 
was analyzed by flow cytometry (BD Biosciences). Results 
were calculated by the Mod Fit LT software version 2.0 (BD 
Biosciences). Five independent experiments were performed.

Western blot analysis. Treated with indicated drugs for 48 h, 
cells were washed with ice‑cold PBS twice and lysed in 
radioimmunoprecipitation assay lysis buffer (20 mM Tris‑HCl 
(pH 7.5), 150 mM NaCl, 1 mM Na2 EDTA, 1 mM EGTA, 
1% NP‑40, 1% sodium deoxycholate, 2.5 mM sodium pyro-
phosphate, 1 mM beta‑glycerophosphate, 1 mM Na3VO4 and 
1 µg/ml leupeptin) with the addition of 1 mM phenylmethyl-
sulfonyl fluoride for 20 min at 4˚C. Lysates were centrifuged 
at 15,000 x g at 4˚C for 20 min, and protein concentrations 
of the supernatants were determined using a bicinchoninic 
acid protein assay reagent. Proteins (40 µg) were separated 
by 6‑12% SDS‑PAGE and transferred to polyvinylidene 
difluoride membranes. The membranes were blocked with 
5% bovine serum albumin (Cell Signaling Technologies, Inc.) 
in 1X TBS‑Tween 20 for 1 h at room temperature and then 
incubated overnight at 4˚C with the following primary anti-
bodies: mTOR (cat. no. 2972; dilution, 1:1,000), Ser 2448 (cat. 
no. 2971; dilution, 1:1,000), p70S6K (cat. no. 9202; dilution, 
1:1,000), Thr 389 (cat. no. 9205; dilution, 1:1,000), Bcl‑2 (cat. 
no. 2872; dilution, 1:1,000), Survivin (cat. no. 2803; dilution, 
1:1,000), XIAP (cat. no. 2042; dilution, 1:1,000) and actin (cat. 
no. 4967; dilution, 1:1,000) all purchased from Cell Signaling 
Technologies, Inc. Immunoblots were visualized with horse-
radish peroxidase‑conjugated goat anti‑rabbit immunoglobulin 
(Cell Signaling Technologies, Inc.; cat. no. 7074; dilution, 
1:2,000) at room temperature for 1 h using enhanced chemi-
luminescence (GE Healthcare Life Sciences) and exposure 
to X‑ray film to produce bands within the linear range. The 
protein purity was evaluated by densitometry analysis using the 
Quantity One software version 4.6.2 (Bio‑Rad Laboratories, 
Inc.). Three independent experiments were performed.

Statistical analysis. All data are expressed as the 
mean ± standard deviation. Statistical analysis was performed 
with SPSS version 16.0 software (SPSS, Inc., Chicago, IL, 
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USA). Data were analyzed by one‑way analysis of variance and 
Tukey‑Kramer multiple comparison test. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Anti‑proliferation efficacy of cisplatin is enhanced by 
cardamonin. Our previous study demonstrated that 20 µM 
cardamonin effectively inhibited the activation of mTOR in 
SKOV3 cells (unpublished data). In the present study, whether 
20 µM cardamonin enhanced the efficacy of cisplatin was 
determined. The anti‑proliferation effect of cisplatin (1, 2, 4 
and 8 µg/ml) was enhanced by cardamonin in a dose‑depen-
dent manner in SKOV3 and A2780 cells (Fig. 1A). Cisplatin 
at a concentration of 2 µg/ml was selected for the following 
experiments according to its nephrotoxicity in clinical use. 
Furthermore, the effect of cardamonin combined with cisplatin 
(2 µg/ml) on anti‑proliferation was more potent in SKOV3 cells 
compared with that in A2780 cells (cell viability, 34.8±3.14 

vs. 43.1±3.82%; P<0.05). In addition, the clone formation was 
significantly inhibited by cardamonin combined with cisplatin 
in SKOV3 and A2780 cells (Fig. 1B).

