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MicroRNA-337-3p impedes breast cancer progression
by targeting cyclin-dependent Kkinase 1
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Abstract. MicroRNAs (miRNAs/miRs) function as key
regulators in breast cancer (BC). The present study aimed to
verify the function and molecular regulation of miR-337-3p
in BC cells. Bioinformatics analysis was performed to
screen key genes and miRNAs associated with BC. Reverse
transcription-quantitative PCR and western blot analyses
were performed to detect RNA and protein expression levels.
Cell Counting Kit-8, BrdU and cell adhesion assays, and flow
cytometric analysis were performed to assess the biological
behaviors of BC cells. The dual-luciferase reporter, RNA
pull-down assays, and Pearson's correlation analysis were
performed to determine the association between miRNAs and
mRNAs. Bioinformatics analysis revealed that miR-337-3p
and cyclin-dependent kinase 1 (CDK1) acted as key regulators
in BC. In addition, miR-337-3p was expressed at low levels in
BC cells and tissues, which suppressed BC progression. CDK1
expression was upregulated in BC cells and tissues, which
was associated with increased cell proliferation and adhesion,
as well as decreased apoptosis in BC. Notably, miR-337-3p
targeted CDK1 to inhibit BC cell progression. Taken together,
the results of the present study suggest that miR-337-3p plays a
tumor-suppressive role in BC by targeting CDK1.

Introduction

Breast cancer (BC) is the most diagnosed cancer among women
worldwide, with over one million cases and =400,000 females
succumbing to the disease every year, accounting for 14%
of total cancer deaths (1). BC is the second leading cause of
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cancer-associated mortality in women, following lung cancer (2).
According to data published by the American Cancer Society, as
of January 2019, >3,800,000 women were diagnosed with BC and
>150,000 of them are living with metastatic disease that severely
affects their quality of life (2). It is estimated that 12.8% of women
have a high risk of developing invasive BC in their lifetime, and
the mortality rate is >88.8/100,000 cases (2). Thus, it is important
to identify effective novel therapeutic targets for BC.

MicroRNAs (miRNAs/miRs) function as key regulators
in modulating cell proliferation, invasion, migration and
apoptosis in BC (3-5). miR-337-3p, a member of the miRNA
family, acts as a tumor suppressor in cancer progression.
For example, overexpression of miR-337-3p decreases cell
proliferation and invasion in clear cell renal cell carcinoma (6).
Furthermore, miR-337-3p inhibits the growth of hepatocellular
carcinoma (7) and cervical cancer (8). In BC, miR-337-3p
inhibits epithelial-to-mesenchymal transition (EMT) under
chronic stress by targeting STAT3 (9). However, the complexity
of BC progression suggests that the regulatory mechanism on
BC progression may involve multiple genes downstream of
miR-337-3p. Thus, the regulatory mechanism of miR-337-3p in
BC cells requires further investigation.

The cyclin-dependent kinase 1 (CDKI1) gene consists of
nine exons and is located on chromosome 10g21.2. CDK1
protein is a member of the Ser/Thr protein kinase family (10).
Previous studies have reported that CDK1 acts as an oncogene
in lung cancer (11), pancreatic ductal adenocarcinoma (12),
colorectal cancer (13),bladder cancer (14) and epithelial ovarian
cancer (15). In BC, CDK1 inhibition has been associated with
favorable treatment outcome, suggesting that CDK1 may be a
target for BC therapy (16). However, the upstream regulators
of CDK1 in BC remain unknown.

The present study aimed to investigate the molecular
regulation of miR-337-3p/CDKI1 and further verify its role in
BC. Based on a previous study (9), it was hypothesized that
miR-337-3p binds to 3'-untranslated region (UTR) of CDK1 to
decease its expression and inhibit BC progression.

