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miR-371-5p suppresses the proliferative and migratory capacity
of human nasopharyngeal carcinoma by targeting BCL2
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Abstract. The aim of the present study was to investigate
the expression and function of microRNA (miR)-371-5p in
nasopharyngeal carcinoma (NPC). The levels of miR-371-5p
were analyzed in nasopharyngeal epithelium tissues, NPC
tissues, human NPC cell lines and NP69 cells using reverse
transcription-quantitative polymerase chain reaction
analysis. The association between the level of miR-371-5p
and clinicopathological variables was also investigated. Cell
proliferation was determined using an MTT assay, and the
activities of cell metastasis were determined using wound
healing and Transwell migration assays. To assess whether
miR-371-5p can combine with the targeting sequence of B-cell
Ilymphoma 2 (BCL2) mRNA or not, a luciferase activity
assay was performed. An animal experiment was used to
examine the effect of miR-371-5p on the development of
NPC. The results revealed that the expression of miR-371-5p
was reduced in NPC samples and NPC cells. The level of
miR-371-5p was associated with clinical stage and distant
metastasis in patients with NPC, and was inversely associated
with the protein level of BCL-2 in NPC tissues. The upregu-
lation of miR-371-5p reduced cell growth, migration and
invasion, and inhibited carcinoma growth through targeting
BCL2 mRNA. Taken together, the regulation of miR-371-5p
was shown to offer potential as a novel treatment approach
for NPC.

Introduction

Nasopharyngeal carcinoma (NPC) is a pernicious epithelial
tumor originating from the nasopharynx, and is one of the
most common types of cancer in the southern region of the
People's Republic of China (1). Although anticancer therapy
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has progressed substantially over the last few years, the survival
rate of individuals with NPC remains unsatisfactory. Due to
the complex etiology of NPC (2), the factors contributing to
the tumorigenesis and metastasis of NPC cells require elucida-
tion in order to benefit the identification of novel therapeutic
targets involved in the progression of NPC.

MicroRNAs (miRNAs) represent a type of short-sequence
RNA, which regulate gene or protein levels via combining
directly with the target mRNA (3). They are involved in
the cell growth, differentiation, apoptosis and metastasis
of cells (4,5). Several studies have identified that functional
disorder of miRNAs is involved in the abnormal growth of
several types of malignant tumor (6-8), and microRNAs may
serve as important regulators in NPC treatment (9-11). As an
important functional microRNA, microRNA (miR)-371-5p
exerts pro- and anti-tumor effects in different types of tumor.
For example, the upregulation of miR-371-5p has been iden-
tified to inhibit the malignant behavior of colorectal cancer
via regulating superoxide dismutase 2 (12), however, others
have demonstrated that the overexpression of miR-371-5p
enhances pancreatic tumor growth via inhibitor of growth
protein 1 (13) and human hepatocellular carcinoma cell prolif-
eration by inhibiting the expression of pre-mRNA processing
factor 4 homolog B (14). It is possible that miR-371-5p has
different roles in diverse tumor cells. To date, the function of
miR-371-5p in the development of NPC remains to be fully
elucidated.

The mechanism involved in the avoidance of apoptosis is
complex (15), and the overexpression of genes and proteins,
which inhibit apoptosis, may be vital in this mechanism.
B-cell lymphoma 2 (BCL2) acts as an influential factor in
favoring cell survival by inhibiting cell apoptosis (16,17). The
upregulation of BCL2 in malignant tumors has been confirmed
previously (18). The function of miR-371-5p in the develop-
ment of NPC via regulating the level of BCL2 was investigated
in the present study.

