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Abstract

Background/Aims: FOXC2 has been reported to play a role in tumor progression, but the cor-
relations of FOXC2 with the cisplatin (CDDP) resistance of ovarian cancer cells are still unclear.
The purpose of the present study is to investigate the roles of FOXC2 in the CDDP resistance of
ovarian cancer cells and its possible mechanisms. Methods: Quantitative real-time PCR (qRT-
PCR) was performed to detect the expression of FOXC2 mRNA in CDDP-resistant or sensitive
ovarian cancer tissues and cell lines (SKOV3/CDDP and SKOV3). Gain- and loss-of-function as-
says were performed to analyze the effects of FOXC2 knockdown or overexpression on the in
vitro and in vivo sensitivity of ovarian cancer cells to CDDP and its possible molecular mecha-
nisms. Results: The relative expression level of FOXC2 mRNA in CDDP-resistant ovarian cancer
tissues was higher than that in CDDP-sensitive tissues. Also, the expression of FOXC2 mRNA
and protein in CDDP-resistant ovarian cancer cell line (SKOV3/CDDP) cell line was higher than
that in its parental cell line (SOKV3). Small hairpin RNA (shRNA)-mediated FOXC2 knockdown
significantly increased the in vitro and in vive sensitivity of SKOV3/CDDP cells to CDDP by
enhancing apoptosis, while upregulation of FOXC2 significantly decreased the in vitro and in
vivo sensitivity of SKOV3 cells to CDDP by reducing apoptosis. Furthermore, FOXC2 activates
the Akt and MAPK signaling pathways, and then induced the decreased expression of Bcl-2
protein and the increased expression of Bax and cleaved caspase-3 proteins. Conclusions:
FOXC2 mediates the CDDP resistance of ovarian cancer cells by activation of the Akt and
MAPK signaling pathways, and may be a potential novel therapeutic target for overcoming

CDDP resistance in human ovarian cancer.

© 2016 The Author(s)
Published by S. Karger AG, Basel

Introduction

Ovarian cancer accounts for approximately 3% of all female cancers around the world
[1]. The carcinogenesis of ovarian cancer is a multi-step and complicated process, which
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involves activation of oncogenes and inactivation of tumor suppressor genes [2-5]. Despite
advances in surgery and adjuvant therapy, the 5-year survival rate of patients with ovarian
cancer is not still improved during the past few decades. For patients with advanced ovarian
cancer, the current standard treatment involves primary cytoreductive surgery followed
by a platinum agent (cisplatin or carboplatin) - based chemotherapy. However, a sizable
proportion of the patients show tumor recurrence after chemotherapy which is mainly
caused by the development of drug resistance [6]. Therefore, it is necessary to elucidate the
molecular mechanisms involved in tumor chemoresistance will contribute to developing a
promising strategy for the treatment of chemoresistant ovarian cancer.

Forkhead box protein C2 (FOXC2; also known as mesenchyme forkhead 1) belongs to
Forkhead box (Fox) transcription factors family [7]. The overexpression of FOXC2 has been
found to play important roles in regulation of tumor angiogenesis and development [8]. It
has been reported that FOXC2 plays a key role in metastasis and is associated with aggressive
basal-like breast cancers [9]. Also, haplodeficiency of FOXC2 could lead to impaired
formation of tumor blood vessels as well as reduced tumor growth, suggesting that FOXC2
is critical for tumor development and angiogenesis. Meanwhile, high expression of FOXC2
is reported to be an independent prognostic factor in glioma, esophageal cancer, gastric
cancer and non-small cell lung cancer [10-13]. Recently, overexpressed FOXC2 is found to
enhance the epithelial-to-mesenchymal transition and invasion of ovarian cancer cells [14].
However, the correlation of FOXC2 expression with the sensitivity of ovarian cancer cells to
CDDP is unclear and remains to be further elucidated. In the present study, we will detect
the expression of FOXC2 in CDDP-sensitive or resistant ovarian cancer tissues and cell lines.
Then, gain-and loss-of-function assays were performed to investigate the roles of FOXC2 in
the CDDP resistance of ovarian cancer cells and its underlying molecular mechanisms.

