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Background: Although increasing evidence has demonstrated important roles for long
non-coding RNAs (IncRNAs) in cancer development, their functions in oral squamous cell
carcinoma (OSCC) growth remain largely unknown. Therefore, we aimed to investigate the
role of LINC00662 in OSCC.

Methods: The expression of LINC00662 in 61 OSCC tissues and four OSCC cell lines were
detected by quantitative reverse-transcription polymerase chain reaction (QRT-PCR). Cell
proliferation was detected using Cell Counting Kit-8 (CCK-8) and EdU staining methods.
Migration and invasion abilities were analyzed using transwell and wound healing assay. Cell
cycle distribution and apoptosis rate were evaluated by flow cytometry. Western blot method
was performed to detect protein expression.

Results: We found that the expression of LINC00662 was significantly increased in OSCC
tissues, and a higher expression of LINC00662 was detected in larger tumor size, higher stage
tumors and with lymph node metastasis. Moreover, overexpression of LINC00662 induced
OSCC cell proliferation, increased migration and invasion abilities, and suppressed cell apoptosis.
Knockdown of LINC00662 decreased the proliferation, migration, and invasion abilities of OSCC
cell, and induced apoptosis. Furthermore, LINC00662 regulated the Wnt/B-catenin pathway.
Conclusion: Our data indicate that LINC00662 may represent a novel indicator of OSCC and
may be a potential therapeutic target for diagnosis and therapy.

Keywords: LINC00662, proliferation, migration, Wnt/B-catenin pathway, OSCC

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a common cancer worldwide.
Oral squamous cell carcinoma (OSCC) is one of the most lethal cancers of the head
and neck.!? In spite of significant progress in diagnosis and therapeutic strategies in
OSCC including surgery, chemotherapy, and radiation, the general 5-year survival
rate of OSCC patients only improved modestly over recent decades and remains less
than 20% in patients with advanced conditions.’* Although increasing research has
been undertaken to understand the basic molecular and cellular activity in OSCC, the
precise molecular mechanisms underlying OSCC pathogenesis and identification are
still little known. Therefore, to improve the prognosis of patients with OSCC, it is
important to develop effective indicators and therapeutic targets.

Long non-coding RNAs (IncRNAs) are a group of RNAs that are over 200 base
pairs in length with no protein-coding capacity.’® Over the last few decades, a large
body of evidence revealed that IncRNAs have contributed to various function, they
can act as molecular signals and scaffolds of gene modulation.” Also, increasing
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evidence has showed IncRNAs play important roles in
cell proliferation, apoptosis, differentiation, and cancer
metastasis.®!° Long intergenic non-protein coding RNA
662 (LINC00662) is located in chromosome 19ql1 with
2,085 bp in length.!! Liu et al found that LINC00662 was
significantly upregulated in lung squamous carcinoma
compared with lung adenocarcinoma.'? Cheng et al sug-
gested that LINC00662 might play a role as a potential
tumor suppressor.!* Microarray expression profiling of
IncRNAs revealed LINC00662 was increased in nasopha-
ryngeal carcinoma.'* However, it is still unknown whether
LINC00662 is involved in OSCC tumorigenesis.

There are few studies in the literature regarding the use of
LINC00662 biomarker in human tumors, and it is unknown
whether LINC00662 is involved in OSCC tumorigenesis.
In the present study, we showed that LINC00662 was aber-
rantly expressed in human tongue squamous cell carcinoma
(TSCC) and that it might play a role as a potential oncogene
in promoting proliferation and metastasis of OSCC cells.
This is the first time the role of LINC00662 has been evalu-
ated in OSCC. Moreover, systematic analysis revealed that
LINC00662 might regulate Wnt and B-catenin expression,
indicating that LINC00662 may induce the activation of the
Wnht/B-catenin pathway. Our results provide the first evidence
in view of the potential role of IncRNA LINC00662 as new
biomarker for HNSCC.

