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Abstract: LncRNAs (long noncoding RNAs) have been shown to be potentially critical regulators in head and neck
squamous cell carcinoma (HNSCC). LncRNA LINCO0460 (long intergenic non-protein coding RNA 460), an “onco-
gene”, regulates progression of various tumors. However, the tumorigenic mechanism of LINCOO460 on HNSCC
is yet to be investigated. In the current study, we discovered that LINCOO460 was relatively up-regulated in both
HNSCC cancer tissues and cell lines, and predicted a poor prognosis in HNSCC patients. Gain- and loss-of func-
tional studies established that over-expression of LINCOO460 promoted cell proliferation, invasion and migration of
HNSCC cells in vitro, while the promotion abilities were suppressed via knockdown of LINCOO460. Our results identi-
fied miR-612 as a novel target of LINCO0460, whose expression suggested a negative correlation with LINCO0460
in HNSCC tissues and cell lines. LINCO0460 increased the expression of serine/threonine kinase AKT2 via spong-
ing miR-612. Rescue experiments indicated that LINCOO460 could promote HNSCC progression partially through
inhibition of MmiR-612. Subcutaneous xenotransplanted tumor model confirmed that interference of LINCO0O460
suppressed in vivo tumorigenic ability of HNSCC via down-regulation of AKT2. In conclusion, our findings clarified
the biologic significance of LINCO0O460/miR-612/AKT2 axis in HNSCC progression and provided novel evidence that
LINCOO460 may be a new potential therapeutic target for HNSCC.
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Introduction

Head and neck squamous cell carcinoma
(HNSCC) ranks the sixth most common cancer
worldwide [1]. By the means of TNM (tumor-
node-metastasis) classification of malignant
tumors, HNSCC is assigned with stage |, II, IlI
and IV [2]. Although the therapeutical treat-
ment for HNSCC has been progressed tremen-
dously in the last several decades, the overall
survival rate for HNSCC patients has not been
improved due to local recurrence and distant
metastasis [3]. Therefore, it is of great clinical
significance to investigate the genetic and epi-
genetic molecular alterations in HNSCC to
improve the survival rate of patients.

LncRNAs (long noncoding RNAs), with more
than 200 nucleotides in length, have been con-
sidered as transcriptional or post-transcription-

al regulators of gene expression [4] and partici-
pate in various physiological and pathological
processes [5, 6]. According to the critical regu-
lation on cell proliferation, migration and inva-
sion [7], IncRNAs are recently acquired great
attention in cancer research. LINCO0O460 (long
intergenic non-protein coding RNA 460), as an
“oncogene”, has been reported to play an
important role in nasopharyngeal cancer [8],
esophageal squamous cell carcinoma [9], and
lung cancer [10]. Recently, research has shown
that LINCOO460 might be a novel prognosis
predictor of patients with HNSCC [11]. However,
the mechanism of LINCO0460 in the progres-
sion process of HNSCC is still under inves-
tigation.

Studies have investigated the application of
miRNAs as diagnostic/prognostic biomarkers
or potential therapeutic targets for improve-
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Table 1. Primer Sequence

ID Sequence (5’-3)
GAPDH F ACCACAGTCCATGCCATCAC
GAPDH R TCCACCACCCTGTTGCTGTA

LINCOO460 F TTGAATAGAGTAGTTCCTTGCGCTG
LINCOO460 R GGCTACTTCACCCAGCTGTCTAG

miR-612 F GCTGGGCAGGGCTTCT
miR-612 R CAGTGCGTGTCGTGGAGT
AKT2 F ACCACAGTCATCGAGAGGACC
AKT2 R GGAGCCACACTTGTAGTCCA
CyclinD F CTGGCCATGAACTACCTGGA
CyclinDR GTCACACTTGATCACTCTGG
p21 F CCTGTCACTGTCTTGTACCCT
p21 R GCGTTTGGAGTGGTAGAAATCT
E-cadherin F CCCGGGACAACGTTTATTAC
E-cadherin R GCTGGCTCAAGTCAAAGTCC
N-cadherin F GGTGGAGGAGAAGAAGACCAG
N-cadherin R GGCATCAGGCTCCACAGT