Materials and Methods

Cell culture

Human CDDP-resistant and parental ovarian cancer cell lines (SKOV3/CDDP and SKOV3) were
purchased from Xinyu Biotechnology Co. Ltd (Shanghai, China). All cell lines were cultured in RPMI 1640
(GIBCO-BRL) medium supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, and 100 pg/
ml streptomycin in humidified air at 37°C with 5% COZ2. CDDP were purchased from Sigma-Aldrich (USA).

Tissue samples

The study has been performed with the approval of the Ethics Committee of the Jiangsu Province
Medical Association. Ovarian epithelial cancer tissues were obtained by needle biopsy from 20 patients
with advanced ovarian cancer who received chemotherapy at Jiangsu Hospital from May 2009 and July
2011. Patients met all of the following criteria: patients who suffered from primary ovarian cancer; a
histological diagnosis of ovarian cancer with at least one measurable lesion; a clinical stage of IV; first-line
chemotherapy with paclitaxel (100 mg/m?, i.v. d1) and cisplatin (20mg/m?, i.v. d1-4) administered every 3
weeks for a maximum of 4 cycles. Tumor response was examined by computed tomography and evaluated
according to the Response Evaluation Criteria in Solid tumors (RECIST) as complete response (CR), partial
response (PR), stable disease (SD), or progressive disease (PD). The chemotherapy-sensitive subjects were
defined as the total of those achieved CR, PR or SD responses. Tissue samples were snap-frozen in liquid
nitrogen, which were transferred to 500 pl TRIzol solution immediately after harvesting in order to avoid
mRNA degradation. Informed consent was obtained from each patient before tissues sample collection.

Stable transfection

To ectopically express FOXC2, the plasmid vector (pMD/FOXC2) expressing open-reading frame of
FOXC2 was purchased from Sino Biological Inc (Beijing, China). Short hairpin RNA (shRNA) oligonucleotides
targeting FOXC2 (shFOXC2, 5’-CCACACGTTTGCAACCCAA-3’) and a negative control oligonucleotide
(shcontrol, 5’-ACGTGACACGTTCGGAGAA-3’) were subcloned into pSilencer4.1-CMVneo vector and the
recombinant plasmids were named pS/shFOXC2 and pS/shcontrol, respectively. Transfection was
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performed using Lipofectamine TM 2000 (Invitrogen, USA) according to the manufacturer’s instruction.
At 48 h post-transfection, G418 (800 ug/ml) was added to select stable transfectants and individual clones
were maintained in a medium containing G418 (150 pg/ml). The stably transfected cells were named
SKOV3/CDPP/shFOXC2 (or SKOV3/CDDP/shcontrol) and SKOV3/FOXC2 (or SKOV3/control), respectively.

Quantitative real-time PCR (qRT-PCR) assay

Total RNA from ovarian cancer tissues or cell lines was isolated using the Trizol reagent (Invitrogen,
USA) according to the manufacturer’s instruction. Reverse transcript (RT) was carried out with the
SuperScript First-Strand Synthesis System for RT-PCR (Invitrogen, USA), and quantitative real-time
PCR was carried out using the SYBR Green reporter. The primers used for PCR were as follows: FOXC2
forward 5’-CCTACCTGAGCGAGCAGAAT-3’; reverse 5-ACCTTGACGAAGCACTCGTT-3’; GAPDH forward
5’-GCACCGTCAAGGCTGAGAAC-3’; reverse 5’ -TGGTGAAGACGCCAGTGGA-3'. The data were normalized to the
geometric mean of housekeeping gene GAPDH and calculated as 24T method.

Western blot assay

Western blot assay was performed with anti-FOXC2 (Bethyl Laboratories, TX, USA), anti-
phosphorylated AKT (p-AKT) (Ser473) or phosphorylated ERK 1/2 (p-ERK) (Cell Signaling, CA, USA), anti-
total Akt or ERK 1/2, anti-Bcl-2, anti-Bax and anti-cleaved or total caspase-3 (Santa Cruze Biotechnology,
CA, USA) as described previously [15]. Anti-GAPDH monoclonal antibody (Santa Cruze Biotechnology, CA,
USA) was used as an internal control.

