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Abstract: Background: Cisplatin is a common used anti-tumor drug in ovarian cancer therapy with potent effect. 
Studies have reported that autophagy works as a cell-survival process in cancer, chloroquine has been added to var-
ious chemotherapeutic drugs. In the current study, we aim to evaluate whether chloroquine can enhance the effects 
of cisplatin in treating ovarian cancer. Methods: CCK-8 assay was used to detect cell viability. Transwell assay was 
used to examine cell migration and invasion. Flow cytometry assay was applied to evaluate cell apoptosis. Western-
blot assay was used to detect proteins related to apoptosis, autophagy and the AKT/mTOR pathway. Results: In the 
current study, we showed that low concentration of chloroquine alone did not affect cell viability, migration or inva-
sion, but it could enhance the efficacy of cisplatin in inhibiting cell viability, migration and invasion in both SKOV3 
and hey cells. Afterwards, we observed that cisplatin triggered apoptosis and autophagy in both SKOV3 and hey 
cells in a dose-dependent manner. After treatment of cisplatin, SKOV3 and hey cells showed increased apoptotic 
rate in flow cytometry assay, increased protein levels of cleaved caspase 3, cleaved PARP and Bax, and decreased 
protein levels of Bcl-2 and Bcl-XL. Cisplatin also induced the formation of autophagosomes and increased autopha-
gy-related proteins ATG 5, ATG 7, Beclin 1 and LC3B II/LC3B I. Meanwhile, cisplatin activated the AKT-mTOR pathway 
in both SKOV3 and hey cells. Next, chloroquine was added to ovarian cancer cells, flow cytometry assay revealed 
that chloroquine alone did not affect cell apoptosis and expressions of apoptosis-related proteins, while chloroquine 
plus cisplatin induced more apoptotic rate than cisplatin alone (p < 0.05). Meanwhile, apoptosis-related proteins 
had the same change trend. In vivo experiment demonstrated that chloroquine plus cisplatin was more effective 
than cisplatin alone in suppressing the growth of xenograft tumors, with lower ki-67 expression and higher cleaved 
caspase 3 expression. Conclusion: Based on our study, we propose that cisplatin activates the AKT/mTOR signal-
ing pathway, which subsequently induces cytoprotective autophagy in ovarian cancer cells. Meanwhile, inhibition of 
autophagy via chloroquine enhances the anti-tumor effect of cisplatin.
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Introduction

Ovarian cancer is one of the most common 
malignant gynecologic tumors. As most pa- 
tients are in advanced stages when they are 
firstly diagnosed, patients with ovarian cancer 
have low survival rates and high mortality rates 
[1-3]. In the present, main treatments for ovari-
an cancer is complete surgical staging and ma- 
ximal resection with additional chemotherapy. 
Chemotherapy is effective in cancer therapy, as 
it can not only inhibit tumor cell growth, but also 
induce cell apoptosis. For ovarian cancer, plati-

num-based combination therapy is the first-line 
chemotherapy. However, chemoresistance of 
platinum-based therapy can reduce chemother-
apeutic efficacy and lead to tumor recurrence. 
In spite of progresses have been made in sur-
gery and chemotherapy agents in the past 
years, 5-year survival rates of ovarian cancer is 
around 40% [4, 5].

At present, recognized mechanisms related to 
the resistance of ovarian cancer include phar-
macological resistance, biochemical resista- 
nce, apoptosis resistance and microenviron-
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ment resistance [6]. As a common agent in 
ovarian cancer therapy, cisplatin has a potent 
effect, and it can have synergistic effects with 
other anti-tumor agents. As reported, after 
entrance into cells, cisplatin can form complex-
es with DNA, thus inhibiting DNA replication, 
RNA transcription and cell cycle arrest [7, 8]. 
Due to its cytotoxicity, cisplatin has severe toxic 
and side effects on patients, so it is refined in 
some clinical conditions. Therefore, increasing 
the susceptibility of tumor cells to cisplatin is  
of great significance for drug resistance in- 
version.