U6 F CTCGCTTCGGCAGCACA

U6 R AACGCTTCACGAATTTGCGT

ment of HNSCC [12]. Moreover, considering
that IncRNAs often act as a miRNA sponges or
ceRNAs (competitive endogenous RNAs) to par-
ticipate in various biological process [13], it is
an urgent need to discover the target for
LINCO0460 in HNSCC. MiR-612 plays an impor-
tant role in liver cancer [14], hepatocellular car-
cinoma [15] and melanoma [16] as a tumor
suppressor. MiR-612 was reported to be invo-
Ived in development and metastasis of esopha-
geal squamous cell carcinoma [17]. In addition,
several studies have shown that miR-612 could
bind to AKT2 [18, 19], which is involved in the
promotion of the development of HNSCC [20].
Therefore, we evaluated the hypothesis that
LINCO0460, together with the downstream reg-
ulators miR-612/AKT2, may be involved in reg-
ulation of HNSCC progression.

We not only detect the impact of LINCO0460 on
tumor proliferation, migration and invasion of
HNSCC, but also explore the underlying mecha-
nism. The meaning results would provide a ref-
erence for development of new therapies for
HNSCC.

Materials and methods
Patients and tumor tissues collection

60 HNSCC patients, diagnosed via patholo-
gy examination and confirmed with imaging
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modalities, were recruited in this study. The
clinicopathological characteristics of the pa-
tients were shown in Table 1. The present study
was approved by Tongde Hospital of Zhejiang
Province, and all the patients signed written
informed consent. The HNSCC tissues and
adjacent normal tissues were collected from
the patients.

In situ hybridization

5 um sections made from HNSCC and adjacent
normal tissues were firstly fixed with 10% for-
malin, and embedded in paraffin. Following by
dewaxing and rehydrating, the tissue sections
were then digested with 20 pg/mL proteinase
K for 30 minutes. 4% paraformaldehyde-fixed
samples were hybridized overnight with 8 ng/
WL specific antisense oligonucleotide DNA pro-
be 5-GGCTGAGGCATTTCTAACAGGGCTGGAG-
GA-3’ synthesized by Invitrogen (Carlsbad, CA,
USA) at 55°C. The samples were then incubat-
ed with HRP (horseradish peroxidase, Sigma
Aldrich, St. Louis, MO, USA) at 4°C for 30 min-
utes. Hybridization signals were amplified with
diaminobenzidine (DAB, Sigma Aldrich), and the
images were taken by fluorescent microscope
(DP12 SZX7, Olympus Inc., Japan).

Cell culture and transfection

HNSCC cell lines (HSC3, Fadu and SAS) and
normal immortal keratinocyte cell line from
adult human skin (HACA), purchased from the
American Type Culture Collection (ATCC; Man-
assas, VA, USA), were cultured in Dulbecco
modified Eagle medium (DMEM; Lonza, Basel,
Switzerland) supplemented with 10% fetal
bovine serum (FBS, Gibco, MA, USA) with addi-
tional streptomycin (100 pg/ml) and penicillin
(100 U/ml). 37°C constant temperature incuba-
tor with 5% CO, was utilized to incubating cells.

For the over-expression of LINCO0460, full-
length of LINCO0460 was amplified and cloned
into pcDNA3.1 (Invitrogen, Carlsbad, CA, USA).
Fadu or SAS cells were seeded at 4x10° cells
per well in 12-well plates and then transfect-
ed with pcDNA3.1-LINCO0460 or the negative
(pcDNA3.1-NC) via Lipofectamine 2000 (Invi-
trogen). For the knock down of LINCO0460,
shRNAs (1#: 5-GCTAAGACCTAATAGCCAATA-3’
and 2#: 5’-GCCATCCACTTCAAAGTATTC-3’) were
inserted into pLKO.1 (Biosettia, San Diego, CA,
USA). 4x10%/well HEK-293T cells were cotrans-
fected with pLKO-1# LINCO0460 (sh-LINCOO-
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460#1), pLKO-2# LINCO0460 (sh-LINCO0460-
#2, sh-LINCO0O460) or pLKO Scramble (sh-NC)
with psPAX2 and pMD2.G via Lipofectamine
2000. Two days after transfection, lentiviruses
containing released lentiviral vectors were har-
vested. Fadu or SAS cells were infected with sh-
LINCO04601#, sh-LINCO0O4602# or sh-NC len-
tiviruses in the presence of ViraPower™ Pa-
ckaging Mix (Thermo Fisher, Waltham, MA,
USA) and 8 mg/mL polybrene. With 5 yg/mL
puromycin (Sigma Aldrich, St. Louis, MO, USA)
treatment for one week, the stable cell lines
were obtained.

