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Effect of miR-363 on the proliferation,
invasion and apoptosis of laryngeal cancer
by targeting Mcli-1
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Abstract. - OBJECTIVE: To investigate the
potential effect of miR-363 on the development
of laryngeal cancer and to reveal the relevant
mechanism.

PATIENTS AND METHODS: The expression
level of miR-363 was detected in laryngeal can-
cer tissues and cells (TU-177), respectively. Lu-
ciferase assay was performed to evaluate the
interaction between miR-363 and myeloid cell
leukemia-1 (Mcl-1). The effect of the miR-363/
Mcl-1 axis on TU-177 cells was determined by
subsequent experiments including cell prolif-
eration, invasion, apoptosis and the expression
level of Mcl-1.

RESULTS: In the present study, we fou
miR-363 was both repressed in laryngeal
tissues and cells (TU-177). To find the reg
ing target of miR-363, we searched three P
licly available algorithms, including
miRDB, and microRNA. Result
1 was a direct target of miR

e cell prolit-
e cell apopto-

suppressed
cancer by

Introduction

aryngeal cancer (LCa) is one of the common
ant tumors of the head and neck, whose in-
cider® rate is second only to nasopharyngeal car-
cinoma. LCa frequently occurred in middle-aged
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industrial p®¥ution, the in-
rea is higher than that in

moking, drinking, environ-
onic inflammation, viral in-
ciency, endocrine disorders,

ical level is constantly improved
ith the progress of science and technology now-
diagnosis of early LCa is still difficult.
ost patfents with LCa have been in the advanced
stage when treated. Radical resection combined
with radiotherapy and chemotherapy is the main
treatment for middle-advanced LCa; however, the
postoperative recurrence rate is high and the cu-
rative effect is not satisfactory, leading to a low
S-year survival rate**. Therefore, LCa is a kind
of malignant tumor seriously threatening people’s
health and life. The early diagnosis of LCa is the
key to improving the treatment effect and the life
quality of LCa patients.

MiRNA is a kind of non-coding small RNA
that is mostly composed of 20-25 nucleotides.
miRNAs are involved in a number of important
biological processes in life, including cell devel-
opment, proliferation, apoptosis, death, fat me-
tabolism, and cell differentiation®®. Normal cell
growth, proliferation, development, differenti-
ation, and death are highly-ordered processes,
and the disorder of these processes can lead to
tumorigenesis. Studies have found that miRNA
also plays a key role in the occurrence and devel-
opment of tumors’. Scholars'®" have confirmed
that miRNA-25 and miRNA-221 are abnormally
expressed in LCa, which are expected to be used
for early diagnosis. Other studies have also found
that miRNA is closely related to tumor metasta-
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sis, recurrence, staging, and prognosis'?. Multi-
ple researches have shown that down-regulated
miRNAs in LCa may inhibit the occurrence and
development of LCa via regulating some tumor
suppressor genes, which may play a role as tumor
suppressor genes. Meanwhile, miRNAs that are
up-regulated may promote the occurrence and
development of LCa through regulating some
oncogenes, which may play a role as oncogenes.
Hence, those up-regulated and down-regulated
miRNAs in LCa constitute a complex gene con-
trol network to regulate the proliferation, apopto-
sis, differentiation, and migration of tumor cells.
As a kind of endogenous non-coding and sin-
gle-stranded RNA, miR-363 can down-regulate
the expression of target genes by binding to the
3’-untranslated region (UTR) of the target gene
mRNAs. Many studies'™!* have shown that the
expression disorder of miR-363 will lead to tu-
morigenesis, and tumor cells may often increase
the expression of oncogenes and inactivate tumor
suppressor genes through reconstructing the ex-
pression of miR-363 in cells. It is reported that
miR-363 is down-regulated in a variety of tumors,
suggesting that it is a tumor suppressor ga@e!’.
However, whether miR-363 is involved in
gression of LCa remains unclear. In this
we found that miR-363 targeted to Mcl-1, an
transfection of miR-363 mimics could inhibit
LCa cell proliferation and invasj
its apoptosis.

