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Downregulation of miR-362-5p inhibits proliferation,
migration and invasion of human breast cancer MCF7 cells
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Abstract. An increasing number of studies have indicated
that the deregulation of microRNAs (miRNAs) contributes
to tumorigenesis and metastasis. In the present study, signifi-
cant upregulation of miR-362-5p was identified in the breast
cancer MDA-MB-231 and MCF7 cell lines compared with the
control CCD-1095Sk cell line. The inhibition of miR-362-5p
was demonstrated to significantly inhibit the cell proliferation,
migration and invasion of human breast cancer MCF7 cells.
In addition, the knockdown of miR-362-5p induced G1 arrest
and promoted apoptosis in the breast cancer cells. Mechanistic
investigations confirmed that the tumor suppressor gene CYLD
is a direct target of miR-362-5p. The ectopic expression of
miR-362-5p represses CYLD expression, whereas miR-362-5p
inhibitor treatment induces CYLD protein expression and
decreases NF-kB expression in the downstream signaling
pathway. Thus, these findings may provide novel insights into
the molecular mechanisms through which miR-362-5p regulates
breast cancer cell proliferation, migration and invasion. This
study also suggests that miR-362-5p may act as a novel potential
therapeutic target for the treatment of breast cancer.

Introduction

Breast cancer is the leading cause of cancer-associated mortality
in women worldwide (1). Breast cancer is a heterogeneous
disease that is characterized by various molecular subtypes,
which exhibit distinct molecular characteristics and clinical
behaviors (2,3). Although improvements in the early detection
and treatment of breast cancer have decreased the associated
mortality rates in previous years, clarification of the molecular
and cellular mechanisms underlying the development and
progression of breast cancer continues to be required (2).
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An increasing number of studies have revealed that
malignant tumor progression involves multiple genetic and
epigenetic changes, each of which may result in the deregu-
lation of important etiology-specific pathways involved in
complex cellular processes, such as proliferation, migration,
invasion and apoptosis (4-6). The accumulation of these
genetic and epigenetic alterations confers a malignant pheno-
type (7).

microRNAs (miRNA) are a class of small, endogenously
expressed non-coding RNAs comprised of 18-25 nucleotides.
miRNAs induce the silencing of the cognate target genes
by either degrading the target messenger RNA (mRNA) or
repressing translation (8). Previous studies have revealed that
miRNA plays a critical role in the regulation of various cellular
processes, including cell growth and metastasis, which indicated
that miRNA may function either as an oncogene or as a tumor
suppressor (9,10).

The cylindromatosis gene CYLD was initially identi-
fied as a mutated gene in familial cylindromatosis (11).
CYLD contains an ubiquitin C-terminal hydrolase domain,
which allows the protein to function as a deubiquitinating
enzyme (12). CYLD has been revealed to play a central role
in regulating various signaling pathways, including trans-
forming growth factor-f3, Wnt/B-catenin, c-Jun N-terminal
kinase and nuclear factor-kB (NF-«xB) signaling, and thus
regulates the promotion of cancer development and progres-
sion (13-16). Furthermore, the downregulation of CYLD
has been reported in several malignancies (17-20). Previous
studies have revealed that CYLD expression is downregu-
lated in breast cancer tissues compared with normal breast
tissues (2,17). In addition, the downregulation of CYLD
promotes cell survival and migratory activities through
NF-«xB activation (21). However, the precise molecular
mechanisms underlying the deregulation of CYLD expres-
sion in breast cancer are not fully understood.

In the present study, miR-362-5p was investigated as it is
known to be overexpressed in breast cancer cells, and CYLD
was revealed to be a target of miRNA-362-5p (miR-362-5p)
by TargetScan. To the best of our knowledge, the roles of
miR-362-5p and the targets of miR-362-5p in breast cancer
have not yet been reported. In this study, the inhibition
of miR-362-5p was revealed to reduce the proliferation,
migration and invasion of breast cancer cells. Therefore,
the present results suggest a potential medical value of the
miR-362-5p/CYLD axis in effective breast cancer therapy.
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Materials and methods

Cell lines and cell culture. The human breast cancer
MDA-MB-231 and MCF7,normal breast fibroblast CCD-1095Sk
and human embryonic kidney HEK 293 cell line were purchased
from the American Type Culture Collection (Manassas, VA,
USA). The MCEFE-7 cells were cultured in RPMI-1640 medium,
and the MDA-MB-231 and HEK293 cells were cultured in
Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) supplemented with 10%
fetal bovine serum (Hyclone; GE Healthcare Life Sciences,
Little Chalfont, UK).