Cell cycle is arrested by cardamonin and cisplatin at the G2/M 
phase. It was then determined whether cardamonin was able 
to enhance cisplatin‑induced cell cycle arrest. As presented 
in Fig. 2, cardamonin and cisplatin induced the accumulation 
of cells in the S, and G2/M phase. As expected, cardamonin 
significantly increased the cisplatin‑induced accumulation 
of cells in the G2/M phase, and the accumulation of cells in 
G0/G1 phases was significantly reduced (Table I).

Anti‑apoptotic proteins are decreased by cardamonin and 
cisplatin co‑administration. Cisplatin‑induced apoptosis 
may be disturbed by the anti‑apoptotic proteins. The effect of 
cardamonin on anti‑apoptotic proteins was examined. Cisplatin 
and cardamonin decreased the protein expression of XIAP 
and Survivin. Notably, it was demonstrated that combination 

Figure 1. Cardamonin enhanced the anti‑proliferative effect of cisplatin in SKOV3 and A2780 cells. (A) SKOV3 and A2780 cells were treated with 1, 2, 4, 
8 µg/ml of cisplatin in the presence or absence of 20 µM of cardamonin for 48 h, and an MTT assay was performed (n=5). Data are presented as the mean ± SD. 
*P<0.05 vs. control; #P<0.01 vs. the corresponding group treated with cisplatin alone in A2780 cells; $P<0.01 vs. the corresponding group treated with cisplatin 
alone in SKOV3 cells. (B) SKOV3 and A2780 cells (1x103) were treated with cardamonin (20 µM), cisplatin (2 µg/ml) or the combination of the two agents for 
48 h, and then cells were processed for clonogenic survival assay (n=5). Data are presented as the mean ± SD. *P<0.05 vs. control; #P<0.01 vs. cisplatin; $P<0.01 
vs. cardamonin. SD, standard deviation; DMSO, dimethyl sulfoxide.

Figure 2. Cardamonin and cisplatin induced cell cycle arrest in G2/M phase in SKOV3 cells. SKOV3 cells were treated with cardamonin (20 µM), cisplatin 
(2 µg/ml) or the combination of the two agents for 48 h, and then cells were processed for cell cycle analysis (n=5). DMSO, dimethyl sulfoxide.
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of the two agents significantly reduced the protein expression 
of Bcl‑2, XIAP and Survivin in SKOV3 cells (Fig. 3).

Activation of mTOR and p70S6K is attenuated by cardamonin. 
Elevated phosphorylation of mTOR and p70S6K was detected 
in SKOV3 cells. To examine the effect of mTOR pathway 
inhibition by cardamonin on ovarian cancer cells, the effect of 
cardamonin and cisplatin on the phosphorylation of mTOR and 
p70S6K was examined. No significant effects were observed 
on the phosphorylation of mTOR and its downstream target 
(p70S6K) following cisplatin treatment; whereas the activation 
of mTOR signaling was significantly inhibited by cardamonin, 
or by the combination of cardamonin and cisplatin (Fig. 4).

Discussion

Platinum‑based chemotherapy is the most commonly used 
therapeutic approach for ovarian cancer following initial 
cytoreductive surgery. Although ovarian cancer is highly 
responsive to cisplatin, there is a substantial risk of emer-
gence of drug resistance, which results in a poorer clinical 
outcome (29,30). Thus, improving the antitumor efficiency of 
cisplatin is an essential way for patients with ovarian cancer. 
A number of flavonoid compounds, including baicalein, 
apigenin and fisetin may enhance the cytotoxicity of cisplatin 
in head and neck squamous cell carcinoma, embryonal 
carcinoma and cervical carcinoma cells (31‑33). Epithelial 
ovarian cancer accounts for almost 80% of all ovarian cancer 
cases and is the leading cause of cancer‑associated mortality 
among women (34). Therefore, it was investigated whether 
cardamonin was able to potentiate the anticancer effect of 
cisplatin in epithelial ovarian cancer cells, including SKOV3 
and A2780 cell lines. The results demonstrated that carda-
monin significantly enhanced the anti‑proliferative effect of 
cisplatin in SKOV3 and A2780 cells. The combinatorial effect 
on anti‑proliferation using low concentrations of cisplatin was 
similar to that of cisplatin in the high concentration, which 
indicated that cardamonin may decrease the dose of cisplatin 

