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Abstract. - OBJECTIVE: The aim of this
study was to investigate the expression charac-
teristics of forkhead box K1 (FOXK1) in breast
cancer (BCa). Meanwhile, its relationship
clinicopathology and prognosis of patieng
BCa was also explored.

PATIENTS AND METHODS: The expres
level of FOXK1 in 65 paired BCa tissues and
ra-cancerous tissues was dete
titative Real Time-Polymerasg
(qRT-PCR). The relationship
pression and BCa pathg
well as the prognosis o
Meanwhile, the exp,

r in Wiose with high expression. Meanwhile,
Il survival rate was remarkably lower
ents with high expression. In addition,
compared with the negative control group, the
proliferation ability of cells in FOXK1 knockdown
group was significantly decreased, while cell
apoptosis was markedly up-regulated. Besides,
Western blot results revealed that silencing
FOXK1 could reduce the levels of key proteins in

ignaling pathway, thereby
ant progression of BCa.
-IN-1, which was the inhib-
T/mTOR signaling pathway,
ersed the proliferative capacity
in FOXK1 overexpression group, as well
ad anti-apoptotic ability.

USIONS: FOXK1 expression was re-
2 ly increased both in BCa tissues and
cells. Meanwhile, it was markedly associated
ith pathological stage and poor prognosis of
patients. Besides, FOXK1 might promote the
malignant progression of BCa by inhibiting the
PI3BK/AKT/mTOR signaling pathway.

Key Words:
FOXKI, PI3K/AKT/mTOR, Breast cancer (BCa), Ma-
lignant progression.

Introduction

Breast cancer (BCa), as a common tumor
threatening human health, has an increasing
trend of morbidity and mortality year by year'?.
The latest statistical research led by the United
States has shown that BCa ranks first among
women in the United States and most parts of
the world. Meanwhile, the mortality of BCa
ranks second among all female cancer patients*.
According to the statistics of the annual tumor
registration report released by China Cancer
Registry, the incidence of BCa ranks first among
all female malignant tumors in China**‘. The
main cause of death in BCa patients is the rapid
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growth of BCa cells and other organs, as well
as even systemic metastasis. This results from
the proliferation, migration and invasiveness of
BCa cells’. Therefore, elucidating the molecular
mechanism of BCa helps to demonstrate the
mechanism of cell proliferation, migration and
invasion. It is of great significance for clinical
evaluation of malignancy and prognosis, which
is also important for gene-targeted therapy of
BCa’. Currently, significant breakthroughs have
been made in drug susceptibility and surgical
techniques. However, the recurrence and metas-
tasis of BCa still occur frequently, which is the
leading cause of death in patients with advanced
BCa®’. Furthermore, early diagnosis and treat-
ment can greatly reduce the further occurrence
of tumor deterioration. Therefore, scientists
have recently paid more attention to exploring
potential molecular markers for recurrence and
metastasis, which may provide new directions
for BCa treatment’.

The forkhead box (FOX) protein family is a
kind of transcription factors whose DNA binding
region has a winged helix structure. There gge
about 19 subfamilies of the FOX protein fZ
Recent studies have shown that the FOX {3
family regulates the transcriptional activil
target genes by binding DNA. Meanwhild

, Mef2,
et al'® have demon-
btion factor family

tiation'316, In colorectal cancer, lym-
d glioblastoma cell lines, protein kinase
) acts as a downstream regulator of phos-
phatidil inositol 3-kinase (P13K). AKT activates
ell cycle by phosphorylating FOXO1, FOX03
and FOXO04, thereby facilitating the process of
tumor cell transformation. Dephosphorylated (ac-
tivated) FOXOI, FOX03 and FOX04 can be trans-

ferred into the nucleus to induce cell dormancy or
apoptosis'>'”. The PI3K-AKT-mTOR signal trans-
duction pathway controls a large number of tumo
markers. All of them are involved in impor
cellular functions, including cell cycle, ce
vival, metabolism, cell movement and
instability®%°. Thus, scholars?? have grov

