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Forkhead box protein C1 promotes cell proliferation
and invasion in human cervical cancer
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Abstract. Increasing evidence has demonstrated that aberrant
forkhead box protein C1 (FOXCI) expression contributes to
tumorigenesis in multiple types of malignant tumor. However, the
clinical significance and biological roles of FOXC1 in cervical
cancer remain unknown. The expression levels of FOXCI1 were
examined in human cervical cancer tissues and cells using
reverse transcription-quantitative polymerase chain reaction,
immunohistochemistry and western blotting. Furthermore, high
FOXC1 expression was significantly associated with advanced
clinical stages, a high degree of malignancy and a poor
outcome. FOXCI silencing inhibited cell growth and enhanced
cell apoptosis. Knockdown of FOXC1 markedly suppressed cell
migration and invasion in vitro, and resulted in downregulation
of phosphorylated-RAC-a serine/threonine-protein kinase,
proto-oncogene c-Myc and B-cell lymphoma 2. In conclusion,
these data indicated that upregulation of FOXCI contributed to
the development of cervical cancer by increasing the growth
and motility of the cervical cancer cells, thereby worsening the
disease progression in these patients.

Introduction

Cervical cancer is the most common malignancy of the female
genital tract and the second leading cause of mortality among
women worldwide, with an estimated global incidence of
>500,000 newly diagnosed cases and 260,000 mortalities
annually (1,2). Persistent infection with high-risk human papil-
lomavirus has been considered to be the primary risk factor
for developing cervical cancer and its precursor lesions (3-6).
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Although surgical resection combined with radiotherapy and
chemotherapy has been used as a major treatment for patients
with cervical cancer, the overall survival (OS) rate and
disease-free survival rate for patients with late-stage disease
remain poor (1,5,7). Therefore, understanding the molecular
mechanisms underlying cervical cancer and identifying factors
involved in the progression of the disease is important, in order
to offer novel therapeutic targets and improve patient survival.

Forkhead box protein C1 (FOXC1), a member of the FOX
family of transcription factors, is located on chromosome
6p25 and regulates an array of biological processes, including
metabolism, development, differentiation, proliferation,
apoptosis and cell migration (8-11). In addition to its roles in
normal function and development, FOXCI has been demon-
strated to be a possible master regulator in various types of
human cancer, including breast cancer, hepatocellular carci-
noma, pancreatic and non-small cell lung cancers (8,9,11-13).
In addition, high FOXC1 expression is correlated with poor
clinical outcome (9,13-15). However, to the best of the authors'
knowledge, expression of FOXCI1 has not been investigated in
cervical cancer. The aim of the present study was to investi-
gate alterations in the expression of FOXCI and the biological
function of FOXCI in cervical cancer cells in vitro.

Materials and methods

Patients and tissue specimens. Samples from patients aged
48-73 years (n=76) with cervical cancer who underwent curative
surgical resection were collected from The Fourth Affiliated
Hospital of Harbin Medical University (Harbin, China) between
March 2009 and June 2011. A total of 34 control samples
were obtained from women who underwent hysterectomy for
nonmalignant conditions during the same period. None of the
patients were treated with any preoperative therapy. The clinical
and clinicopathological parameters, and staging, were defined
according to the 2009 International Federation of Gynecology
and Obstetrics (FIGO) criteria (16). The OS was defined as
the time between surgery and mortality or the last follow-up
examination, and the follow-up periods ranged between 19 and
84 months. Informed consent was obtained from all enrolled
individuals and the present study was approved by the Ethics
Committee of The Fourth Affiliated Hospital of Harbin Medical
University. All tissue specimens were immediately snap-frozen
in liquid nitrogen and stored at -80°C until RNA extraction.
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Cell lines. A total of four human cervical cancer cell lines
(CaSki, HeLa, ME-180 and SiHa) (17) and the human immor-
talized cervical epithelial cell line (NC104) were purchased
from the Type Culture Collection of the Chinese Academy
of Sciences (Shanghai, China). All cell lines were cultured
in Dulbecco's modified Eagle's medium (Hyclone; GE
Health Care Life Sciences, Logan, UT, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA), 100 U/ml penicillin
and 100 ug/ml streptomycin at 37°C in a humidified incu-
bator containing 5% CO,.

