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Background: Forkhead box K1 (FOXK1) is members of the FOX transcription factor

family. Previous work has found out that FOXK1 promotes cell proliferation, migration

and invasion in several cancers, such as gastric cancer, glioma cancer and lung cancer;

however, the exact role of FOXK1 in breast cancer is still poorly known.

Methods: Here, the association between FOXK1 expression and the clinicopathological char-

acteristics of patients with breast cancer was identified. To further decipher the functional roles of

FOXK1, it was overexpressed or knocked down in MCF-7, MDA-MB-231 and MCF-10A cells.

Cell Counting Kit-8, colony formation and cell cycle assays were performed to examine the

proliferation of breast cancer cells. Moreover, wound-healing and Transwell invasion analyses

were carried out to explore the effect of FOXK1 on breast cancer cell migration and invasion.

Results: Our findings discovered that FOXK1 promotes cell proliferation, migration and

invasion in breast cancer. In addition, consistent with the previous report, FOXK1 also

facilitates EMT in breast cancer. TargetScan was used to predict up-stream of FOXK1,

indicating that miR-365-3p could regulate FOXK1 expression in breast cancer.

Conclusion: The findings of the present study demonstrated that miR-365-3p-FOXK1 axis

plays a key role in breast cancer.
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Introduction
Breast cancer has become one of the most common diagnosed cancer among women in

the world.1 Metastasis accounts for the majority of morbidity and mortality in breast

cancer.2 Although progress has been made in the diagnosis and treatment of breast

cancer, the survival rate is still low.3 Therefore, it is an emergency to investigate the

underlying molecular mechanism of breast cancer and develop novel therapeutic

targets for the treatment.

Forkhead box K (FOXK) family is a subgroup of the Forkhead transcription

factors, known to regulate multiple biological processes,4 including cell cycle

progression, apoptosis, differentiation, metabolism, survival and senescence.5

FOXK1, also known as MNF, has been found to regulate expression, such as

p21, c-myc and cdc2, through recognizing the DNA sequence motif,

WRTAAAAYA.6 Previous studies have revealed that FOXK1 induces the epithe-

lial–mesenchymal transition (EMT) in tumour cells, maintains the invasive poten-

tial of GC and promotes cell proliferation in ovarian cancer.7,8 These data support

a role for human FOXK1 in regulating the developmental process as well as the
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potential involvement of FOXK1 in tumorigenesis.

However, the function and mechanism of FOXK1 in breast

cancer remain little known.

EMT is a complicated process necessary during wound

healing, embryonic development and tumor progression.9,10

Epithelial cells lose their epithelial features and gain

mesenchymal characteristics and become invasive. At the

molecular level, the expression of the epithelial marker,

such as E-cadherin, is decreased and the expression of

mesenchymal markers, such as N-cadherin and vimentin, is

increased.11–13 EMT alters the polarity, adhesion ability and

improves their migratory and invasive ability.9,10,14 Several

transcription factors have been found to be involved in the

progress of EMT, such as Slug, Snail and ZEB1.15–18

MicroRNAs (miRNAs) are a class of 22-nucleotide

noncoding RNAs encoded by endogenous genes.19 They

are known to induce mRNA degradation by binding to the

3′-untranslated region (UTR) of the target.20 Aberrant

microRNA expression influences tumor development and

progression in breast cancers.21 miR-365 has been found

to inhibit breast cancer cell growth and chemo-resistance

through GALNT4.22 And miR-365 is considered as

a potential diagnostic biomarker for breast cancer.23

In the present study, we examine the function of FOXK1

in the development and progression of breast cancer. We

discovered that FOXK1 is up-regulated in breast cancer

tissues and cell lines. FOXK1 promotes cell migration and

invasion by regulating EMT process in breast cancer.

Interestingly, our work found that miR-365-3p is up-stream

of FOXK1, so we provided that miR-365-3p-FOXK1 axis

plays key roles in the progression of breast cancer.

Materials and Methods
Cell Lines
Human breast cancerMCF-7 cells,MDA-MB-231 and human

normal breast epithelial cell line MCF-10A were available

from American Type Culture Collection (Manassas, VA,

USA). MCF-10A cells were cultured in DMEM/F12 medium

supplementedwith insulin (10 μg/mL), EGF (10 ng/mL), heat-

inactivated horse serum (5%), cholera toxin (1 μg/mL) and

hydrocortisone (1 μg/mL). MCF-7 and MDA-MB-231 cells

were cultured in DMEM (Fisher Scientific International Inc.,

Hampton, NH, USA) supplemented with 100 μg/mL penicil-

lin/streptomycin (Fisher Scientific International Inc.) and 10%

fetal bovine serum (FBS, Fisher Scientific International Inc.).

