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MiR-802 inhibits the malignant biological
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by targeting proto-oncogene MET
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Abstract. — OBJECTIVE: Oral squamous cell
carcinoma (OSCC) is one of the frequently oc-
curring malignancies, but effective treatments
are lacking. It is believed that exploring new
molecular targets could help us to improve the
treatment of OSCC. Therefore, we hope to find a
new miRNA target to control OSCC.

PATIENTS AND METHODS: qPCR and West-
ern blots were used to test the expressions of
miR-802 and target gene in OSCC tissues and
cell lines. Luciferase reporter assay was per-
formed to check whether miR-802 could direct-
ly target MET. CCK-8, wound healing, cell inva-
sion, colony formation, and tumor growth as-
says were used to determine the functions of
miR-802 and MET in the malignant biological be-
havior of OSCC.

RESULTS: The results suggested that miR-
802 was low expressed in OSCC tissues and
cell lines. Overexpression of miR-802 inhibit-
ed the cell viability, colony formation, migration
and invasion of Tca8113 and SCC9 cells, and tu-
mor growth in vivo. It was predicted that miR-
802 might target the mRNA of proto-oncogene
MET. Overexpressing miR-802 suppressed the
expression of wild-type MET at both protein and
mRNA levels in Tca8113 and SCC9 cells. More-
over, the expression of MET was high and sig-
nificantly correlated with the low expression of
miR-802 in OSCC tissues. Overexpression of
MET in Tca8113 and SCC9 cells reduced the tu-
mor-suppressive effects, which was induced by
miR-802 overexpression.

CONCLUSIONS: MiR-802 suppresses the ma-
lignant biological behavior of OSCC by targeting
proto-oncogene MET. This work provides a new
potential molecular target for treating OSCC.
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Introduction

Oral squamous cell carcinoma (OSCC) is
the most frequent malignancy of oral can-
cers in the world'. The occurrence of OSCC
is mainly due to genetic mutations, caused by
continued exposure to various risk factors,
such as viral infections, tobacco, and alcohol.
The malignant biological behavior, e.g., local
lymph node metastasis, leads to the poor prog-
nosis of OSCC?. However, the molecular mech-
anisms of OSCC development remain poorly
known, which limits the treatment of OSCC.

Activation of several proto-oncogenes and
deactivation of tumor suppressors are involved
in the development of OSCC?. MET is a pro-
to-oncogene encoding a tyrosine-protein ki-
nase and participates in the occurrence and
progression of many cancers*. MET expression
is correlated with OSCC3. The high expression
of MET may promote the malignant biological
behavior of OSCC®’, but this needs validation
via gene loss-of-function.

A microRNA (miRNA) is a small non-coding
RNA that can regulate gene expression at both
transcription and translation levels by interacting
with the target mRNA®. MiRNAs can directly
target oncogenes and play anti-tumor activity*'°.
In OSCC cells, some miRNAs have been found
to inhibit tumor growth by targeting several on-
cogenes and tumor suppressors'!*. Notably, MET
is the target of a couple of miRNAs in OSCC'"3,
suggesting miRNA can function as a tumor sup-
pressor in OSCC by regulating MET expression.
Therefore, identifying new miRNAs that target
MET may promote the treatment of OSCC.
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In this work, we found miR-802 exhibited
low expression in OSCC tissues and cell lines.
Transfecting miR-802 mimics in OSCC cells in-
hibited the malignant biological behavior, such as
cell viability, migration, and invasion. Moreover,
MET was identified as the target of miR-802 and
mediated the anti-tumor activity of miR-802.
Therefore, we argue that this study provides a
new miRNA target for treating OSCC.