MiR-612 mimics, inhibitor and the negative
controls (miR-NC, NC inh) were synthesized by
GenePharma (Suzhou, China). Fadu or SAS
cells were transfected with miR-612 mimics/
inhibitor (40 nM) or their NC via Lipofectamine
2000.

Cell proliferation

1x10° Fadu or SAS cells per well were seeded
in s in 96-well plates, and cultured as before for
5 days. Cells were washed with PBS after the
medium was removed, and then incubated with
10 uL CCKS8 (cell counting kit-8) reagent (Be-
yotime, Shanghai, China) at 37°C for 2 hours.
The cell viabilities were calculated via detection
of absorbance at 450 nm in 24, 48, 72 and 96
hours after the treatment. For the colony for-
mation assay, 1x103 Fadu or SAS cells per well
were plated in six-well plate, and cultured as
before for 14 days. The colonies were stained
by 1% crystal violet-2% ethanol suspended in
PBS (Beyotime), counted and photographed
under light microscope (Olympus, Tokyo, Ja-
pan).

Transwell assay

For cell invasion, 2x10* Fadu or SAS cells, sus-
pending in 200 uL DMEM medium without FBS,
were plated into the upper wells of chamber
(BD Biosciences, Bedford, MA, USA) per well
with the Matrigel-coated membrane (BD Bio-
sciences). 500 yL DMEM medium supplement-
ed with 10% FBS were added to the lower wells
of chambers. 24 hours later, invasive cells at
the bottom of chambers were fixed in 100%
methanol for 30 minutes, washed with PBS and
then stained with 0.1% crystal violet for 1 hour.
Stained cells were imaged and counted under
microscope. For cell migration experiment, the
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upper chambers were not precoated with Ma-
trigel, and then subjected to the protocol as cell
invasion assay.

Fluorescence in situ hybridization (FISH)

Fadu or SAS cells were firstly fixed in 4% formal-
dehyde solution for 15 minutes, and then incu-
bated with 0.1% Triton X-100 for another 10
minutes. Fluorescence-conjugated LINCO0460
probes (Invitrogen) were hybridized at 37°C
with cells in the dark for 5 hours. The cells were
then photographed via laser scanning confocal
microscopy (Carl Zeiss, Jena, Germany).

Dual luciferase reporter assay

Sequences of wildtype or mutant 3-UTR of
LINCO0460 or AKT2 were synthesized and then
subcloned into pmirGLO luciferase reporter
vector (Promega, Madison, Wisconsin, USA).
3x10% HEK-293T cells per well were seeded in
24-well plates and co-transfected miR-612
mimic or negative control (miR-NC) with pmir-
GLO-wt-LINCO0460, pmirGLO-mut-LINCO0460,
pmMirGLO-wt-AKT2 or pmirGLO-mut-AKT2 via
Lipofectamine 2000. 48 hours after transfec-
tion, the luciferase activities were performed
with the Lucifer Reporter Assay System (Pro-
mega) and normalized to Renilla luciferase
activity.

RNA immunoprecipitation (RIP)

Fadu or SAS cells at 80-90% confluency were
collected and lysate in RIP lysis buffer (EZ-
Magna RIP kit; Millipore, Billerica, MA, USA),
and then 100 uL samples were incubated with
protein G Sepharose beads (GE Healthcare,
Eindhoven, The Netherlands) coated with anti-
AGO2 antibody (Abcam, Cambridge, MA, USA)
at 4°C overnight, and anti-IgG antibody was
used as the negative control for the RIP proce-
dure, while anti-SNRNP70 was used as positive
control. The samples were incubated with
Proteinase K to digest the protein and then
immunoprecipitated RNA was isolated for qRT-
PCR as mentioned below to demonstrate the
presence of the binding targets using respec-
tive primers.

qRT-PCR

Total RNAs from HNSCC tissues or cell lines
were isolated with Trizol (Invitrogen), miRNAs
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were extracted via miRcute miRNA isolation kit
(Tiangen, Beijing, China). RNAs were then re-
verse-transcribed by PrimeScript RT Reagent
(Takara, Shiga, Japan). qRT-PCR was conducted
with SYBR Green Master (Roche, Mannheim,
Germany) on ViiA 7 (Applied Biosystems, Austin,
TX, USA). GAPDH or U6 were used as endoge-
nous control. The primer sequences were sh-
owed as follows.