In vitro chemotherapy assay

The single-cell suspensions were prepared and dispersed in 96-well plates. After incubation for 48
h with the CDDP compounds (Sigma, MO, USA), the 0.5 mg/mL of MTT solution was added. Following
incubation for 4 h, the medium was discarded and 150 pL/well of dimethyl sulfoxide (Sigma-Aldrich) was
added. The absorbance was measured at 490 nm using a microplate reader.

Flow cytometric detection of apoptosis

The stably transfected cells were collected for detection of apoptosis using the Annexin V-fluorescein
isothiocyanate (FITC) / Propidium lodide (PI) Apoptosis Detection Kit (BD Pharmingen, USA) according to
the manufacturer’s instructions. All of the samples were assayed in triplicate.

In vivo chemotherapy assay

The stably transfected cells (SKOV3/CDDP/shFOXC2 or SKOV3/CDDP/shcontrol, SKOV3/FOXC2 or
SKOV3/control) were collected and suspended in 100 puL PBS, and then injected subcutaneously into the
right side of the posterior flank of BALB/c athymic nude mice (n = 10/group). The tumor volume formed
was calculated by the following formula: Volume = (Length x width?) x 0.5. When the average tumor size
reached about 50 mm?3, CDDP was given through intraperitoneal injection with a concentration of 3.0 mg/
kg, one dose every other day with 3 doses totally. Tumor volume was monitored for 5 weeks and measured
once five days. The study was approved by the Ethics Committee of Nanjing Medical University, and carried
out in accordance with approved guidelines.

Statistical analysis

All statistical analyses were performed using the SPSS 17.0 statistical software. Experimental data
were expressed as the mean * SD of atleast three independent experiments. Statistical analyses were carried
out using one-way ANOVA and Student’s ¢ test. Differences between groups were considered significant at
P <0.05.

Results

FOXC2 is significantly upregulated in cisplatin-resistant ovarian cancer tissues or cell lines
To investigate the association of FOXC2 expression with cisplatin resistance of ovarian
cancer, qRT-PCR assay was performed to detect the expression of FOXC2 mRNA in cisplatin-
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Fig. 1. Correlation between FOXC2 expression and CDDP resistance in ovarian cancer. (A) qRT-PCR detect
the relative expression of FOXC2 mRNA in CDDP-resistant ovarian cancer tissues (n = 10) and CDDP-sensi-
tive ovarian cancer tissues (n = 10). (B) qRT-PCR and Western blot detection of FOXC2 mRNA and protein
expression in CDDP-resistant ovarian cancer cell line (SKOV3/CDDP) and its parental ovarian cancer cell
line (SKOV3). GAPDH was used as an internal control. All values represent the average of three independent
experiments (mean * SD).

sensitive or resistant ovarian cancer tissues. It was observed that the relative expression
level of FOXC2 mRNA in cisplatin-sensitive ovarian cancer tissues (n = 10) was significantly
lower than those in cisplatin-resistant tissues (n = 10) (P < 0.001; Fig. 1A). Meanwhile, qRT-
PCR and Western blot assays were performed to detect the expression of FOXC2 mRNA and
protein in cisplatin-resistant ovarian cancer cell line (SKOV3/CDDP) and its parental ovarian
cancer cell line (SKOV3). As shown in Fig. 1B, the relative expression levels of FOXC2 mRNA
and protein in SKOV3/CDDP cell line were significantly higher than that those in SKOV3
cells. These data suggest that upregulation of FOXC2 may play a role in the development of
cisplatin resistance in ovarian cancer.