Chloroquine (CQ) has been used for the treat-
ment of malaria and rheumatism for many 
years, as it could inhibit lysosomal enzymes 
and regulate immunity [9, 10]. Moreover, it has 
been thought to have antiviral effect, as it could 
suppressing protein glycosylation which was 
needed for viral function [11]. Via increasing  
PH of lysosome, chloroquine can interfering 
with the fusion of autophagosome and lyso-
some, thus inhibiting autophagy. More recently, 
due to its ability to block autophagy, further 
interest has been generated into other fields, 
such as cancer treatment [9, 12-14].

Autophagy is a kind of protein degradation pro-
cess in eukaryotic cells, dependent on lyso-
some. Autophagy has paradoxical effects in 
cancer development and progression. As re- 
ported by some experts, inhibiting autophagy 
could promote tumorigenesis [15]. However, 
according to other reports, autophagycould 
provide a protective effect for cancer cells 
when they were exposed to pressure, thus even 
increasing tumor metastasis [16]. Since vari-
ous studies have reported that autophagy can 
work as a cell-survival process in cancer, chlo-
roquine has been added to various chemother-
apeutic drugs. In some kinds of cancer such as 
pancreatic cancer and prostate cancer, chloro-
quine could augment the anti-tumor efficacy  
via inhibiting autophagy [17, 18]. Oppositely, in 
other cancers such as small-cell lung cancers, 
chloroquine could not enhance the efficacy  
of chemotherapy orra dioth erapy [19, 20]. 
Therefore, we propose that whether chloro-
quine could enhance the efficacy of chemother-
apy and radiotherapy is depend on the context 
and neoplasms type. 

Till now, whether chloroquine can boost the 
effects of cisplatin in treating ovarian cancer  
is unclear. In the current study, we presented 

experimental evidence showing that cisplatin 
could trigger protective autophagy in ovarian 
cancer and adding chloroquine to cisplatin 
could significantly increase its cytotoxicity via 
promoting apoptosis. 

Materials and methods

Cell lines and reagents

We obtained the epithelial ovarian cancer cell 
lines SKOV3 and hey cells from ATCC. These 
cells were grown in RPMI 1640 (Hyclone, USA) 
with 10% fetal bovine serum (Hyclone, USA) at 
37°C and 5% CO2. Cisplatin and chloroquine 
were obtained from Sigma Chemical Co. (USA) 
and dissolved in saline. 5 weeks old male Nude 
BALB/c mice were purchased from SLRC 
Laboratory Animal Company (China).

Cell viability assay by the CCK-8 method

Cell viability as previously described was mea-
sured by the CCK-8 assay kit (Dojindo Japan) 
[1]. Briefly, approximately 5 × 103 cells were 
seeded in 96-well plates. After adherence over-
night, cells were starved in FBS-free medium 
for 12 hours before cisplatin or chloroquine 
treatment for indicated time. At the time of har-
vest, after adding 10 μl CCK-8 reagent to 100 
ul medium, cells were cultured at 37°C for 1 
hour. Afterwards, a spectrophotometer was 
used to detect the absorbance of each well at 
450 nm. 

Migration assay

Ovarian cancer cell lines were starved in FBS-
free medium for 12 hours, then a total of 1 × 
105 cells/well in 200 ul of serum-free medium 
were seeded into the upper Transwell chamber 
(Corning, USA) with indicated drugs. Meantime, 
600 ul medium with 20% FBS was added to  
the lower chamber of a 24-well plate. 24 hours 
later, cells on the upper surface of the chamber 
were wiped with a cotton swab. Afterwards, 
cells on the lower surface were fixed with 4% 
paraformaldehyde for 15 minutes, and then 
stained with 0.1% crystal violet for 15 minutes. 
Finally, an inverted microscope was used to 
photograph five random areas of the lower 
membrane, and cells were counted for me- 
asurement.

Invasion assay

Similarly to the migration assay, cells were 
starved in FBS-free medium for 12 hours. The 
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transwell chamber was pre-applied with 50 ul 
Matrigel (BD, USA), then a total of 1 × 105 cells/
well in 200 ul of serum-free medium were seed-
ed into the upper Transwell chamber (Corning, 
USA) with indicated drugs. Meantime, 600 ul 
medium with 20% FBS was added to the lower 
chamber of 24-well plate. 48 hours later, cells 
on the upper surface of the chamber were 
wiped with a cotton swab. Afterwards, cells on 
the lower surface were fixed with 4% parafor-
maldehyde for 15 minutes, and then stained 
with 0.1% crystal violet for 15 minutes. Finally, 
an inverted microscope was used to photo-
graph five random areas of the lower mem-
brane, and cells were counted for measu- 
rement.

