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FOXO3a Reverses the Cisplatin Resistance in Ovarian Cancer
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Objective. Ovarian cancer is one of the most serious disease in female reproductive sys-
tem. Platinum is the first-line drug for the treatment of ovarian cancer, while the resis-
tance of platinum drug in clinical hindered the relief ovarian cancer. Our previous
study found that decreased FOXO3a might be a poor prognosis in human ovarian cancer.
In this research, we study whether FOXO3a was involved in the mechanism of platinum
drug resistance.

Methods. The CCK-8 and FACS analysis were used to monitor the survival of ovarian
cancer, and the FOXO3a expression was detected by western-blot.

Results. We found that FOXO3a expression upregulated significantly in A2780
compared with A2780/DDP cells with the treatment of platinum. Moreover, overexpres-
sion of FOXO3a in ovarian cancer inversed the platinum resistance in ovarian cancer.

Conclusion. These observations reminded that the role of FOXO3a might be one of the
critical mechanisms in developing platinum drug resistance in ovarian cancer. � 2018
IMSS. Published by Elsevier Inc.
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Introduction

Ovarian cancer is one of the most serious disease in female
reproductive system. Due to the not obvious early symp-
toms, most patients with ovarian cancer are diagnosed at
the advanced stage (1). The primary treatment is cytoreduc-
tive surgery, followed by chemotherapy, however, long-
term survival remains poor, due to recurrent disease and
emerging drug resistance. Platinum is the first-line drug
for the therapy of ovarian cancer, while the resistance of
platinum drug in clinical hindered the relief of ovarian can-
cer. Therefore, it is important to study the molecular mech-
anisms of platinum resistance for improving the curative
effect of clinical treatment of ovarian cancer, which is an
urgent problem needing to solve (2,3).
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More and more studies showed that the tumor is genetic
correlation disease, multitudinous genes were involved in
the occurrence and development of ovarian cancer. There-
fore, we suspect that the resistance of platinum drug might
be related with the apoptosis gene. Some pivotal moleculars
lead to the cancer occurrence, progress of ovarian cancer,
cell proliferation, differentiation. What’s more, the less
apoptosis of cells will promote tumor cell malignant trans-
formation by escaping apoptosis (4,5). The block of cell
apoptosis induced by these abnormal expression of
apoptosis genes is the key factors of platinum drug resis-
tance (6). Thus the mechanism of platinum drug resistance
might be the block of cell apoptosis. The tumor cells escape
of apoptosis makes them exempting from the killing effect
of chemotherapy drugs, therefore, the study on the molec-
ular mechanism of cell apoptosis is particular important
(7,8). Our previous study found that the expression of FOX-
O3a was downregulated in ovarian cancer. Therefore, we
speculate whether the regulation of FOXO3a was associ-
ated with platinum drug resistance.

FOXO3a is a member of Forkhead O transcription fac-
tors which activate or repress multiple genes such as Bim
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and FasL including apoptosis (9,10). In breast cancer, FOX-
O3a overexpression has been shown to inhibit tumor growth
in vitro and in vivo (11,12). FOXO3a is localized in the nu-
cleus, where it target the transcriptional genes. Upon stim-
ulation with growth factors FOXO3a is phosphorylated,
which accelerates the nuclear exclusion of FOXO3a,
thereby inhibiting its ability to bind DNA (13,14).

In this research, we study whether FOXO3a was
involved in the mechanism of platinum drug resistance.
Our results found that the platinum drug could not induce
the apoptosis of the platinum drug resistance-ovarian can-
cer cells compared to the control ovarian cancer cells.
Furthermore, the expression of FOXO3a was downregu-
lated in the drug resistance ovarian cancer. Finally, overex-
pression of FOXO3a could reverse the platinum drug
resistance in ovarian cancer. These results suggested that
the molecular mechanism of platinum drug resistance
might be the downregulation of FOXO3a, which could pro-
vides direction for the treatment of platinum drug resistance
in ovarian cancer.
Material and Methods

Cell Culture

The ovarian cancer cells A2780 and A2780/DDP were ob-
tained from the ATCC (Manassas, VA) and cultured in
RPMI-1640 (Hyclone) supplemented with 10% fetal bovine
serum, 100 units/ml penicillin (Sigma), and 100 mg/ml
streptomycin (Sigma) in 5% CO2 at 37�C.