Western blot

30 pg proteins extracted from cultured HNSCC
cells were separated by SDS-PAGE, and then
electro-transferred onto PVDF membrane. After
blocking with 5% BSA, the membrane was incu-
bated overnight with primary antibody: anti-
Cyclin D1, p21 antibodies (1:1500, Abcam),
E-cadherin, N-cadherin (1:2000, Abcam), AKT2,
p-AKT2 (1:2500, Abcam), GAPDH (1:3000, Ab-
cam) at 4°C. Following incubation with HRP
labeled secondary antibody (1:5000; Abcam),
the immunoreactivities were detected by en-
hanced chemiluminescence (KeyGen, Nanjin,
China).

Mouse xenograft assay

All studies involving animals were approved by
xxx and conducted in accordance with the
guidelines set out by xxx. 12 six-week-old
female BALB/c nude mice, obtained from ARS/
Sprague Dawley Division (Madison, WI, USA),
were randomly seperated into two groups and
used for the tumor formation assay. 100 pL
1x108 Fadu cells in PBS with stable down-regu-
lation of LINCO0460 via pLKO-2# LINCO0460
or the scrambled shRNA were subcutaneously
injected into the position of hind flank of nude
mice. Tumors were measured with digital cali-
pers every three days and the tumor volume
was calculated. 30 days later, the mice were
sacrificed with 40 mg/kg sodium pentobarbi-
tal, and the tumor tissues were isolated and
weighted, and RNAs and proteins were extract-
ed for analysis.

Immunohistochemistry

HNSCC tissues were firstly fixed with 10% for-
malin, and embedded in paraffin. After dewax-
ing and rehydration, 4 um thick sections were
incubated in 3% H,0, for blocking endogenous
peroxidase. The sections were immersed in
Tris-EDTA buffer containing 0.05% Tween 20,
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pH 9.0, in water bath at 95°C for 30 minutes for
antigen retrieval. After washing with PBS, the
sections were firstly incubated in 4% dry milk
and 0.3% goat serum in PBS solution for 20
minutes to block non-specific binding, and then
incubated overnight with anti-N-cadherin (ab-
18203) or Ki-67 (ab16667) antibody in the
presence of 10% rabbit serum. After washing
with PBS, the sections were then incubated
with HRP goat anti-rabbit IgG secondary anti-
body. Slides were counterstained with hema-
toxylin to stain cell nuclei in order to identify
cells, dehydrated, and examined under a light
microscope (Olympus).

Statistical analysis

All results are expressed as mean + SEM. By
the means of GraphPad Prism software (Gra-
phPad Prism Software Inc., San Diego, USA)
and one-way analysis of variance (ANOVA), we
determined the statistical analyses. Survival
curves plotted via Kaplan-Meier method and
log-rank test were used to analyze difference
between patients with high or low levels of
FEZF1-AS1 expression and overall survival. The
differences among Multiple-group (more than
two groups) are measured with the one-way
analysis of variance (ANOVA), and the differ-
ences between two groups designs are mea-
sured with TurKey method or Student’s t-test.
The overall analysis of the observation data at
multiple time points was performed by repeat-
ed measures analysis of variance, and multiple
comparisons between the two groups or two
time points within groups were conducted by
TurKey method or difference t test, respective-
ly. For co-expressed pairs, Pearson correlation
coefficients were calculated based on the
expression value between every differentially
expressed pairs. P < 0.05, P < 0.01 or P <
0.001 was considered as a mark of statistically
significant.

