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Introduction
Oral squamous cell carcinoma (OSCC) is one of the most aggressive neoplasms among
head and neck carcinomas.! OSCC is an aggressive, invasive epithelial malignancy
that is sometimes associated with inflammatory changes and periodontal disease.**
Although there has been significant progress in the diagnosis and clinical treatment
of these diseases, the overall 5-year survival rate after diagnosis remains less than
50%, mainly because of cancer metastasis or recurrence.’ Therefore, increasing our
understanding of the molecular mechanisms involved in OSCC growth and metastasis
might help to find effective therapeutic targets and improve the overall prognosis of
patients with OSCC.

Long non-coding RNAs (IncRNAs) are a group of non-protein-coding RNAs of
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crucial roles in diverse cellular processes, such as proliferation, apoptosis, dedifferen-
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important functions in human cancer biology by regulat-
ing malignant biological behaviors in tumor cells, such as
proliferation, invasion, and metastasis.*” Their high tissue
specificity, high efficiency, and increased stability, have
led to the suggestion that IncRNAs could act as therapeutic
targets and biomarkers for diagnosis or prognosis in various
cancers, including OSCC.%°

LINCO00152, a 828 bp IncRNA that maps to chromosome
2p11.2,'% was recently reported to be involved in tumorigen-
esis and metastasis in multiple types of cancers.!' "' A recent
study showed that LINC00152 was the most significantly
upregulated IncRNA in tongue squamous cell carcinoma
(a kind of OSCC), and elevated LINC00152 expression
was associated with poor prognosis.?’ However, the bio-
logical functions and underlying molecular mechanisms for
LINCO00152 in OSCC remain unclear. Therefore, the present
study aimed to explore whether LINC00152 is involved in
OSCC progression. The results showed that LINC00152
expression was increased in OSCC tissues and cell lines.
LINCO00152 knockdown inhibited OSCC development by
increasing the level of miR-139-5p. Thus, we hypothesized
that LINC00152 is a competing endogenous RNA (ceRNA)
that acts as an miRNA sponge for miR-139-5p in OSCC.

Materials and methods

Subject and tissue collection
Forty patients diagnosed with OSCC were i

2012 and March 201
the School of S

& \
N LT

received any 3 perative chemotherapy, radiotherapy, or

liquid nitrd raction. None of the patients

other therapy.

Cell lines and transfection

Four OSCC cell lines: Tca8113, OSCC-15, SCC-9, and
SCC-25; and the human normal oral keratinocytes (hNOKs)
cell line, were obtained from the Institute of Biochemistry
and Cell Biology of the Chinese Academy of Sciences
(Shanghai, China). All cells were routinely cultured in
DMEM/Nutrient Mixture F12 (HyClone, Logan, UT, USA)

containing 10% FBS (HyClone), 100 U/mL penicillin
(Sigma-Aldrich Co., St Louis, MO, USA), or 100 png/mL
streptomycin (Sigma-Aldrich Co.) at 37°C in a humidified
incubator containing 5% CO,.

A short-hairpin RNA (shRNA) directed against human
LINCO00152 (sh-LINC00152) and a scrambled shRNA as a
negative control (sh-NC), both in plasmids, were synthesized
by GenePharma (Shanghai, China). An miR-139-5p mimic
and corresponding negative control (miR-NC) were obtained
from GenePharma. Before transfection, SCC-9 cells (1x10°)

were cultured until it reached 80% cop e. The vectors

ion was performed from tumor tissues
ng the Trizol reagent (Invitrogen) according

gnufacturer’s instructions. Total RNA was reverse

structions. RT-PCR was performed using TransStart Top
Green qPCR SuperMix (Transgen, Beijing, China) on an
ABI 7900 Real-Time PCR System (Applied Biosystems,
Thermo Fisher Scientific). The primers for U6, miR-139-5p,
LINCO00152, and GAPDH used in this study have been
described previously.'?! The expression levels of GAPDH
and U6 were used as endogenous controls. Relative quanti-
fication of the target genes was performed with the compara-
tive cycle threshold (CT) values using the 27**Ct method.