Materials and methods

Clinical tissues and cell culture. A total of 78 NPC samples
and 30 nasopharyngeal epithelium samples were obtained
from the Department of Otorhinolaryngology, Hezhou
Renmin Hospital (Hezhou, China) from March 2013 until
November 2016. None of the patients had received radiation
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therapy or chemotherapy prior to resection. Written informed
consent was obtained from the individuals with NPC. The
clinicopathological features of the patients are presented in
Table I. The Ethics Committee of Hezhou Renmin Hospital
ratified all written agreement according to the Declaration
of Helsinki (2004). The 5-8F cell line, 6-10B cell line and
nasopharyngeal-derived NP69 cell line were obtained
from Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China) and were incubated in RPMI-1640
(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) with 10% FBS, 100 U/ml streptomycin and 100 U/ml
penicillin at 37°C in 5% CO,.

RNA isolation and reverse transcription-quantitative
polymerase chain reaction (RT-gPCR) analysis. The RNA
was extracted from the patient samples and all cell lines
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.). RT-qPCR analysis was utilized to detect the levels
of miR-371-5p and the levels of U6 using the TagMan
reverse transcription kit and TagMan miRNA assay kit
according to the manufacturer's instructions. U6 was used
as a control for normalization; primers used are listed in
Table II. A total of 1 ug RNA was reverse-transcribed into
cDNA. PCR was performed with the following thermo-
cycling conditions: Initial denaturation at 95°C for 5 min,
followed by 40 cycles of denaturation at 95°C for 15 sec and
annealing at 60°C for 30 sec. The products were identified
by melting curve analysis. Fold changes were calculated
through relative quantification using the 2224 method (19).
Experiments were performed in triplicate.

Cell transfection. The transfection of 5-8F cells with miR-371-5p
mimics, miR-control or miR-371-5p mimics/pcDNA3.1 vector
encoding BCL2 were performed using Lipofectamine 2000
(Thermo Fisher Scientific, Inc.).

MTT assay. At 48 h post-transfection, the 5-8F cells were
washed with PBS, resuspended in serum-free medium and
seeded into 96-well plates (5x10* cells/well). Following incu-
bation for 1, 2, 3 and 4 days at 37°C, 20 ul MTT (5 mg/ml)
was added to the culture for 4 h. Subsequently, the cells were
treated with 150 pl dimethyl sulfoxide. Cell proliferation was
determined by calculating the relative optical densities at
570 nm for each well.

Analysis of apoptosis. At 48 h post-transfection, the 5-8F
cells were washed, resuspended, and harvested. Subsequently,
staining of the cells was performed with propidium iodide
and anti-Annexin V antibody (BD Biosciences, Franklin
Lakes, NJ, USA). Cell apoptosis was identified using flow
cytometry.

Transwell assay. A Transwell membrane coated with Matrigel
(BD Biosciences) was applied to measure cell invasion. At
48 h post-transfection, 1x10° cells were added into the upper
compartment, and medium containing 20% FBS was added
to the lower compartment. After 48 h at 37°C, the cells on the
lower side of the membranes were fixed and stained with 0.5%
crystal violet, and counted under a light microscope (Olympus
Corporation, Tokyo, Japan).
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Wound healing assays. Following transfection, 2x10° of the
transfected cells were seeded in 12-well plates (2x10° cells/well)
and cultured at 37°C. On reaching 100% confluence, a wound
was created by scratching the cell surface with a pipette tip,
following by washing three times in medium and incubation in
RPMI-1640 with 10% FBS. The wounds were observed under
a light microscope at 0 and 48 h (Olympus Corporation). The
cell migration capability was determined by subtracting the
final wound width from the initial wound width.