RNA isolation and reverse transcription-polymerase chain
reaction (RT-PCR) analysis. Total RNA was isolated with
TRIzol reagent (Invitrogen, Carlsbad, CA, USA), according to
the manufacturer's protocol. For miRNA analysis, equal
amounts of RNA were reverse transcribed using a
miRNA-specific primer (Hsa-miR-362-5p; Qiagen, Venlo,
Limburg, Netherlands) and then subjected to RT-PCR, according
to the manufacturer's protocol for the miScript Reverse Tran-
scription and miScript SYBR Green PCR kits (Qiagen). RNU6B
small nuclear RNA was used as an internal control. For CYLD
mRNA analysis, RNA was reverse-transcribed using Moloney
murine leukemia virus reverse transcriptase (Invitrogen) and
random primers (Roche, Basel, Switzerland). RT-PCR was
performed using SYBR Premix Ex Taq II (Takara Biotech-
nology Co., Ltd., Dalian, Liaoning, China). The PCR primers
for CYLD were as follows: Forward, 5-"TCAGGCTTATG
GAGCCAAGAA-3"; and reverse, 5-ACTTCCCTTCGG-
TACTTTAAGGA-3'. GAPDH mRNA levels were used as an
internal normalization control. The cycle threshold method was
used to analyze the expression of miR-362-5p and CYLD rela-
tive to GAPDH expression.

Cell proliferation, cell cycle, apoptosis analysis and colony
Sformation assays. The cell proliferation was measured using an
MTT assay. The cells were seeded in 96-well plates at a density
of 4,000 cells per well and maintained in a culture medium
containing 5% fetal bovine serum for 48 h. The absorbance
was then measured at 490 nm. The cell cycle analysis was
conducted with a FACSCalibur flow cytometer (BD Biosci-
ences, Franklin Lakes, NJ, USA) using a propidium iodide
cell cycle detection kit (Beyotime Institute of Biotechnology,
Beijing, China). The apoptosis assay was performed using
the Annexin V-phycoerythrin (PE) Apoptosis Detection kit I
(BD Biosciences), according to the manufacturer's instructions,
and apoptosis was analyzed using a FACSCalibur flow cytom-
eter. The apoptotic cells were indicated by high Annexin V-PE
fluorescence signals. For the colony formation assays, 100 cells
were placed into each well of a 6-well plate and cultured for two
weeks at 37°C. The numbers of colonies per dish were counted
subsequent staining with 0.1% crystal violet. All experiments
were conducted with three replicates.

Wound-healing migration and invasion assays. For the
wound-healing migration assay, the cells were seeded onto
35-mm dishes coated with fibronectin. Once the cells reached
100% confluency, a sterile p200 pipette tip was used to create
a scratch (~500 pgm) through the confluent monolayer. The
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medium was changed to fresh serum-free medium to remove
the cellular debris, and the cells were cultured for another 48 h.
Serial images were obtained at 0, 24 and 48 h. For the invasion
assay, 1x10* cells were placed into the upper chamber of the
Matrigel Transwell chamber (BD Biosciences) in serum-free
medium. Medium containing 10% FBS in the lower chamber
acted as the chemoattractant. Subsequent to 64 h of incubation
at 37°C, the invasive cells attached to the lower membrane of the
inserts were fixed, stained and then counted using a counting
chamber and microscope (CX31; Olympus, Tokyo, Japan).

Western blotting. The cell cytoplasm or nucleus lysates subse-
quent to transfection with the miR-362-5p mimic, inhibitor or
negative control miRNA (Shanghai GenePharma Co., Ltd.,
Shanghai, China) were separated by SDS-PAGE and then trans-
ferred onto a polyvinylidene fluoride membrane (Millipore,
Bedford, MA, USA). The blotted membranes were incubated
with rabbit anti-human polyclonal CYLD (cat. no. 11110-1-AP;
dilution, 1:1,000; ProteinTech Group, Inc., Chicago, IL, USA),
rabbit anti-human polyclonal NF-kB P65 (cat. no. sc-372; dilu-
tion, 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA),
rabbit anti-human monoclonal anti-Lamin B1 (cat. no. 12586;
dilution, 1:1,500; Cell Signaling Technology, Inc., Danvers,
MA, USA) and monoclonal mouse anti-human (-actin
(cat.no. A5316; dilution, 1:5,000; Sigma-Aldrich, St. Louis, MO,
USA) antibodies. The membrane was then incubated with the
secondary goat anti-rabbit horseradish peroxidase-conjugated
antibody (cat. no. sc-2004; dilution, 1:5,000; Santa Cruz
Biotechnology, Inc.). The immunoreactive protein bands were
developed using the Enhanced Chemiluminescence System
(Pierce Biotechnology, Inc., Rockford, IL, USA).