Cell proliferation and colony formation
The proliferation of cells transfected with the indicated
shRNAs or plasmid constructs was determined using the cell
counting kit 8 (CCK-8) assay, as described previously." For
the colony formation assay, transfected cells were seeded into
6-well plates at a density of 1,000 cells per well and cultured
at 37°C in a humidified 5% CO, incubator for 10 days to
form colonies. After staining with 0.2% crystal violet, the
colonies were imaged and counted under a light microscope
(Olympus Corporation, Tokyo, Japan).
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Cell migration and invasion assays
The cell migration ability was determined using a wound
healing assay. Briefly, transfected cells were seeded into
6-well plates and grown to 100% confluence. A linear wound
was created using a pipette tip. After washing three times with
PBS, the cells were cultured in medium containing 1% FBS
for 24 hours. Three random images were taken at the time
of wounding. Migration distance (units) was analyzed as a
reduction in the wound gap, using the NIH ImageJ software
(National Institutes of Health, Bethesda, MD, USA).

Cell invasion was determined using Matrigel invasion
assays. Briefly, 2x10° transfected cells in serum-free DMEM
were seeded into the upper chamber of a BD BioCoat
Matrigel Invasion Chamber (BD Biosciences, San Jose, CA,
USA) with 8 um pores, coated with Matrigel matrix (BD
Biosciences), and 600 pL. medium containing 10% FBS as
a chemoattractant was added to the lower chamber. After
incubation for 48 hours, the cells that had invaded through
the membrane and remained on the lower membrane surface
were fixed in 20% methanol and stained with 0.1% crystal
violet. The fixed cells in five randomly selected fields were
photographed and counted under an X71 inverted microscope
(Olympus Corporation).

Western blotting

Cells or tumor tissues were incubated on ice v

were determined using a Pierce
Assay Kit (Thermo Fisher
protein (30 png) were subjec

(1:1,000 dilution}¥anti-neural (N)-cadherin (1:1,000 dilution),
anti-Vimentin (1:1,000 dilution), and anti-GAPDH (1:2,000
dilution). After washing three times with TBS, the membranes
were incubated with horseradish peroxidase-conjugated goat
anti-mouse IgG (1:5,000 dilution; Santa Cruz Biotechnology
Inc.) at room temperature for 2 hours. Immunoreactive protein
bands were visualized using an enhanced chemiluminescence-
based FluorChem® FC2 imaging system (Alpha Innotech, San
Jose, CA, USA).

Luciferase reporter assay

The 3’'UTR of LINC00152, containing the potential bind-
ing sites of miR-139-5p, was synthesized by RiboBio
(Guangzhou, China), inserted into vector psiCHECK2
(Promega Corporation, Fitchburg, WI, USA), and named
WT-LINCO00152. A mutant 3’'UTR of LINC00152 was
constructed using a QuikChange XL Site-Directed Muta-
genesis kit (Agilent Technologies, Santa Clara, CA, USA),
and named MT-LINCO00152. For the luciferase reporter
assay, SCC-9 cells were co-transfected with the miR-139-5p

mimic or miR-NC and the reporterg id WT-LINCO00152

d Use Committee of the Jilin University. Male
/c nude mice (45 weeks old) were obtained
perimental Animal Center of Jilin University
chun, China) for animal studies. All animals were
maintained and used under specific pathogen-free condi-
tions in accordance with the guidelines of the Institutional
Animal Care and Use Committee of the Jilin University
(Changchun, China).

SCC-9 cells (2x10°) stably overexpressing sh-LINC00152
or the corresponding sh-NC were subcutaneously injected
into the flanks of nude mice, respectively. The tumor volume
(V) was monitored and calculated according to the formula:
V=0.536x(L x W?) by measuring tumor length (L) and width
(W) every 7 days until the mice were sacrificed. At 35 days
after injection, the mice were sacrificed, and the tumors
were carefully excised, weighed, photographed, and stored
in liquid nitrogen for further experiments.

Statistical analysis

The data shown in this study were expressed as the mean *
SD from at least three independent experiments. The differ-
ences among treatment groups were analyzed using Student’s
t-test or one-way ANOVA followed by Dunnett’s multiple
test, as appropriate. Statistical analyses were performed using
GraphPad Prism 5.0 software (GraphPad Software, Inc.,
La Jolla, CA, USA) and SPSS 18.0 (SPSS Inc., Chicago,
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IL, USA). Significant differences between groups were
assessed as P<<0.05 and P<<0.01.