Patients an

ormal tissues were kept
. The adjacent normal tis-

elsinki should be mentloned and
pected This work was approved by the Ethics
ammittee of the Affiliated Huai’an No. 1 People’s
W2l of Nanjing Medical University. Signed
writt® informed consents were obtained from all
the participants before the study.

The human laryngeal cell line (TU-177) and
normal bronchial epithelial cell line (16HBE)
were purchased from the American Typg
Collection (ATCC) (Manassas, VA, U4
cells were cultured in Roswell Park
stitute-1640 (RPMI-1640) medj
Carlsbad, CA, USA) complement®
tal bovine serum (FBS), 100

morial In-
' (Invitrogen,
ith 10% fe-

CA, USA), and were i
culture incubator.

the manufacturer’s pro-
ssay (Therrno Fisher

genase (GAPDH) was used
ntrol. TagMan miRNA assay
s, Waltham, MA, USA) was
the expression level of miR-363
garmalized to miRNA U6.

ciferdase Reporter Assay

In TargetScan, miRDB, and microRNA web-
sites, we found that Mcl-1 was the target gene of
miR-363. TU-177 cells were co-transfected with
pMIR-30UTR-Mcl-1/pMIR-30UTR-Mut  Mcl-1,
miR-363 mimic/negative control (NC), and the
pMIR-Renilla plasmid (Promega, Madison, WI,
USA), followed by being seeded into a 12-well
plate. The cells were then lysed after transfection.
The luciferase activity was tested by a multi-func-
tion microplate reader (Promega Corporation,
Madison, WI, USA), and the results were normal-
ized to the Renilla luciferase activity.

Cell Transfection

miR-363 mimics, control, and inhibitor were
synthesized and transfected to the LC cell line
to analyze the biological function of miR-363.
Then, three groups were established to study the
potential relevance between miR-363 and TU-
177 cells: the NC group (negative control), the
miR-363 mimics group (TU-177 cells transfect-
ed with miR-363 mimics), and the mimics+M-
cl-1 group (TU-177 cells transfected with miR-
363 mimics and siMcl-1). All the reagents were
purchased form RiboBio (Guangzhou, China),
and were transfected by using the lipofectamine
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RNAIMAX (Life Technologies, Gaithersburg,
MD, USA) according to the manufacturer’s in-
structions.

Western Blot Analysis

The protein concentration was measured by
the bicinchoninic acid (BCA) Reagent Kit (Mer-
ck, Billerica, MA, USA). Totally 20 ug protein of
TU-177 cells were separated on polyacrylamide
gels, and were then transferred to nitrocellulose
membranes. Subsequently, the membranes were
blocked with blocking buffer (TBS with 0.05%
Tween 20, pH 7.6 with 5% skimmed milk). Next,
the membranes were washed and incubated with
anti-Mcl-1 and anti-B-actin (1:1000 dilution, Cell
Signaling Technology, Danvers, MA, USA) an-
tibody at 4°C overnight. Then, the membranes
were sealed with 5% skim milk powder at room
temperature for 2 h. After washing for 3 times,
the membranes were incubated with enhanced
chemiluminescence (ECL) (Millipore, Biller-
ica, MA, USA) for luminescence generation.
The proteins were visualized and detected, and
the grey level of each protein was normalized to
B-actin. All the results were analyzed by t
age-J Software.

Cell Proliferation Assay

TU-177 cells were harvested and inoculated
96-well plates at a density of 2
hours. MTT (3-(4,5-dimethy,
phenyl tetrazolium bromidg

W Aldrich, St.
el for solubi-

dimethyl sulfoxide
Louis, MO, USA)
lizing the forma

say was performed by tran-
ing, Corning, NY, USA) with

medium. Meanwhile, the
added with culture medium

-days incubation, cells on the top
he rnembranes were wiped by a brush. Subse-
ently, the membranes were stained with 0.2%
al violet, followed by drench with 95% eth-
ano['®he number of invading cells was observed
under an inverted microscope.
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TUNEL Assay
The apoptosis of TU-177 cells was detected
by TUNEL assay accordmg to the mag

benzidine reaction was used
TUNEL-positive cells, follow¢
staining. Fields were ra
photographed at a mag
apoptosis index was u
of apoptosis.