Cell Apoptosis Analysis

The A2780, A2780/DDP cells were treated with cisplatin or
carboplatin (10 mmol/L) (Sigma). After 24 h, cells were tryp-
sinized, fixed with methanol, and their nuclei were labeled
with annexin V (Sigma) and PI (Sigma) as described
(15,16). After that, the annexin Vand PI positive nuclei were
gated and analyzed in a FACS/Calibur Flow Cytometer.

Cell Count Kit Assay

To evaluate the effect of cisplatin on cell growth of the va-
riety of ovarian cancer cells, cells were seeded on a 96 well
cell culture cluster (Corning Inc., Corning, NY) at a con-
centration of 2 x 104/well of 100 ml. Twenty-four hours
later, each well was incubated with cisplatin (10 mmol/L)
at 24 h. Cell numbers were measured colorimetrically using
the Cell Counting Kit (Dojindo, Kumamoto, Japan) by
Immuno-Mini NJ-2300 (NJ InterMed, Tokyo, Japan) at a
test wavelength of 450 nm.

Western Blot Analysis

The cells were promptly homogenized in a homogenization
buffer containing 1 M Tris-HCl pH 7.5, 1% Triton X-100,
1% NP-40 (nonidet p-40), 10% sodium dodecyl sulfate
(SDS), 0.5% Sodium Deoxycholate, 0.5 M EDTA, 10 mg/
ml leupeptin, 10 mg/ml aprotinin, and 1 mM PMSF, then
centrifuged at 10,000g for 30 min to collect the supernatant.
The protocol of the western blot was conducted as our pre-
vious study (15e20). Antibodies used were as follows: anti-
GAPDH (cell signal technology), anti-FOXO3a (cell signal
technology).

Statistical Analysis

Experimental data were presented as mean � SD of at least
three independent experiments. The Student’s t-test was
used to assess the comparisons between groups. The statis-
tical significance level was set as *p ! 0.05.
Results

The Influence of the Platinum Drugs on the Growth of
Ovarian Cancer

We first divided the ovarian cancer cells into different
groups, A2780, A2780/DDP cells with the treatment of
cisplatin and carboplatin. The CCK-8 kit analysis results
showed that cisplatin and carboplatin induced the inhibited
growth of A2780, while cisplatin and carboplatin could not
inhitited the growth A2780/DDP cells (Figure 1A). The
above results suggested that the similar results of cisplatin
and carboplatin on the ovarian cancer cells. In the latter
study, we use the cisplatin as the platinum in our experi-
mentation. The FACS analysis confirmed the same results
cisplatin induced the cell apoptosis in A2780 cells
(Figure 1B), while cisplatin could not induced apoptosis
in A2780/DDP cells (Figure 1C). The quantitative of the
apoptosis cells were in Figure 1D. These results suggested
that platinum drugs could inhibit growth of A2780 cells,
while it could not inhibit the growth A2780/DDP cells.

The Expression of FOXO3a in the Platinum Treated
Ovarian Cancer

We detected the expression of FOXO3a with the concentra-
tion of cisplatin treated different ovarian cancer. The results
found that the FOXO3a expression upregulated obviously
in A2780 cells, while FOXO3a expression upregulated
slightly in A2780/DDP cells (Figure 2). These results
hinted that FOXO3a might exert important role in platinum
drug resistance in ovarian cancer cells.

Overexpression of FOXO3a Prevented the Platinum Drug
Resistance in Ovarian Cancer

To further study the significance of FOXO3a in the plat-
inum drug resistance in ovarian cancer, we transfected
FOXO3a to the ovarian cancer cells. The Figure 3A showed
that successful overexpression of FOXO3a in ovarian



Figure 1. The influence of the platinum drugs on the growth of ovarian cancer. (A). The percentages of cell viability were detected by Cell Count Kit-8. The

different cells were treated with cisplatin or carboplatin (10 mmol/L). Results shown are the means of three independent experiments; bars, means � SD.