Patients and Methods

Quantitative Real-Time PCR (qPCR)

The human samples of normal and OSCC
tissues were obtained from the patients in The
Affiliated Stomatological Hospital of Nanchang
University. All the patients agree with the sample
collection. This investigation was approved by
the Institutional Ethics Committee of Nanchang
University. According to the manufacturer’s pro-
tocols, total RNA was extracted using TRIzol
(Invitrogen, Carlsbad, CA, USA), and cDNA
was synthesized using SuperScript II Reverse
Transcriptase (Invitrogen, Carlsbad, CA, USA).
gPCR was performed with the corresponding
primers (Table 1) using an ABI Quant Studio6
system (Applied Biosystems, Foster City, CA,
USA). The relative expression of miRNA was
normalized to U6 expression, but that of MET
was normalized to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) expression. The 2-44¢T
method was used to analyze the qPCR results
based on three biological replicates and three
technical replicates.

Cell Culture and the Transfection of
MiRNA and Plasmids

Tca8113, SCC9, SCC25, and CAL27 cell lines
were purchased from American Type Culture
Collection (ATCC; Manassas, VA, USA), and
HN12, HSU3, and FADU cell lines were ob-
tained from the Committee of the Type Culture
Collection of the Chinese Academy of Scienc-
es (Shanghai, China). Cells were cultured in

Table I. Primers used in qPCR.

Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum (FBS; Hyclone,
South Logan, UT, USA), 100 U/ml penicillin,
and 100 ug/ml streptomycin, and maintained
at 37°C in a humidified 5% CO, incubator. The
miR-802 mimics (5-CAGUAACAAAGAUU-
CAUCCUUGU-3") and miRNA-negative control
(AgomiR-NC, 5-CAGUACUUUUGUGUAGUA-
CAA-3") were synthesized by the GenePharma
Company (Shanghai, China). Transfection of
miRNAs and the plasmids expressing MET was
performed using Lipofectamine 2000 (Invitro-
gen, Carlsbad, CA, USA) according to the manu-
facturer’s instructions.

Cell Counting Kit-8 (CCK-8) Assay

The CCK-8 assay was performed to detect cell
viability. Briefly, cells were seeded in a 96-well
plate. After the transfection of miRNA or plas-
mids, the cells were treated with CCK-8 reagent
(#C0038, Beyotime, Haimen, Jiangsu, China) ac-
cording to the manufacturer’s method. Finally,
the absorbance was measured at 450 nm with a
microplate reader.

Colony Formation Assay

Two hundred cells were seeded into per well of
a 6-well plate and cultured in DMEM containing
10% FBS. After 10-day incubation, the cells were
washed with phosphate-buffered saline (PBS)
and fixed with 4% paraformaldehyde and then
stained with 0.5% crystal violet. Colonies with
more than 50 cells were counted under a micro-
scope (Olympus, Tokyo, Japan).

Wound Healing Assay

A wound healing assay was performed to
test cell motility. When the cells grew to 90%
confluent, a wound was generated by scratching
the cell monolayer with a 200-puL pipette tip. To
avoid cell proliferation, we used a DMEM medi-
um containing 1% FBS to culture the cells after
wound generation. Wound distance was imaged
and measured after a 48-h incubation period.

Gene/miRNA Forward primer (5°-3’) Reverse primer (5°-3°)
miR-802 CGTTGTGTAGCTTATCAGACTG AATGGTTGTTCTCCACACTCTC
U6 CTCGCTTCGGCAGCACA AACGCTTCAGGAATTTGCGT
MET CCCCACCCTTTGTTCAG TCAGCCTTGTCCCTCCT

GAPDH AAGGTGAAGGTCGGAGTCAAC GGGGTCATTGATGGCAACAATA
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Cell Invasion Assay

Cell invasion assay was performed using the
transwell chamber (Millipore Corporation, Bil-
lerica, MA, USA). 1.0x10* cells in serum-free
medium were seeded into the upper chamber pre-
coated with Matrigel (BD Biosciences, Bedford,
MA, USA). DMEM with 10% FBS was filled into
the lower chamber. After 48-h incubation, cells
that had invaded through the membrane were
fixed in 4% paraformaldehyde and stained with
0.5% crystal violet. The invaded cells were im-
aged and counted under a microscope (Olympus,
Tokyo, Japan).