human tumors.
AKT and mTOR are4
signaling pathways a

XK1 might participate in
1 proliferation and apopto-
I3K/AKT/mTOR signaling

Patients and Methods

atients and BCa Samples

A total of 65 patients who received treatment
n the general surgery and oncology departments
in our hospital were enrolled in this study. Paired
BCa tissues and para-cancerous were obtained
from fresh specimens of biopsy or surgical re-
section. All collected tissue samples were stored
in a refrigerator at -80°C for subsequent use. 65
patients with BCa aged from 30 to 78 years, with
an average of 64.9 (56.9-79.8) years, were diag-
nosed by two senior directors of pathologists for
confirmation. This study was approved by the
Ethics Committee of Sanya People’s Hospital.
Signed informed consents were obtained from all
participants before the study.

Cell Lines and Reagents

Three human BCa cell lines (MCF-7, MDA-
MB-231 and SKBR3) and one normal mammary
epithelial cell line (MCF-10A) were purchased
from the American Type Culture Collection
(ATCC; Manassas, VA, USA). Both Dulbecco’s
Modified Eagle’s Medium (DMEM) medium and
fetal bovine serum (FBS) were purchased from
Life Technologies (Gaithersburg, MD, USA). All
cells were cultured in high glucose DMEM medi-
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um containing 10% FBS, penicillin (100 U/mL),
and streptomycin (100 pg/mL), and maintained in
an incubator at 37°C with 5% CO,. When grown
to 80% - 90% of confluence, the cells were digest-
ed with 1 x trypsin + ethylenediamine tetraacetic
acid (EDTA).

Cell Transfection

Negative control (NC) and FOXK1 (FOXK1
or FOXKI1-S) containing FOXKI lentiviral se-
quence were purchased from Shanghai Jima
Company (Shanghai, China). Cells were first
seeded into 6-well plates and cultured to a cell
density of 70%. Subsequently, lentiviral trans-
fection was performed according to the manu-
facturer’s instruction. 48 hours after transfec-
tion, the cells were selected for quantitative Real
Time-Polymerase Chain Reaction (qRT-PCR)
analysis, Western blot analysis and cell function
experiments.

Cell Proliferation Assay

The proliferation of cells was examined us-
ing Cell Counting Kit-8 (CCK-8; Dojindo Lgk
oratories, Kumamoto, Japan). Briefly, 104

added in each well, followed by the add
of 10 pL of CCK-8 solution. Afterward,
cells were incubated for 1 h i
37°C. Finally, optical densit
of each well at 450 nm wjg
croplate reader.

Colony Formati

was changed after
ed twice a week.

mb® of formed colonies was counted.

Cytometry Analysis of
Cell Apoptosis

Cell apoptosis was detected by flow cytome-
try, combining with Annexin V-FITC (fluores-
cein isothiocyanate; Millipore, Billerica, MA,
USA) and Propidium lodide (PI). A specific pro-
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cedure was as follows. First, the density of cells
was adjusted to about 1x10° cells/ml. The medi-
um was removed, and cells were washed twic
with PBS. Secondly, the cells were re-suspen
gently with 0.5 mL of pre-cold 1x bindin
fer. 1.25 uL of Annexin V-FITC wa
followed by incubation at room temperat

Lastly, the cells were re-s
0.5 mL of pre-cooled
10 uL PI was added

rst strand of cDNA using
gent (TaKaRa, Otsu, Shiga,
ve Real Time-Polymerase Chain
ion (QRT-PCR) reaction was performed us-

)’ Premix Ex TaqTM (TaKaRa, Otsu,
nd StepOne Plus Real Time-PCR System
Applied Biosystems, Foster City, CA, USA). The
primers used were as follows: FOXK1: forward:
> TGAGCCCCAGAACTGAGAAG-3’, reverse:
5-GCGCTACACTGACATTGGAG-3’; B-actin:
forward: 5’-CCTGGCACCCAGCACAAT-3’, re-
verse: 5’-TGCCGTAGGTGTCCCTTTG-3". Data
analysis was performed using ABI Step One
software (Applied Biosystems, Foster City, CA,
USA). Finally, the relative expression levels of
mRNAs were calculated using the 244t method.