Western blot analysis. At 48 h post-transfection, the cells
were washed and lysed with M-PER protein extraction reagent
(Pierce; Thermo Fisher Scientific, Inc.) Protease inhibitors
were added to the lysates and the cell lysate centrifuged for
15 min at 12,000 x g, and 4°C. A bicinchoninic acid protein
assay was performed to measure the protein concentration.
Proteins (80 ug/lane) were separated by 12% SDS-PAGE and
transferred to polyvinylidene fluoride membranes. Membranes
were blocked with 5% dry skim milk for 1 h atroom temperature
and probed with the following primary antibodies overnight
at 4°C: BCL2 antibody (1:500; cat. no. 2872; Cell Signaling
Technology, Inc., Danvers, MA, USA), cleaved caspase-3
antibody (1:500; cat. no. ab32042; Abcam, Cambridge,
UK), cleaved caspase-9 antibody (1:500; cat. no. ab2324;
Abcam), (3-actin antibody (1:1,000; cat. no. sc-47778; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA). Horseradish
peroxidase-conjugated secondary antibodies (1:5,000;
cat. nos. sc-2357 and sc-2005; Santa Cruz Biotechnology, Inc.)
were subsequently incubated with the membranes at room
temperature for 1 h. An ECL chemiluminescent kit (EMD
Millipore, Billerica, MA, USA) was used to detect the protein
bands. Band density was analyzed with FluorChem FC3 gel
imaging software (version 3.4; ProteinSimple; Bio-Techne,
Minneapolis, MN, USA).

Luciferase reporter assay. A luciferase reporter plasmid
was established through cloning the 3'-UTR of BCL2 or the
mutated sequence into the pMIR-Report construct (Ambion;
Thermo Fisher Scientific, Inc.). The miR-371-5p mimics,
or the corresponding control were transfected together with
a reporter plasmid and pRL-SV40 (Promega Corporation,
Madison, WI, USA) into 5-8F cells. After 48 h, the luciferase
activity was measured using the Luciferase Reporter Assay
system (Promega Corporation) in accordance with the manu-
facturer's protocol.

Nude mouse models. Female nude mice (n=6; 25-30 g; 6 week
old) were obtained from and housed in the Laboratory Animal
Center of Guangxi Medical University (Nanning, China). Nude
mice were maintained in a 12 h light/dark cycle at 22-25°C
with 50-60% humidity, with free access to food and water
in a specific pathogen-free laboratory animal facility. Stably
transfected 5-8F cells (1x107) were subcutaneously injected
into the flank of female nude mice. The mice were sacrificed
on day 5, 10, 15, 20 and 25, and the weight and volume of the
tumors were measured.

Statistical analysis. SPSS software 15.0 (SPSS, Inc., Chicago,
IL, USA) was used for statistical analyses. Student's t-test
and one-way analysis of variance were performed to analyze
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Table I. Association between the clinicopathological features
of patients and level of miR-371-5p in nasopharyngeal cancer.

miR-371-5p
expression
Patients
Characteristic (n) N=78 High Low P-value
Age (years)
=40 43 24 19 0.255
>40 35 15 20
Sex
Male 40 19 21 0.453
Female 38 20 18
TNM stage
I+11 23 18 5 0.001*
II+1V 55 21 34
Distant metastasis
No 51 31 20 0.009*
Yes 27 8 19
“P<0.05 indicates statistical significance. TNM, tumor-node-
metastasis.

the difference between groups and multiple comparisons.
Pearson's y* test was performed to analyze the correlation
between the level of miR-371-5p and the protein level of BCL2.
A Kaplan-Meier plot was performed to analyze the overall
survival of patients with NPC. All data are expressed as he
mean =+ standard deviation. P<0.05 was considered to indicate
a statistically significant difference.

Results

Downregulation of miR-371-5p in nasopharyngeal carcinoma
samples and cells. The level of miR-371-5p in nasopharyngeal
carcinoma samples was significantly reduced, compared
with that in normal tissue (P<0.001; Fig. 1A). The level of
miR-371-5p was significantly decreased in the two NPC cell
lines, compared with that in the NP69 cell line (5-8F, P<0.001;
6-10B, P<0.001; Fig. 1B).