Results

LncRNA LINCO0460 was induced in both
HNSCC tumor tissues and cell lines

We firstly detect the expression level of IncRNA
LINCO0O460 in HNSCC to explore the effect of
LINCOO460 on HNSCC progression. gRT-PCR
analysis demonstrated that LINCOO460 was
significantly upregulated in HNSCC tumor tis-
sues (HNSCC) compared to the adjacent nor-
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Figure 1. LncRNA LINCO0460 was induced in both HNSCC tumor tissues
and cell lines. A. The expression of INncCRNA LINCOO460 in HNSCC tissues
and adjacent normal tissues was detected by qRT-PCR (N=60). ***repre-
sents tumor vs. adjacent normal tissues, P < 0.001. B. OS analysis was per-
formed in HNSCC patients with high LINCOO460 expression and low levels
of LINCO0460. C. The expression of LINCO0460 in HNSCC cell lines (HSC3,
Fadu and SAS) and normal immortal keratinocyte cell line from adult human
skin (HACA) was detected by qRT-PCR. **, ***represents HNSCC cell lines
vs. HACA, P < 0.01, P < 0.001. D. In situ hybridization (ISH) analysis was con-
ducted to analyze the LINCO0460 expression in HNSCC tissues.

mal tissues (Normal) (P < 0.001) (Figure 1A).
Kaplan-Meier survival analysis showed that
higher expression of LINCO0460 (fold change >
2.5, N = 28) was related to short overall sur-
vival (0S) (P = 0.0386) (Figure 1B). Further
refinement analysis of correlation between
LINCOO460 expression and clinic pathologic
characteristics of HNSCC patients showed that
among the 60 patients, higher expression of
LINCO0460 was more frequently occurred in
patients with T3+T4 (primary tumor stage) (P =
0.0031), 41V (clinical stage) (P < 0.001) and
lymph node metastasis (P < 0.001) (Table 2).
Moreover, no significant correlation was shown
among the age (P = 0.8306), gender (P =
0.5501), smoking status (P = 0.0978) and his-
tological grade (P = 0.3107) with LINCO0460
expression. Theseresults revealed that up-reg-
ulation of LINCOO460 was associated with
poor prognosis of HNSCC. In line with the
increase of LINCOO460 in HNSCC tissues,
LINCO0460 was also up-regulated in HNSCC
cell lines (HSC3, Fadu and SAS) compared with
normal immortal keratinocyte cell line from
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The effect of LINCOO460 on
HNSCC was examined via
gain-of functional assays. Fa-
du and SAS cell lines were
transfected with pcDNA3.1-
LINCOO460 for the over-ex-
pression of LINCOO460, which
were confirmed by qRT-PCR in
Figure 2A. ThenCCK8 (Figure
2B) and colony formation
(Figure 2C) assays revealed
the promotion ability of LIN-
C00460 over-expression on
cell proliferation of Fadu and
SAS cells. Furthermore, tran-
swell assay indicated the pro-
motion ability of LINCOO460
over-expression on cell migra-
tion and invasion of Fadu and
SAS cells (Figure 2D). Expre-
ssion of genes involved in cell
progression was also detected via gRT-PCR
and western blot analysis. The results showed
that both mRNA (Figure 2E) and protein (Figure
2F) expression of Cyclin D and N-cadherin were
increased by LINCO0O460 over-expression, wh-
ereas the expression of p21 and E-cadherin
were decreased by LINCOO460 over-expres-
sion (Figure 2E and 2F).

In addition, loss-of functional assays were also
conducted. Similarly, Fadu and SAS cell lines
transfected with sh-LINCOO460#1 or sh-
LINCOO460#2 for the knock down of LINC-
00460, and the knockdown efficiency was con-
firmed by qRT-PCR (Figure 3A). sh-LINC-
00460#2 showed a better knockdown effi-
ciency and was chosen for the following experi-
ments, and named as sh-LINCO0460. CCK8
(Figure 3B) and colony formation (Figure 3C)
assays revealed the suppression ability of
LINCO0460 knockdown on the cell proliferation
of Fadu and SAS cells. Transwell assay indicat-
ed the suppression ability of LINCO0460 knock-
down on cell migration and invasion of Fadu
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Table 2. Demographics and clinical characteristics

of the cohort of HNSCC patients (N = 60)