Apoptosis assay

PE Annexin V Apoptosis Detection Kit I (BD, 
USA) was used to detect apoptotic cells. After 
cells were treated with indicated drugs for 24 
hours, they were washed twice with ice-cold 
PBS and resuspended in 1X Binding Buffer at  
a concentration of 1 × 106 cells/ml. Afterwards, 
5 μl PE Annexin V and 5 μl 7-AAD were added  
to the Binding Buffer and cells were incubated 
at RT for 15 mins in the dark. Afterwards, apop-
totic cells were detected by flow cytometry. The 
PE Annexin V positive, 7-AAD negative or PE 
Annexin V positive, 7-AAD positive cell popula-
tions were considered as the apoptotic cells.

Western-blot analysis

After cells were treated with indicated drugs for 
24 hours, total protein was extracted and quan-
tified using BCA method (Beyotime, China). 
Then, 30 ug proteins were separated by 10% 
SDS-PAGE gels and transferred to PVDF mem-
brane. Afterwards, the PVDF membrane was 
blocked for 2 h using 5% none-fat milk at room 
temperature, and primary antibodies were 
added to incubate the PVDF membrane over-
night at 4°C, and secondary antibodies were 
added to incubate for 1 h at 37°C, followed by 
band development via the ECL detection sys-
tem. First antibodies anti-Bcl-2, anti-Bcl-XL, 
anti-Bax, anti-cleaved PARP, anti-cleaved cas-
pase 3, anti-p-AKT, anti-t-AKT, anti-p-mTOR, 
anti--t-mTOR, anti-ATG 5, anti-ATG 7, anti-LC3B, 
anti-Beclin 1 and anti-GAPDH were purchased 
from CST technology (USA). Secondary antibod-
ies goat anti-mouse HRP antibody and goat 
anti-rabbit HRP antibody were obtained from 

Beyotime (China). The experiment was repeat-
ed three times.

Tandem mCherry-Wassabi confocal micros-
copy

Lentivirus with mCherry-Wassabi-LC3B were 
obtained from Gene-Chem Co. Ltd (Shanghai, 
China). SKOV3 and hey cells stably transfected 
with mCherry-Wassabi-LC3B were treated with 
indicated drugs for 24 hours. At the time of har-
vest, cells were fixed with 4% paraformalde-
hyde and then washed with PBS three times. 
Afterwards, cells were examined using a confo-
cal laser scanning microscope (Leica TCS SP5 
Confocal Microscope, Germany).

Mouse xenograft assay and immunohisto-
chemistry staining

5 weeks old female Nude BALB/c mice were 
fed in standard environment and the protocol 
was approved by the Animal Care and Research 
Committee of Fudan University. 1 × 107 SKOV3 
cells suspended in 0.2 ml of PMI 1640 were 
inoculated subcutaneously in the flank of each 
mouse. At the time that tumors reached 50-100 
mm3, mice were divided into 4 groups at ran-
dom (n = 6 per group). Mice were continuously 
injected intraperitoneally with PBS, cisplatin (5 
mg/kg/6 days), chloroquine (60 mg/kg/day), 
and combination of cisplatin and chloroquine 
for 21 days. We measured tumor sizes using 
calipers every three days. Tumor volumes were 
calculated with the following formula: volume = 
0.5 × width2 × length. After treatment for 21 
days, the mice were sacrificed and tumors were 
removed carefully, photographed, and fixed 
with 4% paraformaldehyde for the following 
immunochemistry assay. Antibodies against 
ki-67 were purchased from Abcam (USA), and 
antibodies against cleaved caspase 3 were pur-
chased from CST Technology (USA). Images 
were obtained using the microscope (Olympus 
BX53; Olympus, Japan). Five images at 400X 
magnification were selected at random to eval-
uate the average number of Ki-67 and cleaved 
caspase 3 positive cells.