Materials and methods

Bioinformatics analysis. GSE139038 (https://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE139038), an mRNA
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microarray dataset of BC and normal samples was downloaded
from the Gene Expression Omnibus (GEO) database (17)
(https://www.ncbi.nlm.nih.gov/geo/) that stores gene expres-
sion profiles. Genes upregulated in BC samples were screened
out based on the cut-off criteria of an adjusted P<0.05 (adj.P)
and log, fold-change (log,FC) >2. The upregulated genes
were uploaded to Search Tool for the Retrieval of Interacting
Genes/Proteins (STRING) (18) (https://string-db.org) for Gene
Ontology (GO) enrichment analysis, and the key genes were
further screened. The expression patterns of the key genes in
breast invasive carcinoma (BRCA) were analyzed according
to The Cancer Genome Atlas (TCGA) data (19). Kaplan-Meier
Plotter (20) (http://kmplot.com/analysis) or StarBase
(http://starbase.sysu.edu.cn/index.php) were used to analyze the
association between prognosis and the key genes and miRNAs
in BC. GSE143564 (21), a miRNA microarray dataset of BC
and normal samples was also downloaded from the GEO
database. Based on the cut-off criteria P<0.05, and log,FC<-1,
miRNAs downregulated in BC samples were screened out.
TargetScan (22) was used to predict miRNA target genes. The
key miRNAs were identified by overlapping the downregulated
miRNAs identified in the GSE143564 dataset and TargetScan.

Clinical samples. A total of 45 paired BC and adjacent normal
tissues (>3 cm from the tumor) were collected from patients
(median age, 50 years; range 38-67 years) who were diagnosed
with BC and underwent mastectomy at the People's Hospital of
Zhengzhou University (Zhengzhou, China) between February
2019 and June 2020. The inclusion criteria were as follows:
i) Pathological confirmation of BC; ii) normal cognition and
no communication problems; and iii) no radiotherapy or
chemotherapy prior to surgery. Exclusion criteria included:
i) Patients with other breast diseases; ii) patients with other
malignances; iii) serious heart, lung, kidney and other
organ complex diseases; iv) patients with serious infectious
diseases; and v) patients who refused to provide experimental
specimens. The specimens were preserved in liquid nitrogen
at -80°C until subsequent experimentation. The present
study was approved by the Ethics Committee of the People's
Hospital of Zhengzhou University (approval no. 2019-10), and
performed in accordance with the Declaration of Helsinki.
Written informed consent was provided by all patients prior to
the study start. The clinical characteristics of all patients are
presented in Table I.

Cell culture. The BC cell lines, T-47D, MCF7, MDA-MB-231,
SK-BR-3 and BT-474, and human normal mammary cells
(MCF10A) were purchased from the American Type Culture
Collection (ATCC). T-47D cells was maintained in RPMI-1640
(cat. no. 30-2001; ATCC) supplemented with 0.2 U/ml bovine
insulin and 10% fetal bovine serum (FBS) (Gibco; Thermo
Fisher Scientific, Inc.). MCF7 and MDA-MB-231 cells were
maintained in DMEM (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS. SK-BR-3 cells were maintained
in McCoy's 5SA medium (Gibco; Thermo Fisher Scientific,
Inc.). BT-474 cells were maintained in ATCC Hybri-Care
Medium (cat. no. 46-X) supplemented with 10% FBS. MF10A
cells were maintained in RPMI-1640 supplemented with 10%
FBS. All cells were cultured in an incubator at 37°C with 5%
CO,.

Table I. Clinical characteristics of patients with breast cancer
(n=45).

Number of Percentage,

Characteristic patients, n %
Age, years

<50 19 422

>50 26 57.8
Menstrual status

Premenopausal 24 53.3

Postmenopausal 21 46.7
ER status

Positive 25 55.6

Negative 20 44 4
Lymph node metastasis

Positive 16 35.6

Negative 29 64.4
TNM stage

I 9 20.0

I 14 31.1

I 20 44 4

v 2 44

ER, estrogen receptor; TNM, tumor-node-metastasis.

Ttransfection. Small interfering (si)-CDKI1, miR-337-3p
mimic, miR-337-3p inhibitor, and their corresponding negative
controls (si-NC, mimic-NC and inhibitor-NC) were purchased
from Shanghai GenePharma Co., Ltd. T-47D and MCF7 cells
were transfected at the exponential growth stage. T-47D and
MCEF7 cells (1x10°) were seeded into 6-well plates in 2 ml
RPMI-1640 medium (Gibco; Thermo Fisher Scientific, Inc.)
supplemented with 10% FBS and cultured for 24 h until
the cells reached 70% confluence. Cells were subsequently
transfected with 50 nM siRNA, mimic, or inhibitor, using
Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) and cultured in Opti-MEM serum-free
medium (Gibco; Thermo Fisher Scientific, Inc.) for 6 h
at 37°C. After removing the Opti-MEM serum-free medium,
fresh medium (RPMI-1640 or DMEM) supplemented with
10% FBS was added to the cells and further incubated for
48 h at 37°C. Transfection efficiency was analyzed via reverse
transcription-quantitative (RT-q)PCR and western blot
analyses 48 h post-transfection. Transfectant sequences are
displayed in Table SI.