Total RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR). Total RNA from
cells and fresh tissue samples was extracted using TRIzol®
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocol. A total of 500 ng RNA was reversed
transcribed into cDNA using the ReverTra Ace-a kit (Toyobo
Life Science, Osaka, Japan), according to the manufacturer's
protocol. qPCR was performed using SYBR® Premix Ex
Taq™ II (Takara Biotechnology Co., Ltd., Dalian, China)
with the ABI 7900 Fast Real Time PCR System (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The following
thermocycling conditions were used: 95°C for 30 sec; followed
by 40 cycles of 95°C for 5 sec and 60°C for 30 sec. Primers
were designed and synthesized by Sangon Biotech Co., Ltd.
(Shanghai, China). The following primers were used: FOXC1
sense, 5'-CTGCCCGACTACTCTCTGC-3' antisense, 5'-CAC
CGAGTGGAAGTTCTGC-3";, and GAPDH sense, 5'-CGA
GATCCCTCCAAAATCAA-3' and antisense, 5-TTCACA
CCCATGACGAACAT-3" The fold-change in FOXC1 mRNA
expression was calculated using the 2244 method following
normalization to GAPDH expression (18).

Immunohistochemical (IHC) staining. IHC staining was
performed as previously described (19). Collected tissue speci-
mens were paraffin-embedded (Gene Company Ltd., Hong
Kong, China) and cut into 4-ym-thick sections. Following
deparaffinization with xylene, the sections were submerged
into citrate antigenic retrieval buffer (pH 6.0) at 100°C for anti-
genic retrieval. Endogenous peroxidase activity was blocked
with 0.3% hydrogen peroxide, followed by incubation with goat
serum (Gene Company Ltd.) to block non-specific binding for
2 h at room temperature. The sections were incubated with
rabbit anti-human FOXC1 antibody (cat. no. HPA040670;
1:100; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany)
overnight at 4°C. The slides were sequentially incubated with
the appropriate secondary antibody (cat. no. A0545; 1:2,000,
Sigma-Aldrich; Merck KGaA) for 2 h at room temperature.
Labeling was detected by adding a peroxidase-conjugated
avidin-biotin complex (Dako; Agilent Technologies, Inc.,
Santa Clara, CA, USA) and 3,3'-diaminobenzidine (Dako;
Agilent Technologies, Inc.). The immunostaining signals
were counterstained with hematoxylin (Beyotime Institute
of Biotechnology, Haimen, China) for 2 min. As a negative
control, PBS was used in place of primary antibodies.
Staining scores were evaluated by three independent
pathologists who were blind to the patients under an Olympus
light microscope (BX51; Olympus Corporation, Tokyo, Japan).
Expression of FOXC1 was calculated based on the proportion
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of positively stained tumor cells and the intensity of staining.
The proportion of tumor cells was scored as follows: 0, No
positive tumor cells; 1, <10% positive; 2, 10-50% positive;
3,>50% positive. The staining extent was scored according
to the area percentages as follows: 0, No staining; 1, weak
staining (light yellow); 2, moderate staining (yellow brown);
3, strong staining (brown). The staining index was calculated
as the staining intensity score multiplied by the proportion of
positive tumor cells.

Lentiviral short hairpin (sh)RNA transduction. In order to
knock down FOXCI expression, an shRNA sequence targeting
FOXCI (Forward oligonucleotide, 55CCGGGAGCTTTCGTC
TACGACTGTACTCGAGTACAGTCGTAGACGAAAGCT
CTTTTTG3'; reverse oligonucleotide, SAATTCAAAAAGA
GCTTTCGTCTACGACTGTACTCGAGTACAGTCGTAG
ACGAAAGCTC3'") was designed and synthesized by Shanghai
GenePharma Co., Ltd. (Shanghai, China). The sequence
targeting FOXC1 was subcloned into the pLKO.1-TRC vector
(Sigma-Aldrich; Merck KGaA). A scrambled non-target
shRNA (shRNA; Forward oligonucleotide, S5CCGGAATGC
CTACGTTAAGCTATACCTCGAGGTATAGCTTAACGT
AGGCATTTTTTTGS3'; reverse oligonucleotide, 5AATTCA
AAAAAATGCCTACGTTAAGCTATACCTCGAGGTATA
GCTTAACGTAGGCATTS3') was used as a negative control.