Silencing of FOXC2 increases the chemosensitivity of SKOV3/CDDP cell line to CDDP in

vitro and in vivo

To investigate the roles of FOXC2 expression in the CDDP resistance of ovarian cancer
cells, the shRNA expression vector targeting FOXC2 (pS/shFOXC2) and the negative control
vector (pS/shcontrol) were successfully constructed and stably transfected into SKOV3/CDDP
cell line, which was named SKOV3/CDPP/shFOXC2 or SKOV3/CDDP /shcontrol, respectively.
gRT-PCR and Western blot assays confirmed the stable knockdown of endogenous FOXC2
in SKOV3/CDPP/shFOXC2 cell line, in comparison with SKOV3/CDDP/shcontrol cell line
(Fig. 2A). Then, MTT assay was performed to analyze the effect of FOXC2 knockdown on the
IC,, value of CDDP in SKOV3/CDDP cell line. Compared with that in SKOV3/CDDP /shcontrol
cells (IC,: 41.16 uM), the IC,; value of CDDP in SKOV3/CDDP/shFOXC2 cells (IC,: 17.23
uM) was significantly decreased by approximately 55.7% (Fig. 2B). When treated with CDDP
(8.5 uM), the apoptotic rate in SKOV3/CDDP/shFOXC2 cells was significantly increased by
approximately 17.80%, in comparison with SKOV3/CDDP/shcontrol cells (P < 0.01; Fig.
2C). Furthermore, we analyzed the effect of FOXC2 knockdown on the in vivo sensitivity of
SKOV3/CDDP cells to CDDP by using nude mice xenograft tumor model. Following CDDP
treatments, the tumors formed from SKOV3/CDDP/shcontrol cells grew faster than those
formed from SKOV3/CDDP/shFOXC2 cells (Fig. 2D). At 35 days after inoculation, the average
volume of tumors formed from SKOV3/CDDP/shFOXC2 cells (456.2 mm?) was significantly
smaller than that of tumors formed form SKOV3/CDDP/shcontrol cells (634.6 mm?)
(P <0.001; Fig. 2E). These data suggest that knockdown of FOXC2 significantly increases the
in vitro and in vivo sensitivity of CDDP-resistant ovarian cancer cells to CDDP.
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Fig. 2. Knockdown of FOXC2 significantly increases the sensitivity of SKOV3/CDDP cells to CDDP in vitro
and in vivo. (A) qRT-PCR and Western blot detection of FOXC2 mRNA and protein expression in SKOV3/
CDDP/shFOXC2 and SKOV3/CDDP/shcontrol cells, respectively. GAPDH serves as an internal control. (B)
MTT analysis of the effects of FOXC2 knockdown on the IC, values of CDDP in SKOV3/CDDP cells. (C) Flow
cytometric detection of apoptosis in SKOV3/CDDP/shFOXC2 or SKOV3/CDDP/shcontrol cells with CDDP
treatment (8.5 pM). (D) The growth in mice of tumors developed from SKOV3/CDDP/shcontrol or SKOV3/
CDDP/shFOXC2 cells with CDDP treatment. The inoculation was performed in two groups (n = 10/group).
(E) After 35 days, the average tumor volume of tumors developed from SKOV3/CDDP/shFOXC2 cells with
CDDP treatment was significantly smaller than that of tumors developed from SKOV3/CDDP/shcontrol cells
with CDDP treatment. All values represent the average of three independent experiments (mean #* SD). * P
<0.05 and ** P < 0.01, compared with the control.

Upregulation of FOXCZ2 decreases the chemosensitivity of SKOV3 cell line to CDDP in vitro