Materials and methods

Tissue samples

Sixty-one TSCC samples and adjacent normal mucosal tissues
were obtained from patients undergoing surgery at the Depart-
ment of Thyroid and Neck Surgery, the Second Affiliated
Hospital of Nanchang University from October 2014 to March
2017. A detailed description of clinical and tumoral features
is shown in Table 1. None of the patients received any radio-
therapy and/or chemotherapy before the surgical operation.
All tissues were collected and immediately frozen in liquid
nitrogen. This study was approved by the Research Ethics
Committee of the Second Affiliated Hospital of Nanchang
University. Every participant was informed about the aims
of specimen collection and gave written informed consent
in accordance with the ethical guidelines. This research was
conducted in accordance with the Declaration of Helsinki.

Cell lines and culture conditions

Human immortal oral epithelial cells (HIOEC) were pur-
chased from BeNa Culture Collection (BNCC340217,
Beijing, China). HIOEC cells were cultured in keratinocyte

Table | Difference in the LINC00662 expression in TSCC
patients grouped by clinicopathological characteristics

Clinicopathological | Number of | Expression of | P-value

characteristics patients LINCO00662*

Gender 0.599
Male 28 2.450+0.2383
Female 33 2.272+0.2372

Age (year) 0.979
<58 35 2.357+0.2413
=58 26 2.348+0.2277

Grade 0.002
i 32 1.878+0.1771
nnav 29 2.879+0.2637

Tumor size 0.007
=5cm 30 1.901+0.1693
>5cm 31 2.792+0.2480

Lymph node metastasis <0.001
Yes 29 2.953+0.2573
No 32 1.810£0.1715

Notes: “The relative expression of LINC00662 was calculated using the 2724
method and was shown as mean + SD. Bold P-values <0.05 were considered
statistically significant.

serum-free media. OSCC cell lines CGHNC9, ISG15, SCC9,
and SCC25 were obtained from the cell bank of Chinese
Academy of Sciences and American Type Culture Collection
and routinely cultured in DMEM supplemented with 10%
FBS (Thermo Fisher Scientific, Waltham, MA, USA) con-
taining 1% penicillin (100 U/mL)-streptomycin (100 pg/mL)
and incubated at 37°C and supplemented with 5% CO, in a
humidified incubator.

Cell transfection

LINCO00662 overexpression plasmid pcDNA4.0-LINC00662,
LINCO00662 interference RNA (siLINC00662) (5'-GCAG
GCGTACAACTAACAAJATAT-3’), and control plasmid
pcDNA4.0 or control siRNA siCTRL were purchased from
GenePharma (Shanghai, China). 1x10° cells were seeded in
24-well plates and incubated for 24 hours, then cells were
transfected with plasmids in final concentration with 20 pg/
mL or the cells were transfected with siRNA in final con-
centration with 100 nM using Lipofectamine® 2000 (Thermo
Fisher Scientific) in serum-free medium according to the
manufacturer’s instructions.

RNA extraction and real-time
quantitative PCR analysis

Total RNA was isolated from tissue samples or cultured
cells using TRIzol® reagent (Thermo Fisher Scientific)
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according to the manufacturer’s protocol. For this, 2 ug
total RNA in 20 puL reaction mixture was reverse tran-
scribed to complementary DNA (cDNA) using a Reverse
Transcription Kit (TaKaRa, Dalian, China). Real-time
quantitative PCR analyses were performed with SYBR green
real-time Master Mix (TOYOBO, Japan) as described by
the manufacturer. The PCR primers used for LINC00662:
5’-ACTAACAAGCTGGGTGCAGA-3’ (forward) and
5’-CCTCCTGGTCTGCGAGAAAT-3’ (reverse); for
GAPDH: 5-TGTTCGTCATGGGTGTGAAC-3'(forward)
and 5'-ATGGCATGGACTGTGGTCAT-3" (reverse).
Quantitative reverse-transcription polymerase chain reaction
(qRT-PCR) and data collection were performed on Applied
Biosystems 7,500 Sequence Detection system (Thermo
Fisher Scientific, Waltham, MA, USA). The thermocycling
protocol for all experiments was 40 cycles of denaturation at
95°C for 20 seconds, annealing at 58°C for 20 seconds, and
extension at 72°C for 20 seconds. The relative expression of
LINC00662 was calculated and normalized using the 2744
method relative to GAPDH (internal control).

