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Abstract: Laryngeal squamous cell carcinoma (LSCC) is one of malignant head and neck squamous cell carcinomas
and has been demonstrated to be the second leading cause of mortality. MicroRNAs (miRs) has been reported to
be deregulated in many diseases, especially cancers, and demonstrated to be oncogenes or tumor suppressor
genes in some cancers. In our research, we explored the role of miR-708-5p in the progression of LSCC. Firstly, by
quantitative PCR, we found that compared with non-tumor tissues miR-708-5p is upregulated in LSCC tissues. To
clarify the mechanism, we carried out cell proliferation assay, cell wound healing assays. In the further study, we
found that the down-regulation of miR-708-5p contributes to the inhibition of cell proliferation and colony formation
in LSCC cell line Hep2. On the other hand, miR-708-5p promoted cell migration in cell wound healing assay. One
of the tumor suppressor gene, metastasis suppressor-1 (MTSS1) was identified to be a direct target gene of miR-
708-5p. Furthermore, MTSS1 was down-regulated in LSCC tissues. The low level of miR-708-5p leads to high level
of MTSS1 and decrease in cell migration and proliferation. In conclusion, these results suggested that miR-708-5p
promotes tumor growth and migration by directly targeting MTSS1. The identification may provide novel targets for
LSCC treatment and improve prognosis.
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Introduction

As the most common form of laryngeal carci-
noma, laryngeal squamous cell carcinoma
(LSCC) accounts for a quarter of all head and
neck squamous cell carcinomas [1]. Further-
more, among all head and neck squamous cell
carcinomas, LSCC is also an aggressive malig-
nancy that has the second highest rate of mor-
bidity [2, 3]. Until now, the pathological mecha-
nism is still poorly understood. The therapeutic
treatments include surgery, chemotherapy and
radiotherapy, but the 5-year overall survival
rate of patients is still low [4]. Therefore, to
understand the mechanism of malignant
behaviors of laryngeal carcinoma cell is very
important for finding novel treatment strate-
gies.

MicroRNAs (MiR) are a group of endogenous,
non-coding RNAs with less nucleotides, that
mediate mRNA cleavage and translational
repression or destabilization [5] by pairing with
the 3’-untranslated regions (3'UTRs) of their tar-
get genes. Many miRs can regulate about 30%
protein-coding genes in humans. MiRs have
been found to serve a significant role in many
biological processes, including cell prolifera-
tion, cell cycle progression, apoptosis, survival,
motility, invasion, metastasis, angiogenesis
and morphogenesis. In many types of human
cancer, deregulation of miRs has been demon-
strated as they have been demonstrated to be
oncogenes or tumour suppressor genes. These
foundings suggested that miRs may be novel
therapeutic targets for cancer therapy. In LSCC,
miRs have been found to be deregulated [6].
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Table 1. Primers in the research

Name Sequence
miR-708-5p F 5-CGG CGG AAG GAG CTT ACA ATC TA-3’
miR-708-5p R 5’-GTG CAG GGT CCG AGG-3’

miR-708-5p mimics
miR-708-5p inhibitor
NC

5’-AAG GAG CUU ACA AUC UAG CUG GG-3’
5’-CCC AGC UAG AUU GUA AGC UCC UU-3’

5’-UUC UCC GAA CGU GUC ACG UTT-3’

bovine serum (FBS), and 1% (v/v) peni-
cillin/streptomycin (all Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA,
USA), at 37°C in a humidified atmo-
sphere containing 5% CO,,.

24 h before transfection, HEp2 cells

U6 F 5’-CTCGCTTCGGCAGCACA-3’

U6 R 5’-AACGCTTCACGAATTTGCGT-3’
MTSS1 F 5-TAAAGAGGAGTTTGTTGGTTTGTT-3’
MTSS1R 5’-ACAATCCTAACATCAAAAAATAAA-3’
B-actin F 5’-TGACGTGGACATCCGCAAAG-3’
B-actin R 5’-CTGGAAGGTGGACAGCGAGG-3’

were seeded into plates. HEp2 cells
were transfected with miR-708-5p
mimics, inhibitor and negative control
(NC) miRNA, or cotransfected with
luciferase reporter plasmid [pGL3-
MTSS1-3’UTR--wild-type (Wt) or pGL3-
MTSS1-3’UTR-mutated (Mut)] using

Previous reports have demonstrated that miR-
708-5p is deregulated in laryngeal carcinoma
patients [7]. Furthermore, miR-708-5p has
been reported to be important in invasion of
cancer cells [8]. However, the role of miR-708-
5p in laryngeal carcinoma has not been well
clarified. In our research, we found that miR-
708-5p was deregulated in LSCC, which con-
tributes to the malignant behavior of LSCC
cells.

