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Summary

Purpose: To investigate the influence of carboplatin on the
proliferation and apoptosis of ovarian cancer cells through
mTOR/P70S0K signaling pathway.

Methods: The mRNA and protein expressions were de-
tected via Western blotting and RT-PCR to study whether
the mTOR/p70S6K signaling pathway was activated in
OVCAR-3 and Caov-3 ovarian cancer cell lines. After cells
were treated with different concentrations of carboplatin,
the mRNA and protein expressions of mTOR, p70S6K and
4E-BP1 were detected via RT-PCR and Western blotting.
OVCAR-3 cells were treated with 20 and 50 uM carboplatin
for 4 hrs, and then apoptosis was analyzed and assessed.
OVCAR-3 cells were treated with different concentrations of
carboplatin (20, 50, 100, 150 and 200 uM) for 24 and 48
hrs, respectively.

Results: The mTOR signaling pathway was activated in
OVCAR-3 and Caov-3 ovarian cancer cell lines. The mRNA
level of mTOR in Caov-3 cells was higher, but that of p70S6K

Introduction

Ovarian cancer is one of the most common can-
cers in developing countries, especially in China
[1]. However, the pathogenesis of this disease is
still not fully understood [2]. Although treatment
strategies have been improved, the prognosis of
patients with ovarian cancer is still poor. In addi-
tion, ovarian cancer cells are known to be resistant
to chemotherapeutic drugs, resulting in significant
decline in 5-year survival of patients with ovarian
cancer. It is obvious that better understanding the

was lower. Carboplatin significantly reduced the mRNA ex-
pression of mTOR (p<0.01), whereas the mRNA expressions
of p70S6K and 4E-BP1 in carboplatin-treated cells were in-
creased in a dose-dependent manner (p<0.01). Carboplatin
inhibited the mTOR protein expression in a dose-dependent
manner (p<0.01). The proliferation of OVCAR-3 cells exposed
to carboplatin was reduced compared with that of untreated
cells (p<0.01), and the inhibitory effect of carboplatin on
the proliferation of OVCAR-3 cells was time- and dose-de-
pendent.

Conclusion: The mTOR/p70S6K pathway was activated in
ovarian cancer. Carboplatin could rapidly inhibit the expres-
sion of mTOR, and the phosphorylation of its major down-
stream effectors p70SOK and 4E-binding protein 1 (4E-BP1)
arrested cells in GO/G1 phase and induced ovarian cancer
cell apoptosis.
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molecular mechanisms of occurrence and progres-
sion of ovarian cancer can help improve the prog-
nosis of patients with this malignancy.
Carboplatin is widely used in a variety of hu-
man cancers in the clinic, including ovarian cancer,
lung cancer, head-neck cancer, and cervical cancer
[3-5]. Unlike cisplatin, carboplatin is a cisplatin an-
alogue with few adverse reactions [6,7]. Therefore,
carboplatin is considered as a means of inhibiting
the cancer cell growth via death receptors [8,9].
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Mammalian target of rapamycin (mTOR) signal-
ing pathway is often activated in human cancers
[10-15]. Ribosomal S6 kinases S6K1 and S6K2 and
4E-binding protein 1 (4E-BP1) are activated and
phosphorylated by mTOR[16-19]. These two events
lead to the increase in ribosomal biosynthesis and
the selective translation of specific messenger ri-
bonucleic acid (mRNA) groups [20-22].

Recently, mTOR has been considered as an im-
portant and attractive target for the treatment of
cancer [20,21]. The potential application of mTOR
inhibitors in the treatment of various cancers, in-
cluding renal cancer, esophageal cancer, prostate
cancer, breast cancer, pancreatic cancer and lung
cancer, has been studied extensively [22-24]. How-
ever, mMTOR/p70S6K signaling pathway in ovarian
cancer has not been studied so far, so it is neces-
sary to study the role of mTOR/p70S6K signaling
pathway as a new possible target of anticancer
drugs in ovarian cancer. In this study, the effects
of carboplatin on activated mTOR and its major
downstream members in ovarian cancer cell lines
were studied, and changes in mRNA and protein
expression levels, cell cycle and apoptosis in ovar-
ian cancer cells were detected. It is concluded that
the mTOR/p70S6K signaling pathway is consti-
tutively activated in ovarian cancer cell lines. In
addition, carboplatin can specifically block the
mTOR-mediated signaling pathway, arrest cells
in GO/G1 phase, induce apoptosis, and improve
the sensitivity of ovarian cancer OVCAR-3 cells to
carboplatin.