All cells were cultured at 37°C in a humidified atmosphere

with 5% CO2.

Tissue Samples
A total of 93 tissue samples were collected from patients with

breast cancer which was diagnosed at the Linyi Central

Hospital fromMarch 2005 to April 2013. None of the patients

underwent therapy prior to specimen collection, such as che-

motherapy and radiotherapy. We had obtained the approval of

the ethics committee of the Linyi Central Hospital before this

study. Informed consent has been signed by all patients parti-

cipated in this study.

Western Blotting
Tissue samples and cells were lysed in ice-cold RIPA lysis

buffer (Beyotime Institute of Biotechnology) to extract whole

protein according to the manufacturer’s protocol. The protein

concentration was measured using Pierce™ BCA Protein

Assay Kit (Pierce, Waltham, MA, USA). Fifty-microgram

protein samples were loaded in each lane, which was further

separated by 8% sodium dodecyl sulfate-polyacrylamide gel

electrophoresis (SDS-PAGE) and transferred to nitrocellulose

filter membranes (Millipore, Billerica, MA, USA). After

blocking in 5% skimmed milk at room temperature for 1 h,

the membranes were incubated with indicated antibodies at 4°

C overnight and then incubated with horseradish peroxidase

(HRP)-conjugated secondary antibodies for 1 h at room tem-

perature. Finally, the blots were detected by enhanced chemi-

luminescence (Cell Signaling Technology) according to the

manufacturer’s protocol. β-Actin was used as an internal con-
trol. Antibodies as followed: FOXK1 (no. HPA018864;

1:2000; Sigma-Aldrich, St. Louis, MO, USA), E-cadherin

(no. HPA004812; 1:1000; Sigma-Aldrich, St. Louis, MO,

USA), N-cadherin (no. HPA058574; 1:1000; Sigma-Aldrich,

St. Louis, MO, USA), vimentin (no. HPA001762; 1:2000;

Sigma-Aldrich, St. Louis, MO, USA), Slug (no.

SAB1305973; 1:2000; Sigma-Aldrich, St. Louis, MO, USA),

Snail (no. SAB1306281; 1:2000; Sigma-Aldrich, St. Louis,

MO, USA) β-actin (no. A1978; 1:5000; Sigma-Aldrich,

St. Louis, MO, USA), Goat Anti-Mouse IgG H&L (HRP)

(no. ab205719; 1:3000; Abcam, Cambridge, UK) and Goat

Anti-Rabbit IgG H&L (HRP) (no. ab6721; 1:5000; Abcam,

Cambridge, UK).

RNA Extraction, Reverse Transcription,

and Real-Time PCR
Total RNA was extracted from tissues or cells using

TRIzol (Life Technologies) according to the manufac-

turer’s protocol. Two micrograms RNA was used to

synthesize complementary DNA (cDNA) using a poly-A
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polymerase-based First-Strand Synthesis kit (Takara,

Dalian, China). Subsequently, SYBR Green I (Applied

Biosystems) was used to perform RT-qPCR. Primers for

U6 (no. miRAN0002-1-100) and miR-365-3p (no.

MQPS0000357-1-100) were purchased from RiboBio

(Guangzhou, China). GAPDH or U6 was used as internal

controls for mRNA or miRNA, respective. Relative fold

expressions were calculated using 2−ΔΔCt method.24

Cell Counting Kit (CCK-8) Assay
To determine the effect of FOXK1 on cell proliferation,

CCK-8 assay was performed according to the manufac-

turer’s protocol. MCF-7 and MDA-MB-231 cells were

transfected with FOXK1 plasmid or FOXK1 siRNA,

respectively. After transfection for 24 h, cells were placed

into a 96-well plate at a density of 3×103 cells in 200 µL

DMEM supplement with 10% FBS. Twenty-microliter

CCK-8 was added into each well and cells were incubated

for 60 min at 37°C. At 0 h, 24 h, 48h and 72 h, absorbance

was measured at 450 nm using an ELx800 microplate

reader (BioTek Instruments, Inc., Winooski, VT, USA).

Each experiment was carried out three times.