Materials and methods
Clinical specimens

LSCC tissues and their corresponding adjacent
nonneoplastic tissues were obtained from 24
patients with LSCC undergoing surgery resec-
tion at Daqing Qilfield General Hospital, (Daqging,
China). All patients had not received other ther-
apies, including radiotherapy and chemothera-
py, prior to surgery. Tissue samples were imme-
diately preserved in liquid nitrogen following
excision from patients and subsequently trans-
ferred to a -80°C refrigerator until use. The
present study was approved by the Human
Research Ethics Committee of Daqing Oilfield
General Hospital. Written informed consent
was obtained from all patients used in the pres-
ent study, as well as their clinicopathological
features.

Cell culture and transfection

The LSCC cell line (HEp2) were obtained from
Shanghai Institute of Biochemistry and Cell
Biology (Shanghai, China). Cells were main-
tained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% (v/v) fetal
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Lipofectamine 2000 (Invitrogen; Ther-
mo Fisher Scientific, Inc.), according to
the manufacturer’s protocol. The sequence of
were listed in Table 1. MicroRNA mimics and
luciferase report plasmid were synthesized and
obtained from Shanghai GenePharma Company
(Shanghai, China).

RNA isolation and reverse transcriptionquan-
titative polymerase chain reaction (RT-qPCR)
analysis

Total RNA was isolated from LSCC tissues,
adjacent non-neoplastic tissues and cells using
Trizol reagent (Invitrogen; Thermo Fisher Sci-
entific, Inc.), according to the manufacturer’s
protocol. Reverse transcription was performed
using the Moloney Murine Leukemia Virus
Reverse Transcription system (Promega Cor-
poration, Madison, WI, USA). gPCR was subse-
quently performed using SYBR® Premix Ex
Tagq™ Il (Takara, China) and the ABI 7300 Real-
Time PCR detection system, according to the
manufacturer’'s protocol. The thermocycling
conditions for gPCR was as follows: 5 min at
95°C; followed by 40 cycles of 95°C for 30 sec
and 65°C for 45 sec. The primer sequences
used for qPCR were listed in Table 1. Results
were quantified using the 2-AACq method (21).

Western blot analysis

A total of 72 h following transfection, cells were
lysed in cold Radio-immunoprecipitation Assay
Buffer (Beyotime Institute of Biotechnology,
Haimen, China) containing protease and phos-
phatase inhibitors. Bicinchoninic Acid Assay kit
(Beyotime Institute of Biotechnology) was used
to determine the protein concentrations. Equal
amounts of protein were subjected to SDS-
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Figure 1. Expression of miR-708-5p in LSCC tissues. (A) miR-708-5p was upregulated in LSCC tissues compared
with their corresponding adjacent non-tumor tissues. *P < 0.05 (B) miR-708-5p was down-regulated in HEp2 cells
transfected with miR-708-5p inhibitor, and up-regulated by transfection with mimics compared with cells trans-
fected with the NC. *P < 0.05 vs. the NC-transfected cells. LSCC, laryngeal squamous cell carcinoma; NC, negative

control.

PAGE and subsequently transferred to polyvi-
nylidene difluoride membranes (EMD Millipore,
Billerica, MA, USA). The membranes were
blocked with 5% non-fat milk at room tempera-
ture for 2 h, and subsequently incubated with
primary antibodies against MTSS1 (1:1,000
dilution; catalog: #9139; Cell Signaling Tech-
nology, Inc., Danvers, MA, USA) and B-actin
(1:1,000 dilution; sc-130065; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) at 4°C
overnight. Membranes were washed with TBS
containing 0.1% Tween-20 and incubated with
the corresponding horseradish peroxidase-con-
jugated secondary antibody (1:5,000).

Cell counting Kit-8 (CCK8) assay

Cell Counting Kit-8 (CCK-8) assay (Dojindo;
Kumamoto, Japan) was used for evaluating the
role of miR-708-5p on LSCC cell proliferation.
According to the manufacturer’s protocol,
about 1x103 transfected cells were plated in
96-well plates in triplicate and cultured in 90
ML medium containing 10% FBS. The ultimate
density of CCK-8 is 10%. Cells were incubated
for 2 hours at 37°C at each indicated time
points. The optical density at 450 nm for each
well was measured using an ELISA reader (Bio-
Rad Laboratories, Inc., Hercules, CA, USA).
Proliferation rates were determined at O, 24,
48, and 72 hours after transfection.
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Colony formation and cell wound healing assay

Five hundred gastric cancer cells per well were
seeded in 6-well plates. After two weeks, colo-
nies were fixed with methanol containing 0.2%
crystal violet, and the number of colonies was
counted.