RT-gPCR. RNA was isolated from BC tissues and cells using
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
A total of 200 ng of extracted RNA was reverse transcribed
into cDNA using the ReverTra Ace qPCR RT kit (Toyobo
Life Science). qPCR was subsequently performed using
Thunderbird® SYBR® qPCR Mix (Toyobo Life Science),
according to the manufacturer's instructions. The following
thermocycling conditions were used for qPCR: 95°C for
60 sec, 40 cycles of 95°C for 15 sec and 60°C for 30 sec.
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Table II. Primer sequences used for quantitative PCR.

Gene (accession no.)

Primer sequence (5'-3")

miR-337-3p (MIMATO0000754)
U6 (NR_004394)
CDK1 (NM_033379)

B-actin (EF095209)

Forward: CGCTTCAGCTCCTATATGA
Reverse: GCGAGCACAGAATTAATACGAC
Forward: GCAAATTCGTGAAGCGTTCCATA
Reverse: AACGAGACGACGACAGAC
Forward: AAATGTGTGTAGGTCTCAC
Reverse: ATGATTTAAGCCAACTCAAA
Forward: AGGCACCAGGGCGTGAT
Reverse: GCCCACATAGGAATCCTTCTGAC

miR, microRNA; CDK1, cyclin-dependent kinase 1.

The internal references for miR-337-3p and CDK1 were U6
and PB-actin, respectively. Table II lists the primer sequences
used for qPCR. The 224° method (23) was used to detect the
relative expression levels of miR-337-3p and CDKI.

Western blotting. Total protein was extracted from BC
cells using western and immunoprecipitation (IP) cell lysis
buffers (Sangon Biotech Co., Ltd.). The BCA Protein Assay
kit (Sangon Biotech Co., Ltd.) was used to quantify the
protein concentration. Equal amounts of proteins (20 ug)
were separated via 10% SDS-PAGE, transferred onto
nitrocellulose membranes (MilliporeSigma) and blocked
with Tris-buffered saline and 0.1% Tween 20 (TBST)
containing 5% non-fat skimmed milk at 25°C for 3 h. The
membranes were washed with TBST followed by incubation
with primary antibodies against CDK1 (1:1,000; Abcam,;
cat. no. ab18) and f-actin (1:2,000; Abcam; cat. no. ab8226)
overnight at 4°C. Subsequently, membranes were incubated
with horseradish peroxidase-conjugated secondary antibody
(1:2,000; cat. no. sc-2357; Santa Cruz Biotechnology, Inc.) for
1 h at 37°C. B-actin was used as the normalization control.
SuperSignal West Pico Chemiluminescent Substrate (Pierce;
Thermo Fisher Scientific, Inc.) was used to visualize the
protein bands, which were analyzed using ImageJ software
(Version 1.44; National Institutes of Health).

Cell Counting Kit-8 (CCK-8) assay. The CCK-8 (Abcam,;
cat. no. ab228554) assay was used to assess cell viability.
Cells were seeded into 96-well microtiter plates at a density
of 6.0x10° cells/well. Following transfection for 0, 24, 48,
and 72 h, 10 ul of CCK-8 solution was added to each well.
Following incubation for 2 h, the absorbance was measured at
a wavelength of 450 nm, using a spectrophotometric microtiter
plate reader (Bio-Rad Laboratories, Inc.).

BrdU cell proliferation (ELISA). The BrdU Cell Proliferation
ELISA kit (Abcam; cat. no. ab126556) was used. T-47D and
MCEF7 cells were plated at a density of 2x10° cells/ml in
100 ul/well cell culture media. Following transfection for 48 h,
20 ul of BrdU reagent was diluted twice and pipetted into the
cells. The plates were centrifuged for 5 min at 300 x g, 4°C.
The media was aspirated and fixing solution (200 ul/well) was
added to the cells. Following incubation at room temperature

for 30 min, the fixing solution was aspirated, and the plate was
washed three times with wash buffer. Cells were incubated
with anti-BrdU monoclonal antibody (100 ul/well; 1:500) for
1 h at room temperature. After washing the plates, 100 ul/well
peroxidase goat anti-mouse IgG conjugate (1:500) was added
to the cells and incubated for 30 min at room temperature.
Subsequently, 100 ul/well TMB peroxidase substrate
was added to the cells and incubated for 30 min at room
temperature. Finally, 100 ul of stop solution was added to each
well and a spectrophotometric microtiter plate reader was used
to measure the absorbance at a wavelength of 450 nm.