Statistical analysis

SPSS 16.0 software was used for statistical 
analysis. The experimental data were present-
ed as mean ± standard deviation. T test was 
used for the comparison of means between 
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Figure 1. Effects of cisplatin and/or chloroquine on cell viability, migration and invasion ability in SKOV3 and hey cell lines. A and B. SKOV3 and hey cells  
were cultured with cisplatin, and/or chloroquine for 48 hours. Cell viability was assessed by CCK-8 assay. Results are mean of three independent experiments. 
*, P < 0.05 and **, P < 0.01 for comparisons between cisplatin + chloroquine group and cisplatin alone group. C and D. Migration was evaluated with transwell  
assay in SKOV3 and hey cells after treatment with cisplatin (5 uM for both SKOV3 and hey cells) and/or chloroquine (10 uM for SKOV3 cells and 5 uM for hey cells)  
for 24 hours. **, P < 0.01 for comparisons between groups. E and F. Invasion was evaluated with transwell assay in SKOV3 and hey cells after treatment with cis-
platin (5 uM for both SKOV3 and hey cells) and/or chloroquine (10 uM for SKOV3 cells and 5 uM for hey cells) for 48 hours. **, P < 0.01 for comparisons between 
groups.
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Figure 2. Effects of cisplatin on apoptosis in SKOV3 and hey cell lines. Apoptosis was evaluated with PE Annexin V and 7-ADD staining in SKOV3 and hey cells after 
treatment with cisplatin (2.5 uM, 5 uM and 10 uM) for 24 hours. (A and D) Representative dot plots illustrating the data near the mean of the groups in (B and E) 
*, P < 0.05 and **, P < 0.01 for comparisons between cells treated with cisplatin and untreated cells. (C and F) Western blotting analysis of cleaved-caspase 3, 
cleaved PARP, Bax, Bcl-XL and Bcl-2. Western blotting of GAPDH was included as aloading control.
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two groups, and one-way ANOVA test was used 
for the comparison of more than two groups. *P 
< 0.05 and **P < 0.01 suggested that the dif-
ference was statistically significant.

Results

Chloroquine promotes the effect of cisplatin in 
inhibiting ovarian cancer cell growth, migration 
and invasion

The effect of chloroquine and/or cisplatinon 
cell viability was examined using the CCK-8 
assay (Figure 1A and 1B). 48 hours after drug 
treatment, cells in the control andchloroquine 
groups still maintained healthy, and nosignifi-
cant difference in the cell viability between the 
control and chloroquine groups were found, 
whereas cells in the cisplatin and cisplatin + 
chloroquine groups had decreased viability (p < 
0.05). Furthermore, as shown in Figure 1, 10 
uM chloroquine could promote the inhibiting 
effect of cisplatin (2.5 uM, 5 uM or 10 uM) on 
SKOV3 cells (p < 0.05). While in hey cells, both 
5 uM or 10 uM chloroquine could make cells 
more sensitive to cisplatin (5 uM or 10 uM) 
treatment (p < 0.05). Therefore, we assume 
that low concentration of chloroquine had no 
effect on the viability of ovarian cancer cells, 
but the concomitant treatment (cisplatin + 
chloroquine) was more efficient at suppressing 
both SKOV3 and hey cellviability thancisplatin 
alone. Moreover, transwell assay was used to 
test cell migration and invasion in SKOV3 and 
hey cells. As shown in Figure 1C and 1D, chloro-
quine alone had no effect on cell migration, 
while cisplatin alone could inhibit cell migration 
(p < 0.05). Moreover, the combination of cispla-
tin and chloroquinesignificantly enhanced the 
inhibiting effect as compared to cisplatinalone 
(p < 0.01). Meanwhile, the same phenomenon 
was seen in the invasion assay. As shown in 
Figure 1E and 1F, the combination of cisplatin 
and chloroquine significantly enhanced the 
inhibiting effect on cell invasion as compared 
to cisplatin alone (p < 0.01) in both SKOV3 and 
hey cells.