Cell Cycle Analysis
Approximately 4×105 transfected cells were harvested by

0.25% trypsinization and washed with ice-cold phosphate-

buffered saline (PBS) three times. After fixation in 75%

ice-cold ethanol in PBS at 4°C overnight, cells were

washed with ice-cold and incubated with RNase at 37°C

at least for 30 min, followed by incubation with propidium

iodide (PI) for 20 min at room temperature. Finally, the

cell cycle was determined using FACSCanto II flow cyt-

ometer (Becton-Dickinson & Co., Franklin Lakes, NJ,

USA). Each experiment was carried out three times.

Transwell Invasion Assay
Transwell chamber (BD Biosciences) was used to measure

the ability of cells to invade. First, 80 μLMatrigel (Matrigel:

DMEM=1:8) was added into Transwell chambers and incu-

bated at 37°C for 30 min to solidify. The upper chamber

contained almost 2×104 cells in 200 µL serum-free DMEM.

The lower chamber contained 500 μL DMEM with 10%

FBS. After incubation at 37°C in an atmosphere containing

5% CO2 for 48 h, cells on the surface of membranes were

removed by swab cotton softly and stained with 0.1% crystal

violet for 15 min at room temperature. Finally, the invading

cells were imaged and counted under a light microscope at

×200 magnification (Olympus Corporation). Each experi-

ment was carried out three times.

Wound-Healing Assay
MDA-MB-231 cells were transfected with FOXK1 plasmid

or FOXK1 siRNA for 48 h and placed into 6-well plates at

the density of 6×106 cells/well with serum-free DMEM.

After scratching using a pipette tip, cells were incubated at

37°C in an atmosphere containing 5% CO2 for 48 h. Images

of wound healing were captured under an inverted micro-

scope at ×100 magnification (Olympus Corporation, Tokyo,

Japan) at 0 h and 48 h after scratching. Results were ana-

lysed with ImageJ software (version 1.2; National Institutes

of Health). Each experiment was carried out three times.

Dual-Luciferase Reporter Assay
MCF-7 cells were placed in 12-well plates and co-

transfected with miR-365 mimics, renilla and WT-FOXK1

3ʹ-UTR or MT-FOXK1 3ʹ-UTR. After transcription for 24 h,

the cells were harvested. The luciferase activity was evalu-

ated using a dual-luciferase reporter assay system (Promega,

Madison, WI) according to the manufacturer’s instruction.

Firefly luciferase activity was normalized to Renilla lucifer-

ase activity. Each experiment was carried out three times.

Statistical Analysis
The results are expressed as the mean ± standard deviation

from at least three separate experiments. All data were

analyzed using GraphPad Prism 8.0 software (GraphPad

Software, Inc., La Jolla, CA, USA). Student’s t-test and

one-way analysis of variance followed by the Turkey post

hoc test was performed to determine the statistical signifi-

cance among two groups or multiple groups, respectively.

Kaplan–Meier method followed by log-rank test was used

to perform survival curves (gepia.cancer-pku.cn) P<0.05

was considered as a statistically significant difference.

Results
FOXK1 Is Up-Regulated in Breast Cancer

Tissues and Cells
To explore the potential role of FOXK1 in breast cancer, we

first detected the FOXK1 mRNA and protein levels in 13

paired primary breast cancer tissues and the corresponding

adjacent normal tissues using RT-qPCR andWestern blotting

analyses. The result revealed that the expression of FOXK1

in primary breast cancer tissues was remarkably higher than

those in the adjacent normal breast tissues (Figure 1A).
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Figure 1 FOXK1 is up-regulated in breast cancer tissues and cells. (A) The expression of FOXK1 in breast cancer tissues and adjacent normal tissue samples as detected by

RT-qPCR and Western blotting. *p<0.05 vs Adjacent normal tissues. (B) The expression of FOXK1 in breast cancer cells as detected by RT-qPCR and Western blotting.

*p<0.05 vs MCF-10A. (C) The survival curve was analyzed on GEPIA website (gepia.cancer-pku.cn).
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Moreover, we also determine the expression of FOXK1 in

breast cancer cell lines, including MCF-7 and MDA-MB

-231. Consistent with the expression of FOXK1 in breast

cancer tissues, both mRNA and protein levels of FOXK1

were up-regulated in MDA-MB-231 and MCF-7 cells com-

pared with MCF-10A cells (Figure 1B). In addition, as

shown in Table 1, we found that the expression of FOXK1

is positively associated with tumor size, TNM stage and

lymph node metastasis (Table 1). We also assessed the cor-

relation of FOXK1 and the survival rate using GEPIAweb-

site (gepia.cancer-pku.cn), suggesting that high expression of

FOXK1 predicted a poor prognosis (Figure 1C). These

results suggest that FOXK1 is up-regulated and plays critical

roles in breast cancer.