To produce lentiviral particles, 8 ug pLKO.1-shControl
(scramble shRNA sequence) and pLKO.1-shFOXC1 were
transfected into 293T cells (the Type Culture Collection of
the Chinese Academy of Sciences, Shanghai, China) with
lentiviral packaging vectors psPAX2 and pMD2.G using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer's protocol. Lentiviral
particles were harvested by collecting media from 293T cells
after 48 h. Hela and SiHa cells were infected with lentiviral
particles using 8 pg/ml Polybrene (Sigma-Aldrich; Merck
KGaA), and stable shRNA-expressing cell lines were selected
by the addition of 2 yg/ml puromycin (Sigma-Aldrich; Merck
KGaA) to the growth medium.

Cell Counting Kit-8 (CCK-8) assays. Cell proliferation
was examined using the CCK-8 assay (Dojindo Molecular
Technologies, Inc., Kumamoto, Japan), according to the manu-
facturer's protocol. A total of 3x10° cells were seeded into each
well in 96 well plates. A total of 10 ul CCK-8 was added into
each well at 24, 48, 72 and 96 h. Following 2 h incubation, the
absorbance was measured at a wavelength of 450 nm using a
spectrophotometer (Tecan Infinite M200 Pro; Tecan Group,
Ltd., Mannedorf, Switzerland).

Analysis of apoptosis. Cell apoptosis analysis was performed
using Annexin V-fluorescein isothiocyanate (FITC) Apoptosis
Detection kit I (BD Pharmingen; BD Biosciences, San Jose,
CA, USA). For cell apoptosis analysis, cells (1x10*) were
harvested with trypsin (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA), centrifuged at 12,000 x g for 5 min at 4°C
and incubated with 5 1 Annexin V-FITC and 5 ul propidium
iodide for 15 min at 4°C in the dark. Following staining, cell
apoptosis distribution was analyzed using a flow cytometer
(Cytomics FC 500; Beckman Coulter, Inc., Brea, CA, USA)
with FlowJo (version 10; Beckman Coulter, Inc.).
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Figure 1. Upregulated FOXC1 expression in cervical cancer tissues and cell lines. (A) The relative mRNA expression levels of FOXC1 in cervical cancer tissues
and control samples, detected by reverse transcription-quantitative polymerase chain reaction. (B) Representative images of immunohistochemistry analyses
of FOXC1 protein expression in cervical cancer tissues and adjacent noncancerous tissues (magnification, x200). (C) The relative expression of FOXCI in
cervical cancer cell lines CaSki, HeLa, ME-180, and SiHa and the NC104 cell line. (D) Western blotting assays of the endogenous FOXC1 protein in cervical
cancer cell lines and the immortalized cervical epithelial cell line. The expression levels of FOXC1 were normalized against the expression level of GAPDH.

“P<0.01 vs. NC104. FOXC1, forkhead box protein C1.

Wound-healing assay. A total of 8x10* cells were seeded in
a 6-well plate and incubated to form a confluent monolayer.
Scratches were made using a 200-ul pipette tip. Cells were
washed with PBS and replaced with complete medium (10%
FBS). Following incubation for 36 h, the closure of the
scratch was analyzed under the microscope and images were
captured using an Olympus light microscope (BX51; Olympus
Corporation, Tokyo, Japan). Experiments were performed in
triplicate and repeated three times.

Invasion assay. For the cell invasion assay, a filter membrane
with an 8-ym pore size (EMD Millipore, Billerica, MA,
USA) was coated with Matrigel (BD Biosciences). A total of
4x10* cells in 100 ul serum-free media were added to the upper
chamber and the aforementioned complete medium (600 ul)
was added to the lower chamber. Following incubation for
36 h, the cells that invaded through the Matrigel membrane
were fixed with 100% methanol for 30 min and stained with
0.5% crystal violet for 30 min at room temperature. A total
of six random fields of each insert were counted using an
Olympus light microscope at magnification x200.