Cisplatin induces ovarian cancer cell apoptosis 
in concentration-dependent manner

To determine the apoptosis rate after the treat-
ment of cisplatin, flow cytometry was used.  
As it was shown in Figure 2A, 2B, 2D and 2E, 
after 24 hours treatment of cisplatin (2.5 um, 5 

um and 10 um), both SKOV3 and hey cells  
had increased apoptotic rate in concentration-
dependent manner as compared to the control 
group (p < 0.05). Moreover, western blot analy-
sis was used to detect apoptosis-related pro-
teins. As shown in Figure 2C and 2F, cisplatin 
treatment could increase protein expression  
of cleaved-PARP, cleaved-caspase 3 and BAX. 
Meanwhile, the expressions of anti-apoptosis 
protein Bcl-2 and Bcl-XL were both decreased 
after treatment of cisplatin in both SKOV3  
and hey cells. Taken together, there data sug-
gested that cisplatin could induce ovarian can-
cer cell apoptosis in concentration-dependent 
manner.

Cisplatin induces autophagy in ovarian cancer 
cells via the AKT/mTOR pathway

SKOV3 and hey cells were used to determine 
whether cisplatin could induce autophagy. Fir- 
stly, we examined LC3B-II formation and the 
level of ATG-5, ATG-7 and Beclin 1 in ovarian 
cancer cells treated with cisplatin. After treat-
ment with cisplatin at the indicated concen- 
tration for 24 h (Figure 3A and 3B), LC3B II/ 
LC3B I, ATG-5, ATG-7 and Beclin 1 levels were 
increased in SKOV3 and hey cells in dose-
dependent manner. These results indicated 
that cisplatin may induce autophagy in ovarian 
cancer cells. Afterwards, we also monitored the 
formation of autophagosomes in these ovarian 
cancer cell lines stably transfected with tan-
dem mCherry-Wassabi-LC3B. In these cells, 
early autophagosomes displayed both green 
signal and red signal. Autophagolysosome dis-
played only red fluorescence since the Wassabi 
signal is sensitive to the acidic conditions in the 
lysosome lumen while the mCherry signal is 
more stable. After cells treatment with cisplat-
in, autophagosomes were detected by confocal 
microscopy. The number of yellow puncta (both 
green and red positive, G+R+) and red only 
puncta (G-R+) increased significantly in cells 
treated with 5 um cisplatin compared with 
untreated control cells (Figure 3A and 3C). 
These results proved that cisplatin could induce 
autophagy in ovarian cancer cells.

To investigate the regulatory mechanism by 
which cisplatin induces autophagy, we focused 
onthe AKT/mTOR signaling, which is a well-doc-
umented upstream regulator of autophagy [21]. 
As shown in Figure 3B and 3D, we detected the 
status of AKT and mTOR activation after cispla-
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tintreatment at 24 h via western blot analysis.
Results showed that cisplatin induced signifi-
cant AKT phosphorylationat 24 h, whereas the 
phosphorylation of mTOR, was significantly de- 
creased. Overall, these data demonstrated 
thatcisplatin could induce autophagy in ovarian 
cancer cells via the AKT/mTOR pathway.

Inhibition of autophagy by chloroquine attenu-
ates the cytoprotective effect of cisplatin in 
ovarian cancer cells

Chloroquine is a lysosomotropic agent which 
prevents endosomal acidification, thus inhibit-
ing lysosomal enzymes and causing accumula-
tion of LC3B-II [22]. Western blot showed that 
cisplatin combined with chloroquine induced 
more LC3B II/LC3B I expression than cisplatin 
alone, proving that chloroquine could inhibit 
lysosomal enzymes and cause accumulation  
of LC3B-II (Figure 4C and 4G). Afterwards, we 
also examined the effect of cisplatin combined 
with chloroquine on LC3B puncta formation in 
SKOV3 and hey cells using confocal microsco-
py. As shown in Figure 4D and 4H, chloroquine 

increased the number of yellow spots and 
reduced the number of red spots, indicating 
that chloroquine induced accumulation of au- 
tophagosomes while reducing the formation of 
autophagolysosomes. To further investigate 
whether autophagy was involved in the protec-
tive effect of cisplatin against apoptosis and 
whether targeting autophagy by chloroquine 
was the reason it could make ovarian cancer 
cells more sensitive to cisplatin, chloroquine 
was added for treatment and apoptotic rate 
was monitored. As shown in Figure 4A, 4B, 4E 
and 4F, flow cytometry analysis suggested that 
cisplatin could induced cell apoptosis (p < 
0.01), and this effect was significantly promot-
ed by chloroquine (p < 0.05) in both SKOV3 and 
hey cells. However, chloroquine alone had no 
significant effect in apoptosis of ovarian cancer 
cells. In addition, Western blotting further sug-
gested that autophagy plays a role in cisplatin-
mediated protection against apoptosis (Figure 
4C and 4G). Moreover, western blot demon-
strated that cisplatin combined with chl- 
oroquine had a more significant effect in inc- 
reasing protein expression of cleaved-PARP, 