Cell adhesion assay. Fibronectin (Sigma-Aldrich; Merck
KGaA) was used to coat 96-well plates overnight, and the plates
were subsequently blocked with 1% BSA (Sigma-Aldrich;
Merck KGaA) at 37°C for 2 h. Cells (3x10*) were seeded
into 96-well plates with serum-free RPMI-1640 medium
(ATCC). Following incubation for 1 h, the non-adherent cells
were washed and 10 ul/well MTT substrate was added to the
adherent cells and incubated for an additional 2 h. Then, 150 u1
acidic isopropanol (0.1 N HCL and isopropanol) was added
to dissolve the purple formazan crystals, and the plates were
kept in the dark at room temperature for 15 min. Then, 100 pl
supernatant solution from each sample was transferred into a
96-well plate. Absorbance was measured at a wavelength of
570 nm, using a spectrophotometric microtiter plate reader.

Flow cytometric analysis. The Annexin V-FITC Apoptosis
Detection kit (cat. no. BMS500FI-100; Invitrogen; Thermo
Fisher Scientific, Inc.) was used in the present study. T-47D
and MCF7 cells were trypsinized after 48 h of transfection and
resuspended in 200 ul of 1X binding buffer at a cell density of
5x10° cells/ml. Subsequently, Annexin V-FITC (5 pl) and 10 pl
propidium iodide (PI) was added to the cells and incubated for
10 min at room temperature. Cell apoptosis was detected using
FACS (BD Biosciences) and CellQuest software (version 5.1;
Becton, Dickinson and Company) was used to analyze the results.

Wound healing assay. Following transfection, 1x10° cells were
seeded into 6-well plates and cultured until they reached 90%
confluence. Subsequently, a 200-u1 sterile pipette was used to
scratch the cell monolayers. After removing the non-adherent
cells, cells were cultured for 24 h in serum-free RPMI-1640
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medium. The images of the wounds at 0 and 24 h were
observed at x100 magnification under a light microscope
(DM2000; Leica Microsystems, Inc).

Transwell assay. After coating the Transwell chamber with
Matrigel® (Corning, Inc.), 5x10* cells were added to the upper
chamber in serum-free RPMI-1640 medium. Subsequently,
500 pl of medium containing 10% FBS was added to the lower
chamber. Following incubation for 24 h at 37°C, the invasive
cells on the lower surface were fixed with methanol at 25°C
for 10 min and stained with 0.1% crystal violet at 25°C for
20 min. Cells were observed at X200 magnification under a
light microscope.

Dual-luciferase reporter assay. Wild-type (WT) CDKI1
3'-UTR and mutant (MUT) CDK1 3'-UTR (without the
binding sites) were purchased from Shanghai GenePharma
Co., Ltd. The CDK1 3'-UTR WT and MUT sequences were
cloned into the pGL3 basic vector (Promega Corporation) to
generate pGL3-CDK1-3-UTR WT and pGL3-CDKI1-3'-UTR
MUT constructs. T-47D and MCF7 cells were seeded into
6-well plates and cultured until 60-80% confluence. Cells
were subsequently co-transfected with pGL3-CDK1-3'-UTR
WT and pGL3-CDK1-3'-UTR MUT and miR-337-3p
mimic/miR-NC, using Lipofectamine® 2000 (Invitrogen;
Thermo Fisher Scientific, Inc.). After 24 h, cells were lysed,
and luciferase activity was detected using the Dual-Luciferase
Reporter Assay System (Promega Corporation). Relative
luciferase activity normalized to Renilla luciferase activity.