Wound healing assay was carried out to test
the mobility of HEp2. Cells were trypsinized and
seeded equally in 6-well cell culture plates and
grew to confluence in 48 h. By using a sterile
100 ul pipette tip, artificial homogenous wound
in monolayer were created. Cell culture plate
was washed with serum-free medium. Cells of
migrating into the wound were counted at O h
and 24 h using an inverted microscope (40x).

Bioinformatic analysis and luciferase reporter
assay

The potential targets of miR-708-5p were ana-
lyzed using TargetScan (http://www.targetscan.
org/). To generate pGL3-MTSS1-3’'UTR plas-
mid, the human MTSS1 3-UTR was amplified
and cloned into the Xbal site of the pGL3-con-
trol vector (Invitrogen), which is in downstream
of the luciferase gene. Otherwise, as a control,
pGL3-MTSS1-3'UTR-mut plasmids were con-
structed using cDNA fragments containing
mutated nucleotides for miR-708-5p. For the
luciferase reporter assay, HEp2 were co-trans-
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Figure 2. Decrease of miR-708-5p inhibit HEp2 cell
growth. The expression of miR-708-5p was detected
by qRT-PCR after the transfection of miR-708-5p
mimics or miR-708-5p inhibitor. The Cell Counting
kit-8 assay demonstrated that miR-708-5p increased
cell growth in HEp2 cells. *P < 0.05 vs. the NC-trans-
fected cells. miR, microRNA; NC, negative control.

fected with 100 ng of the luciferase reporter
vectors and 20 p mol of control mimic, miR-708
mimic using Lipofectamine 2000 (Invitrogen).
The B-actin promoter Renilla luciferase reporter
was used for normalization. After 48 h, lucifer-
ase activity was analyzed using the Dual-
Luciferase Assay System (Promega).

Statistical analysis

All of the statistical analyses were carried out
with SPSS 16.0 (SPSS, Chicage, IL), by Student’s
t-test and ANOVA. Data are expressed as the
mean * standard deviation (SD). All of results
are derived from experiments performed in trip-
licate. A difference was accepted as significant
if P < 0.05.

Results
miR-708 is upregulated in LSCC

The expression of miR-708 in laryngeal carci-
noma tissues and corresponding adjacent non-
neoplastic tissues was tested using quantita-
tive RT-PCR. The results showed that miR-
708-5p expression in laryngeal carcinoma
was significantly higher than healthy controls
(Figure 1A). The results indicated that miR-
708-5p may serve important roles in LSCC.

To investigate the roles of miR-708-5p in LSCC

cells, miR-708-5p mimic and inhibitor were
transfected into HEp2 cells using Lipofectamine
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2000. To assess the transfection efficiency,
RT-gPCR was performed following transfection.
As presented in Figure 1B, miR-708-5p was sig-
nificantly down-regulated in cells transfected
with miR-708-5p inhibitor compared with cells
transfected with the NC (P < 0.05).

Decrease of miR-708-5p inhibit HEp2 cell
growth and proliferation assay

The CCK8 assay was performed to figure out
the role of miR-708-5p in laryngeal carcinoma.
As presented in Figure 2, we transfected HEp2
cells with miR-708 mimic or miR-708 inhibitor.
Decrease of miR-708-5p significantly decreased
cell growth in HEp2 cells compared with the NC
(P < 0.05). Colony formation assays indicated
that the number of colonies in HEp2 cells trans-
fected with antagomirs group was lower than
the control (Figure 3A).

MiR-708-5p promoted LSCC cell migration

The HEp2 migration was measured by cell
wound healing assay, which showed that miR-
708 inhibitor remarkably restrained, and the
miR-708 mimics promoted HEp2 migration in
laryngeal carcinoma (Figure 3B). These results
indicate that miR-708-5p in HEp2 promotes the
malignant behavior of HEp2, as migration.

MTSSL1 is a direct target gene of miR-708-5p

By bioinformatic analysis (miRanda and
TargetScan), we identified MTSS1 as a poten-
tial target gene by miR-708-5p (Figure 4A).
Subsequently, RT-gPCR and western blot analy-
sis were performed to investigate the regula-
tion of miR-708-5p and MTSS1 expression at
the mRNA and protein level in LSCC cells.