Western blot

Total proteins were extracted from tissues and cells using RIPA
buffer with proteinase inhibitor cocktail. Protein concentration
was measured using BCA Protein Assay Kit (Thermo Fisher
Scientific). Equal quantities (20 ng) of protein were separated
by 10% SDS-PAGE and transferred onto a polyvinylidene
fluoride (PVDF) membrane (Merck Millipore, Billerica, MA,
USA). The membranes were blocked in 5% skim milk and
then incubation with primary antibodies (anti-Wnt3a, ab28472,
1:1,000; anti-B-catenin, ab32572, 1:1,000; anti-GAPDH,
ab9485, 1:5,000) for 2 hours at 37°C. Then the membranes
were washed with TBST for three times and were incubated
with HRP-conjugated secondary antibody (Abcam, Cam-
bridge, UK) for 1 hour at room temperature. GAPDH was used
as the internal reference. The blots were visualized using an
enhanced chemiluminescence kit (Thermo Fisher Scientific).

Immunofluorescence

Cells were fixed with 3% paraformaldehyde and then
permeabilized with 0.1% Triton X-100 for 30 min on ice.
Anti-B-catenin antibodies (ab32572, 1:100) were added and
incubated at 4°C for 12 hours, followed by incubation with
TRITC and FITC tagged secondary antibodies for 1 hour
at 37°C in a cassette. Subsequently, cells were washed and
nuclei were counterstained with DAPI. Cells were visual-
ized and analyzed on an Olympus FluoView 1,000 confocal
microscope (Olympus Corporation, Tokyo, Japan).

Cell viability assay

Cell Counting Kit-8 (CCK-8) assay kit (Dojindo, Kumamoto,
Japan) was used to determine the cell viability. In this assay,
1x10* treated cells were plated in 96-well plates and cultured
for different times. At each time-point, 10 uL of CCK-8
solution was added into the 96-well plate and incubated for
1 hour at room temperature. The absorbance at 450 nm was
quantified using a microplate reader (Rayto Life and Analyti-
cal Science C. Ltd, Shenzhen, China). Each experiment was
performed in triplicate.

EdU incorporation assay

Cell-Light™ EdU Apollo® 567 In Vitro Imaging Kit
(Ribobio, Guangzhou, China) was used to perform the EAU
incorporation assay. In brief, cells were cultured with 50 uM
EdU for 2 hours and then fixed with 4% paraformaldehyde
for 20 minutes at 37°C. The cells were then washed with
PBS contained 0.5% Triton X-100 in a decolorization shaker
three times. Next, cells were stained with 100 uL Apollo 567
stain reaction buffer for 30 minutes in a cassette. Then, the
cells were washed and stained with DAPI (5 mg/mL) for
30 minutes at room temperature. Images of the cells were
captured using a fluorescence microscope (Olympus), and
the EdU-positive cells was calculated using the formula: EQU
add-in cells/DAPI-stained cells x100%.

Flow cytometric analysis

Cells were harvested and washed with ice-cold phosphate-
buffered saline (PBS). The PI/RNase staining kits (Multi-
sciences, Shanghai, China) and an annexin V-fluorescein
isothiocyanate propidium iodide (FITC/PI) apoptosis detec-
tion kit (Multisciences, Shanghai, China) were used to detect
cell cycle and apoptosis according to the manufacturer’s
protocol using a FACScan instrument (BD, Franklin Lakes,
NJ, USA), respectively. Three independent experiments
were performed.

Hoechst 33342 staining

Hoechst 33342 staining was performed according to the
manufacturer’s protocol. Briefly, cells were cultured with
Hoechst 33342 nucleic acid stain (Thermo Fisher Scientific)
and then examined for nuclear morphology under a fluores-
cence microscope equipped with a filter at 365 nm.

