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ABSTRACT 

Ovarian cancer is the most lethal gynecologic cancer. A major obstacle 

to the current therapy for ovarian cancer is the platinum-resistance. 

Cisplatin (CDDP) is representatively platinum-based drug and has anti-

cancer effect by triggering reactive oxygen species (ROS) in various 

cancer cells. Cinnamaldehyde (CA), extracted from the stem bark of 

Cinnamomum cassia, has been shown to possess anticancer effects in 

various cancers and to induce apoptotic cell death by ROS generation. 

According to previous studies, induction of ROS by cellular stressors 

promotes autophagic cell death as well as apoptosis in many cancers. 

So, we tested whether CA and CDDP boost ROS-mediated apoptosis 

and autophagy and also have synergistic effect in ovarian cancer cells. 

We chose two types of ovarian cancer cell lines (A2780/s sensitive to 

CDDP and A2780/cis resistant to CDDP). Low dose (1 µM) of CDDP 

appeared cytotoxicity and induced ROS-mediated apoptosis and 

autophagy in A2780/s. But high dose (10 µM) of CDDP was not 

affected in A2780/cis. In this condition, co-treatment of CA remarkably 

increased synergistic growth-inhibitory effect and induced ROS-

mediated apoptosis and autophagy in A2780/cis. Thus, excessive ROS 

by combination of CA and CDDP might be proposed to a way to 

overcome the chemoresistance in ovarian cancer. 
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INTRODUCTION 

Ovarian cancer remains the highest mortality rate from 

gynecologic tumors amongst women [1]. For the past several decades, 

the standard therapy for women with advanced ovarian cancer has 

consisted of cytoreductive surgical approaches followed by platinum-

based chemotherapy. [2] To date, patient prognosis has significantly 

improved for many types of solid tumors. Whereas, survival of 

epithelial ovarian cancer patients has changed little due to the 

development of platinum-resistance [3]. This poor prognosis in ovarian 

cancer likely owing to chemoresistance proves an urgent need for an 

alternative chemotherapy. 

Autophagy is a self-destructive process, by which intracellular 

components isolated inside double-membrane vesicles 

(autophagosomes) are fused to the lysosome and degraded by 

lysosomal hydrolases, for recycling amino acids and other substrates 

[4]. Under basal conditions, autophagic flux helps eliminate damaged 

organelles within cells and plays an important role in cellular 

equilibrium [5]. Intriguingly, researchers have reported that this process 

of self-destruction is involved in pathogenesis of a number of disease 

states including cancer [6]. Deficiency of autophagy has been found in 

various cancers including breast, prostate and ovarian cancer. Also, a 
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low level of autophagy has been associated with tumor progression and 

development [7]. Many anticancer agents and natural products have 

been reported to induce autophagic cell death through reactive oxygen 

species (ROS) generation [8, 9]. A high level of ROS promotes cell 

death by activating various mechanisms such as apoptosis and 

autophagic cell death. Furthermore, in vitro studies have shown that the 

accumulation of excessive ROS induces cell death in cancer [10]. 

Cinnamaldehyde (CA), an aromatic α,β-unsaturated aldehyde, is 

the major component (> 80%) of essential oil extracted from some 

cinnamon species [11, 12]. CA is a bioactive compound that has been 

identified to have anti-tumorigenic activity in various types of human 

cancer cells [13-15]. Recent studies have shown that CA induces 

apoptosis via ROS-induced DNA damage and mitochondrial 

permeability transition [16]. Cisplatin (CDDP), a representative 

platinum-based drug used to treat ovarian cancer, also triggers ROS 

generation through direct damage to mitochondrial DNA [17]. Recently, 

combination therapies of conventional chemotherapeutic agents with 

phytochemicals have shown to be effective at inducing apoptosis in 

lung [18], colorectal, hepatocellular [19], and ovarian cancers [20]. 