Statistical An
Data were

All p-values
05 were considered sta-

been found lowly expressed in
ngeal cancer (LCa) in recent studies'é, but
ism remains unclear. To investigate
e role 0f miR-363 in LCa, qRT-PCR was per-
formed to detect the expression level of miR-363
in LCa tissues and adjacent normal tissues. Re-
sult showed that the expression of miR-363 was
significantly lower in LCa tissues than that of
adjacent normal tissues (Figure 1A), which was
consistent with the paper description. Further,
we detected miR-363 expression in TU-177 cells
and 16HBE cell, and got the same results (Figure
1B). Together, we thought miR-363 might have a
regulatory effect on LCa progression.

Mcl-1 Was a Direct Target of miR-363 in
LCa Cells

To elucidate the putative and possible targets
of miR-363, we searched three publicly available
algorithms, including TargetScan, miRDB, and
microRNA. Finally, we found that Mcl-1 was a
supposed target of miR-363 (Figure 2A). Recent
studies'" have demonstrated that Mcl-1 has
the function of promoting tumor progression.
Thus, Mcl-1 has caught our attention. To con-
firm whether miR-363 has a regulatory effect on
Mcl-1, we established luciferase reporter vectors
containing the wild or mutant-type miR-363 seed
sequences of the Mcl-1 3’UTR. The increased
expression of miR-363 with mimics resulted in



The role of miR-363 in laryngeal cancer

A . B, _
) | 17}
[{]

Q4 9
14 a 34
E 3 '.i.. s
q6 "y " g
c . uta D
S 2 N e &
17} e - €
o —— o
o 1- (L 1 >
3 e =
w ccsee® _:_:'._’--o 8
0 ° [}
T T o
) ]
900 e\}G
ol W2
> ®
*& v
(*)
\(‘
00
O
4
?’b

Figure 1. The expression of miR-363 in LCa tissues and cells. 4, Dj
and corresponding adjacent normal tissues (****p<0.0001 compa
of miR-363 in the LCa cell line (TU-177) and normal bronchial epi

ence in the expression of miK-363 between LCa tissues
with adjacent norigal gastric tissue). B, The expression
lial cell line (16H (**p<0.01 compared with Il6HBE).

the decrease of the luciferase activity of QLiR-363 Decreased the Expression
de-type Mcl-1 3’UTR reporter gene. Howe
effect was found on the mutant-type, sugge
that the expression of Mcl-1 could be regulated
miRNA-363 (Figure 2B).

groups (the miR-NC group, the miR-363 mimi-
cs group, and the mimics + siMcl-1 group) in
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Figur€ 2. Mcl-1 was a direct and functional target of miR-363. TU-177 cells were transfected with miR-363 mimics and
inhibitor. 4, Diagram of putative miR-363 binding sites of Mcl-1. B, Relative activities of luciferase reporters (***p<0.001).
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Figure 3. MiR-363 decreased the proliferation of 1§
ited the proliferation of LCa cells (**p<0.01). B, The }
Mcl-1 by real-time PCR analysis. D, The expression le
###p<0.001 vs. the mimics group).
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Wcl-1 by Western blot. C, The express1on level of
by Western blot (***p<0.001 vs. the NC group; ##p<0.01,

we found that the invasion ability of TU-177 cells
was elevated in the miR-NC group. The invasion
ability of TU-177 cells was limited by the inter-
vention of miR-363. Meanwhile, the addition of
siMcl-1 could subside the effect of miR-363 (Fi-
gure 4A, 4C).

MIiR-363 Enhanced the Apoptosis
of LCa Cells

TUNEL assay revealed that the apoptosis le-
vel was decreased by the intervention of miR-363.
However, after increasing Mcl-1 siRNA, the apop-
tosis index of TU-177 cells was also appeased,
suggesting that miR-363 could facilitate apoptosis
through targeting Mcl-1 (Figure 4B, 4D).