Figure 3. Effects of cisplatin on autophagy and the AKT/mTOR pathway in SKOV3 and hey cell lines. A and C. SKOV3 
and hey cells stably expressing mCherry-Wassabi-LC3B were treated without or with cisplatin (5 uM) for 24 hours, 
then subjected to confocal microscope analysis. Green-positive, red-positive puncta (G+R+) are autophagosomes; 
green-negative, red positive puncta (G-R+) are autophagolysosomes. B and D. SKOV3 and hey cells were treated 
without or with cisplatin (2.5 uM, 5 uM and 10 uM) for 24 hours. Western blotting analysis of p-AKT, t-AKT, p-mTOR, 
t-mTOR, ATG-5, ATG-7, Beclin 1 and LC3B. Western blotting of GAPDH was included as a loading control.
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Figure 4. The combination of chloroquine and cisplatin on cell apoptosis and autophagy in SKOV3 and hey cells. Apoptosis was evaluated with PE Annexin V and 
7-ADD staining in SKOV3 and hey cells after treatment with cisplatin (5 uM for both SKOV3 and hey cells) and/or chloroquine (10 uM for SKOV3 cells and 5 uM for 
hey cells) for 24 hours. (A and E) Representative dot plots illustrating the data near the mean of the groups in (B and F). *, P < 0.05 and **, P < 0.01 for comparisons 
between groups. (C and G) SKOV3 and hey cells were treated with cisplatin (5 uM for both SKOV3 and hey cells) and/or chloroquine (10 uM for SKOV3 cells and 5 
uM for hey cells) for 24 hours. Western blotting analysis of LC3B, Bcl-2, Bcl-XL, Bax, cleaved caspase 3 and cleaved PARP. Western blotting of GAPDH was included 
as a loading control. (D and H) SKOV3 and hey cells stably expressing mCherry-Wassabi-LC3B were treated with cisplatin (5 uM for both SKOV3 and hey cells) and/
or chloroquine (10 uM for SKOV3 cells and 5 uM for hey cells) for 24 hours, then subjected to confocal microscope analysis. Green-positive, red-positive puncta 
(G+R+) are autophagosomes; green-negative, red positive puncta (G-R+) are autophagolysosomes.
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Figure 5. The combination of chloroquine and cisplatinon tumor growth in a SKOV3 mouse xenograft model. A. Average tumor volume in vehicle control mice, mice 
treated with chloroquineor cisplatin or a combination of chloroquine and cisplatin. **, P < 0.01 for comparisons between control group and cisplatin treatment, *, 
P < 0.05 for comparisons between cisplatin alone group and cisplatin + chloroquine group. B. The tumor pictures of xenografts for each group after mice sacrifice. 
C. The tumor weight of xenografts for each group. **, P < 0.01 for comparisons between groups. D. Tumor tissues were sectioned and subjected to immunohisto-
chemistry for evaluating ki-67 and cleaved caspase 3. **, P < 0.01 for comparisons of ki-67 or cleaved caspase 3 positive cells between groups.
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cleaved-caspase 3 and BAX than cisplatin 
alone. Meanwhile, the expressions of anti-
apoptosis protein Bcl-2 and Bcl-XL was lower in 
the cisplatin combined with chloroquine group 
than the cisplatin alone group. Taken together, 
these results suggested that chloroquine could 
inhibited the protective autophagy effect of cis-
platin and promoting apoptosis, thus increas-
ing the cytotoxicity of cisplatin on ovarian can-
cer cells.