Tumor Growth Assay

All animal experiments were approved by the
Institutional Animal Ethical Committee of Nan-
chang University, China, and conformed to the
National Institutes of Health guidelines on the
ethical use of animals. Male nude mice aged
4-5 weeks (about 15-25 g) were purchased from
Shanghai Sippr-BK Laboratory Animal (Shang-
hai, China). Mice were randomly divided into two
groups, which injected with Tca8113 cells over-
expressing miR-802 mimics and negative control
miRNA, respectively. The length and width of
tumors were measured weekly. When the tumors
reached 2.0 cm in diameter, they were excised.
Furthermore, the tumor volume was calculated
using the reported formula (axb?) x0.5'.

Luciferase Reporter Assay

Forty-eight hours after the transfection of miR-
NAs and reporter plasmids, cells were lysed with
passive lysis buffer. Subsequently, the samples
were subjected to Dual-Luciferase assay using
the Dual-Luciferase Reporter Assay Kit (Prome-
ga, Madison, WI, USA) and a microplate reader.
The data was analyzed based on three replicates.

Western Blots

Total protein was extracted using radioim-
munoprecipitation assay buffer (RIPA; 30 mM
Tris-HCI pH 7.4, 150 mM NaCl, and 1% NP-
40) containing proteinase inhibitor cocktail (Sig-
ma-Alrdich, St. Louis, MO, USA). The protein
sample was mixed with sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE) loading buffer and boiled at 95°C for
5 min. About 50 pg of total protein per sam-
ple was subjected to SDS-PAGE. Proteins were
transferred to polyvinylidene difluoride (PVDF)
membrane, and the membrane was then blocked
in 5% skim milk powder. The primary antibod-

ies, including antibodies of MET (Abcam, Cam-
bridge, MA, USA, Catalog No. ab51067) and
GAPDH (Abcam, Catalog No. ab181602), were
used to incubate the membrane overnight at 4°C
with a 1:1000 dilution. Then, a horseradish perox-
idase (HRP)-conjugated goat anti-rabbit antibody
(Abcam, Catalog No. ab6721) was used as the
secondary antibody to incubate the membrane for
1 h at room temperature. Target bands were visu-
alized by using an enhanced chemiluminescence
kit (Pierce Biotechnology, Rockford, IL, USA)
according to the manufacturer’s instructions.
Protein bands were quantified by densitometric
analysis and the relative gray was calculated by
normalizing to GAPDH level.

Statistical Analysis

All data were analyzed by SPSS 17.0 software
(Chicago, IL, USA) and GraphPad Prism 5 Demo
software (San Diego, CA, USA). The values were
expressed as the mean+ standard error. Signifi-
cant differences were calculated using the Stu-
dent’s t-test based on three biological replicates.
p < 0.05 was considered statistically significant.

Results

MiR-802 Is Significantly Downregulated
In OSCC Tissues and Cell Lines

To investigate the potential relationship be-
tween miR-802 and OSCC, we analyzed the ex-
pression levels of miR-802 in OSCC tissues and
cell lines. qPCR results suggested that miR-802
was low expressed in the 50 OSCC tissues, com-
pared with that of in the normal tissues (Figure
1A). Similarly, miR-802 exhibited lower expres-
sion in a couple of OSCC cell lines, including
Tca8113, SCCY, SCC25, CAL27, HN12, HSU3,
and FADU, than that of in the normal human oral
keratinocytes (NHOK) cells (Figure 1B). Hence,
the miR-802 expression is suppressed in OSCC
tissues and cell lines.