Dual-luciferase reporter assay. A fragment of the 3'-UTR
of the CYLD gene that contained the miR-362-5p target
sequence (CAAGGAT) was inserted into Xhol/Nofl-digested
psiCHECK-2 vectors (Promega, Madison, WI, USA). The
insertion of the sequences was confirmed by sequencing. The
psiCHECK-2 constructs and miR-362-5p mimic or negative
control miRNA were cotransfected into HEK293 cells using the
Lipofectamine 2000 transfection reagent (Invitrogen), according
to the manufacturer's instructions. Subsequent to 48 h, the cells
were lysed, and the luciferase reporter assay was performed using
the Dual-Luciferase Reporter Assay kit (Promega), according to
the manufacturer's instructions. The results were expressed as
the ratio of Renilla luciferase activity to firefly luciferase activity.

Statistical analysis. The data are expressed as the mean =+ stan-
dard error of the mean from at least three independent
experiments. Unless otherwise noted, the differences between
groups were analyzed using two-sided Student's t-tests for two
groups or by one-way analysis of variance (ANOVA) when
more than two groups were compared. P<0.05 was considered
to indicate a statistically significant difference.

Results

Inhibitory effects of anti-miR-362-5p on the proliferation of
MCF?7 cells. To evaluate the expression and importance of
miR-362-5p in breast cancer, the expression of miR-362-5p
was identified in human breast cancer MDA-MB-231 and
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Figure 1. Inhibitory effect of anti-miR-362-5p on the proliferation, apoptosis and colony formation of MCF7 cells. (A) The expression level of miR-362-5p in
normal breast fibroblast cells and breast cancer cell lines was examined by RT-qPCR. (B) RT-qPCR analysis of miR-362-5p expression in MCF7 cells transfected
with inhibitory anti-miR-362-5p or control anti-miR-C miRNA. (C) The effect of the anti-miR-362-5p inhibitor miRNA on cell proliferation was measured using
an MTT assay. (D) Analysis of the cell cycle distribution in untransfected MCF7 cells and cells transfected with inhibitory anti-miR-362-5p or control anti-miR-C
miRNA. (E) Analysis of apoptosis in untransfected MCF7 cells and cells transfected with ihibitory anti-miR-362-5p or control anti-miR-C miRNA. (F) Colony
formation assay of untransfected MCF7 cells and cells transfected with inhibitory anti-miR-362-5p or control anti-miR-C miRNA. The number of colonies was
counted and compared. Data are expressed as the mean =+ standard error of the mean. "P<0.05; “P<0.01. anti-miR-362-5p, anti-microRNA-362-5p; anti-miR-C,
control microRNA; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; OD, optical density; 7-AAD, 7-aminoactinomycin D.

MCEF7 cell lines, and normal breast fibroblast CCD-1095Sk
cell line. miR-362-5p was upregulated in breast cancer cell
lines compared with CCD-1095Sk cells (Fig. 1A). To explore
the biological significance of miR-26a in breast cancer cells,
a miR-362-5p inhibitor (anti-miR-362-5p) was transfected into
the human breast cancer MCF7 cell line. The expression of
miR-362-5p was verified by RT-qPCR (Fig. 1B). Downregula-
tion of miR-362-5p in the MCF7 cells resulted in a significant

suppression of cell proliferation, G1 arrest and apoptosis induc-
tion. As shown in Fig. 1C, the results of the MTT assay revealed
that downregulation of miR-362-5p significantly suppressed
MCEFT7 cell proliferation (Fig. 1C). The cell cycle was arrested
in the G1 phase, with 82.3% of the anti-miR-362-5p-transfected
cells in the GO/G1 phase, compared with 65% of the control
cells (Fig. 1D). In addition, the transfection of anti-miR-362-5p
induced apoptosis, with 37.2% of anti-miR-362-5p-transfected
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Figure 2. Inhibitory effect of the anti-miR-miR-362-5p inhibitor miRNA on the invasion and migration of MCF7 cells. (A) Wound-healing assay of MCF7 cells
transfected with inhibitory anti-miR-362-5p or control anti-miR-C miRNA. (B) Invasion assay of MCF7 cells transfected with inhibitory anti-miR-362-5p
or control anti-miR-C miRNA. Representative images of MCF7 cells that invaded through the Matrigel. The number of invasive MCF7 cells was quantified.
“P<0.05; “P<0.01. anti-miR-362-5p, anti-microRNA-362-5p; anti-miR-C, control microRNA.