Methods

Cell lines and cell culture

Two ovarian cancer cell lines OVCAR-3 and Caov-3
were were purchased by the State Key Laboratory of Mo-
lecular Oncology, Chinese Academy of Medical Sciences.
Both cell lines were cultured in the Roswell Park Memo-
rial Institute (RPMI) 1640 medium containing 10% fetal
bovine serum (FBS) and double antibodies under 5% CO,
at 37°C.

Experimental reagents and equipment

Streptavidin-peroxidase (SP) kit was purchased
from Santa Cruz, USA, TRIzol reagent was purchased
from Invitrogen, Carlsbad, USA, alfalfa mosaic virus
(AMV) First Strand deoxyribonucleic acid (DNA) synthe-
sis kits were purchased from Biotech Company, Shang-
hai, China, nitrocellulose membrane was purchased from
Amersham, Uppsala, Sweden, Becton Dickinson FACScan
flow cytometer was purchased from FACScan, Moun-
tain View, USA, Annexin V-fluorescein isothiocyanate
(FITC) was purchased from BD Biosciences, USA, and
WST-8 dye was purchased from Beyotime Inst Biotech,
China.

Experimental methods
Treatment of ovarian cancer cells with carboplatin

Ovarian cancer OVCAR-3 cells and Caov-3 cells di-
gested by trypsin were incubated for 24 hrs, and con-
tinued to be incubated for 6 hrs after deprivation of se-
rum. After that, serum-starved cells were treated with
different concentrations of carboplatin in the medium
containing 10% FBS.

Semi-quantitative reverse transcription-polymerase chain
reaction (RT-PCR)

Total RNA was extracted from ovarian cancer
cell lines using TRIzol reagent and reversely tran-
scribed into complementary DNA (cDNA) using the
AMV First Strand DNA synthesis kit. Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was used as an
internal control. mTOR, p70S6K and 4E-BP1 were ana-
lyzed via PCR, and oligonucleotide primers used were
as follows: mTOR (193 bp): forward primer: 5-CGCT-
GTCATCCCTTTATCG-3’, reverse primer: 5-ATGCT-
CAAACACCTCCACC-3". p70SO6K (188 bp): forward prim-
er: 5-TACTTCGGGTACTTGGTAA-3’, reverse primer:
5-GATGAAGGGATGCTTTACT-3'. 4E-BP1 (153 bp): for-
ward primer: 5'-ACCGGAAATTCCTGATGGAG-3’, reverse
primer: 5-CCCGCTTATCTTCTGGGCTA-3’. GAPDH (570
bp): forward primer: 5-GCACCGTCAAGGCTGAGAA-3’,
reverse primer: 5’-AGGTCCACCACTGACACGTTG-3". PCR
conditions were as follows: 95°C for 3 min, 95°C for 30
s, 54°C (mTOR), 49°C (p70S6K) and 56°C (4E-BP1) for 30
s, a total of 30 cycles, 72°C for 1 min and extension at
72°C for 5 min finally. The amplification products were
subjected to agarose gel electrophoresis, observed and
photographed under an ultraviolet lamp.

Western blotting

Ovarian cancer OVCAR-3 cells treated with car-
boplatin at different concentrations (0, 20 and 50 pM)
were collected, and lysed in cold lysis buffer for 20 min.
After centrifugation at 12,000 rpm for 5 min, the su-
pernatant was collected as the total cell protein extract.
The protein concentration was determined using the
Bradford method. The protein extract received 8% so-
dium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) to obtain mTOR, and 10% SDS-PAGE
to obtain p70S6K. Phosphorylated (p)-p70S6K, Aktl/2
and B-actin were separated from the total cell protein
extract. The protein was transferred onto a nitrocellulose
membrane using a semi-dry transfer. The membrane was
washed 3 times at 5-min intervals, and sealed using 5%
skim milk-phosphate buffered saline with Tween-20
(PBST) at room temperature for 2 hrs. After that, anti-
mTOR, p70s6K, p-P70s0K, 4E-BP1, p-4E-BP1, AKT1/2
and B-actin antibodies diluted by 1% skim milk-PBST
were added, respectively, and appropriate horseradish
peroxidase (HRP)-labeled secondary antibody was added
for incubation. Finally, the band of specific protein on
the membrane was developed using diaminobenzidine
(DAB) solution according to the manufacturer’s instruc-
tions. After the above incubation, the membrane was
washed with PBST 3 times.
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Cell cycle analysis