Parameters No.of patients PVT1 expression p value

Age
<59 28 1.66+0.437  0.8306
>59 32 1.685+0.460

Gender
Female 29 1.709+0.405 0.5501
Male 31 1.64+0.478

Smoking
Yes 33 1.59+0.371  0.0978
No 27 1.78+0.503

Histological grade
G1+G2 24 1.602+0.405 0.3107
G3 36 1.721+0.464

T classification
T1+T2 30 1.509+0.335 0.0031
T3+T4 30 1.838+0.478

Clinical stage
[+l 27 1.407+0.32 0.000
H+1v 33 1.891+0.42

Lymph node metastasis
NO 35 1.28+0.242 0.000
N+ 25 1.956+0.318

and SAS cells (Figure 3D). In contrary to the
effect of LINCOO460 over-expression on genes
expression, both mRNA (Figure 3E) and protein
(Figure 3F) expression of Cyclin D and N-ca-
dherin were decreased by sh-LINCO0460, while
the expression of p21 and E-cadherin were
increased by sh-LINCOO460 (Figure 3E and
3F). All these results further suggested that
LINCO0O460 may account for the malignant
phenotypes of HNSCC.

LINCO0460 directly bound to miR-612 and in-
hibited its expression

In order to detect the subcellular localization of
LINCO0460, nuclear/cytoplasmic extract isola-
tion of Fadu and SAS cells were conducted.
gRT-PCR analysis suggested that LINCO0460
was mainly localized in cytoplasm (Figure 4A).
Moreover, the results from fluorescent in situ
hybridization (FISH) detected by microscope
further indicated the cytoplasm location of
LINCO0460 (Figure 4B). LINCO0460 was pre-
dicted to bind with miR-612 via miRDB (http://
www.mirdb.org/) (Figure 4C), and dual lucifer-
ase reporter assay revealed that miR-612 mim-
ics decreased the luciferase activity of pmir-
GLO-wt-LINCOO460, while did not affect the
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luciferase activity of pmirGLO-mut-LINCOO-
460 (Figure 4C). RNA immunoprecipitation
(RIP) assay further confirmed the direct bind-
ing between LINCOO460 and miR-612, as
shown by an enrichment of LINCO0O460 and
miR-612 with AGO2 antibody in both Fadu
and SAS cells (Figure 4D). The expression of
miR-612 was decreased by LINCO0460 over-
expression and increased by LINCO0460
knockdown (Figure 4E). Collectively, these
results indicated that LINCO0460 could
directly bind to miR-612 and inhibited its
expression. A down-regulation of miR-612
was found in HNSCC tumor tissues (Figure
4F). Bivariate correlation analysis showed
that expression of miR-612 was negatively
correlated with LINCO0460 in HNSCC (Figure
4G).

AKT2 was a direct target of miR-612

Similarly, AKT2 was predicted as miR-612
binding target via Targetscan, and confirmed
by luciferase reporter assay as demonstrat-
ed in Figure 5A. miR-612 mimics decreased
the luciferase activity of pmirGLO-wt-AKT2,
while it had no effect on the luciferase activ-
ity of pmirGLO-mut-AKT2. Then Fadu and
SAS cells were transfected with miR-612 mim-
ics or inhibitor, and the transfection efficiency
was confirmed via qRT-PCR (Figure 5B). The
results showed that miR-612 mimics decreased
mRNA (Figure 5B) and protein (Figure 5C)
expression of AKT2, while miR-612 inhibitor
increased mMRNA (Figure 5B) and protein (Figure
5C) expression of AKT2. Interestingly, phos-
phorylation of AKT2 (p-AKT2) was also de-
creased by miR-612 mimics and increased by
miR-612 inhibitor (Figure 5C), suggesting the
inactivation of AKT2 signaling pathway by miR-
612. Consistent with LINCOO460 expression in
HNSCC tissues, mRNA expression of AKT2 was
also up-regulated in HNSCC tissues (Figure
5D). Bivariate correlation analysis showed that
expression of miR-612 was negative correlated
with AKT2 in HNSCC (Figure 5E). The up-regula-
tion of AKT2 in HNSCC tissues was also con-
firmed by western blot analysis (Figure 5F). In
summary, these results suggested that AKT2
was a direct target of miR-612.