Western blot analysis. Cells were lysed in ice-cold radioim-
munoprecipitation assay buffer (Cell Signaling Technology,
Inc., Danvers, MA, USA). Protein concentration was deter-
mined using the bicinchoninic acid assay. A total of 40 ug
protein/lane was separated by SDS-PAGE on a 10% gel and
transferred to a nitrocellulose membrane (EMD Millipore).
The membrane was blocked with 5% non-fat milk in 0.1%
TBS-Tween-20 at room temperature for 2 h and incubated
with the following primary antibodies: Rabbit anti-human
FOXC1 antibody (1:1,000), rabbit anti-human phosphorylated
(p)-RAC-a serine/threonine-protein kinase (AKT) antibody

(Serd73; cat.no.9271; 1:1,000; Cell Signaling Technology, Inc.),
rabbit anti-human AKT antibody (cat. no. 9272; 1:1,000; Cell
Signaling Technology, Inc.), rabbit anti-human proto-oncogene
c-Myc (c-Myc) antibody (cat. no. 9402; 1:1,000; Cell Signaling
Technology, Inc.), rabbit anti-human apoptosis regulator B cell
lymphoma-2 (Bcl-2) antibody (cat. no. 2872; 1:1,000; Cell
Signaling Technology, Inc.) or rabbit anti-human GAPDH anti-
body (cat. no. 2118; 1:1,000; Cell Signaling Technology, Inc.)
at 4°C overnight. The specific binding on the membrane was
probed with horseradish peroxidase-conjugated anti-rabbit
secondary antibody (cat. no. 7071; 1:1,000; Cell Signaling
Technology, Inc.) for 2 h at room temperature. Bands were
visualized using a nitrotyrosine enzyme linked immunosor-
bent assay kit (cat. no. 17-376; Merck KGaA).

Statistical analysis. The paired sample t-test was used to
make comparisons between two groups and one-way analysis
of variance followed by Tukey's post-hoc test were performed
to assess the difference between >2 groups. The y* test was
utilized to evaluate the association between FOXC1 mRNA
expression and clinicopathological characteristics. The
Kaplan-Meier estimator and log-rank test were used to evaluate
the OS of cervical cancer patients. Data are presented as the
mean * standard deviation of three experimental repeats and
all statistical analyses were performed using GraphPad Prism
(version 5.01; GraphPad Software, Inc., La Jolla, CA, USA).
P<0.05 was considered to indicate a significant difference.

Results
FOXCI expression is upregulated in human cervical cancer

tissues and cell lines. To investigate the role of FOXCI1 in
human cervical cancer tissues, the expression levels between
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Table I. Association between FOXC1 expression and clinicopathological parameters of cervical cancer.
FOXCI1 expression
Clinicopathological parameters Total (n=76) High (n=38) Low (n=38) P-value
Age, years 0.2055
=45 22 8 14
>45 54 30 24
FIGO stage 0.0093
I 48 19 29
I 28 20 8
Differentiation grade 0.3506
Well/Moderate 45 20 25
Poor 31 18 13
Tumor size (cm) 0.2264
<4 50 22 28
>4 26 16 10
Lymph node metastasis 0.0178
Yes 20 15 5
No 56 23 33
Vascular involvement 0.1332
Yes 23 15 8
No 53 23 30
Stromal invasion 0.3801
<66% 61 26 25
266% 15 10 5
Vaginal involvement 0.7361
Yes 10 6 4
No 66 32 34
Parametrial infiltration 0.6745
Yes 6 4 2
No 70 34 36
FIGO, International Federation of Gynecology and Obstetrics; FOXC1, forkhead box protein C1.
76 cervical cancer tissues and 34 non-malignant control samples 100 1
were compared using RT-qPCR. The mRNA expression level of ~ 80-
FOXC1 was observed to be significantly increased in cancerous £
tissues compared with control samples (Fig. 1A). IHC staining g 60 4
detected FOXC1 protein in 76.3% (58/76) of paraffin-embedded E 40
cervical cancer tissues, whereas a lower staining index was o P=0.0094
calculated in adjacent non-cancerous tissues (Fig. 1B). The S 204~ Low FOXC1
mRNA expression levels of FOXC1 in four cervical cancer cell o= High FOXC1

lines (CaSki, HeLLa, ME-180 and SiHa) and the non-malignant
cell line NC104 were evaluated using RT-qPCR. The results
demonstrated that the expression levels of FOXC1 in all four cell
lines were significantly upregulated compared with NC104 cells
(Fig. 1C). In addition, western blotting was performed to confirm
that the protein expression level of FOXC1 was increased in
cervical cancer cell lines (Fig. 1D). These results suggested that
FOXC1 may serve important roles in human cervical cancer.