RNA pull-down assay. Biotinylated miR-377-3p
(Bio-miR-377-3p) and the corresponding NC (Thermo
Fisher Scientific, Inc.) were transfected into T-47D and
MCF7 cells, using Lipofectamine® 2000 reagent (Invitrogen;
Thermo Fisher Scientific, Inc.). Cells were lysed with
500 pl immunoprecipitation (IP) buffer (20 mM Tris-HCI,
pH 8.0, 200 mM NaCl, 1 mM EDTA, I mM EGTA, 0.5%
Triton X-100, 0.4 U/ul RNasin, protease inhibitor cocktail) for
1 h at 4°C, and centrifuged at 14,000 x g for 15 min at 4°C.
Then, 500 ul cell lysates were incubated with 10 x1 Dynabeads
M-280 Streptavidin (Invitrogen; Thermo Fisher Scientific,
Inc.) according g to the manufacturer's protocol. In brief,
the beads were washed 3 times using RNase-free solutions
(Sigma-Aldrich; Merck KGaA) by centrifugation at 5,000 x g
for 5 min (4°C). After Bio-miR-377-3p was incubated at room
temperature for 10 min on a rotator, 10 mM EDTA (pH 8.2)
with 95% formamide (Sigma-Aldrich; Merck KGaA) was
added to the immobilized miR-377-3p fragment at 65°C for
5 min. The bound RNAs were isolated using TRIzol® reagent
and RT-qPCR analysis was performed to detect the expression
levels of the bound targets.

Statistical analysis. Statistical analysis was performed using
SPSS software (version 19.0; IBM Corp.). Data are presented
as the mean + SD. Paired or unpaired Student's t-test was used
to compare differences between two groups, while one-way or
two-way ANOVA followed by Dunnett's or Tukey's post hoc
test were used to compare differences between multiple groups.
Pearson's correlation analysis was performed to analyze the
correlations between miR-337-3p and CDK1 expression in BC

tissues. Kaplan-Meier plotter analysis was applied to assess the
relationship between gene expression and individual overall
survival. Associations between miR-337-3p/CDK1 expres-
sion and clinical characteristics were analyzed by Fisher's
exact test. P<0.05 was considered to indicate a statistically
significant difference.

Results

CDKI and miR-337-3p are key regulators in BC. Based on
the cut-off criteria of adj.P<0.05 and log,FC>2, 64 key differ-
entially expressed genes were identified in the GSE139038
dataset (consisting of BC samples) downloaded from the
GEO database. Following STRING analysis, 11 genes were
confirmed to be associated with cell proliferation (Fig. 1A).
In TCGA data, CDK1 and CKS2 were upregulated in BRCA
among the 11 genes (Fig. 1B). For prognosis of BC, CDK1
was closely associated with the prognosis of BC (Fig. 1C)
compared with CKS2, that was not significantly associated
with the prognosis of BC (Fig. SIA), according to the data
from the Kaplan-Meier plotter analysis. To identify the key
miRNAs in BC, downregulated miRNAs were screened from
the GSE143564 dataset using the cut-off criteria of P<0.05
and log,FC <-1, and the miRNAs that bind to CDK1 3'-UTR
were predicted using TargetScan. A total of three miRNAs
(miR-548aj-3p, miR-3685 and miR-337-3p) overlapped in the
GSE143564 and TargetScan (Fig. 1D) data. Among these three
miRNAs, miR-337-3p was closely associated with BC prog-
nosis (Fig. 1E), whereas miR-3685 and miR-548aj-3p were not
significantly associated with BC prognosis (Fig. SIB and C).
Therefore, it was hypothesized that CDK1 and miR-337-3p are
key regulators in BC.

miR-337-3p suppresses BC progression. To confirm the
potential role of miR-337-3p in BC, its expression was
detected in BC tissues and cells. The results demonstrated
that miR-337-3p was expressed at low levels in BC tissues and
cells (Fig. 2A and B). miR-337-3p expression was associated
with estrogen receptor (ER) status (P=0.013) and lymph
node metastasis (P=0.010); however, its expression was not
significantly associated with age, menstrual status or TNM
stage (Table IIT). miR-337-3p expression decreased by >50%
in T-47D and MCF7 cells compared with human normal
mammary cells (MCF10A) (Fig. 2B). Thus, T-47D and MCF7
cell lines were selected for subsequent experimentation. The
present study assessed the transfection efficiency of miR-337-3p
mimics or inhibitor in T-47D and MCF7 cells. The results
demonstrated that miR-337-3p expression increased >3-fold
following transfection with miR-337-3p mimics and decreased
to 70% following transfection with the miR-337-3p inhibitor
compared with their respective NCs (Fig. 2C). A series of
functional assays were performed to verify the proliferation,
adhesion and apoptosis of T-47D and MCF7 cells. The
results of the CCK-8 and BrdU assays demonstrated that
BC cell viability and proliferation were inhibited following
transfection with miR-337-3p mimic, and activated following
transfection with the miR-337-3p inhibitor (Fig. 2D and E).
Furthermore, the cell adhesion assay demonstrated that
BC cell adhesion was impaired following overexpression of
miR-337-3p and enhanced following miR-337-3p knockdown
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Table III. Association between miR-337-3p/CDK1 expression and clinical characteristics.