Western Blot Assay

Transfected cells were first lysed with cell lysis
buffer, shaken on ice for 30 minutes and centri-
fuged at 14,000 x g for 15 minutes at 4°C. Total
protein concentration was calculated by the bicin-
choninic acid (BCA) Protein Assay Kit (Pierce,
Waltham, MA, USA). Extracted proteins were
separated by 10% sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis (SDS-PAGE) gel
and transferred onto polyvinylidene difluoride
membranes (Millipore, Billerica, MA, USA).
Western blot analysis was performed according
to standard procedures. Primary antibodies in-
cluded FOXKI1, PI3K, AKT, mTOR, GAPDH
and secondary antibodies were anti-mouse and
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anti-rabbit. All of the antibodies used were pur-
chased from Cell Signaling Technology (Dan-
vers, MA, USA).

Statistical Analysis

GraphPad Prism 5 V5.01 software (La Jolla,
CA, USA) was used for all statistical analysis.
Student’s #-test was used to compare the differ-
ence between the two groups. One-way ANO-
VA was performed to compare the difference
among different groups, followed by Post-Hoc
Test (Least Significant Difference). Independent
experiments were repeated at least three times.
Experimental data were represented as averaged
+ standard deviation. There were three levels of
p<0.05, p<0.01 and p<0.001 as the significance
level, and p<0.05 was considered statistically
significant.

Results

FOXK1 Was Highly Expressed in
BCa Tissues and Cell Lines

To determine the role of FOXK1 in B
first collected 65 pairs of BCa tissues
ra-cancerous tissues. The differencesgof
expression in BCa tissues and
tissues were detected by qRT-P,
showed that FOXK1 level
evated in BCa tissues wh
ra-cancerous tissues (Fi
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igure 1. FOXK1 was highly expressed in BCa tissues and cell lines. A, QRT-PCR detection of FOXK1 level in BCa tissues
and adjacent tissues. B, QRT-PCR detection of BCa tumor histo-pathological grades between T1-2 and T3-4 level of FOXKI.

C, QRT-PCR was used to detect the level of FOXK1 in BCa cell lines. D, Kaplan-Meier survival curve of BCa patients based
on FOXK1 level. The prognosis of patients with higher level of FOXK1 was significantly worse than that of patients with lower
level. Data were represented as mean + SD. *p<0.05, **p<0.01, ***p<0.001.
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spicuously higher than that of normal breast cell
line MCF-10A. Among them, MCF-7 and SKBR3
cell lines expressed the highest level of FOXK1
(Figure 1C).

FOXKT1 Level Was Correlated With
Clinical Stage and Overall Survival of
BCa Patients

According to qRT-PCR results in 65 pairs of
BCa tissues and para-cancerous tissues, all pa-
tients were divided into high FOXK1 expression
group and low FOXK1 expression group, respec-
tively. The number of patients in each group was
counted. Subsequently, the relationship between
FOXKI1 expression and age, gender, pathological
stage, lymph node metastasis and distant metas-
tasis of BCa patients was analyzed by Chi-square
test. As shown in Table I, a high level of FOXK1
was positively correlated with pathological stage
of BCa. In addition, to explore the relationship
between the expression level of FOXKI1 and the
prognosis of BCa patients, we collected rele-
vant follow-up data. The Kaplan-Meier survival
curves showed that high expression of FO
was significantly associated with poor pro
of BCa patients. Higher FOXK1 level in
worse prognosis of patients (p<0.05; Figure