Similarly, our results show that combination treatment of CA and 

CDDP augments generation of ROS, which in turn induces apoptosis 
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and autophagic cell death in chemoresistant ovarian cancer cells. 

Herein, we present a potential strategy that could improve the current 

conventional chemotherapy. 
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MATERIALS AND METHODS 

Cell Culture of Ovarian cancer cells 

Human ovarian cancer cell lines A2780/s sensitive to CDDP and 

A2780/cis resistant to CDDP were grown in RPMI1640 (WelGENE, 

Seoul, Korea) at 37°C in humidified atmosphere of 5% CO2. 

RPMI1640 was supplemented with 10% fetal bovine serum (Life 

Technologies) and 100 µg/mL penicillin-streptomycin (Life 

Technologies). 

 

MTT Assay 

A total 3,000 cells of A2780/s and A2780/cis were plated in each well 

of 96-well plates. After incubation for 24 h, various concentrations of 

cinnanmaldehyde (0, 5, 10, 20, 40, and 80μM) were treated to each 

well, and cells were incubated for 24 h and 48 h. MTT (2 mg/ml) was 

added to each well. After incubation for 3 h, MTT solution was 

removed, and 100 μl of DMSO was added to each well to dissolve the 

formazan crystals. The absorbance was determined at 540nm using a 

spectrophotometer (Beckman coulter).  

 

Reactive Oxygen Species (ROS) Assay 

Intracellular ROS levels were measured using 6-carboxy-2,7-
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dichlorodihydrofluorescein diacetate (H2DCFDA; Sigma Aldrich, St. 

Louis, MO)  and dihydroethidium (DHE; Sigma Aldrich) fluorescent 

probe. Cells were haversted and then incuvated with 10 µM H2DCFDA 

and 5 µM DHE for 30 min and 10min respectively. Cells (10,000 

events) were determined by BD FACS Canto Ⅱ flow cytometer (BD 

Biosciences, NorthRyde, Australia).   

 

Measurement of Apoptosis 

Apoptosis was detected by flow cytometric analysis using the Annexin 

V-FITC apoptosis detection kit (BDPharmingen, CA). Cell’s 

preparation was performed according to manufacturer’s protocol. In 

Brief, CA-treated cells were collected by trypsinization (0.05% 

Trypsin-EDTA). Followed by centrifugation (890g, 4°C, 5 min). Cells 

were then suspended in Annexin V-binding buffer and treated with 1 µl 

of FITC Annexin V and/or 0.5 µl of PI (Propidium iodide). Cells 

(10,000 events) were analyzed by BD FACS Canto Ⅱ flow cytometer.   

 

Acidic Vesicular Organelles (AVOs) Staining 

Cells were seeded in 60 mm plate and incubated for 24 h. The medium 

was discarded and treated with CA or CDDP for 48 h in the presence or 
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absence of N-acetyl cysteine (NAC, 5 mM). Cells were stained by 

acridine orange (1 µg/ml, Sigma Aldrich) with phenol red free RPMI 

1640(Life Technologies) at 37°C in 15 min in the dark. The stained-

cells were harvested and washed with PBS. Results were obtained 

using BD FACS Canto Ⅱ flow cytometer. The cells were cultured with 

same condition in confocal dish (SPL Life Sciences, Korea) and 

detected by confocal microscopy. 

 

Western Blotting 

Cells were harvested by trypsinization (0.05% Trypsin-EDTA) and 

centrifugation (890 x g, 4°C, 5 min). Then cell pellets were suspended 

in lysis buffer containing 3’ DW, 10% Triton X 100, EDTA, 0.1M 

Na3VO4, 0.1M PMSF and sodium deoxycolate on ice for 30 min. 