Discussion
(R-363 Inhibited the Invasion LCa is one of the most common malignant tu-
Cells mors of head and neck, ranking secondly only to
Wision was found to be a key factor in cancer nasopharyngeal carcinoma. The incidence rate of
cell proliferation. In the transwell investigations, LCa shows an increasing trend year by year. Cur-
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early diagnosis and treatment are
satlsfactory Therefore, deeply studying the pa-
goenesis of LCa, searching new targets for early
sis and treatment, and finding new thera-
pies W the genetic level have become problems
urgently to be solved.
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apoptosis of LCa cells. Mcl-1 overexpression attenuated the suppressive effect
invasion ability by transwell assay. B, The apoptosis test by TUNEL assay. C, and D, were
ere presented as means * standard deviations. (Magnification, X200, **p<0.01 vs. the

Mcl-1 gene is a member of the B-cell lympho-
ma (Bcl)-2 gene family??, which is 35% homolo-
gous to Bcl-2. It is also a member of the anti-a-
poptotic genes. Unlike other Bcl-2 family genes,
Mcl-1 has a very short half-life (30-40 min) and
high transcriptional, translational, and post-tran-
slational processing levels. The discovery of this
gene is a new breakthrough in the study of tumor
occurrence and development. In recent years,
Mcl-1 has become a research hotspot in China
and foreign countries due to its own advantages.
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Several studies have shown that Mcl-1 is ove-
rexpressed in almost all malignant tumors, such
as colon cancer?, liver cancer®*, ovarian cancer®,
leukemia®®, pancreatic cancer®’, and gastric can-
cer®®, indicating that Mcl-1 is closely related to
the occurrence and development of malignant tu-
mors. Some studies?*** have shown that reducing
the expression of Mcl-1 can promote tumor cell
apoptosis and inhibit tumor cell proliferation, in-
dicating that Mcl-1 is a potential therapeutic tar-
get for malignant tumors.

In recent years, researches on miRNAs have
suggested that miRNAs play an extremely im-
portant regulatory role in the occurrence and
development of tumor progression. Numerous
studies have also confirmed that miRNAs are
involved in almost all the important physiologi-
cal processes, such as the formation and deve-
lopment of LCa.

Here in our work, we analyzed the expression
level of miR-363 in LCa tissues and cells. Data
showed that the expression level of miR-363 was
significantly up-regulated. Subsequently, we se-
arched three publicly available algorithms and
found that Mcl-1 was a regulatory target ofg
363. As expected, the expression of miR-
negatively correlated with the expression o
1 in the luciferase assay, Real-time PCR and
stern blot analysis. These results all revealed
regulatory role of miR-363 on

Cancerization is essentiall
mal cells get free from thg

ning abnormal proli
in cancerization.
cated that after

e, the 5-year survival
ins high. The funda-

s ow and surrounding tissues. Hi-
y- aggresswe tumors usually have a stronger
gtion capacity. We detected the invasion abili-
Ca cells by the transwell experiment and
foun®that miR-363 could significantly suppress
the invasion ability of LCa cells.
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Cell apoptosis is a process that nucleated cells
initiate the intracellular death mechanism under
the action of apoptosis-stimulating signg
tually leading to programrned cell g
and death through a series of s1gn
pathways. Cell apoptosis plays a
maintaining the normal morpholo$
of tissues and organs. Avoi

ansduction
Hortant role in
wd function

of miRNA, it has be-
o life sciences. It has
life activities, and

ere was a specific correlation
nce and development of LCa
of miR-363. Therefore, miR-
y to become a new biomarker for
dlagnos1s of LCa, or to serve as a target of
in new drug research and develop-
ent eventually providing a new mean for the
treatment of LCa.

Conclusions

In the present study, we showed that Mcl-1 was
a direct and functional target of miR-363. Me-
anwhile, the decreased expression of Mcl-1 re-
sulting from the up-regulation of miR-363 could
deaccelerate cell proliferation and invasion, and
accelerate the cell apoptosis in laryngeal cancer
cells. Our study revealed that the restoration of
miR-363 could be a potential therapeutic strate-
gy for the treatment of LCa.
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