Levels of miR-371-5p are associated with an unfavorable
prognosis in patients with NPC. According to the average
level of miR-371-5p, all cases were divided into a low level
group (n=39) and a high level group (n=39). Low expres-
sion levels of miR-371-5p were significantly associated
with tumor-node-metastasis phase (P=0.001; Table I) and
metastasis (P=0.009; Table II). The patient survival rates
were significantly reduced in patients with NPC with a low
level of miR-371-5p (P<0.001; Fig. 1C). Pearson's correlation
test was applied to detect the association between the level
of miR-371-5p and protein level of Bcl-2 in NPC samples.
An inverse association was confirmed between the level of
miR-219-5p and protein level of Bcl-2 in the NPC tissues
(Fig. 1D). The data showed that miR-371-5p may exert an
important function in NPC tumorigenesis.
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Table II. Primers used in the present study.

Gene Sequence (5'-3")

miR-371-5p RT: GTCGTATCCAGTGCAGGGTCCGAGG
TATTCGCACTGGATACGACAGTGCC
Forward: GTCGTATCCAGTGCAGCCG-CC
ACTCAAACTGTGGGG

U6 RT: GGGTCCGAGGTGCACTGGATACGAC
AAAAT-ATGG
Forward: TGCGGGTGCTCGCTTCGGCAGC

miR, microRNA; RT, reverse transcription.

Restoration of miR-371-5p suppresses the growth of 5-8F
cells. The relative level of miR-371-5p was markedly increased
in the miR-371-5p mimics group, compared with that in the
miR-control group in 5-8F cells (Fig. 1E). The data also
showed that the absorbance of 5-8F cells was decreased in
the miR-371-5p mimics group, compared with that in the
miR-control group (Fig. 1F).

Restoration of miR-371-5p promotes the apoptosis of 5-8F
cells. FACS was performed to quantify apoptosis. The 5-8F
cells were selected for experiments, and it was concluded
that cell apoptosis was promoted by the upregulation of
miR-371-5p (Fig. 2A). The present study also detected the
levels of apoptosis-related proteins. The upregulation of
miR-371-5p decreased the level of BCL2, and increased the
levels of cleaved caspase-9 and cleaved caspase-3 (Fig. 2B).
The restoration of BCL-2 partially inhibited the cell apoptosis
induced by miR-371-5p.

Restoration of miR-371-5p inhibits 5-8F cell metastasis.
Transwell assays and wound healing assays showed that
the upregulation of miR-371-5p alleviated the migratory
and invasive ability of the 5-8F cells. The cotransfection of
pcDNA3.1-BCL2/miR-371-5p mimics partially recovered
the metastatic function of 5-8F cells, compared with the
miR-371-5p group (Fig. 3A and B). The data confirmed that
the overexpression of miR-371-5p functioned in the inhibition
of tumor metastasis.

BCL2 mRNA is a binding target of miR-371-5p. A luciferase
reporter assay was utilized, as described above. The results
showed that, in the wild-type, miR-371-5p inhibited luciferase
reporter activity, compared with that in the miR-control
group. However, no significant differences in activity
were found between these two groups in the mutated type
(Fig. 4A and B).