Following centrifugation at 14240g for 10 min, the supernatant was 

collected. BCA protein assay (Thermo scientific) was conducted to 

obtain protein concentration of lysed cells. To separate proteins by size, 

SDS-PAGE was conducted. Proteins were then transferred on 

nitrocellulose blotting membrane (GE healthcare life sciences, 

Germany) at 100 V for 1 h. Membranes were blocked with 5 % skim 

milk and incubated with appropriate primary antibodies overnight at 4 

C. After membranes were rinsed 3 times with TBS-T, they were 
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incubated with horseradish peroxidase-conjugated anti-rabbit or anti-

mouse immunoglobulin G antibodies (1:5,000) for 2 h at RT. West save 

up reagents (Abfrontier, Seoul, Korea), was utilized to detect protein 

bands (Agfa, Belgium).  

Statistical analysis  

All of the experiments were performed in triplicates and the data 

expressed as means ± SEM. Student’s t-test and analysis of variance 

(ANOVA) with Bonferroni’s test were performed for statistical 

comparison. GraphPad Prism 5 and statistical software SPSS 20.0 

(SPSS Inc., Chicago, IL, USA) were used for the analysis. A P-value 

<0.05 was considered statistically significant. 
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RESULTS 

CA inhibits cell growth of A2780/s and A2780/cis. 

Human ovarian cancer cell lines, A2780/s and A2780/cis, were widely 

used to study chemoresistant phenotypes [21, 22]. Expectedly, our 

results from MTT assay demonstrates that the half-maximal inhibitory 

concentration (IC50) of CDDP was markedly lower in A2780/s 

compared to A2780/cis Figure 1A. As suggested in Figure 1B, CA 

inhibited the proliferation of both cell lines in a dose-dependent manner. 

IC50 values of CA were computed as 43 ± 2.1 μM for A2780/s and 51 ± 

2.1 μM for A2780/cis. To investigate cytotoxicity of CA in normal 

cells, human peripheral blood mononuclear cells (PBMCs), which were 

isolated from the blood of healthy individuals, were employed. CA did 

not show any cytotoxic effect on various concentration in PBMCs. 

Thus, CDDP appeared to be effective at inhibiting growth of the 

A2780/sensitive cells whereas A2780/cis cells were less sensitive to 

CDDP. However, CA exerted similar growth inhibitory effects on both 

cell lines. 

 

CA synergizes the anti-cancer effect of CDDP in A2780/cis. 

As shown in Figure 1A and B, CA appeared similar IC50 than IC50 of 

CDDP in two cell lines. To confirm the synergistic effect of CA and 
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CDDP, we treated both sensitive and resistant cells with different 

CDDP/CA ratio of concentrations. The concentration of CA was fixed 

at 40 μM, and CDDP was applied concomitantly with different 

concentrations Figure 2A and B. We incorporated Calcusyn software to 

analyze the synergistic effect of CDDP and CA. Our results show that 

the synergism was only present in the A2780/cis cells.  

 

CDDP inhibit cell proliferation and induce apoptosis and 

autophagy by increasing ROS production in A2780/s.  

Previous researches have shown that CDDP triggered ROS production 

in various types of cancer including ovarian cancer [17, 23]. To 

examine changes in ROS level, in A2780/sensitive cells, the cells were 

treated with CDDP in the absence or presence of NAC for 48 h. Cells 

were stained with either H2DCFDA and DHE to detect relative levels of 

hydrogen peroxide and superoxide anion respectively. After treated 

with CDDP (1 µM) for 48 h, mean fluorescent strength of H2DCFDA 

and DHE probe were significantly increased by 1.9 fold and 3.0 fold 

change. Next, to investigate whether ROS are important drivers of cell 

death in the drug-sensitive cell line, we incorporated N-acetyl cysteine 

(NAC) to scavenge ROS generated by the drug treatment Figure 3A. In 

this condition, A2780/s cells were viewed by phase contrast microscope 
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and performed by MTT assay Figure 3B, C. We observed significant 

reduction of cytotoxicity when NAC was treated 1 h prior to the drug 

treatments in A2780/s cells. To confirm the cell death mechanism by 

CDDP, we detected apoptosis Figure 3D, E and autophagy Figure 3F-H. 