cells demonstrating apoptosis, compared with 15.5% of
the cells in the control group (Fig. 1E). Additional analysis
of the effects of anti-miR-362-5p on the clonogenicity of
breast cancer cells was performed, and it was found that the
inhibition of miR-362-5p significantly decreased the colony
formation of MCF7 cells (Fig. 1F). These results demonstrate
that miR-362-5p regulates the proliferation of MCF7 cells.

Inhibition of miR-362-5p reduces the migration and invasion
of MCF7 cells. To further determine the biological significance
of miR-362-5p in breast cancer cell metastasis, wound-healing
migration and Transwell assays were performed using the
MCF7 cells. The mobility of the MCF7 cells in the wound-healing
assay was significantly decreased subsequent to transfection with
anti-miR-362-6p miRNA (Fig. 2A). The Transwell assay with
Matrigel demonstrated that the inhibition of miR-362-5p markedly
inhibited the invasive capacity of MCF7 cells compared with the
control cells (Fig. 2B). These results suggest that anti-miR-362-5p
significantly inhibits the migration and invasion of MCF7 cells.

CYLD is the direct downstream target of miR-362-5p. The
aforementioned phenotypic data indicate that the inhibition
of miR-362-5p reduces the growth and migration of breast
cancer cells. TargetScan was used to predict the mRNA targets
of miR-362-5p, to identify potential mRNA targets that may
contribute to its tumor-associated function. The present analysis
revealed that CYLD was a potential target of miR-362-5p.
The 3'-UTR of CYLD mRNA was found to contain a

complementary site for the seed region of miR-362-5p (Fig. 3A).
To determine whether CYLD is a direct target of miR-362-5p,
a human CYLD 3'-UTR fragment containing the wild-type
(WT 3-UTR) or mutant (mutated 3'-UTR) miR-362-5p-binding
sequences was cloned into the psiCHEK-2 vector (Fig. 3A). As
shown in Fig. 3B, the relative luciferase activity of the reporter
containing WT 3'-UTR was significantly suppressed following
miR-362-5p transfection. However, site-directed deletion of
the miR-362-5p-binding site within the 3'-UTR of CYLD
completely abolished this suppression (Fig. 3B), suggesting that
miR-362-5p directly binds to this site.

Furthermore, the ability of miR-362-5p to regulate CYLD
expression in human breast cells was tested. Normal breast fibro-
blast CCD-1095Sk cells, which demonstrate a low miR-362-5p
expression level, were transfected with the miR-362-5p mimic
or control miRNA and were cultured for 48 h. The results
demonstrated that the CYLD mRNA and protein levels were
decreased in CCD-1095Sk cells transfected with the miR-362-5p
mimic (Fig. 3C and D). The ability of endogenous miR-362-5p
to regulate CYLD expression was then assessed in breast cancer
cells. Compared with the miRNA control, the CYLD mRNA and
protein levels were upregulated when miR-362-5p was knocked
down using anti-miR-362-5p in MCF7 cells (Fig. 3E and F).
Overall, these results strongly indicate that CYLD is a direct
target of miR-362-5p in breast cancer cells.

miR-362-5p promotes cell proliferation, migration and inva-
sion through the NF-xB signaling pathway. Since CYLD plays
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Figure 3. Direct targeting of CYLD by miR-362-5p in breast cancer cells. (A) Sequence alignment between miR-362-5p and the 3'-UTR of CYLD. (B) The his-
togram bars represent the relative dual luciferase activity subsequent to the transfection of HEK293 cells with miR-362-5p mimics or control miRNAs (miR-C).
"P<0.01 relative to the miR-C control. (C and D) The mRNA and protein expression levels of CYLD were examined by RT-qPCR and western blotting in
CCD-1095Sk cells transfected with miR-362-5p mimics or control miRNAs (miR-C). (E and F) mRNA and protein expression levels of CYLD were examined
by RT-qPCR and western blotting in MCF7 cells transfected with miR-362-5p inhibitor or control anti-miR-C. anti-miR-362-5p, anti-microRNA-362-5p;
anti-miR-C, control microRNA; miR-NC, negative control microRNA; 3'-UTR, 3'-untranslated region; RT-qPCR, reverse transcription-quantitative poly-