Transwell invasion assay

Cell invasion ability was measured using transwell Matrigel
invasion inserts with an 8 um pore size (Corning Incorporated,
Corning, NY, USA). In this assay, 1x10* cells in serum-free
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medium were plated in the upper Matrigel-coated chamber,
and the lower chamber were filled with 500 puL of culture
medium containing 20% FBS. The cells were then allowed to
invade for 48 hours at 37°C. The invaded cells were fixed with
100% methanol and stained with 0.5% crystal violet (Sigma-
Aldrich Co., St Louis, MO, USA). The permeating cells were
counted in at least 10 randomly fields under a phase-contrast
microscope (Olympus) at a magnification of x200. All experi-
ments were repeated three times independently.

Scratch wound healing assay

Cells were plated into 6-well plates and cultured at 37°C in a
5% CO, cell incubator. Wounds were made by scratching cell
monolayers using a 200-UL sterile pipette tip. The cells were
continuously cultured in serum-free medium for 24 hours and
then photographed. Wound-healing distance was calculated
using Image Pro-Plus 6.0 software (Media Cybernetics,
Rockville, MD, USA) and the following formula: cell migra-
tion distance = (distance at 0 hour — distance at 24 hours)/2.
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Statistical analysis

All results were provided as the mean + SD. Statistical sig-
nificance between groups was determined using one-way
ANOVA or a paired/unpaired Student’s #-test using the SPSS
18.0 (SPSS Inc., Chicago, IL, USA). P-values<<0.05 were
considered statistically significant. Each experiment was
performed at least three times independently.

Results

Aberrant upregulation of LINC00662

in TSCC tissues and association with
tumor size, TNM stage and lymph node
metastasis

The expression levels of IncRNA LINC00662 in TSCC
tissues were detected using qRT-PCR. The expression levels
of LINC00662 were dramatically higher in TSCC tissues
compared with adjacent normal mucosal tissues (Figure 1A).
Clinicopathological analysis showed LINC00662 expression
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Figure | Upregulation of LINC00662 in TSCC tissues and association with tumor size, TNM stage, and lymph node metastasis.
Notes: (A) Relative expression of LINC00662 in 6| pairs of TSCC tissues compared with corresponding adjacent normal tissues. (B) Relative expression of LINC00662
in TSCC patients with different tumor sizes. (C) Relative expression of LINC00662 in TSCC patients with different TNM stages. (D) Relative expression of LINC00662 in

TSCC patients with or without lymph node metastasis.
Abbreviation: TSCC, tongue squamous cell carcinoma.
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was significantly correlated with tumor size, TNM stage, and
lymph node metastasis (Figure 1B-D, Table 1). However,
LINCO00662 expression was not associated with other clini-
copathological features such as gender and age (Table 1).
Altogether, our results suggest that increase of LINC00662
might be involved in the progression and metastasis of the
majority of human TSCC.

Manipulation of LINC00662 expression
regulates cell proliferation in OSCC cell

lines

Based on the observations, LINC00662 expression levels in
four OSCC cell lines (CGHNC9, ISG15, SCC9, and SCC25)
were carried out. Obvious increased LINC00662 levels
were identified in OSCC cell lines compared with human
normal oral keratinocyte cell line HOK, especially in ISG15
(Figure 2A). Thus, ISG15 cell line was selected as a research
representative in the following studies.

Then, we constructed siRNA targeting LINC00662, named
siLINC00662 and constructed LINC00662 overexpression
plasmid pcDNA4.0-LINC00662, named LINC00662. The
knockdown efficiency was approximately 82% in ISG15 cells
after transfection with siLINC00662 and a respective 5.7-
fold expression increase in the LINC00662-transfected cells
compared with the control (Figure 2B). To assess further the
potential effects of LINC00662 on cell proliferation, CCK-8
assay was carried out at 12, 24, 48, and 72 hours after siL-
INC00662 or LINC00662 transfection (Figure 2C). Compared
with the control cells, knockdown of LINC00662 significantly
decreased the cell viability and overexpression of LINC00662
promoted ISGL15 cell growth. The results of EdU staining
were consistent with the CCK-8 results (Figure 2D). In addi-
tion, flow cytometry results showed that siRNA-mediated
LINCO00662 silencing could increase G1 phase and decrease
S phase and overexpression of LINC00662 could decrease G1
phase and increase S phase in ISG15 cells (Figure 2E and F).
Thus, the results indicated that LINC00662 could control the
cell cycle to regulate the proliferation of OSCC cells in vitro.