Results
LINCO0152 is overexpressed in OSCC

and is associated with decreased survival
in patients with OSCC

We first detected the expression of LINC00152 in tumor
tissues collected from 40 patients with OSCC and adjacent
normal tissues (ANTs). The results of qRT-PCR demon-
strated that LINC00152 levels were significantly higher
in tumor tissues than in ANTs (P<<0.01; Figure 1A). The
clinicopathological parameters that might be related to
LINCO00152 expression levels in the 40 patients with OSCC
were also analyzed. Based on the median values, patients
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could be divided into two groups: those with a high level of
LINCO00152 (n=25) and those with a low level of LINC00152
(n=15). Statistical analysis showed that LINC00152 expres-
sion levels were significantly associated with the TNM
stage and lymph node metastasis (Table 1), but were not
significantly associated with other clinicopathological

parameters, including age, gender, and differentiation
(Table 1). Moreover, the expression levels of LINC00152
were also examined in four OSCC cell lines (Tca8113,
OSCC-15, SCC-9, and SCC-25) and in normal oral cells

-
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Figure | LINCO00152 is overexpressed in OSCC samples and is associated with reduced survival of patients with OSCC.

Notes: (A) Relative expression of LINC00152 in OSCC tissues (n=40) and in paired adjacent normal tissues (n=40). LINCO00152 expression was detected by qRT-PCR and
normalized to GAPDH expression. (B) Relative expression of LINC00152 in four OSCC cell lines (Tca81 13, OSCC-15, SCC-9, and SCC-25) and in normal oral cells (nNOK).
(C) Kaplan—Meier survival analysis showed that high LINCO00152 expression was associated with worse overall survival compared with low expression. *P<<0.01.
Abbreviations: ANT, adjacent normal tissue; hNOK, human normal oral keratinocytes; OSCC, oral squamous cell carcinoma.
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Table | Association of LINC00I52 expression with clinicopath-
ologic factors of 40 OSCC patients

Variables Number LINCO00152 P-value
of cases expression
High (n %) Low (n %)
Age (years) P>0.05
<60 17 11 (64.7) 6 (36.3)
=60 23 14 (60.9) 9 (39.1)
Gender P>0.05
Male 22 14 (63.6) 8 (34.4)
Female 18 I 6l.1) 7 (38.9)
Clinical stage P<<0.01
-l 29 15(51.8) 14 (48.2)
-V I 10 (90.9) 1 (9.1)
Differentiated P>0.05
Well/moderate 25 15 (60.0) 10 (40.0)
Poor 15 10 (66.7) 5(33.3)
Lymph node metastasis P<0.01
No 28 14 (50.0) 14 (50.0)
Yes 12 11 (91.7) 1(8.3)

Abbreviation: OSCC, oral squamous cell carcinoma.

implied that high LINC00152 expression is related to poor
prognosis of OSCC.

Knockdown of LINCO0152 inhibits cell
proliferation and colony formation i
OSCC cells

in cell migration and invasion of
OSCC were
transfection with'

g cvaluated. As shown in Figure 3A and B,
-LINCO00152 significantly decreased the
cell migration and invasion abilities of SCC-9 cells.

To investigate the mechanism underlying LINC00152
knockdown-mediated inhibition of migration and invasion
in OSCC cells, we also assessed whether LINC00152 had
an effect on the epithelial to mesenchymal transition (EMT)
process by examining the protein levels of certain EMT-
related markers. As shown in Figure 3C, when LINC00152

expression was knocked down, the levels of the mesenchymal
markers N-cadherin and Vimentin were downregulated, and
the levels of epithelial marker E-cadherin were upregulated
in SCC-9 cells.

LINCOO0152 directly targets miR-139-5p
in OSCC

To investigate the interaction between LINC00152 and
miRNAs, we predicted the miRNAs that might interact with

LINCO00152 using two online prediction tools (Starbase
i 4A, miR-139-5p

v2.0 and miRanda). As shown i

39-5p, we detected the LINC00152
s in SCC-9 cells transfected with miR-139-5p
-NC mimics. The results showed that miR-
expression did not affect LINC00152 expres-
SCC-9 cells (Figure 4C). However, knockdown of
LINCO00152 significantly increased the levels of miR-139-5p
(Figure 4D). Furthermore, we assessed the association
between the LINC00152 mRNA level and miR-139-5p
expression in 40 OSCC tissues. We found that miR-139-5p
expression was downregulated in OSCC tissues (Figure 4E),
and its expression was significantly negatively correlated
with LINC00152 in OSCC tissues, as analyzed by Pearson
correlation analysis (Figure 4F, P<<0.01). Taken together,
these data suggested that miR-139-5p might function as a
downstream effector of LINC00152 in human OSCC.