As presented in Figure 4C and 4D, MTSS1 was
significantly downregulated in HEp2 cells trans-
fected with miR-708-5p compared with cells
transfected with the NC (P < 0.05). Dual-
luciferase reporter assays were also performed
to verify the targeting of miR-708-5p. As pre-
sented in Figure 4B, luciferase activity was sig-
nificantly downregulated in the miR-708-5p
mimics and pGL3-MTSS1-3’UTR-Wt group, Whi-
le the inhibitory effects miR-708 were not
shown in the mutant reporter transfected cells
(Figure 4B). These results indicated that MTSS1
was a direct gene of miR-708-5p in vitro.
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Figure 3. miR-708-5p promotes the malignant behavior of Hep2. A. Down-regulation of miR708-5p inhibited the cell
colony formation ability of HEp2 cells (maghnification, x200). B. Cell wound healing assay. MiR-708-5p significantly
promoted cell migration of LSCC.
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Figure 4. MTSS1 is a direct target gene of miR 708-5p in vitro. (A) TargetScan and miRanda assessment demon-
strated that MTSS1 contained an miR 708-5p seed match at MTSS1 3’UTR. (B) western blot analysis revealed that
MTSS1 was downregulated at the protein levels, respectively, in HEp2 cells following transfection with miR 708-5p.
(Cand D) miR 708-5p inhibited the pGL3 MTSS1 3’UTR Wt luciferase activity; however, not the pGL3 MTSS1 3’'UTR
Mut luciferase activity in HEp2 cells. *P < 0.05 vs. the respective NC transfected cells. MTSS1, metastasis suppres-
sor-1; miR, microRNA; UTR, untranslated region; Wt, wild type; Mut, mutated; NC, negative control.

Discussion and accounts for one quarter of all head and

neck squamous cell carcinomas [9]. Despite
Laryngeal squamous cell carcinoma (LSCC) is the development of therapeutic treatments for
the most common form of laryngeal carcinoma LSCC, including surgery, chemotherapy and
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radiotherapy, the 5-year overall survival rate
of patients with LSCC has not significantly
improved over the past 10 years [10]. In the
present study, miR-708-5p is proved to be relat-
ed to the progression of LSCC, which might be
a key target in the therapy of LSCC.

In the current study, miR-708-5p is found to be
up-regulated in LSCC tissues. In recent years,
microRNAs has been studied in many fields,
especially in cancers [11]. Many studies have
demonstrated that miR serves a significant role
in diverse biological processes, including cell
proliferation, cell cycle progression, apoptosis,
survival, motility, invasion, metastasis, angio-
genesis and morphogenesis. Many studies
have indicated that miR-708-5p was abnormal-
ly expressed in a number of types of human
cancer. For example, in hepatocellular carcino-
ma, miR-708-5p expression was reduced in
HCC tissues and cell lines. While in other can-
cers, miR-708 functions as oncogene. For
example, the expression level of miR-708-5p
was increased and correlated with poor surviv-
al in lung adenocarcinoma and the high expres-
sion level of miR-708 in the tumors was most
strongly associated with an increased risk of
death [12].

Thus, we speculated that miR-708-5p might be
a potential indicator for poor prognosis of LSCC.
The evidence has been reached via cell growth
and proliferation assay. Transfection of LSCC
cells with miR-708-5p inhibitor demonstrated
to inhibit cell proliferation and invasion by
CCKS, colony formation and cell wound healing
assay. MicroRNAs function by controlling
expression of other genes.

Here, we found that the expression of metasta-
sis suppressor 1 (MTSS1) is regulated by miR-
708-5p. As an actin-binding protein, MTSS1 is
involved in cytoskeleton function. The protein
contains a WASP-homology 2 (WH2) actin-bind-
ing motif and an IMD (IRSp53 MIM domain)
which regulate cytoskeletal dynamics by restric-
tion of actin polymerization [13]. MTSS1 is
expressed in various tissues including spleen,
thymus, prostate, uterus, colon or peripheral
blood but absent or low expressed in different
cancer types including bladder, gastric, colorec-
tal and breast cancer where its reduced expres-
sion correlates with poor patient survival [14].
In basal cell carcinomas MTSS1 has also been
identified as a Sonic Hedgehog (SHH) respon-
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sive gene, potentiating Gli dependent transcrip-
tion [15].

In conclusion, our research found that miR-
708-5p is deregulated in LSCC and promoted
the malignant behavior. Furthermore, the can-
cer promoting effects was realized by the way
of restraining MTSS1, which is a cancer sup-
pressor gene.
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