required to inhibit the proliferation of ovarian cancer cells, 
which may be beneficial in gaining clinical efficacy with less 
adverse effects.

Numerous chemotherapeutic agents, including cisplatin, 
paclitaxel and fluorouracil, disrupt the cell cycle, which ulti-
mately inhibits cell proliferation (35,36). Cell cycle arrest is a 
major cellular response to DNA damage. Cisplatin was able to 
induce G2/M arrest in ovarian cancer cells (37,38). A previous 
study demonstrated that cardamonin inhibits cell growth and 
induces cell cycle arrest at the G2/M phase in colon cancer 
SW480 cells by suppressing the expression of cyclin D1, and 
c‑myc  (39). The results of the present study revealed that 
cardamonin increased the accumulation of cells in the S and 
G2/M phase, and the combination of cardamonin and cisplatin 
significantly increased the cisplatin‑induced G2/M arrest, 
which indicated that the potential anti‑proliferative effect of 
cardamonin was associated with cell cycle arrest.

The sensitivity of cancer cells to chemotherapeutic 
drug‑induced apoptosis depends on the balance between 
pro‑apoptotic and anti‑apoptotic signals, and the inhibition 
of anti‑apoptotic signals has been proposed as a promising 
strategy to enhance the efficacy of conventional chemo-
therapeutic agents (40). Several studies have reported that 
cardamonin is able to inhibit the expression of Bcl‑2, Survivin 
and induce apoptosis  (22,41). Furthermore, the mTOR 
inhibitor CCI‑779 decreases the expression of anti‑apoptotic 
proteins and restores the sensitivity of cisplatin‑resistant 
small cell lung cancer cells to cisplatin  (42). Therefore, 
additional study is required to clarify whether cardamonin 
potentiates the anti‑proliferative effect of cisplatin through 
the anti‑apoptotic proteins. The results of the present study 
revealed that cardamonin significantly enhanced the efficacy 
of cisplatin by inhibiting the anti‑apoptotic signals (Bcl‑2, 
XIAP and Survivin).

mTOR activation is associated with tumor malignancy 
and poor prognosis in numerous types of human cancer. 
In addition, mTOR is frequently hyper‑activated in cispl-
atin‑insensitive ovarian cancer cells (43). In the present study, 
it was demonstrated that the activation of mTOR and p70S6K 
was significantly inhibited by cardamonin, and cardamonin 
combined with cisplatin. This indicated that cardamonin may 
prevent the occurrence of cisplatin resistance and reduce the 
incidence of poor prognosis of patients with ovarian cancer 
induced by mTOR activation. mTOR inhibition enhances the 
sensitivity of cisplatin in numerous types of human cancers, 
including esophageal squamous cell carcinoma, lung cancer 
and ovarian cancer  (42,44,45). RAD001, the analog of 
rapamycin, in combination with cisplatin was demonstrated 
to induce a distinct increase in the number of apoptotic cells 
by downregulating the pro‑survival molecules, Bcl‑2, Survivin 
and Cyclin D1 in hepatocellular carcinoma (46), which was 
consistent with the present results. Therefore, mTOR inhibition 
by cardamonin provides a strategy for increasing the efficacy 
of platinum‑based treatment for ovarian cancer.