Knockdown of LINCO00152 suppresses

tumor growth in vivo

To evaluate the biological functions of LINC00152 in vivo,
SCC-9 cells stably overexpressing sh-LINC00152, or the
corresponding sh-NC, were subcutaneously injected into
the flanks of nude mice. Tumor growth was measured every
week. We found that downregulation of LINC00152 sig-
nificantly suppressed tumor growth in vivo (Figure 5A). At
35 days after injection, the mice were sacrificed, and tumor
tissues were excised and weighed. The results showed that
tumor weight and size were smaller in the sh-LINCO00152
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Figure 3 Knockdown of LINCO00152 inhibits cell migration and invasion in OSCC cells.
Notes: (A) Cell migration was determined in SCC-9 cells transfected with sh-LINC00152 or sh-NC using a wound healing assay:

proteins (N-cadherin, Vimentin, and E-cadherin) in SCC-9 cells transfected with sh-LINC00152 or sh-NC. *P<0.01.
Abbreviations: OSCC, oral squamous cell carcinoma; sh-LINC00152, short-hairpin RNA targeting LINC00152; sh-
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expression levels of MMP2, MMP7, MMP9, and VEGFA.*
In the present study, we discovered that LINC00152 was
expressed at a higher level in OSCC tissues than in the
corresponding ANTs. Concurrently, LINC00152 levels
were associated with TNM stage, lymph node metastasis,
and reduced survival in patients with OSCC. We also dem-
onstrated that knockdown of LINC00152 in OSCC cells
significantly decreased their proliferation, colony formation,
migration, and invasion abilities in vitro, as well as suppress-
ing tumor growth in vivo. To the best our knowledge, this
is the first study to show a crucial role for LINC00152 in
OSCC tumorigenesis, suggesting that LINC00152 might be
a potential therapeutic target for OSCC.

LINCO00152, located on 2p11.2, has been reported to have
oncogenic roles in gastric cancer," lung cancer,'"? glioma,'
hepatocellular carcinoma,' colorectal cancer," gallbladder
cancer,'® and clear cell renal cell carcinoma.'® However, the
effects of LINC00152 on OSCC, and its underlying molecular
mechanisms, remain unclear. In the present study, we inves-
tigated the functions of LINC00152 in OSCC in vitro and in
vivo, and found that its expression was significantly increased
in OSCC tissues and cell lines, which was consistent with
the results of a previously study.?’ Moreover, transfection
of sh-LINCO00152 into SCC-9 cells significantly sup{§
cell proliferation, colony formation, migration, and in
in vitro; and inhibited tumor growth in vivo.

tin and N-cadhert
(eg, cytokerzimms

bows that EMT plays an important

nvasion and metastasis.?*** Some IncRNAs
are involved S@amediating the EMT process in OSCC. 233!
In this study, w®tound that LINC00152 knockdown sup-
pressed the EMT process, as shown by the decreased levels
of mesenchymal markers (N-cadherin and Vimentin) and
the increased level of the epithelial marker, E-cadherin.
Moreover, LINC00152 knockdown significantly inhibited
OSCC migration and invasion. These results implied that
LINC00152 knockdown inhibited OSCC cell migration and
invasion, to some extent, by inhibiting the EMT process.

LncRNAs can function as ceRNA sponges for miRNAs
to regulate the expression levels of the miRNA’s target
genes.* To investigate whether LNC00152 acts as an miRNA
sponge, two online predictive software tools (Starbase v2.0
and miRanda) were used to determine possible interac-
tions between miRNAs and LINC00152. Among the target
miRNAs, miR-139-5p was of particular interest, because
miR-139-5p was reported to be downregulated in OSCC
tissues, and ectopic expression of miR-139-5p in OSCC
cells significantly inhibited OSCC cell proliferation, migra-

tion, and invasion.?! In the prese we observed that

significantly increased
cells. These results sug-

is upregulated in OSCC tissues, and its expres-
is associated with TNM stage, lymph node metastasis,
and poor survival of patients with OSCC. Knockdown of
LINCO00152 expression exerted tumor-suppressive effects
by reducing cell proliferation, colony formation, migra-
tion, and invasion in vitro; and suppressing tumor growth
in vivo. In addition, LINC00152 could target miR-139-5p
to regulate its level in OSCC cells. These data suggested
that LINCO00152 might be an attractive therapeutic target
to treat OSCC.
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