The effects of carboplatin on mTOR and cycle pro-
gression of ovarian cancer OVCAR-3 cells were investi-
gated via propidium iodide (PI) staining, respectively.
DNA content was determined using the Becton Dickin-
son FACScan flow cytometer. Cells treated with differ-
ent concentrations of carboplatin were fixed in 70% cold
ethanol and then kept at 4°C until staining. Fixed cells
were incubated with RNase (50 pg/mL) at 37°C for 30
min, and then 5 pL PI (50 pg/mL) was added into the cell
suspension, followed by incubation in the dark at room
temperature for another 30 min and analysis.

Determination of apoptosis

Ovarian cancer OVCAR-3 cells digested using
trypsin and treated with carboplatin were washed with
cold PBS and resuspended. Annexin V-FITC at a final
concentration of 1 pg/mL and 250 ng PI were added
into the mixture containing 100 pL cell suspension and
binding buffer. After cells were vortexed and incubated
in the dark at room temperature for 15 min, 400 pL bind-
ing buffer was added into the mixture for flow cytometry
using the Becton Dickinson FACScan flow cytometer.

Determination of cell proliferation

Water-soluble tetrazolium-8 (WST-8) can be re-
duced to soluble formazan by dehydrogenase in mito-
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Figure 1. Protein expressions of mTOR and p-p70S6K
in different cell lines. A: Protein expressions of mTOR,
p70S6K, p-p70S6K and B-actin (control) in both ovarian
cancer cell lines were analyzed via Western blotting. B:
Semi-quantitative values of three independently repeated
Western blotting assays were statistically analyzed via
densitometry using TotalLab 2.0 software, and data are
presented as mean+standard deviation. N=3, p<0.05 vs
OVCAR-3 cells.
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chondria, and it is superior to methyl thiazolyl tetrazo-
lium (MTT) in analyzing cell proliferation and is little
toxic to cells. Cell proliferation was determined using
WST-8 dye according to the manufacturer’s instructions.
Briefly, cells were inoculated into a 96-well plate (5x103/
well), incubated at 37°C for 24 hrs, and starved using
serum for 6 hrs. After that, cells were treated with 10%
FBS and increasing concentrations of carboplatin for 24
or 48 hrs. After 10 pL WST-8 dye was added into each
well, cells were incubated at 37°C for 2 hrs, and finally
the optical density (OD) was read at 450 nm.

Statistics

One-way analysis of variance (ANOVA) was per-
formed for data analysis using SPSS 17.0 software, and
semi-quantitative values of three independently repeat-
ed Western blotting assays were statistically analyzed
via densitometry using TotalLab 2.0 software. Data were
presented as meanz+standard deviation and p<0.05 sug-
gested that the difference was significant.

Results

mTOR and its downstream targets in ovarian cancer
cell lines

The mRNA and protein expressions were de-
tected via Western blotting and RT-PCR to study
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Figure 2. mRNA levels of mTOR and its downstream ef-
fectors in ovarian cancer OVCAR-3 cells. The mRNA lev-
els of mTOR and its two downstream effectors (p70S6K
and 4EBP1) in cells treated with different concentrations
of carboplatin were analyzed via RT-PCR. Semi-quantita-
tive detection was performed for mRNA levels of mTOR,
p70S6K and 4EBPI1, respectively. Semi-quantitative val-
ues of three independently repeated assays were statisti-
cally analyzed via densitometry using BandScan 5.0 soft-
ware, and data are presented as mean +standard deviation.
P<0.05 vs ovarian cancer OVCAR-3 cells without carbopla-
tin treatment.
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whether the mTOR/p70S6K signaling pathway was
activated in both ovarian cancer cell lines. Results
of Western blotting showed high protein expres-
sions of mTOR and p-p70S6K, and the p70S6K
protein expressions were weaker in both ovarian
cancer cell lines. There were statistically signifi-
cant differences in the protein expression levels of
mTOR and p70S6K between the two cell lines. In
other words, mTOR (p<0.05) and p70S6K (p<0.01)
protein levels in OVCAR-3 cells were higher than
those in Caov-3 cells. In addition, results of RT-PCR
showed that the mTOR signaling pathway was acti-
vated in both ovarian cancer cell lines. The mRNA
level of mTOR in Caov-3 cells was higher, but that
of p70S6K was lower (Figure 1).