The clinical application of cisplatin is reduced by its 
dose‑dependent toxicity to normal organs, including the 
liver and kidney. Cardamonin significantly enhanced the 
anti‑proliferative effect of low concentration of cisplatin 
in ovarian cancer SKOV3 and A2780 cells, which may be 
useful in reducing the toxicity of cisplatin on normal tissues. 

Table I. Effect of cardamonin combined with cisplatin on cell 
cycle distribution.

	 Cell cycle, %
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Drug	 n	 G0/G1	 S	 G2/M

Control	 5	 69.96±3.25	 18.50±2.52	 11.54±3.82
DMSO	 5	 70.38±2.87	 19.01±4.28	 10.61±1.60
Cisplatin	 5	 55.99±1.58a	 22.67±1.29a	 21.34±0.68a

Cardamonin	 5	 41.05±2.14a	 28.54±2.74a	 30.42±4.27a

Cisplatin +	 5	 35.33±2.86a,b	 31.48±3.54a,b	 33.19±1.16a,b

cardamonin

Effect of cardamonin combined with cisplatin on cell cycle distribu-
tion. SKOV3 cells were treated with cardamonin (20 µM), cisplatin 
(2 µg/ml) or the combination of the two agents for 48 h, and then 
cells were processed for cell cycle analysis (n=5). The ratios of cell 
cycle distribution were calculated. aP<0.01 vs. control; bP<0.01 vs. 
cisplatin. DMSO, dimethyl sulfoxide.
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In addition, compared with rapamycin, cardamonin has a 
number of advantages in  vivo, it attenuated the oxidative 
stress and inflammation to protect against cisplatin‑induced 
nephrotoxicity in rats (24).

In conclusion, these results indicated that the combi-
nation of cardamonin and cisplatin is more effective in 
anti‑proliferation compared with the agent used alone in 
ovarian cancer cells. Cardamonin combined with cisplatin is 
a promising therapeutic strategy, particularly for patients with 

mTOR hyperactivation, which is beneficial for increasing the 
sensitivity to cisplatin in ovarian cancer.
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Figure 3. Cardamonin combined with cisplatin decreased the expression of anti‑apoptotic proteins. SKOV3 cells were treated with cardamonin (20 µM), 
cisplatin (2 µg/ml) or a combination of the two agents for 48 h. The expression of Bcl‑2, XIAP and Survivin was determined by western blot analysis. Actin was 
used as the loading control (n=3). (A) Representative western blotting protein bands for Bcl‑2, XIAP, Survivin and actin. Quantification of (B) Bcl‑2, (C) XIAP 
and (D) Survivin protein expression levels normalized to actin, and compared with control, cisplatin or cardamonin. Data are presented as the mean ± standard 
deviation. *P<0.05 vs. control; #P<0.01 vs. cisplatin; $P<0.01 vs. cardamonin. DMSO, dimethyl sulfoxide; Bcl‑2, B cell lymphoma‑2; XIAP, X‑linked inhibitor 
of apoptosis protein.

Figure 4. Cardamonin inhibited the activation of mTOR and p70S6K. SKOV3 cells were treated with cardamonin (20 µM), cisplatin (2 µg/ml) or the combina-
tion of both agents for 48 h. The expression of mTOR, phospho‑mTOR (Ser2448), p70S6K and phospho‑p70S6K (Thr389) was determined by western blot 
analysis. Actin was used as the loading control (n=3). (A) Representative western blotting protein bands for mTOR, p‑mTOR, p70S6K, p‑p70S6K and actin. 
Quantification of (B) p‑mTOR and (C) p‑p70S6K protein expression. The relative density ratio of protein was normalized to actin and compared with control, 
cisplatin or cardamonin. Data are presented as the mean ± standard deviation. *P<0.01 vs. control; #P<0.01 vs. cisplatin; $P<0.01 vs. cardamonin. DMSO, 
dimethyl sulfoxide; mTOR, mammalian target of rapamycin; p, phosphorylated; p70S6K, 70 kDa ribosomal protein S6 kinase.
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