Manipulation of LINC00662 expression
regulates cell apoptosis in OSCC cells

To determine whether LINC00662 contribute to cell apop-
tosis, we performed flow cytometry and Hoechst staining
analysis of siLINC00662- and LINC00662-transfected
ISG15 cells. The results showed the apoptosis rate was
significantly increased in siLINC00662-transfected cells
(Figure 3A and B). In addition, the number of cells with
condensed and fragmented nuclei indicating the prominent
apoptotic cells was significantly different in ISG15 cells with

siLINCO00662 transfection (Figure 3C). Taken together, our
results indicated that knockdown of LINC00662 induced
cell apoptosis in vitro.

Manipulation of LINC00662 expression
regulates OSCC cell migration and

invasion

To detect the effect of LINC00662 on cell migration and inva-
sion, the transwell migration assay and scratch wound-healing
assay were performed in ISG15 cells. With 24 hours of
cultivation, the distance of siLINC00662-transfected ISG15
cells was significantly longer than control group, whereas
the width of LINC00662-transfected ISG15 cells was shorter
than control group (Figure 4A and B). The transwell invasion
assay results showed the invasive ability was suppressed after
transfected with siLINC00662 and promoted after transfected
with LINC00662 in ISG15 cells (Figure 4C and D).

LINC00662 activates the Wnt/B-catenin

pathway

As is known, the WNT/B-catenin signaling pathway plays
important roles in the modulation of cell proliferation. Here,
the results of Western blot and immunofluorescence assay
showed knockdown of LINC00662 suppressed the expres-
sion of Wnt3a and B-catenin protein and overexpression of
LINCO00662 induced Wnt3a and [B-catenin protein expres-
sion (Figure 5). Thus, the upregulation of LINC00662 could
activate the Wnt/B-catenin signaling pathway.

Discussion
Increasing number of studies strongly indicate the important
roles of IncRNAs in the regulation of protein coding genes.
They play a crucial role in ontogenetic process and tumor
formation at both the transcriptional and posttranscriptional
levels.”'7 Emerging researches have reported that large num-
ber of IncRNAs are deregulated in human cancers.'$2° These
differentially expressed IncRNAs are closely contributed to
tumor growth, metastasis, apoptosis or diagnosis, acting as
antioncogenes or oncogenes.? > In addition, LINC00662
was significantly upregulated in lung squamous carcinoma
compared with lung adenocarcinoma,'? and increased in
nasopharyngeal carcinoma.'* Thus, more effort should be
dedicated to fully expound the potential molecular and cel-
lular mechanisms of LINC00662 action in human tumors.
In the present study, we investigated the expression
levels of IncRNA LINCO00662 in OSCC tissues and corre-
sponding normal mucosal tissues. The results showed that
LINCO00662 was increased in OSCC tissues and its expression
was observably correlated with tumor size, TNM stage, and
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Figure 2 Manipulation of LINC00662 expression regulates cell proliferation in OSCC cells.

Notes: (A) The expression levels of LINC00662 in different OSCC cells. (B) ISG 15 cells were transfected with siLINC00662 and LINC00662 overexpression plasmids, and
the expression of LINC00662 was measured by qRT-PCR. (C) Cell proliferation ability was detected using CCK-8 assay at 12, 24, 48, and 72 hours. (D) Cell growth viability
was measured using EdU staining method at 48 hours. (E, F) Flow cytometry was used to analyze the cell cycle distribution in ISG15 cells. *P<<0.05 vs control or NC group.
##P<0.01 vs control or NC group. ***P<0.001 vs control or NC group.