Changes in mRNA and protein expressions in carbopl-
atin-treated ovarian cancer OVCAR-3 cells

After cells were treated with different con-
centrations of carboplatin, the mRNA and protein
expressions of mTOR, p70S6K and 4E-BP1 were
detected via RT-PCR and Western blotting, respec-
tively. Carboplatin significantly reduced the mRNA
expression of mTOR (p<0.01), whereas the mRNA
expressions of p70S6K and 4E-BP1 in carboplatin-
treated cells were increased in a dose-dependent
manner (p<0.01) (Figure 2). These results indicated
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that carboplatin effectively inhibited the mTOR
mRNA level and increased the non-phosphoryla-
tion levels of two downstream effectors (p70S6K
and 4E-BP1).

Results of Western blotting showed that car-
boplatin inhibited the mTOR protein expression
in a dose-dependent manner (p<0.01) (Figure 3).
Twenty pM carboplatin significantly blocked phos-
phorylation after action for 6 hrs, promoting non-
phosphorylation of p70S6K (p<0.01). Similarly, the
effect of carboplatin on phosphorylation status of
4E-BP1 was detected using antibodies of 4E-BP1
and p-4E-BP1. As shown in Figure 3, the phospho-
rylation level of 4E-BP1 was lower, indicating that
carboplatin inhibited phosphorylation of 4E-BP1
in OVCAR-3 cells (p<0.01). However, carboplatin
had no effect on the upstream factor of mTOR, Akt
(p>0.05).

Cell cycle analysis

After treatment with carboplatin, the pro-
portion of cells in GO/G1 phase was significantly
higher than that in untreated cells (p<0.01). After
treatment with 20 and 50 pM carboplatin for 24
hrs, the proportions of cells in GO/G1 phase were
increased from 63.23% to 72.81% (p<0.05) and
78.38% (p<0.05), respectively, and the difference
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Figure 3. Effect of carboplatin on mTOR and phosphorylation of p70S6K, 4EBP1 and Akt. After treatment of serum-
starved ovarian cancer OVCAR cells with different concentrations of carboplatin for 36 hrs, cell extracts were subjected
to Western blotting. Semi-quantitative values of three independently repeated assays were statistically analyzed via
densitometry using TotalLab 2.0 software, and data are presented as mean+standard deviation. *P<0.01 vs ovarian
cancer OVCAR-3 cells without carboplatin treatment. #P>0.05 vc OVCAR-3 cancer cells without carboplatin treatment.
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was statistically significant between low and high
concentrations of carboplatin (p<0.01), indicating
that carboplatin can effectively block the ovar-
ian cancer OVCAR-3 cells in GO/G1 phase. On the
other hand, the proportion of cells in S phase was
decreased compared with that in untreated cells
(p<0.01).

To detect whether small-interfering RNA
(siRNA) in mTOR influenced the cycle of ovarian
cancer cells, ovarian cancer OVCAR-3 cells were
transfected for 48 hrs, and non-transfected cells and
cells transfected with control siRNA were used as
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Figure 4. Carboplatin blocks ovarian cancer OVCAR-3
cells in GO/G1 phase. Ovarian cancer OVCAR-3 cells were
inoculated into a 6-well plate containing 10% FBS-RPMI
1640 and grown overnight. Cells were treated with differ-
ent concentrations of carboplatin for 24 hrs. The cell cycle
was analyzed via DNA flow cytometry. Untreated cells were
used as controls. The results summarized from three inde-
pendently repeated assays are presented as mean +stand-
ard deviation. *p<0.05 vs control group. #p<0.05 vs cells
treated with 20 pM carboplatin.
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Figure 5. Carboplatin and mTOR siRNA induce apopto-
sis of ovarian cancer OVCAR-3 cells. OVCAR-3 cells were
inoculated into 6-well plates containing 10% FBS-RPMI
1640 and grown overnight. Cells were treated with differ-
ent concentrations of carboplatin or apoptotic agent for 4
hrs. N=3, *p<0.05 vs untreated cells.
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controls. To determine whether siRNA in mTOR
and carboplatin had a synergistic effect, cells trans-
fected with mTOR siRNA for 24 hrs were exposed
to 20 pM carboplatin for 24 hrs. Analysis of the re-
sults of flow cytometry showed that mTOR siRNA
inhibited the cell cycle progression, resulting in a
significant increase in the proportion of cells in GO/
G1 phase from 63.90% to 75.45% (p<0.01). Control
siRNA had no effect on the cycle of ovarian cancer
OVCAR-3 cells. In addition, the proportion of cells
in GO/G1 phase in cells treated with mTOR and
carboplatin siRNA (79.05%) was higher than that in
cells treated with mTOR siRNA only (75.45%), and
the difference was statistically significant (p<0.05)
(Figure 4), suggesting that mTOR siRNA and car-
boplatin have a synergistic effect on the cell cycle.