merase chain reaction.
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Figure 4. Effect of miR-362-5p on NF-«B activation. (A) Analysis of the expression of the NF-kB P65 protein in CCD-1095Sk cells transfected with miR-362-5p
mimic or anti-miR-C miRNA. (B) Analysis of the expression of the NF-kB P65 protein in MCF7 cells transfected with the miR-362-5p inhibitor or anti-miR-C
miRNA. anti-miR-362-5p, anti-microRNA-362-5p; anti-miR-C, control microRNA; miR-NC, negative control microRNA; NF-«B, nuclear factor-xB.

a predominant role in the negative regulation of NF-xB (21),
the mechanism underlying the observed cellular phenotypic
changes was explored by evaluating the impact of CYLD on
NF-«B activation by detecting the level of nucleus NF-xB
P65 protein in the two cell lines transfected with miR-362-5p
mimics/inhibitors. Subsequent to transfection with miR-362-5p
mimics, the results indicated that the level of nucleus NF-«xB
P65 protein was clearly increased compared with the nega-
tive control (Fig. 4A). By contrast, the expression level of
nuclear P65 was clearly decreased in miR-362-5p-suppressed
MCF7 cells (Fig. 4B). Overall, the present findings indicate
that miR-362-5p likely promotes proliferation, migration and
invasion through the NF-kB signaling pathway.

Discussion

An increasing number of studies have demonstrated that the
dysregulation of miRNA contributes to tumorigenesis (22).

Numerous studies have confirmed that miRNA plays a critical
role in tumor cell survival, invasion and metastasis. Xia et al
identified that miR-362 induces cell proliferation and apoptosis
resistance in gastric cancer (23), but the impact on breast cancer
cell growth and metastasis remains unclear. In the present study,
miR-362-5p was focused on, and it was found that miR-362-5p
was clearly upregulated in human breast cancer cell lines. To
the best of our knowledge, the present study is the first to report
the upregulation of miR-362-5p in breast cancer cells. Since
the upregulation of miR-362-5p in breast cancer has not been
previously described, the role of miR-362-5p in breast cancer
cells was analyzed. The present study provides the first evidence
that the downregulation of miR-362-5p significantly inhibits
cell proliferation, migration and invasion, induces cell cycle
arrest, and promotes apoptosis in MCF7 cells. These results
indicate that miR-362-5p may be a novel oncogene that plays
an important role in the regulation of breast cancer cell growth
and metastasis.
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The function of miRNA is to regulate the target genes
by direct cleavage of the mRNA or the inhibition of protein
synthesis (24). To further explore the molecular mechanism
underlying miR-362-5p function, direct target genes of
miR-362-5p were identified through bioinformatics analysis. It
was found that CYLD possesses a putative miR-362-5p-binding
site within its 3'-UTR. CYLD was identified as a direct target
of miR-362-5p in breast cancer cells, and this conclusion was
supported by the following findings. Firstly, the complemen-
tary sequence of miR-362-5p was identified in the 3'-UTR of
CYLD mRNA. In addition, miR-362-5p overexpression was
found to suppress CYLD 3'-UTR luciferase reporter activity,
and this effect was abolished by the deletion of the miR-362-5p
seed binding site. The overexpression of miR-362-5p also led
to a significant reduction in CYLD at the mRNA and protein
levels. Finally, the inhibition of miR-362-5p increased the
CYLD expression level in breast cancer cells.

CYLD is known to be a tumor suppressor gene in various
types of cancer (25,26). Previous studies have revealed that
CYLD expression is downregulated in breast cancer tissues. In
addition, the downregulation of CYLD promoted cell survival
and migration through the NF-kB signaling pathway (21).
However, the exact regulatory mechanism responsible for the
decrease of CYLD expression in breast cancer cells remains
unclear. Notably, in the present study, miR-362-5p was
revealed to be associated with CYLD and the downstream
NF-«B signaling pathway. The current results revealed that
miR-362-5p was likely to repress the expression of CYLD,
which, in turn, promoted the proliferation, migration and inva-
sion of breast cancer cells by regulating the NF-kB pathway.

In conclusion, the present study provides novel evidence that
downregulation of miR-362-5p expression suppresses the prolif-
eration, migration and invasion of human breast cancer cells.
These data suggest that miR-362-5p and its downstream targets
may be potential therapeutic targets in human breast cancer.
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