As a result, both apoptosis and autophagy was significantly induced by 

CDDP. In this condition, apoptotic and autophagic effect was reversed 

by NAC. Our data suggest, elevated production of ROS by CDDP plays 

a key role in promoting cell death in A2780/s.   

 

Combination of CA and CDDP induces ROS-mediated apoptotic 

and autophagic cell death in A2780/cis. 

Likewise, treatment of CDDP (10 µM) alone in A2780/cis could 

elevate ROS level Figure 4A, B, but cytotoxicity was minimal with 

75.1% cell viability after 48 h exposure figure 4D. However co-

treatment of CA and CDDP dramatically heightened ROS generation 

Figure 4A, B and significantly induced cell death in A2780/cis Figure 

4C, D. Interestingly, the effect of combinational treatment was reversed 

by NAC (5mM). Taken together, these results suggest that ROS might 

be key mediators of cell death induced by co-treatment of CA and 

CDDP. Moreover, apoptotic populations and PARP cleavage were 

substantially increased when the CA and CDDP were treated 
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simultaneously then treated with CA or CDDP alone Figure E, F. These 

results indicated that the co-treatment is highly potent at inducing 

apoptosis in A2780/cis cells. To evaluate the effect of excessive 

production of ROS other than apoptosis, we confirmed whether the 

autophagy was induced by CA and CDDP in A2780/cis cells. 

Autophagy is characterized by acidic vesicular organelle (AVO) 

formation (autolysosome). As shown in Figure 5A, C, AVO-positive 

cells were increased by CA and CDDP respectively. Consistent with 

AVO staining, expression of autophagic marker proteins were 

increased Figure 5B, D. Combining the two treatments induced the 

autophagy than either of the drugs alone but upregulated-autophagy 

was negated by NAC Figure 5E-G. Our results show that addition of 

CA sensitized CDDP-resistant ovarian cancer cells than treatment of 

CDDP sole. 
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Figure 1. CDDP and CA inhibit viability of ovarian cancer cells.  

(A) CDDP and (B) CA suppressed A2780/s and A2780/cis cell 

viability in a concentration-dependent manner for 48 h. Peripheral 

blood mononuclear cells (PBMCs) were treated with either (C) CA for 

48 h. Inhibition of cell viability was determined by MTT assay. Data 

represent the mean ± SEM values of three independent experiments.  
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Figure 2. Combination of CA and CDDP appears synergistic effects 

on only A2780/cis.  

(A, B) Synergism of CA and CDDP was analyzed Calcusyn software in 

A2780/s and A2780/cis, respectively. Combination Index (CI) indicates 

that < 1 is synergism, = 1 is additive effect, and > 1 is antagonism. 
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Figure 3. CDDP inhibit growth and induce apoptosis and 

autophagy of ovarian cancer cells through ROS generation in 

A2780/s.  

(A-H) A2780/s was treated with DMSO or CDDP (1 µM) in the 

absence or presence of NAC (5 mM) for 48 h. (A) Intracellular ROS 

levels were measured by staining with H2DCFDA (10 µM) and DHE (5 

µM) dye, and (B) cells were observed under a phase contrast 

microscope to detect their morphological changes after CDDP 

treatment. (C) Cytotoxic effect was determined by MTT assay. 

Apoptotic cell death was detected by (D) flow cytometry and (E) 

Western blot. Autophagic cell death was analyzed by (F, H) AVO 

staining and (G) Western blot. GAPDH was used as a loading control. 

(H) AVOs were detected by confocal microscopy and shown as red 

color. Data represent the mean ± SEM values of three independent 

experiments. **indicates p < 0.01 and ***indicates p < 0.001 compared 

with control.  
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Figure 4. Combination of CA and CDDP generates ROS and 

induces apoptosis in A2780/cis.  