Association between expression of FOXCI and clinical
characteristics in cervical cancer. To determine the

L] ¥ L] L] L L] L] L] L}
0 10 20 30 40 50 60 70 80 90
Time since the surgery (months)
Figure 2. Kaplan-Meier survival curves. Kaplan-Meier curves for survival
time in patients with cervical cancer, divided according to FOXCI1 expres-
sion, with significantly shorter survival times for patients with high FOXC1

expression compared with those with low FOXC1 expression. FOXCI, fork-
head box protein C1.

clinical relevance of FOXCI in cervical cancer, the present
study examined the association between FOXC1 mRNA



4396

MOLECULAR MEDICINE REPORTS 17: 4392-4398, 2018

A
FOXC1 W s SR — —
L c— — e R i, e
Centrol shRNA Control shRNA Cantrol shRNA
Hela SiHa CaSki
B 3 scrR 3 sCR
Bl shRNA  Hela R shRNA siHa
—~ 121 < 1217
g g
c c
S S
'E 0.9 4 * ® 094 *
2 g
= - S *%
£ 064 £ 061
g E
o 0.34 2 034
5 3
[:1}
© 0o T T “ 00 : T
0 3 4 0 3 4
Days Days
& =
&
Hela = | X _ 391 em Hela
=8 &3] 8] m— *x
=1 = S 25+ siHa
i £ dek
g 204
N -
i £ 15
2 10 4
i w s
=5 =1 2 91
i i e I
0
SiHa £ ®1 < é_; & & & &
g ' L '5‘2 (#\ & Oé\ &
S |

100 10¢ 10° 100 10°

10¢ 10°
FITC-A FITC-A
Control ShRNA

Figure 3. FOXCI silencing inhibits cervical cancer cell growth in vitro. (A) Western blotting was performed to confirm the effective knockdown of FOXCI.
(B) Effect of FOXC1 on Hela and SiHa cell proliferation was measured by Cell Counting Kit-8 assay. (C) Apoptosis was detected by Annexin V-FITC and PI
double staining and analyzed by flow cytometry when FOXC1 was silenced. "P<0.05, “P<0.01 vs. shRNA control. FOXCI, forkhead box protein C1; FITC,

fluorescein isothiocyanate; PI, propidium iodide; shRNA, short hairpin RNA.

expression and various clinicopathological factors (Table I).
The median expression level of FOXCI1 was used as a cut-off
point to divide all patients into two groups: Patients who
expressed FOXCI1 at levels above the cut-off value were
assigned to the high expression group (n=38), and those with
expression less than the cut-off value were assigned to the
low expression group (n=38). A high FOXC1 expression level
was demonstrated to be significantly associated with lymph
node metastasis (P=0.0178) and FIGO stage (P=0.0093).
However, a high FOXCI1 expression level was not associated
with other clinicopathological factors, including age, vaginal
involvement, tumor histology, and tumor size. Furthermore,
the Kaplan Meier analysis revealed that patients with a high
FOXCI expression have a poorer survival compared with
those exhibiting a decreased expression of FOXCI (Fig. 2).
The results revealed that FOXC1 expression served as a
potential independent prognostic factor in patients with
cervical cancer.

Knockdown of FOXCI inhibits cervical cancer cell prolif-
eration and induces apoptosis. As FOXC1 was demonstrated
to be increased in cervical cancer tissues, the present study
then knocked down FOXCI1 using shRNA to investigate
the biological function of FOXC1 in vitro. Hela, SiHa and
CaSki cells with high endogenous FOXCI1 expression were
selected for the knockdown. Western blot analysis was
performed to detect the knockdown efficiencies, and the
protein expression of FOXCI1 was significantly decreased
in FOXCI1 shRNA-transduced cells compared with control
shRNA-transduced cells (Fig. 3A). Cellular proliferation was
assessed using a CCK-8 assay and the results demonstrated
that FOXCI1 silencing resulted in a significant inhibition of
Hela and SiHa cell proliferation at 72 and 96 h (Fig. 3B).
To further investigate the effect of FOXCI1 on cell survival,
the present study measured cell apoptosis using flow cytom-
etry. As presented in Fig. 3C, knockdown of FOXCI1 led
to a significant increase in apoptosis (Fig 3C). These data
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Figure 4. Knockdown of FOXC1 decreases migratory and invasive abilities of cervical cancer cells. (A) Wound-healing capacity of Hela, SiHa and CaSki cells
transduced with control sShRNA or FOXCI1 shRNA. (B) Matrigel-coated Transwell cell invasion assays of control cells and FOXC1 shRNA stably transduced
cervical cancer cells. (C) p-AKT, c-Myc, and Bcl-2 protein levels were downregulated by FOXC1 shRNA in Hela, SiHa and CaSki cells. “P<0.01 vs. shRNA
control. shNRA, short hairpin RNA; FOXCI, forkhead box protein C1; p, phosphorylated; AKT, RAC-a serine/threonine-protein kinase (AKT); c-Myc,

proto-oncogene c-Myc; Bcl-2, apoptosis regulator B cell lymphoma-2.

suggested that FOXC1 exhibited a key role in cervical cancer
cell survival.