miR-337-3p expression CDKI1 expression

Characteristic Low (n=25) High (n=20) P-value Low (n=22) High (n=23) P-value
Age, years 0.736 0.436
<50 10 9 8 11
>50 15 11 14 12
Menstrual status 0.423 0.661
Premenopausal 12 12 11 13
Postmenopausal 13 8 11 10
ER status 0.013* 0.002°
Positive 18 7 7 18
Negative 7 13 15 5
Lymph node metastasis 0.010° 0.017¢
Positive 13 3 4 12
Negative 12 17 18 11
TNM stage 0.100 0.115
I 2 7 6 3
I 9 5 9 5
111 12 8 7 13
v 2 0 0 2

P<0.05; °P<0.01. P-value was analyzed using Fisher's exact test. ER, estrogen receptor; TNM, tumor-node-metastasis.

Expression pattern of input genes in Breast invasive carcinoma (BRCA)
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Figure 1. CDK1 and miR-337-3p are closely associated with BC. (A) Search Tool for the Retrieval of Interacting Genes/Proteins analysis identified 11 genes
associated with cell proliferation. (B) CDK1 expression was significantly upregulated in breast invasive carcinoma based on The Cancer Genome Atlas
database. (C) CDK1 was closely associated with the prognosis of BC. The data from Kaplan-Meier plotter with mRNA RNA-seq to overall survival. (D) Three
miRNAs were overlapped from GSE143564 and TargetScan. GSE143564 included differentially expressed miRNAs in BC samples. TargetScan included the
miRNAs binding to the CDK1 3'-untranslated region. (E) miR-337-3p was closely associated with the prognosis of BC. CDKI, cyclin-dependent kinase 1;
miRNA/miR, microRNA; BC, breast cancer.
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Figure 2. miR-337-3p suppresses the proliferation and adhesion but promotes the apoptosis of BC cells. (A) RT-qPCR analysis was performed to detect
miR-337-3p expression in BC and normal tissues. (B) RT-qPCR analysis was performed to detect miR-337-3p expression in BC cells (T-47D, MCF7,
MDA-MB-231, SK-BR-3 and BT-474) and human normal mammary cells (MCF10A). "P<0.05 and “P<0.001 vs. MCF10A cells using one-way ANOVA.
(C) Overexpression and inhibition efficiency in T-47D and MCF7 cells was verified via RT-qPCR analysis. (D and E) The Cell Counting Kit-8 and BrdU
assays were performed to assess the viability and proliferation of T-47D and MCF7 cells. (F) Cell adhesion of T-47D and MCF7 cells was assessed following
overexpression or inhibition of miR-337-3p. (G) Flow cytometric analysis was performed to assess the apoptosis of T-47D and MCF7 cells. (C-G) "P<0.05
and “P<0.001 vs. mimic-NC or inhibitor-NC using two-way ANOVA. miR, microRNA; BC, breast cancer; RT-qPCR, reverse transcription-quantitative PCR;
NC, negative control; OD, optical density.

(Fig. 2F). Flow cytometry was performed to assess cell ~mimic and decreased by almost 50% following transfection
apoptosis, and the results demonstrated that the apoptotic rate  with miR-337-3p inhibitor (Fig. 2G). Furthermore, transfection
increased >2-fold following transfection with miR-337-3p  with miR-337-3p mimic inhibited cell migration and invasion,
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Figure 3. miR-337-3p suppresses the migration and invasion of breast cancer cells. (A) The wound healing assay was performed to assess the migratory ability
of T-47D and MCF7 cells. (B) The Transwell assay was performed to assess the invasive ability of T-47D and MCF7 cells. "P<0.05, “P<0.001 vs. mimic-NC

or inhibitor-NC using two-way ANOVA. miR, microRNA; NC, negative control.

whereas transfection with miR-337-3p inhibitor promoted cell
migration and invasion (Fig. 3A and B). Taken together, these
results suggest that miR-337-3p acts as a tumor suppressor in
BC cells.