Determination of apoptosis

To detect whether carboplatin could affect ovar-
ian cancer cell apoptosis, ovarian cancer OVCAR-3
cells were treated with 20 and 50 uM carboplatin
for 4 hrs, respectively, and then apoptosis was as-
sessed and analyzed. Cells treated with apoptotic
agent and untreated cells were used as positive and
negative controls, respectively. The results revealed
that carboplatin significantly induced apoptosis of
ovarian cancer OVCAR-3 cells in a dose-dependent
manner. After action of 20 and 50 pM carboplatin
for 4 hrs, the proportion of Annexin V/PI-positive
cells (IT) was increased (20 pM, 19.11%, 50 pM,
43.54%) (p<0.01) compared with that in untreated
cells (negative control: 4.62%; Figure 5).

Proliferation of ovarian cancer

50
Carboplatin (pM)

100

Figure 6. Effect of carboplatin on the proliferation of ovar-
ian cancer OVCAR-3 cells. To determine the effect of car-
boplatin on the proliferation of OVCAR-3 cells, the optical
density of cells treated with different concentrations of
carboplatin for 24 or 48 hrs was measured using WST-8
dye. The results summarized from three independently re-
peated assays are presented as mean +standard deviation.
*p<0.01 vs untreated cells.
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Effect of carboplatin on ovarian cancer cell proliferation

To determine the effect of carboplatin on ovar-
ian cancer cell proliferation, ovarian cancer OV-
CAR-3 cells were treated with different concen-
trations of carboplatin (20, 50, 100, 150 and 200
pM) for 24 and 48 hrs, respectively. As shown in
Figure 0, the proliferation of ovarian cancer OV-
CAR-3 cells exposed to carboplatin was reduced
compared with that of untreated cells (p<0.01), and
the inhibitory effect of carboplatin on the prolifera-
tion of ovarian cancer OVCAR-3 cells was time- and
dose-dependent.

Discussion

Abnormal activation of mTOR has been found
in a variety of cancers, including human ovarian
cancer, breast cancer, hepatocellular carcinoma,
and squamous cell carcinoma of the head and neck.
However, there have been no studies on the role
of mTOR in ovarian cancer so far. In this study it
was found that mTOR in poorly-differentiated ovar-
ian cancer OVCAR-3 cells was overexpressed, and
the mTOR expression level was higher than that
in highly-differentiated Caov-3 cells (p<0.05). On
the other hand, high expressions of p-p70S6K and
p-4E-BP1 were detected in both cell lines. There-
fore, the mTOR/p70S6K signaling pathway was
activated in both ovarian cancer cell lines.

In mammals, mTOR is regulated by the kinase
cascade consisting of pI3K, pI3K-dependent kinase
1 and Akt [23]. mTOR can promote the phosphoryl-
ation of downstream effectors p70S6K and 4E-BP1,
thereby stimulating the translation of proteins re-
quired for the cell cycle from G1 to S phase [24].
Previous reports have confirmed that carboplatin
can inhibit mTOR and phosphorylation of p70S6K
and 4E-BP1 in a variety of cancers [25] except ovar-
ian cancer. The results of this study showed that
20 pM carboplatin significantly inhibited the phos-
phorylation of p70S6K and 4E-BP1. Carboplatin
significantly blocked ovarian cancer cells in GO/G1
phase, leading to a significant increase in the pro-
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