(BeC). The A2780 cells (B) and A2780/DDP cells (C) were treated with cisplatin (10 mmol/L) for 24 h. After that, the cells were respectively harvested

for analysis using PI and annexin v staining for apoptosis by flow cytometry (FCM). (D). The quantitative of the Figure B and (C).
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cancer cells. We then stimulated these cells with cisplatin.
The CCK-8 analysis found that overexpression of FOXO3a
decreased the cell survival in A2780/DDP cells in FOXO3a
transfected cells than vector transfected cells (Figure 3B).
Furthermore, the FACS analysis also showed that overex-
pression of FOXO3a increased the cell apoptosis A2780/
DDP cells (Figure 3C and D) than the control
(Figure 1C). These findings demonstrated that
Figure 2. The expression of FOXO3a in the platinum treated ovarian can-

cer. The cells were treatment with or without cisplatin (10 mmol/L) for

24 h. The FOXO3a expression was assessed by western blot. The data were

collected from three independent experiments. GAPDH was as a loading

control.
overexpression of FOXO3a might inverse the platinum drug
resistance in ovarian cancer.
Discussion

Our results found that FOXO3a was downregulated in plat-
inum drug resistance-ovarian cancer. Furthermore, FOX-
O3a expression upregulated in A2780 while FOXO3a
expression does not upregulated in A2780/DDP cells with
the treatment of cisplatin. Moreover, overexpression of
FOXO3a in ovarian cancer inversed the platinum resistance
ovarian cancer. These observations are also consistent with
the role of FOXO3a is one of the critical mechanisms in
developing platinum drug resistance in ovarian cancer.

The primary surgical cytoreduction plus adjuvant
platinum-based chemotherapy is the most important ther-
apy in the current treatment for patients with advanced dis-
ease. However, approximately 75% of patients will relapse
(21). The key problem of the treatment in ovarian cancer is
progressive chemoresistance, particularly platinum resis-
tance. Lots of studies suggested that FOXO3a was the
one of the identified candidate in the progression of ovarian
cancer. Functionally, FOXO3a and p53 has the striking sim-
ilarities in regulate cell cycle and apoptosis. Furthermore,



Figure 3. Overexpression of FOXO3a prevented the platinum drug resistance in ovarian cancer. (A). The FOXO3a was assessed by western blot after the

transfection of FOXO3a. (B). The percentages of cell viability were detected by Cell Count Kit-8. All the cells were treated with cisplatin (10 mmol/L) after

the transfection of FOXO3a or vector control. (C). The cells were treated with cisplatin (10 mmol/L) after the transfection of FOXO3a. The cells were har-

vested for analyzed PI and annexin v staining for apoptosis by flow cytometry (FCM). (D). The quantitative of the flow cytometry results after the transfection

of FOXO3a or vector control.
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these two transcription factors share many downstream tar-
gets. In the tumors, FOXO3a frequently downregulated by
posttranslational modifications, while p53 always mutation
in the cancer. The FOXO3a exert its role in initiating
apoptotic programs and upregulating proapoptotic genes,
while downregulating antiapoptotic genes. In several malig-
nancies such as colorectal cancer, FOXO3a responses to
cisplatin treatment, and silencing endogenous FOXO3a im-
pairs cytotoxicity of this chemotherapeutic agent (22e24).
The next study was on the mechanism of cisplatin drug
resistance. FOXO3a is a important regulator in cell cycle
and apoptosis in tumor. Whether FOXO3a was involved
in the cisplatin drug resistance. Our results found that FOX-
O3a expression upregulated in A2780 cells while FOXO3a
expression does not upregulated in A2780/DDP cells with
the treatment of cisplatin, suggesting that FOXO3a might
involved in the cisplatin drug resistance.

Whether FOXO3a signal pathway is a critical target for
ovarian cancer chemointervention remains a question. The
fact that FOXO3a overexpression upregulated the sensitive
of platinum drug in ovarian cancer. In this context,
FOXO3a overexpression should increase cell death in
ovarian cancer cells and sensitized cells to death induced
by platinum drug. In conclusion, our results found that
FOXO3a might be the important factor which inverse the
platinum resistance ovarian cancer.
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