FOXK1 Promotes the Proliferation of

Breast Cancer Cells
Because of the correlation of FOXK1 expression and tumor

size, we assumed that FOXK1 might promote cell prolif-

eration in breast cancer. To verify our hypothesis, we over-

expressed or knocked down FOXK1 in MCF-7 and MDA-

MB-231 cells, respectively. The expression of FOXK1 was

established using RT-qPCR and Western blotting analyses

(Figure 2A). To determine the effect of FOXK1 on cell

proliferation, we performed CCK-8 assay and colony for-

mation assay. As shown in Figure 2B, ectopic expression of

FOXK1 obviously increased the proliferation rate of MCF-

7 cells and inhibition of FOXK1 decreased the proliferation

rate (Figure 2B). The similar results were found in MDA-

MB-231 cells (Figure 2B). The result of colony formation

assay revealed that overexpression of FOXK1 resulted in an

elevated number of colonies and inhibition of FOXK1 led to

a reduced number of colonies (Figure 2C). Next, we further

decipher whether FOXK1 promotes cell proliferation

through regulation of cell cycle, so we then detected the

effect of FOXK1 on cell cycle. We found that FOXK1 could

facilitate G1/S phase transition (Figure 2D). Together, our

finding indicates that FOXK1 promotes the cell prolifera-

tion in breast cancer through facilitating G1/S phase

transition.

FOXK1 Improves the Invasive Ability of

Breast Cancer Cells
We next determined the potential impact of FOXK1 on

breast cancer cell invasion capacity using wound-healing

assay and Transwell invasion assay. The number of invaded

MDA-MB-231 cells was significantly increased after trans-

fection with ectopic expression-FOXK1 when compared

with the mock group (Figure 3A). And inhibition of

FOXK1 also promotes the invasion of MDA-MB-231

cells (Figure 3A). Moreover, as shown in Figure 3B, the

wound-healing assay indicated that the relative migration

distance was increased upon FOXK1 overexpression in

MDA-MB-231 cells (Figure 3B). Matrix metalloprotei-

nases (MMPs) are key enzymes for invasion and metastasis,

which are the major causes of mortality in breast cancer

patients.25 Among them, MMP-2/9 expression is linked

with increased metastasis in various tumors, including the

brain, prostate, and breast.25,26 So, we then determined the

effects of FOXK1 on the expression of MMP-2 andMMP-9

in MDA-MB-231 cells. As shown in Figure 3C, FOXK1

overexpression significantly increased the secretion of

MMP-2 and MMP-9, in contrast, FOXK1 inhibition

decreased the secretion of MMP-2 and MMP-9 in MDA-

MB-231 cells (Figure 3C).

FOXK1 Regulates EMT in Breast Cancer
As previously described, FOXK1 increases breast cancer cell

migration and invasion capacity. We next explored whether

FOXK1 may also be involved in the process of EMT in

breast cancer. As shown in Figure 4A, our results demon-

strated that ectopic expression of FOXK1 led to increase the

mRNA expression of N-cadherin and vimentin; whereas

decreased expression of E-cadherin in MCF-10A cells

(Figure 4A and B). In contrast, inhibition of FOXK1 in

Table 1 Clinic Pathologic Variables in 93 BC Patients

Variables No.

(n=93)

FOXK1 Protein

Expression

P value

Low

(n=30)

High

(n=63)

Age

≥ 40 51 18 33 0.49

< 40 42 12 30

Tumor size

Large (≥ 5 cm) 48 10 38 0.015

Small (< 5 cm) 45 20 25

Pathological grade

I-II 41 18 23 0.033

III-IV 52 12 40

Lymph node

metastasis

Yes 50 11 39 0.022

No 43 19 24
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Figure 2 FOXK1 promotes the proliferation of breast cancer cells. (A) FOXK1 was overexpressed or knocked down in MCF-7 and MDA-MB-231 cells, the expression of