Chloroquine enhances the therapeutic efficacy 
of cisplatin in a mouse xenograft model in vivo

Nude mice with SKOV3 cells tumor xenografts 
were continuously injected intraperitoneally 
with PBS, cisplatin (5 mg/kg/6 days), chloro-
quine (60 mg/kg/day), and combination of cis-
platin with chloroquine until study termination. 
After the administration of the treatment for 21 
days, combined treatment with cisplatin and 
chloroquine significantly reduced the tumor  
volume and tumorweight, compared to vehi- 
cle treated group and cisplatin treated group 
(Figure 5A and 5C). Meanwhile, the results of  
immunochemistry assay suggested that the 
combined treatment increased the level of 
cleaved caspase 3 while reduced Ki-67 expres-
sion (Figure 5D). These data suggested that 
autophagy inhibition by chloroquine alsoen-
hanced the cytotoxicity of cisplatin in SKOV3 
cells in vivo. Collectively, these results indicat-
ed that autophagy protected ovarian cancer 
cells from cisplatin-induced cell death.

Discussion

Autophagy was firstly proposed by Christian de 
Duve and he was rewarded the Nobel Prize 
because of this achievement in 1963 [23]. 
Autophagy has been classified as type II pro-
grammed cell death as it is a self-digestion pro-
cedure in cells, and it is in parallel with apopto-
sis, the type I programmed cell death [24]. In 
the recent years, autophagy has drawn a lot of 
attention in cancer therapy, but its role in can-
cer therapy is always controversial. Various 
reports have proved that many anticancer 
drugs can induce autophagy, it remains unclear 
if this autophagy is a protective effect for can-
cer cells against stress caused by anticancer 
agents, if it is another way of cell death aroused 
when apoptosis does not work, if it cannot 
affect cell viability at all, or these three effects 
happen in different conditions.

Cisplatin is one of the most common used  
chemotherapeutic drugs for the treatment of  
ovarian cancer, but chemotherapy resistance 
remains a major problem that restrains its effi-
cacy [25]. Till now, various studies have report-
ed that chloroquine, an autophagy inhibitor, 
has the ability to reverse drug resistance and 
enhance the sensitivity of chemotherapy and 
radiotherapy in some kinds of human tumors 
[26-28]. In addition, chloroquine has been used 
in some clinical trials and shows its therapeutic 
effect. Based on the report of Sotelo et al, at 
the same time of regular chemotherapy and 
radiotherapy, oral administration of 150 mg 
chloroquine per day for 12 months can prolong 
the median survival of patients with glioblasto-
ma compared to placebo group in a Phase II 
clinical trial [29]. Boone et al reported that in a 
phase 1/2 trial, hydroxychloroquine (HCQ) was 
given combined with gemcitabine for patients 
with pancreatic adenocarcinoma, results sho- 
wed that preoperative treatment of HCQ plus 
gemcitabine is safe and can increase CA 199 
response and surgical oncologic outcomes 
[30]. Till now, little has been reported about 
whether chloroquine can increase the sensitiv-
ity of ovarian cancer cells to cisplatin treatment 
and its related mechanisms, and this is the key 
points of our study.

In our study, we first examined the effect of 
chloroquine and/or cisplatinon cell viability, 
results showed that low concentration of chlo-
roquine did not affect cell viability, but the  
concomitant treatment (chloroquine + cisplat-
in) was more efficient at suppressing both 
SKOV3 and hey cell viability than cisplatin 
alone. Moreover, transwell assay showed that 
the combination of chloroquine and cisplatin 
significantly enhanced the inhibiting effects of 
migration and invasion as compared to cisplat-
in alone. Afterwards, to explore the related 
mechanisms of this phenomena, two popular 
ways of programmed cell death, apoptosis and 
autophagy, were both detected after treatment 
of cisplatin on ovarian cancer cells. As shown in 
Figures 2, 3, cisplatin could induce both cell 
autophagy and apoptosis in SKOV3 and hey 
cells in concentration-dependent manner, sug-
gesting that cisplatin-induced apoptosis would 
cause ovarian cancer cell autophagy.mTOR, a 
kind of serine/threonine protein kinase, has 
been reported to play an important part in a lot 
of cell activities, including cell survival, prolifer-
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ation, metabolism and so on [31, 32]. The 
PI3K/AKT/mTOR pathway has been widely rec-
ognized as a classical pathway of autophagy. In 
this current study, western blot showed that 
AKT phosphorylation at Ser473 was increased, 
while mTOR phosphorylation at Ser2448 was 
decreased after cisplatin treatment in SKOV3 
and hey cells. These data suggested that cispl-
atin could induce autophagyin ovarian cancer 
cells via the AKT/mTOR pathway.