and in vivo

To further investigate the effect of FOXC2 overexpression on the cisplatin sensitivity of
ovarian cancer cells, CDDP-sensitive SKOV3 cells were stably transfected with pMD/FOXC2
or pMD/control, respectively. The results of qRT-PCR and Western blot assays confirmed the
upregulation of FOXC2 in SKOV3/FOXC2 cells (Fig. 3A). MTT assay was performed to analyze
the effect of FOXC2 upregulation on the IC,, value of CDDP in SKOV3 cell line, and it was
observed that the IC, value of CDDP in SKOV3/FOXC2 cells (IC,: 17.23 uM) was significantly
increased by approximately 58.2%, in comparison with that in SKOV3/control cells (IC,:
41.16 uM) (Fig. 3B). When treated with CDDP (2.5 uM), the apoptotic rate in SKOV3/ FOXC2
cells was significantly decreased by approximately 10.78%, in comparison with SKOV3/
control cells (P < 0.05; Fig. 3C). Next, we analyzed the effect of FOXC2 upregulation on the
in vivo sensitivity of SKOV3 cells to CDDP. Following CDDP treatments, the tumors formed
from SKOV3/FOXC2 cells grew faster than those formed from SKOV3/control cells (Fig. 3D).
At 35 days after inoculation, the average volume of tumors formed from SKOV3/FOXC2 cells
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Fig. 3. Upregulation of FOXC2 significantly decreases the sensitivity of SKOV3 cells to CDDP in vitro and
in vivo. (A) qRT-PCR and Western blot detection of FOXC2 mRNA and protein expression in SKOV3/FOXC2
and SKOV3/control cells, respectively. GAPDH serves as an internal control. (B) MTT analysis of the effects
of FOXCZ upregulation on the IC,; values of CDDP in SKOV3 cells. (C) Flow cytometric detection of apop-
tosis in SKOV3/FOXC2 or SKOV3/control cells with CDDP treatment (2.5 pM). (D) The growth in mice of
tumors developed from SKOV3/ control or SKOV3/FOXC2 cells with CDDP treatment. The inoculation was
performed in two groups (n = 10/group). (E) After 35 days, the average tumor volume of tumors developed
from SKOV3/FOXC2 cells with CDDP treatment was significantly bigger than that of tumors developed from
SKOV3/control cells with CDDP treatment. All values represent the average of three independent experi-
ments (mean * SD). * P < 0.05 and ** P < 0.01, compared with the control.

(394.2 mm?) was significantly larger than that of tumors formed form SKOV3/control cells
(256.8 mm?) (P < 0.001; Fig. 3E). Therefore, upregulation of FOXC2 significantly decreases
the in vitro and in vivo sensitivity of CDDP-sensitive ovarian cancer cells to CDDP.

Activation of Akt and MAPK signaling pathways are involved in FOXC2-promoting CDDP

resistance of ovarian cancer cells

Next, we will further investigate the molecular mechanisms involved in FOXC2-
promoting CDDP resistance of ovarian cancer cells. Previously, FOXC2 has been reported to
activate the MAPK and AKT signaling pathways in other tumor cells. Here, it was observed
that knockdown of FOXC2 could significantly induce the increased expression levels of
p-Akt and p-ERK proteins in SKOV3/CDDP cells (P < 0.01), but the expression levels of
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Fig. 4. The effect of FOXC2 expression on the expression of Akt or MAPK signaling-related proteins in ovari-
an cancer cells. (A) Western blot detection of the expression of Bcl-2, Bax, cleaved caspase-3, total caspase-3,
p-Akt, total Akt, p-ERK and total ERK proteins in SKOV3/CDDP/shFOXC2 or SKOV3/CDDP/shcontrol cells,
respectively. (B) Western blot detection of the expression of p-Akt, total Akt, p-ERK, total ERK, Bcl-2 and Bax
proteins in SKOV3/control and SKOV3/FOXC2 cells or SKOV3/FOXC2 cells treated with LY294002 (8.0 uM)
plus U0126 (10.0 uM), respectively. GAPDH serves as an internal control. All values represent the average
of three independent experiments (mean # SD). * P < 0.05, ** P < 0.01 and NS, P > 0.05, compared with the
control.