Overexpression of MiR-802 Inhibits
OSCC Cell Proliferation, Migration, and
Invasion In Vitro As Well As Tumor
Growth In Vivo

The low expression of miR-802 in OSCC tis-
sues let us ask whether miR-802 could inhibit
the malignant biological behavior of OSCC. To
test this, we overexpressed miR-802 in OSCC
cell lines, including Tca8113 and SCC9, by
transfecting synthetic miR-802 mimics. gPCR
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Figure 1. Expression of miR-802 in OSCC tissues and cell lines. A, qPCR showing miR-802 expression in the 50 OSCC tissues and
normal tissues. B, MiR-802 expression in the OSCC cell lines, including Tca8113, SCC9, SCC25, CAL27, HN12, HSU3, FADU, and
the normal human oral keratinocytes (NHOK) cells. Significant differences were analyzed by Student’s #-test (* p < 0.05, *** p <0.001).

suggested that the transfection of miR-802 sig- ity of Tca8113 and SCC9 (Figure 2B). Colony
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Figure 2. Anti-tumor activity of miR-802 in OSCC cells. A, Overexpressing miR-802 in Tca8113 and SCC9 cells by transfecting
miR-802 mimics. The control cells received an equal amount of negative control miRNA (AgomiR-NC). B, Cell viability was
determined in Tca8113 and SCC9 cells by the CCK-8 method. C, Colony formation in Tca8113 and SCC9 cells after miR-802 mimic
transfection (magnification, x20). D, Wound healing assay showing the cell migration in Tca8113 and SCC9 cells (magnification,
x10). E, Transwell assay showing the cell invasion (magnification, x20). F, Tumor growth was analyzed in nude mice by injecting
miR-802-transfecting Tca8113 cells. Significant differences were analyzed by Student’s #-test (** p < 0.01, *** p <0.001).
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that high expression of miR-802 restrained cell
migration (Figure 2D). Moreover, the transwell
assay showed that transfecting miR-802 mimics
inhibited cell invasion (Figure 2E). Injecting
Tca8113 cells transfected with miR-802 mimics
in nude mice significantly reduced the tumor
size (Figure 2F). These data suggested that
miR-802 restrains OSCC cell proliferation, mi-
gration, and invasion in vitro, as well as tumor
growth in vivo.

MIiR-802 Suppresses the Expression of
Proto-Oncogene MET In OSCC Cells By
Targeting the 3-UTR of MET

To determine the mechanism by which miR-
802 regulates the malignant biological behavior
of OSCC, we investigated the possible target of
miR-802. Of note, it is predicted that miR-802
may directly bind to the 3’-UTR of proto-onco-

gene MET (Figure 3A), which has been found
participating in the progression of OSCC®!"!8,
Luciferase reporter assay showed that transcrip-
tion of wild-type MET was significantly sup-
pressed by miR-802 (Figure 3A). However, miR-
802 had no visible effect on the transcription of
MET when the predicted binding site of MET
mRNA was mutated. We then tested whether
miR-802 could regulate the expression of endog-
enous MET. The results showed that miR-802
inhibited the expression of MET at both mRNA
and protein levels in Tca8113 and SCC9 cells
(Figure 3B and C). Furthermore, we found MET
exhibited higher expression in OSCC tissues,
compared with the normal tissues (Figure 3D).
The high expression of MET was significantly
correlated with the low expression of miR-802
(Figure 3E). These data suggested that MET is a
target of miR-802 in OSCC cells.
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Figure 3. Inhibitory effect of miR-802 on MET expression in OSCC cells. A, Dual-Luciferase reporter assay showing the direct
inhibitory effect of miR-802 on MET expression in Tca8113 and SCC9 cells. The qPCR (B) and Western blot (C) were performed
to analyze the expression of endogenous MET after miR-802 mimics transfection. (D) qPCR showing the MET expression in
50 OSCC and normal tissues. E, The correlation between MET and miR-802 expression, determined by Pearson’s correlation
coefficient analysis. Significant differences were analyzed by Student’s #-test (* p < 0.05, ** p <0.01, *** p <0.001).
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Overexpression of MET Reduced the
Tumor-Suppressive Effect Caused by
MiR-802 In OSCC

To ask whether miR-802 suppressed the ma-
lignant biological behavior of OSCC by targeting
MET, we co-transfected miR-802 mimics and
MET-overexpressing plasmids in OSCC cells.
The results showed that the co-transfection of
miR-802 and MET significantly downregulat-
ed cell viability (Figure 4A), colony formation
(Figure 4B), cell migration (Figure 4C) and in-
vasion (Figure 4D), compared with the transfec-
tion of miR-802. These data strongly suggested
that miR-802 can interact with MET and inhibits
the malignant biological behavior of OSCC.