FOXCI silencing attenuates cell invasion. To further evaluate
the effect of FOXC1 on cervical cancer progression, the present
study detected the influence on cervical cancer cell migration
and invasion. Migration was assessed via a wound-healing
assay, whereas invasion was assessed using a Matrigel invasion
assay. FOXC1 silencing significantly delayed wound healing
of Hela, SiHa and CaSki compared with control-transduced
cells (Fig. 4A). Furthermore, FOXC1 knockdown in Hela,
SiHa and CaSki cells significantly decreased the invasion of
cells through the Matrigel basement membrane (Fig. 4B). To
study the mechanism implicated in the reduction of growth
rate and invasion in cervical cancer cell, the relative levels
of proteins that are direct or indirect targets of FOXCI were
analyzed. As presented in Fig. 4C, the expression of p-AKT,
c-Myc and Bcl-2 protein in FOXC1 shRNA-transduced cells
was decreased compared with control shRNA-transduced
cells (Fig. 4C).

Discussion

Several reports have demonstrated that aberrant FOXC1
expression is associated with the development and progression
of a variety of cancers, including breast, hepatocellular carci-
noma, pancreatic and non-small cell lung cancers (9,12,14,15).
However, FOXC1 expression and its potential role in cervical
cancer remains unclear. The present study aimed to explore
the expression of FOXCI in cervical cancers compared with

benign cervical tissues, assess its association with clinico-
pathological parameters, and investigate its prognostic value
for cervical cancer patients.

The present study demonstrated that the mRNA level of
FOXCI in cervical cancer tissues was significantly increased
compared with non-cancerous cervical tissues. Consistent with
previous studies, an increased FOXC1 expression was revealed
to be positively associated with lymph node metastasis, FIGO
stage, and poor prognosis (9,13,15). It has previously been
demonstrated that FOXC1 is overexpressed in human cancer
and acts as an oncogene to promote proliferation and metas-
tasis. A previous study suggests that non-canonical Hedgehog
signaling is mediated by FOXC1 to determine the basal-like
breast cancer stem-like phenotype and anti-Hedgehog sensi-
tivity (19). FoxCl1 has additionally been demonstrated to act
as a transcriptional factor involved in tumor cell growth via
regulating the cell cycle (12,20,21). In accordance with the
results of previous studies, the present study demonstrated
that FOXC1 silencing decreased cell proliferation and induced
cell apoptosis. The involvement of FOXCI in regulating
tumor metastasis has been previously described in breast
cancer, hepatocellular carcinoma, melanoma, nasopharyngeal
carcinoma, and non-small cell lung cancer (8,9,17,19,22). The
present study demonstrated that shRNA-mediated FOXC1
downregulation yielded a significant decrease in cell migra-
tion and invasion. The phosphoinositide 3-kinase (PI3K)-Akt
signaling pathway has been previously demonstrated to be
important in cancer cell proliferation and invasion (23-25).
Depletion of FOXC1 in cervical cancer cells significantly
reduced expression levels of p-AKT, c-Myc and Bcl-2, which
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are known to exhibit important roles in tumor progression.
The data suggested that activation of PI3K/AKT signaling
pathways were involved in FOXCI-mediated cell proliferation,
migration, and invasion of cervical cancer cells.

In conclusion, the results of the present study demonstrated
that FOXC1 was highly expressed in cervical cancer and
increased FOXCI1 expression was positively associated with
metastasis, FIGO stage, and OS. Functional studies suggested
that knockdown of FOXC1 suppressed cell proliferation, migra-
tion and invasion by regulating the AKT signaling pathway.
The results suggested that FOXC1 exhibits an important role
in cervical cancer and may act as a potential therapeutic target
for future treatment of the disease.
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