FOXK1 was established using RT-qPCR and Western blotting. *p<0.05 vs vector or scramble siRNA (SCR). (B) CCK-8 analysis of FOXK1-transfected MCF-7 and MDA-MB

-231 and control cells. *p<0.05 vs vector or SCR. (C) Colony formation analysis of FOXK1-transfected MCF-7 and MDA-MB-231 and control cells. *p<0.05 vs vector or

SCR. (D) After transfection, cell cycle assay was performed. *p<0.05 vs vector or SCR.
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Figure 3 FOXK1 improves the invasive ability of breast cancer cells. (A) Transwell invasion assay in FOXK1-transfected MDA-MB-231 and control cells. *p<0.05 vs vector

or SCR. (B) Wound-healing assay in FOXK1-transfected MDA-MB-231 and control cells. *p<0.05 vs vector or SCR. (C) The effect of FOXK1 on MMP2/9 secretion was

identified by MMP2/9 ELISA kit. *p<0.05 vs vector or SCR.
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MDA-MB-231 cells significantly decreased the expression

of mesenchymal markers N-cadherin and vimentin and

improved the expression of epithelial marker E-cadherin

(Figure 4A and B). In addition, the expression of EMT-

related transcription factors, such as Slug and Snail, was

obviously elevated in the FOXK1-overexpressed MCF-10A

Figure 4 FOXK1 regulates EMT in breast cancer. (A and B). FOXK1 was overexpressed or knocked down in MCF-10A or MDA-MB-231 cells, respectively. The expression

of EMT markers was established using RT-qPCR and Western blotting. *p<0.05 vs vector or SCR. (C and D). The effect of FOXK1 on slug and snail expression was identified

by RT-qPCR and Western blotting. *p<0.05 vs vector or SCR.

Gao and Tian Dovepress

submit your manuscript | www.dovepress.com

DovePress
OncoTargets and Therapy 2020:13630

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


cells when compared with that of the control cells (Figure 4C

and D). In contrast, inhibition of FOXK1 in MDA-MB-231

reduced the expression of Slug and Snail in mRNA and

protein levels (Figure 4C and D). Together, our work indi-

cates that FOXK1 regulates EMT in breast cancer.

FOXK1 Is a Target of miR-365-3p in

Breast Cancer
Increasing evidence supports that micro-RNA (miR) plays

a key role in human cancer through targeting transcription

factors. To further explore the underlying mechanism of

FOXK1 in breast cancer, we predicted the up-stream of

FOXK1 using TargetScan. The result indicated that

FOXF1 might be a target of miR-365-3p (Figure 5A). To

further confirm this target association, the dual-luciferase

reporter gene plasmid containing the wild-type (WT) or

mutant-type MT of FOXK1 3ʹ-UTR (Figure 5B) was con-

structed. The result of dual-luciferase reporter assays in

MCF-7 cells suggested that inhibition of FOXK1 only

obviously increased relative luciferase activity of reporter

gene with wild-type, but not MT of FOXK1 3ʹ-UTR,

suggesting the essential role of miR-365-3p binding site

within FOXK1 3ʹ-UTR (Figure 5C). Meanwhile, we also

detected the effects of miR-365-3p on the expression of

FOXK1. As shown in Figure 5D, we found FOXK1

expression was negatively regulated by miR-365-3p

(Figure 5D). To sum up, our finding reveals that FOXK1

is a downstream target of miR-365-3p in breast cancer.

Figure 5 FOXK1 is a target of miR-365-3p in breast cancer. (A) FOXK1 is predicted to be a potential target of miR-365-3p. (B) The luciferase reporter gene plasmids

containing the wild type (WT) and mutant type (MT) of FOXK1 3ʹ-UTR were generated. (C) Dual-luciferase reporter assay revealed that the luciferase activity was

decreased in MCF-7 cells co-transfected with miR-365-3p mimics and WT 3ʹ-UTR of FOXK1 reporter plasmid, but unaltered in cells co-transfected with miR-365-3p mimics

and MT FOXK1 3ʹ-UTR plasmid. *p<0.05 vs miR-NC. (D) RT-qPCR and Western blotting analyses were conducted to examine the effect of miR-365-3p on the expression

of FOXK1. *p<0.05 vs miR-NC.
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Figure 6 Up-reComment: Dear TS, please replace fig 6 with attached fig 6gulation of miR-365-3p reverses the effects of FOXK1 on proliferation and invasion in breast

cancer cells. (A) MDA-MB-231 cells were co-transfected with FLAG-FOXK1 plasmid or/and miR-365-3p mimic or co-transfecting siFOXK1 or/and miR-365-3p inhibitor, the

expression of FOXK1 was identified using RT-qPCR and Western blotting analyses. *p<0.05 vs vector or SCR. (B) After transfection, CCK-8 assay was carried out to

determine cell proliferation. *p<0.05 vs vector or SCR. (C) After transfection, Transwell assay was performed to determine cell invasion. *p<0.05 vs vector or SCR.
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miR-365-3p Reverses the Effects of