Identification of the miR-337-3p/CDK]1 axis in BC cells. The
present study investigated the association between miR-337-3p
and CDK1 in BC cells. The TargetScan database predicted a
binding site at position 544-550 of the CDK1 3'-UTR (Fig. 4A).
To confirm the binding stringency of miR-337-3p and CDKI1,
the dual-luciferase reporter and RNA pull-down assays were
performed (Fig. 4B and C). The results demonstrated that
the relative luciferase activity of the CDK1 WT sequence
markedly decreased by ~50% compared with the CDK1
MUT type. Similarly, CDK1 was pulled down in T-47D and
MCF7 cells following transfection with bio-miR-337-3p.
Furthermore, miR-337-3p inhibited CDK1 expression in
both time- and dose-dependent manners (Fig. S2). CDK1
expression was detected via RT-qPCR analysis, and the
results demonstrated that CDK1 was aberrantly upregulated
in BC tissues (Fig. 4D). In addition, CDK1 expression was
significantly associated with ER status (P=0.002) and lymph
node metastasis (P=0.017) (Table III). Pearson's correlation
analysis exhibited a negative correlation between miR-337-3p
and CDKI1 in BC cells (Fig. 4E). Western blot analysis
demonstrated that CDK1 protein expression was upregulated

in BC tissues (Fig. 4F). Furthermore, RT-qPCR and western
blot analyses demonstrated that CDK1 expression increased in
T-47D and MCFT7 cells (Fig. 4G and H). Taken together, these
results suggest that the miR-337-3p/CDKI1 axis is involved in
BC cells.

miR-337-3p/CDKI1 axis modulates BC progression. To
determine the changes in biological behavior of BC cells induced
by the miR-337-3p/CDKI1 axis, a series of rescue assays were
performed. Changes in CDK1 mRNA and protein expression
levels were detected following overexpression of miR-337-3p or
CDK1 knockdown (Fig. 5A and B). The results demonstrated
that CDK1 expression increased following miR-337-3p inhibi-
tion and reduced following CDK1 knockdown. Notably, these
effects were reversed following transfection with miR-337-3p
inhibitor + si-CDK1. The results of the CCK-8 and BrdU assays
demonstrated that cell viability and proliferation increased and
decreased, respectively, when miR-337-3p was knocked down
or CDK1 was inhibited. Notably, the effects on cell proliferation
were reversed following transfection with miR-337-3p inhibitor
+5i-CDK1 (Fig. 5C and D). Furthermore, cell adhesion increased
following miR-337-3p knockdown and decreased following
CDKI1 knockdown, respectively. These effects were reversed
following transfection with miR-337-3p inhibitor + si-CDK1
(Fig. SE). Cell apoptosis was enhanced following CDK1 inhibi-
tion and reduced following miR-337-3p knockdown, the effects
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Figure 4. miR-337-3p/CDKI1 axis is present in BC cells. (A) The binding site between miR-337-3p and CDK1 was identified using the TargetScan database.
(B) Dual-luciferase reporter assay was performed to identify the targeting association between miR-337-3p and CDKI1 in T-47D and MCF7 cells.
“P<0.001 vs. mimic-NC using two-way ANOVA. (C) RNA pull down assay was performed to identify the targeting association between miR-337-3p and
CDKI1 in T-47D and MCF7 cells. “P<0.001 vs. Bio-NC using two-way ANOVA. (D) RT-qPCR analysis was performed to detect CDK1 expression in BC and
normal tissues. (E) Pearson's correlation analysis was performed to determine the correlation between miR-337-3p and CDKI1. (F) Western blot analysis was
performed to detect CDK1 protein expression in BC and normal tissues. (G) RT-qPCR analysis was performed to detect CDK1 expression in MCF10A, T-47D
and MCF7 cells. (H) Western blot analysis was performed to detect CDK1 protein expression in MCF10A, T-47D and MCF7 cells via. “P<0.001 vs. MCF-10A
using one-way ANOVA. miR, microRNA; CDKI, cyclin-dependent kinase 1; BC, breast cancer; RT-qPCR, reverse transcription-quantitative PCR;
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Figure 5. miR-337-3p/CDK1 axis can modulate the proliferation, adhesion and apoptosis of breast cancer cells. (A and B) Reverse transcription-quantitative
PCR and western blot analyses were performed to detect the changes in expression levels of CDK1 in T-47D and MCF7 cells. (C and D) The Cell Counting
Kit-8 and BrdU assays were performed to assess the viability and proliferation of T-47D and MCF7 cells. (E) Cell adhesion was assessed in T-47D and MCF7
cells. (F) Flow cytometric analysis was performed to assess the apoptosis of T-47D and MCF7 cells. "P<0.05, “P<0.001 vs. si-NC or inhibitor-NC; “P<0.05,
#P<0.001 vs. inhibitor + si-CDK1 using two-way ANOVA. miR, microRNA; CDK1, cyclin-dependent kinase 1; si, small interfering; NC, negative control;