(A-F) A2780/cis was treated with DMSO control or CA (40 µM) or 

CDDP (10 µM) alone, or CA and CDDP in the absence or presence of 

NAC (5 mM) for 48 h.  (A) Intracellular ROS levels were determined 

by staining with H2DCFDA (10 µM) and DHE (5 µM) dye, and (B) 

cells were viewed under a phase contrast microscope to detect their 

growth inhibition after CDDP and/or CA treatment. Effect of 

combination 40 µM CA and  10 µM CDDP on A2780/cis was 

determined by (D) MTT assay and apoptosis was detected by (E) flow 

cytometry and (F) Western blot. All results represent the mean ± SEM 

values of three independent experiments. *indicates p < 0.1, 

**indicates p < 0.01 and ***indicates p < 0.001 compared with control.  
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Figure 5. Co-treatment of CA and CDDP induces autophagy 

formation in A2780/cis.  

(A, C, E, G) Autophagy was analyzed in A2780/cis treated with CA (40 

µM) and CDDP (10 µM) for 48 h by AVO staining. *indicates p < 0.1, 

**indicates p < 0.01 and ***indicates p < 0.001. (B, D, F) Changes in 

protein levels of autophagy markers (ATG5, Beclin1, and LC3B) by 

CA and CDDP were detected by western blotting. Protein expression 

was normalized to GAPDH expression. (G) AVOs were detected by 

confocal microscopy and shown as red color. 
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DISCUSSION 

The main result of our study is that in CDDP-resistant ovarian 

cancer cells, the combination of CDDP with CA synergistically 

enhanced the cytotoxic effect by inducing ROS-mediated autophagy 

and apoptosis against chemoresistant ovarian cancer cells.  

CDDP has been widely used to treat a large panel of solid 

neoplasms for decades. However, chemoresistance currently represents 

the major impediment to the clinical use of CDDP [24]. Combination 

chemotherapy, to overcome the CDDP-resistance, is a common 

strategy to treat cancer due to the rapid development of drug resistance 

and heterogeneity of cancer cells [25, 26]. We selected a phytochemical 

as a candidate compound which could act synergistically with CDDP. 

One of the advantages of harnessing naturally-occurring 

phytochemicals in cancer therapy would be that the phytochemicals 

show no cytotoxic effect on normal cells in most cases [27]. 

Furthermore, considerable anti-cancer effects of phytochemicals with 

various mechanisms of action have been reported in ovarian cancer 

[28-30]. Among many other types of plant-derived compounds, we 

incorporated CA. CDDP and CA share the mechanism of cytotoxic 

effect that they both stimulate ROS production [14, 31, 32]. So, we 

hypothesized that CA and CDDP may have synergistic effect by 
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boosting generation of ROS. The lowest CA and CDDP concentrations 

in combination at which the synergism observed were 40 µM and 10 

µM respectively. So, further experiments were conducted with the 

concentrations listed above. In accordance with our expectation, 

compared to the sole treatment of either CA or CDDP, co-treatment of 

CA and CDDP dramatically elevated intracellular ROS production. 

Intracellular ROS could be produced by various sources such as 

the mitochondria, NADPH oxidases, or even from exogenous triggers 

such as natural products and other pharmacological agents [10]. 

Depending on the ROS level, cancer cells could encounter survival or 

death. Cancer cells need the high energy for aberrant proliferation, but 

ROS as byproduct of energy metabolism were excessively accumulated 

[33]. To adapt to severe circumstances, ROS scavenging systems are 

up-regulated such as glutathione or tumor suppressors (BRCA1, p53, 

etc.) [10]. We propose to target the tumor adaptation by an anticancer 

therapy that forces the accumulation of excessive ROS and the 

induction of cell death. When CA was treated on A2780/cis, ROS level 

was not changed while CDDP treatment triggered ROS production. 