Although it is still unclear what is the precise 
mechanism how chloroquine has anticancer 
effect, one possible mechanism is that it can 
inhibit autophagy [33]. In the chloroquine alone 
group, increased number of yellow spots and 
reduced number of red spots were seen, indi-
cating that chloroquine induced accumulation 
of autophagosomes while reducing the forma-
tion of autophagolysosomes. Flow cytometryre-
vealed that chloroquine alone did not affect cell 
apoptosis and expressions of apoptosis relat- 
ed proteins, suggesting that chloroquine could 
inhibit autophagy of ova + rian cancer cells, but 
had no effect in inhibiting cell viability by itself. 
Nevertheless, chloroquine plus cisplatin in- 
duced more apoptotic rate than cisplatin alone 
(p < 0.05). Meanwhile, apoptosis related pro-
teins had the same change trend. 

According to the aforementioned results, cis- 
platin could induce protective autophagy to 

treatment increased the level of cleaved cas-
pase 3 while reduced Ki-67 expression than 
cisplatin alone. The results demonstrated that 
chloroquine could increase the sensitivity to 
chemotherapy in vivo.

Chloroquine has been used in the treatment for 
malaria for many years. Till now, the precise 
mechanisms of its antimalarial effect is unclear. 
Some reports have suggested that it may due 
to its weak-base lysosome-tropic feature [34]. 
In recent years, accumulating evidences have 
suggested that chloroquine increases sensitiv-
ity to radiotherapy and chemotherapy. In this 
current study, we provided more evidence to 
the hypothesis that inhibiting autophagy by 
chloroquine can sensitize cancer cells to anti-
cancer drugs in ovarian cancer. Other than 
inhibiting autophagy, chloroquine has been 
reported to reinforce the efficacy of chemo- 
therapy by other mechanisms [35]. According 
to the report of Maes et al, via normalizing 
tumor vessels, chloroquine could suppress 
cancer invasion and metastasis, as well as 
enhance sensitivity to chemotherapy. Moreover, 
Lee et al reported that chloroquine could 
increase the endosome PH and drug penetra-
tion, thus enhancing the efficacy of chemother-
apeutic drugs [36]. Therefore, more studies 
should be made to explore detailed mecha-
nisms of chloroquine in enhancing the efficacy 
of cisplatin for the treatment of ovarian can- 
cer.

Figure 6. Schematic diagram of hypothetical mechanisms underlying chlo-
roquine enhances sensitivity to cisplatin in ovarian cancer cells. Cisplatin 
activated the AKT/mTOR pathway, thus leading to the induction of autopha-
gosome formation. Inhibition of autophagy with autophagy inhibitors chloro-
quine enhances cisplatin-induced cell death in ovarian cancer cells.

antagonize cisplatin-induced 
apoptosis in ovarian cancer 
cells, which meant protective 
autophagy led to declined 
sensitivity to chemotherapy. In 
consequence, autophagy in- 
hibition by chloroquine could 
enhance the efficacy of cispla-
tin via promoting apoptosis. To 
further verify our conclusion, 
we also used a xenograft tu- 
mor nude mice model to eval-
uate the efficacy of cisplatin 
and/or chloroquine. As shown 
in Figure 5, though chloro-
quine alone had no influence 
on the growth of xenograft 
tumor, cisplatin plus chloro-
quine was more potent in in- 
hibiting the growth of xeno-
graft tumor than cisplatin al- 
one. In addition, the combined 
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In conclusion, based on our study, we propose 
that cisplatin activates the AKT/mTOR signal- 
ing pathway, which subsequently induces cyto- 
protective autophagy in ovarian cancer cells 
(Figure 6). Meanwhile, inhibition of autophagy 
by chloroquine enhances the anti-tumor effect 
of cisplatin. Thus, we predict that combination 
treatment with cisplatin and pharmacological 
autophagy inhibitors will be an effective thera-
peutic strategy for ovarian cancer.
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