total Akt and ERK proteins showed no obvious changes in SKOV3/CDDP/shFOXC2 cells, in
comparison with SKOV3/CDDP/shcontrol cells (Fig. 4A). Also, the decreased expression
of Bcl-2 protein and the increased expression of Bax and cleaved caspase-3 proteins could
be observed in SKOV3/CDDP/shFOXC2 cells, but the expression of total caspase-3 protein
showed no obvious changes in SKOV3/CDDP/shFOXC2 cells, in comparison with SKOV3/
CDDP/shcontrol cells (Fig. 4A). To further confirm these results, we detected the expression
of those above proteins in FOXC2-upregulated ovarian cancer cells (Fig. 4B). It was found
that upregulation of FOXC2 could lead to the increased expression levels of p-Akt, p-ERK
and Bcl-2 proteins and the decreased expression levels of Bax protein in SKOV3 cells, but
the expression levels of total Akt and ERK proteins showed no obvious changes in SKOV3/
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FOXC2 cells, in comparison with SKOV3/control cells. Importantly, treatment with Akt
inhibitor (LY294002, 8.0 uM) plus MAPK/ERK kinase inhibitor (U0126, 10.0 uM) could
reverse the changes of p-Akt, p-ERK, Bcl-2 and Bax proteins in SKOV3/FOXC2 cells (Fig. 4B),
in comparison with SKOV3/control cells. These data suggest that FOXC2 promotes the CDDP
resistance in ovarian cancer cells via reducing apoptosis by activation of the Akt and MAPK
signaling pathways.

Discussion

In the present study, we first showed that the expression levels of FOXC2 mRNA and
protein were significantly upregulated in CDDP-resistant ovarian cancer tissues and cell
lines. Knockdown of FOXC2 could reverse the CDDP resistance of SKOV3/CDDP cells, while
upregulation of FOXC2 could decrease the sensitivity of SKOV3 cells to CDDP. Furthermore,
FOXC2 could reduce the CDDP-induced apoptosis in ovarian cancer cells via activation of
Akt and MAPK signaling pathways. To the best of my knowledge, this is the first report that
FOXC2 plays a role in the development of CDDP resistance in human ovarian cancer cells.

The FOX proteins are transcription factors, which play critical roles in a variety of
human physiological and pathological processes from development and organogenesis to
regulation of metabolism, lymphatic vascular remodeling and tumor angiogenesis [16-18].
To date, human FOX gene family consists of at least 43 members, including FOXA1-3, FOXB1,
FOXC1-2, FOXD1-6, etc [19]. Recently, FOX genes have been reported to be dysregulated in
many human cancers and play different roles either as an oncogene or tumor suppressor
in various tumor cells. Also, the polymorphisms of FOX genes was found to be correlated
with an increased risk of human cancers and some FOX genes can be post-transcriptionally
regulated by microRNAs [20-22]. The correlations of FOX proteins with ovarian cancer are
increasingly reported. For example, Choi et al. showed that FOXP1 functions as an oncogene
by promoting cancer stem cell-like characteristics in ovarian cancer cells [23]. Gao and his
colleagues investigated the role of forkhead box Q1 transcription factor in ovarian epithelial
carcinomas, and showed that FOXQ1 expression was essential to maintain cell proliferation,
motility /invasion, and epithelial-mesenchymal transition phenotypes in ovarian cancer cells
[24]. A study from Wen et al. suggest that overexpression of FOXM1 predicts poor prognosis
and promotes cancer cell proliferation, migration and invasion in epithelial ovarian cancer
[25]. Meanwhile, Lok and his colleagues found that over-expression of FOXM1 might stem
from the constitutively active ERK which confers the metastatic capabilities to ovarian cancer
cells [26]. FOXC2 is another important member of FOX gene family that has been reported in
many cancers. The overexpression of FOXC2 were found be correlated with poor prognosis
of tumor patients and promotes multiple malignant phenotypes of tumor cells, including
proliferation, EMT, invasion and stem cell properties [27-30]. Importantly, the correlations
between FOXC2 and tumor chemoresistance are also reported. Zhou et al. showed that
FOXC2 could promote chemoresistance in nasopharyngeal carcinomas via induction of
epithelial mesenchymal transition [31]. Also, Yang et al. reported that downregulation of
Foxc2 could enhance apoptosis induced by 5-fluorouracil in colorectal cancer [32]. Although
overexpressed FOXC2 is reported to enhance the epithelial-to-mesenchymal transition and
invasion of ovarian cancer cells, the roles of FOXC2 in the development of CDDP resistance in
ovarian cancer cells is unclear and needs to be further investigated.