Interestingly, co-treatment of CA and CDDP markedly increased ROS 

level. The exact mechanisms of how CA synergistically increases ROS 

production when treated with CDDP are still unknown. The 
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underpinning mechanism of the synergistic effect of CA and CDDP 

might be associated with suppression of antioxidant system.  

Autophagy is critical for maintaining cellular homeostasis by 

mediating lysosomal degradation pathway that eliminates damaged 

cells or organelles under the extreme conditions to protect cells. [4] 

Dysregulation of autophagy can lead to various disease including 

cancer. The role of autophagy in cancer is controversy, because 

autophagy can be involved in promotion or inhibition of tumorigenesis. 

[5, 34] Recent studies have shown that cytotoxic autophagy activated 

by ROS in tumor cells treated with chemotherapy. [35, 36] We 

quantified the accumulation of acridine orange stained AVOs after 

treatment using flow cytometry and confocal microscopy. Treatment of 

A2780/cis cells with CA and CDDP significantly increased AVOs and 

cleaved LC3B compared to control and sole treatment cells. Also, 

induction of autophagy detected by confocal microscopy was consistent 

with the protein expression and the results from FACS. 

In conclusion, we first describe that combination treatment with 

CA and CDDP exert synergistic effect. We found that the CDDP-

sensitive cells were prone to the increased ROS production. 

Subsequently, apoptosis and autophagic cell death were induced when 

treated with CDDP alone. In comparison to the CDDP-sensitive cells, 
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the resistant cells were less responsive to CDDP. We demonstrated that 

CA significantly sensitizes the resistant cells through an increase of 

ROS generation thereby inducing apoptosis and autophagic cell death. 

We anticipate that a novel combination of CA and CDDP contributes to 

development of new therapeutic approaches for CDDP-resistant 

ovarian cancer. Therefore, we propose CA as a potent phytochemical 

that could be used with conventional therapeutic agents to overcome 

chemoresistance.   
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국문초록 

난소암은 가장 치명적인 부인과 암입니다. 현재 난소암을 치료

하는데 주요한 장애물은 백금 저항성이다. Cisplatin (CDDP)

은 대표적인 백금계 약물이며 여러 암세포에서 활성산소종 

(Reactive oxygen species, ROS)을 유발하여 항암효과를 나

타낸다. Cinnamomum cassia 줄기 껍질에서 추출한 

cinnamaldehyde (CA)는 다양한 암 종에서 항암효과를 가지

며 ROS 생성에 의한 세포사멸을 유도하는 것으로 알려져 있

다. 이전 연구에 따르면, 세포 스트레스 요인에 의한 ROS의 

발생은 많은 암에서 세포사멸뿐만 아니라 자가 포식을 촉진시

킨다. 따라서 우리는 난소암세포에서 CA와 CDDP가 ROS가 

매개된 세포사멸과 자가 포식을 증가시키는지, 두 물질의 시너

지가 있는지에 대한 여부를 확인해보았다. 우리는 두 가지 유

형의 난소암 세포주를 선택했다. (CDDP에 대해 민감한 

A2780/s 및 CDDP에 대해 내성을 지닌 A2780/cis). 

A2780/s 세포에서 낮은 농도 (1 µM)의 CDDP를 처리하면 

세포독성을 나타내며 ROS가 매개된 세포사멸과 자가 포식이 

유도되었다. 그러나 A2780/cis 세포에서 높은 농도 (10 µM)

의 CDDP를 처리했을 때 큰 영향이 없었다. 이 조건에서 



 

34 

 

A2780/cis 세포에 CA를 함께 처리하였을 때 시너지를 보이

는 성장-억제 효과가 눈에 띄게 증가하였고 ROS 매개된 세

포사멸과 자가 포식 작용이 유도되었다. 따라서 CA와 CDDP

의 조합에 의한 과도한 ROS는 난소암의 항암제내성을 극복하

는 방법으로 제안될 수 있을 것이다.  
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