OD, optical density.

of which were reversed following transfection with miR-337-3p
inhibitor + si-CDK1 (Fig. 5F). Furthermore, cell migration and
invasion were impaired following transfection with si-CDK1,;
however, the negative effect of si-CDK1 on cell migration and

invasion was relieved following transfection with miR-337-3p
inhibitor (Fig. 6A and B). Taken together, these results suggest
that the miR-337-3p/CDK1 axis modulates the proliferation,
adhesion and apoptosis of BC cells.
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Discussion

The present study investigated the function and molecular
mechanism of miR-337-3p in BC. The results demonstrated
that miR-337-3p plays a key role in BC by targeting CDKI.
miR-337-3p decreased the mRNA and protein expression
levels of CDK1 in BC cells. In addition, miR-337-3p suppressed
the progression of BC by modulating cellular processes, such
as cell proliferation, adhesion, migration, invasion and cell
apoptosis by targeting CDKI1.

miR-337-3p has been extensively studied as a tumor
suppressor in different types of cancer, such as hepatocel-
lular carcinoma, non-small cell lung cancer, cervical cancer
and clear cell renal cell carcinoma (ccRCC) (6-8,24,25).
miR-337-3p has been reported to be expressed at low levels
in ccRCC cells, and overexpression of miR-337-3p decreases
cell proliferation and invasion in ccRCC and hepatocellular
carcinoma (6,7). A previous study demonstrated that high
miR-337-3p expression is associated with a higher 5-year
survival rate in patients with HCC (7). In BC, Du et al (9)
demonstrated that miR-337-3p targets STAT3, thereby inhib-
iting EMT in BC with chronic stress (9). The results of the
present study were consistent with previous findings (6,8).
miR-337-3p was aberrantly expressed at low levels in BC cells,
and miR-337-3p overexpression inhibited the proliferation,
adhesion, migration and invasion of BC cells, but activated cell
apoptosis. However, in contrast to the study by Du et al (9), the

results of the present study demonstrated that CDK1 was the
downstream target of miR-337-3p and relieved the inhibitory
effect of miR-337-3p on BC cells. Taken together, these results
suggest that miR-337-3p may target multiple genes to play an
antitumor role in BC.

Numerous studies have confirmed that CDKI1 plays
an oncogenic role in different types of cancer, including
melanoma (26), gastric cancer (27) and bladder cancer (14).
For example, CDK1 activates tumorigenesis in melanoma (26).
High cytoplasmic CDK1 expression is a key predictor of poor
overall survival in patients with epithelial ovarian cancer (15).
Furthermore, CDK1 has been demonstrated to activate
the proliferation of BC cells, and functions as an effective
target in BC therapy (16). In the present study, functional
assays demonstrated that inhibition of CDK1 decreased cell
proliferation, adhesion, migration and invasion, but increased
cell apoptosis in BC, which is consistent with a previous
study (16). To the best of our knowledge, the present study
was the first to demonstrate that miR-337-3p targets CDK1 in
BC cells, thereby regulating the positive effect of CDK1 on
BC cells. A previous study suggested that CDK1 associated
with cyclin B is the primary stimulus for the entry of cells
into mitosis (28); therefore, the miR-337-3p/CDKI1 axis may
regulate the cell cycle and play a key role in regulating the
malignancy of BC cells.

The present study only investigated the function and
regulation of the miR-337-3p/CDKI1 axis at the cellular level
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in vitro; however, animal experiments are essential for further
characterization of its in vivo functions. The process of BC
tumorigenesis and progression is complex. The present study
confirmed the interaction between miR-337-3p and CDKI,;
however, further studies are required to determine other down-
stream mechanisms in BC.

In conclusion, the results of the present study demonstrated
that miR-337-3p was expressed at low levels in BC tissues and
cells, and plays a tumor suppressive role in the progression of
BC cells by targeting CDK1. CDK1 activates BC cell progres-
sion and miR-337-3p modulates BC progression by decreasing
the mRNA and protein expression levels of CDKI1 in BC cells.
Taken together, these results provide insight and potential targets
for the design of effective therapies for the treatment of BC.
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