FOXK1 on Proliferation and Invasion in

Breast Cancer Cells
To further investigate whether miR-365-3p was involved

in FOXK1-mediated malignant phenotypes of breast can-

cer cells, MDA-MB-231 cells were co-transfected with

pcDNA3.1-FOXK1 plasmids or/and miR-365-3p mimics

or co-transfecting siFOXK1 or/and miR-365-3p inhibitor.

The mRNA and protein levels of FOXK1 were established

using RT-qPCR and Western blotting analyses, respec-

tively (Figure 6A). The results of CCK-8 and Transwell

invasion assay demonstrated that up-regulation of miR-

365-3p reversed the effects of FOXK1 on proliferation

and invasion in MDA-MB-231 cells, and inhibition of

miR-365-3p reversed the effects of FOXK1 inhibition on

proliferation and invasion in MDA-MB-231 cells, suggest-

ing that miR-365-3p is indeed involved in FOXK1-

mediated malignant phenotypes of breast cancer cells

(Figure 6B and C).

Discussion
In the present study, FOXK1 expression was up-regulated in

breast cancer tissues and cell lines. The expression of FOXK1

was associated with tumor size, TNM stage and metastasis.

Moreover, the results of survival curve revealed that high

FOXK1 expression predicted a poor prognosis, thus suggest-

ing that FOXK1 may serve as a therapeutic target in breast

cancer. In addition, CCK-8, colony formation and cell cycle

assays demonstrated that ectopic expression of FOXK1 in

breast cancer cells significantly promotes cell proliferation

through facilitating G1/S phase transition. Moreover, we

found that FOXK1 also reduces cell migration and invasion

through the regulation of EMT. EMT is a critical step in cancer

metastasis,27,28 epithelial cells change phenotype and obtain

the characteristics of mesenchymal cells, gaining the ability to

migrate and contribute to tumor metastasis.29 During EMT

process, the expression of several proteins is alteration, such

as epithelial marker E-cadherin, mesenchymal markers

N-cadherin and vimentin, EMT-associated transcription fac-

tors TWIST, Snail and Slug.30 Multiple studies have demon-

strated that FOXK1 acts as a critical mediator of EMT in

certain tumors, such as gastric cancer,31 colorectal cancer32

and prostate cancer,33 indicating that FOXK1 regulates the

EMT process and may serve as the core protein during EMT

in human cancers.

MicroRNAs (miRNAs) are a class of 22-nucleotide non-

coding RNAs encoded by endogenous genes.19 MiRNAs

display abnormal expression and functions in multiple

kinds of malignancies, which act as different kinds of tumor-

related genes.34,35 miR-365-3p has been proven to act as

a potential inhibitor in different types of cancer. For example,

miR-365-3p inhibits the progression of cutaneous squamous

cell carcinoma through regulating cyclin-dependent kinase 6

and 4,36 and miR-365-3p also suppresses tumor growth,

proliferation and metastasis in malignant myeloma through

targeting NRP.37 Consistent with a previous report, we found

that miR-365-3p is down-regulated in breast cancer, and

regulates cell proliferation, migration and invasion through

targeting FOXK1.

However, there are still present several limitations to

our work. First, how FOXK1 regulates proliferation need

to be further investigated. RNA-seq and ChIP-seq can

perform to reveal the down-stream of FOXK1 in breast

cancer. Moreover, whether FOXK1 facilitates tumor pro-

liferation and metastasis needs to be verity in vivo.

In conclusion, our study provides evidence that

FOXK1 is up-regulated in breast cancer and serve as an

oncogene. Abnormal expression of FOXK1 can promote

cell proliferation, migration and invasion. miR-365-3p has

been found to down-regulate in breast cancer, here, our

work supports that FOXK1 is a target of miR-365-3p,

miR-365-3p-FOXK1 axis may as a potential therapeutic

strategy for breast cancer.
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