Knockdown of FOXKT In
Proliferation of BCa C

To explore the effects
ation of BCa cells, thegFO

was first successfully constructed. Transfection
efficiency was verified by qRT-PCR and Western
blot assay (Figure 2A, 2B). Subsequently, the pro.
liferation of cells in the NC group and FOXK 14
terference group FOXK1-S was detected by
8 and colony formation assay. The result
that the proliferation rate of cells i
group was significantly decreased
with the NC group (Figure 2C, 2

Knockdown of FOXi
poptosis of BCa C

blot assay was used to further ex-
mechanism in which FOXK1 promot-
the malignant progression of BCa. The re-
sults showed that the protein levels of p-PI3K,
-AKT and p-mTOR in the PI3K/AKT/mTOR
pathway were markedly increased after silencing
of FOXK1 (Figure 3).

clinicopathologic characteristics of breast cancer.

FOXK1 expression

ber of cases Low (%) High (%) p-value
0.673
30 17 13
35 18 17
0.783
25 14 11
40 21 19
0.018
32 22 10
33 13 20
h node metastasis 0.297
No 28 13 15
Yes 37 22 15
Distance metastasis 0.128
No 39 24 15
Yes 26 11 15
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Figure 2. Knockdown of FOXK1 inhibited the proliferation and apoptosis of BCa cells. A, QRT-PCR verified the interference
efficiency of small interference transfection of FOXK1 in MCF-7 and SKBR3 cell lines. B, Western blot verified the interference
efficiency after small interference transfection of FOXK1 in MCF-7 and SKBR3 cell lines. C, D, CCK-8 assay detected the
effect of FOXK1 on the proliferation of BCa cells (MCF-7 and SKBR3). E, Colony formation assay detected the proliferation of
MCF-7 and SKBR3 cell lines after interference with FOXK1 (Magnification x 40). F, Flow cytometry assay detected the effect
of interference with FOXK1 on the apoptosis of BCa (MCF-7 and SKBR3). Data were represented as mean + SD. *p<0.05.
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Figure 3. The mechanism of FOXKI in the regulation
of the PI3K/AKT/mTOR signaling pathway in BCa cells.
Western blotting verified the protein expression levels of
PI3K, AKT and mTOR after interference with FOXKI in
MCF-7 and SKBR3 cell lines.

PIBK/AKT/mTOR Signaling Pathway
Inhibitor PI3KD/mTOR-IN-1 Reverseg
FOXKT Induced Carcinogenesis
To further explore the mechanism of FOX]
BCa, we successfully constructed FOXK1 o

Western blot assay (Fig
ly, CCK-8 and colon

> 4D, 4E). Annexin
results showed that

s markedly higher than that
(Figure 4F).

Discussion

ecent years, due to changes in dietary
structure and lifestyle, as well as the combina-
tion of environmental and biological factors, the
incidence of BCa has shown an upward trend'?.
Currently, BCa is one of the most common ma-
lignant tumors among women, which is also a
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major risk for cancer-related deaths**. Rapid pro-
gression is the leading cause of death of BCa pa-
tients, accounting for more than 90% of deaths™®
Researchers®® have found that malignant g
and active cells can enter the body’s circ
system before the diagnosis of tumors,
ing the importance of early diagnosj
metastasis. Therefore, searching
markers related to proliferation

can also provide effective
strategies®”.

The forkhead (FO
transcription facto

d DNA binding
inged domain or
XK1 is a sequence-specific
binding to the myoglobin
I Studies'*"® have indicated
nown as myocyte nuclear

OXK1 at the amino acid level, human
gene (consisting of 733 amino acids) and
ouse FOXK1 gene (consisting of 791 amino ac-
ids) have 88.7% homoousia'®. At present, people
ave gained some understanding of the promo-
tional effects of FOXKI1 on the development and
progression of tumors. There are preliminary
reports on FOXK1 in colorectal cancer, intestinal
cancer and osteosarcoma. However, the exact
role of FOXKI in BCa remains unclear*-'®. In
BCa cells, transcription factors of FOXKI1 and
FOXK2 are DVL (Dishevelled)-related proteins.
These two transcription factors can promote DVL
nuclear translocation and activate the Wnt/b-cat-
enin signaling pathway. Meanwhile, FOXKI and
FOXK2 are highly expressed in human BCa tis-
sues'™>'®. Furthermore, it has been found'¢ that the
deletion of FOXK1 and FOXK2 can simultane-
ously inhibit the Wnt pathway, cell proliferation
and in situ implanted tumors.