Abbreviations: CCK-8, Cell Counting Kit-8; CTRL, control; NC, negative control; OSCC, oral squamous cell carcinoma; qRT-PCR, quantitative reverse-transcription

polymerase chain reaction.

approaches to measure the function of LINC00662 in OSCC
cells. Overexpression of LINC00662 could promote cell
proliferation, invasion, and migration and suppress cell

lymph node metastasis. However, with losing the volunteers
to follow-up, a Kaplan—Meier survival analysis was limited
to carry out. We then performed gain- and loss-of-function
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Abbreviations: CTRL, control; NC, negative control; OSCC, oral squamous cell carcinoma; V-FITC, V-fluorescein isothiocyanate propidium iodide.

apoptosis in OSCC cell lines in vitro, and knockdown of
LINCO00662 could reduce cell proliferation, migration, and
invasion and promote cell apoptosis in OSCC cells in vitro.
This is the first report to evaluate the functional significance
of LINC00662 in human OSCC, and our data suggest that
LINC00662 may act as an oncogene that stimulates malignant
progression if OSCC.

In addition, groups of evidence indicate that Wnt/
B-catenin signaling pathway may contribute to OSCC
development and progression.?*?* Our results elucidated that
overexpression of LINC00662 activated Wnt3a and B-catenin
protein expression, and knockdown of LINC00662 sup-
pressed Wnt3a and B-catenin protein expression and blocked

the activation of the Wnt/B-catenin signaling pathway. Our
results revealed a relationship between LINC00662 expres-
sion and Wnt/B-catenin pathway activation. Previous studies
also found that the Wnt/B-catenin pathway contributed to
cancer growth and apoptosis,?**” which is coincidental to our
findings. Therefore, we considered that LINC00662 may be
involved in the activation of Wnt/B-catenin signaling path-
way. Our results provide a new insight for comprehending
the development and progress of OSCC and impart a novel
approach for OSCC diagnosis and treatment.

For the limitations, in the present study, we only
analyzed the relationship of LINC00662 expression
and clinicopathological characteristics, and the survival data
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used to test the invasion ability of OSCC cells after siLINC00662 or LINC00662 transfection. Magnification x100. **P<<0.01 vs control or NC group.

Abbreviations: CTRL, control; NC, negative control; OSCC, oral squamous cell carcinoma.

needs to be associated with our results. Sixty-one OSCC
samples and adjacent normal mucosal tissues were obtained
from patients undergoing surgery at the Department of Thyroid
and Neck Surgery, the Second Affiliated Hospital of Nanchang
University from October 2014 to March 2017. Only eleven
OSCC samples were obtained before October 2015. We think
the quantity of patients is small for survival data analysis.
The overall survival and disease-free survival rates of all 61
patients are tracked at present. This data will be provided later.

In summary, our results showed LINC00662 expres-
sion levels were increased in human OSCC tissues and its
expression observably correlated with tumor size, TNM

stage, and lymph node metastasis. Moreover, knockdown
of LINC00662 inhibited OSCC cell proliferation, migra-
tion, and invasion and induced cell apoptosis. In addi-
tion, knockdown of LINCO00662 blocked the activation
of Wnt/B-catenin signaling pathway. Our present study
suggests that LINC00662 acts as an oncogene by promot-
ing the progression of OSCC and reveals LINC00662-
Wnt/B-catenin signaling pathway regulatory network
contributes to OSCC. Our data indicate that LINC00662-
Wnt/B-catenin signaling pathway may represent a novel
indicator of OSCC and may be a potential therapeutic target
for diagnosis and therapy.
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Figure 5 LINC00662 activates the Wnt3a/fB-catenin pathway.
Notes: (A) Immunofluorescence assay detected the B-catenin expression. (B) Western blot detected the Wnt3a and B-catenin protein expression. Magnification x400.
Abbreviations: CTRL, control; NC, negative control.
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