In this study, we first detected the expression of FOXC2 mRNA in ovarian cancer
tissues from patients who received CDDP-based chemotherapy, and found that the relative
expression of FOXC2 mRNA in CDDP-resistant ovarian cancer tissues was significantly
higher than that in CDDP-sensitive tissues. Next, we detected the expression of FOXC2 mRNA
and protein in CDDP-resistant ovarian cancer cell line SKOV3/CDDP and its parental cell
line (SKOV3), and showed that the expression levels of FOXC2 both mRNA and protein in
SKOV3/CDDP cell lines were significantly higher than those in SKOV3 cell line. These results
implied that upregulation of FOXC2 might mediate the CDDP resistance of ovarian cancer
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cells. To testify this, we will perform gain-and loss-of-function assays. First, we employed
RNA interfering technology to knockdown the expression of endogenous FOXC2 in SKOV3/
CDDP cells, and showed that knockdown of FOXC2 could induce the increased sensitivity
of SKOV3/CDDP cells to CDDP both in vitro and in vivo by enhancing the CDDP-inducing
apoptosis. Second, we employed gene overexpression technology to upregulate FOXC2
in SKOV3 cells. Results indicated that upregulation of FOXC2 could induce the decreased
sensitivity of SKOV3 cells to CDDP both in vitro and in vivo by reducing the CDDP-inducing
apoptosis. Followingly, the underlying molecular mechanisms involved in FOXC2-mediated
CDDP resistance in ovarian cancer cells were further investigated. Previously, FOXC2 has
been reported to promote colorectal cancer proliferation through inhibition of FOX03a and
activation of MAPK and AKT signaling pathways [33]. Also, FOXC2 enhanced AKT activity
with subsequent GSK-3f3 phosphorylation and Snail stabilization, and then induced EMT
and promoted tumor invasion and metastasis in colorectal cancer [34]. Yang et al. showed
that downregulation of FOXC2 could enhance 5-fluorouracil-inducing apoptosis through
activation of MAPK and AKT pathways in colorectal cancer [32]. However, whether FOXC2
promotes the chemoresistance of ovarian cancer cells to CDDP by activation of Akt and MAPK
signaling pathways is unknown. Here, we found that knockdown of FOXC2 could lead to the
decreased expression levels of p-Akt and p-ERK proteins but no changes in the expression
of total Akt and ERK proteins, and then the decreased ratio of Bcl-2/Bax with subsequent
enhancement of cleaved caspase-3 protein in SKOV3/CDDP cells. Meanwhile, upregulation
of FOXC2 could lead to the increased expression levels of p-Akt and p-ERK proteins, and then
the increased ratio of Bcl-2/Bax in SKOV3 cells. Importantly, treatment with Akt inhibitor
plus MAPK/ERK kinase inhibitor could reverse the FOXC2 upregulation-induced changes
of Bcl-2 and Bax proteins in SKOV3/FOXC2 cells. Thus, the regulation of Bcl-2, Bax and
caspase-3 by FOXC2 may result from activation of the Akt and MAPK signaling pathways.
However, the possible molecular mechanism involved in FOXC2-mediated activation of the
Akt and MAPK pathways needs to be further investigated. Additionally, it has been reported
that ovarian cancer stem cells displayed higher chemoresistance to cisplatin or paclitaxel
compared to adherent cells [35]. Thus, whether FOXC2 promotes CDDP resistance in ovarian
cancer by regulating ovarian cancer stem cell properties will be determined in future.

In conclusion, FOXC2 is significantly upregulated in CDDP-resistant ovarian cancer
tissues and cell lines. FOXC2 promotes the CDDP resistance of ovarian cancer cells via
reduction of CDDP-inducing apoptosis by activating Akt and MAPK signaling pathways.
Therefore, FOXC2 may be a potential molecular target for the treatment of CDDP-resistant
ovarian cancer patients.
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