Discussion

OSCQC is the most frequent malignancy of oral
cancers in the world, but there are no effective
treatments. Here, we found that miR-802 can
function as a tumor suppressor of OSCC by tar-
geting the proto-oncogene MET. Although the
interaction between miRNAs and MET in OSCC
has been investigated, it is the first time to test the
relationship between miR-802 and MET in OSCC
tissues and cell lines. Our data suggest that miR-
802 is a promising candidate that could be used
as a molecular target to treat OSCC.

MiRNAs are the critical regulator for cell
proliferation, migration, and invasion of OSCC.
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Figure 4. MiR-802 directly targeted MET to inhibit the malignant biological behavior of OSCC. After the co-transfection
of miR-802 and MET-overexpressing plasmid in Tca8113 and SCC9 cells. A, Cell viability was analyzed by CCK-8
assay. B, Colony formation after the co-transfection of miR-802 and MET-overexpressing plasmid in Tca8113 and SCC9
cells (magnification, x20). C, Cell migration test after the co-transfection of miR-802 and MET-overexpressing plasmid,
determined by wound healing assay (magnification, x10). D, Cell invasion was analyzed after the co-transfection of miR-802
and MET-overexpressing plasmid, determined by transwell assay (magnification, x20). Significant differences were analyzed
by Student’s #-test (** p <0.01).
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The expressions of lots of miRNAs were found
altered in OSCC", suggesting the progression of
OSCC is epigenetically regulated by miRNAs.
Expressions of miR-12b and miR-9 were down-
regulated in OSCC, and overexpressing them
inhibited cell proliferation®*?'. Several miRNAs,
such as miR-124, miR-491-5p, miR-17/20a, and
miR-26a/b, were low expressed in OSCC, but
their function was mainly related to the inhibito-
ry effects on cell migration and invasion. In this
work, we found that the low expressed miR-802
in OSCC not only plays roles in cell viability, but
also regulates cell colony formation, migration
and invasion in vitro, and even the tumor growth
in vivo. This finding suggests that miR-802 has
a more critical role in the progression of OSCC.

We further dissected the mechanisms of the
inhibition effect of miR-802 on OSCC and found
that MET is the target of miR-802. We vali-
dated the direct interaction between MET and
miR-802 by the Luciferase reporter assay. The
negative correlation between MET and miR-802
expression confirmed miR-802 could directly
regulate MET expression in vivo. Moreover,
overexpressing MET in OSCC cells reduced
the anti-tumor activity of miR-802. Therefore,
miR-802 suppresses OSCC by targeting MET.
It has been found that MET is highly expressed
in OSCC patients. Therefore, MET is consid-
ered a possible prognostic factor and a useful
molecular marker to monitor the progression
of OSCC'22.2, Notably, two independent stud-
ies'*! also demonstrated that MET is the target
of miRNAs in OSCC. Combined with our in-
vestigation, we speculate that MET-regulated the
malignant biological behavior of OSCC can be
controlled by multiple miRNAs. In the future,
we may try to intervene in the expression of
miRNAs and MET to treat OSCC.

Conclusions

Taken together, these sudies revealed that
miR-802 expression was suppressed in OSCC
tissues and cells. The upregulation of miR-802
directly repressed proto-oncogene MET and then
restrained the malignant biological behavior of
OSCC. Therefore, miR-802 is a promising target
for treating OSCC.
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