Nowadays, abnormal expression of FOXKI
has been found in a variety of tumors of differ-
ent organs of the body. This suggests'*'* that it
may be associated with malignant progression of
tumors. In our work, we collected a large num-
ber of clinical BCa samples for the first time to
explore the role of FOXK1 in BCa development.
The expressions of FOXKI1 in fresh BCa surgical
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. PIBK/AKT/mTOR pathway inhibitor PI3Ka/mTOR-IN-1 reversed the malignant progression of BCa cells induced
K1. A, QRT-PCR verified the expressions of FOXK1 in MCF-7 and SKBR3 cell lines of FOXK1 overexpressing and
FOXKI1+PI3Ka/mTOR-IN-1 groups. B, Western blot revealed the protein expression of FOXK1 in MCF-7 and SKBR3 cell
ines of FOXK1 overexpressing and FOXK1+PI3Ka/mTOR-IN-1 groups. C, D, CCK-8 assay demonstrated that PI3Ka/mTOR-
IN-1 reversed the effect of FOXKI1 on the proliferation of BCa cells. E, Colony formation assay revealed the effect of PI3Ka/
mTOR-IN-1 on the proliferation of MCF-7 and SKBR3 cell lines (Magnification x 40). F, Flow cytometry was performed to
detect the effect of FOXKI+PI3Koa/mTOR-IN-1 on the apoptosis of MCF-7 and SKBR3 cell lines. Data were represented as
mean + SD. *p<0.05.
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specimens and BCa cell lines were detected at
both transcriptional and protein levels. The re-
sults showed that the expressions of FOXK1 were
significantly increased in most BCa tissues and
BCa cell lines when compared with para-cancer-
ous tissues and normal BCa cell line MCF-10A,
respectively. The above experimental results in-
dicated that a high level of FOXKI played an
extremely important role in the development and
progression of BCa. To further understand the
effects of FOXK1 on the biological behaviors
of BCa cell lines, CCK-8 cell proliferation as-
say, colony formation assay and flow cytometry
were performed in BCa cells overexpressing and
down-expressing FOXK1. We found that FOXK1
markedly promoted the proliferation of BCa cells
and inhibited cell apoptosis, thereby playing an
important role in BCa. However, the specific mo-
lecular mechanism remained unclear.

As a signal transduction pathway, the P13K/
AKT/mTOR signaling pathway is widely in-
volved in cell growth, proliferation and differen-
tiation regulation. PI3K plays an important role
in the development, progression, treatment
outcome of malignant tumors'. The PI3K
transduction pathway has also been recogn
an important pathway for BCa research for
years®, Besides, AKT, protein kinase B (PK
a Ser/Thr protein kinase that is
the development of malignan
downstream effector of P
ered as a key link in the
transduction pathway,gwvh

understand whether FOXK1
ment of BCa by regulating

ling Yathway after knockdown of FOXKI.
Its showed that the expression levels of
oteins, including PI3K, AKT and mTOR,
were remarkably decreased after knock-down of
FOXKI. This indicated that FOXK1 might play
an important role in promoting the proliferation
and inhibiting the apoptosis of BCa. Subsequent-
ly, we used the pathway inhibitor PI3Ka/mTOR-
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IN-1 to further verify whether FOXK1 promoted
the malignant progression of BCa through this
signaling pathway. It was found that PI3Ko,
mTOR-IN-1 could successfully reverse the
moting effect of BCa caused by FOXK1. Wj
progress of research, further understandi
roles of specific genes in the biologi
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