miR-371-5p inhibits tumor growth in animal experiments. The
antitumor function of miR-371-5p was confirmed via animal
experiments in NPC (Fig. 4C and D). The volume of tumors
was reduced in the miR-371-5p mimics group, compared with
that in the miR-control group. The final weight of tumors was
decreased in the miR-371-5p mimics group, compared with
that in the miR-control group.
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Figure 1. Expression of miR-371-5p and cell proliferation in NPC. miR-371-5p was downregulated in (A) NPC samples and (B) cells. (C) Low levels of
miR-371-5p were associated with reduced overall survival rates. (D) An inverse association was confirmed between the level of miR-371-5p and protein level
of BCL-2 in NPC tissues. (E) Relative levels of miR-371-5p were increased in 5-8F cells following transfection with miR-371-5p mimics. (F) Upregulation of
miR-371-5p suppressed cell proliferation in 5-8F cells. ‘P<0.05, vs. miR-control. miR, microRNA; NPC, nasopharyngeal carcinoma; BCL2, B-cell lymphoma 2.
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Figure 2. Flow cytometric analyses and western blot analysis of the effects of miR-371-5p on 5-8F cells. (A) miR-371-5p promoted 5-8F cell apoptosis.
(B) miR-371-5p decreased the expression of BCL2, and increased the expression of cleaved caspase 3 and cleaved caspase 9 in 5-8F cells. Restoration of BCL-2
partially reversed the pro-apoptotic function of miR-371-5p. 1, miR-371-5p mimics; 2, miR-371-5p mimics/pcDNA3.1 vector containing BCL2; 3, miR-control.
“P<0.01, vs. miR-control; “P<0.01, vs. miR-371-5p mimics. miR, microRNA; BCL2, B-cell lymphoma 2; CAS3, caspase 3; CAS9, caspase 9; PI, propidium iodide.
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Figure 3. Transwell assays and wound healing assays to measure the effect of miR-371-5p on the metastatic ability of 5-8F cells. miR-371-5p inhibited the
(A) invasion and (B) migration (magnification, x40) of 5-8F cells. Restoration of BCL2 partially enhanced the metastatic ability of 5-8F cells transfected with
miR-371-5p. "P<0.01, vs. miR-control; “P<0.01, vs. miR-371-5p mimics. miR, microRNA; BCL2, B-cell lymphoma 2.
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Figure 4. miR-371-5p can bind to the targeting sequence of BCL2 and inhibit tumor growth in vivo. (A) miR-371-5p and its predicted binding sequence for WT
in the 3'-UTR of BCL2. (B) Luciferase reporter activity was reduced by miR-371-5p, compared with that in the miR-control group in the WT of BCL2, but no
significant difference in activity was observed between the two groups in the mutant of the targeting sequence of BCL2. (C) miR-371-5p reduced the tumor
volumes. (D) miR-371-5p reduced the tumor weights. "P<0.01, vs. miR-control. miR, microRNA; BCL2, B-cell lymphoma 2; WT, wild-type; Mut, mutant.

Discussion promote tumor invasion and it has been shown to enhance

tumor growth and metastasis (23). Inhibition of the expres-
As shown in previous studies, a number of genetic factors affect  sion of BCL2 has been considered as an important treatment
the evolution and growth of NPC, and miRs are an important  strategy for several types of cancer (24). However, the specific
factor (20). The BCL2 gene, an important anti-apoptotic gene,  effects of miR-371-5p via modulation of the expression of
affects the intrinsic apoptotic pathway (21,22). Bcl-2 can  BCL2 in the pathogenesis of NPC remain to be fully elucidated.
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The present study revealed important novel evidence
that miR-371-5p has an important regulatory function on
the expression of BCL2 in NPC cells. Firstly, the level of
miR-371-5p was decreased in NPC patient samples and NPC
cell lines. The downregulation of miR-371-5p was associated
with the unfavorable clinicopathological features of patients.
Secondly, a high expression level of miR-371-5p inhibited
the growth and metastasis of 5-8F cells. The upregulation
of BCL-2 partially reversed the characteristics of 5-8F cells
induced by miR-371-5p with respect to proliferation and
metastasis, as observed in previous studies (25,26). Thirdly,
the important function of miR-371-5p on 5-8F cells via
regulating the expression of BCL2 was confirmed using the
luciferase reporter assay system and western blot analysis.
Finally, these functions were identified using animal experi-
ments, revealing the potential function of miR-371-5p on
inhibiting NPC growth by targeting BCL2. miR-371-5p
suppressed the expression of BCL2 by binding to the
targeting sequence of BCL2. Cell apoptosis was significantly
enhanced, and the growth and metastasis of NPC were inhib-
ited by the upregulation of miR-371-5p.

In conclusion, the data obtained demonstrated that
miR-371-5p decreased the level of BCL2, inhibited the devel-
opment and metastasis of NPC, and provided a novel clue for
understanding the underlying function of miR-371-5p in the
pathogenesis of NPC. However, larger investigations assess
the association between miR-371-5p and BCL2 in different
types of tumor are required to further elucidate the precise
molecular mechanisms.
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