LINCO0460 induced HNSCC progression via
sponging miR-612

To test whether the promotion ability of LINC-
00460 on HNSCC progression was partially
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Figure 2. LINCOO460 promoted HNSCC cell proliferation, migration and invasion. A. Transfection efficiency of
pcDNA3.1-LINCO0460 in Fadu and SAS cell lines was detected by qRT-PCR. ***Represents pcDNA3.1-LINCO0460
vs. pcDNA3.1 (NC), P < 0.001. B. The influence of pcDNA3.1-LINCO0460 on cell viability of Fadu and SAS cells was
detected by CCK8. **Represents pcDNA3.1-LINCO0460 vs. pcDNA3.1 (NC), P < 0.01. C. The influence of pcDNA3.1-
LINCO0460 on cell proliferation of Fadu and SAS cells was detected by colony formation assay. **Represents
pcDNA3.1-LINCO0460 vs. pcDNA3.1 (NC), P < 0.01. D. The influence of pcDNA3.1-LINCOO460 on cell migration
and invasion of Fadu and SAS cells was examined by transwell assay. **Represents pcDNA3.1-LINCO0460 vs.
pcDNA3.1 (NC), P < 0.01. E. The influence of pcDNA3.1-LINCO0460 on mRNA expression of Cyclin D, p21, N-cad-
herin and E-cadherin in Fadu and SAS cells was detected by qRT-PCR. **, *** represents pcDNA3.1-LINCO0460
vs. pcDNA3.1 (NC), P < 0.01, P < 0.001. F. The influence of pcDNA3.1-LINCO0O460 on protein expression of Cyclin
D, p21, N-cadherin and E-cadherin in Fadu and SAS cells was detected by western blot. *, **, ***Represents
pcDNA3.1-LINCO0460 vs. pcDNA3.1 (NC), P < 0.05, P < 0.01, P < 0.001.

through binding with miR-612, Fadu cells were abilities of sh-LINCO0460 on cell migration and
cotransfected with sh-LINCOO406 and miR- invasion of Fadu (Figure 6C). The decreased
612 inhibitor. CCK8 (Figure 6A) and colony for- MmRNA (Figure 6D) and protein (Figure 6E)
mation (Figure 6B) assays showed that the inhi- expression of AKT2, Cyclin D and N-cadherin,
bition of cell proliferation by sh-LINCOO460 as well as the increased mRNA (Figure 6D) and
was promoted by additional transfection with protein (Figure 6E) expression of p21 and
miR-612 inhibitor. Repression of miR-612 via E-cadherin, were reversed by additional trans-
miR-612 inhibitor reversed the suppression fection with miR-612 inhibitor. Taken together,
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Figure 3. LINCOO460 knockdown inhibited HNSCC cell proliferation, migration and invasion. A. Transfection effi-
ciency of sh-LINCO0460#1 or sh-LINCOO460#2 in Fadu and SAS cell lines was detected by qRT-PCR. **, ***Rep-
resents sh-LINCOO460#1 or sh-LINCOO460#2 vs. sh-NC, P < 0.01, P < 0.001. B. The influence of sh-LINCOO460 on
cell viability of Fadu and SAS cells was detected by CCKS8. *, **Represents sh-LINCO0460 vs. sh-NC, P < 0.05, P <
0.01. C. The influence of sh-LINCOO460 on cell proliferation of Fadu and SAS cells was detected by colony forma-
tion assay. **Represents sh-LINCOO460 vs. sh-NC, P < 0.01. D. The influence of sh-LINCOO460 on cell migration
and invasion of Fadu and SAS cells was detected by transwell assay. **, *** represents sh-LINCO0460 vs. sh-NC,
P < 0.01, P < 0.001. E. The influence of sh-LINCOO460 on mRNA expression of Cyclin D, p21, N-cadherin and E-
cadherin in Fadu and SAS cells was detected by qRT-PCR. **, ***Represents sh-LINCO0460 vs. sh-NC, P < 0.01,
P < 0.001. F. The influence of sh-LINCOO460 on protein expression of Cyclin D, p21, N-cadherin and E-cadherin in
Fadu and SAS cells was detected by western blot. *, ** ***Represents sh-LINCO0460 vs. sh-NC, P < 0.05, P <
0.01, P < 0.001.

these results indicated that LINCOO460 func- cells transfected with sh-LINCO0460 or the
tioned as miR-612 sponge to promote cell pro- scrambled shRNA into nude mice. The down-
gression of HNSCC. regulation efficiency of LINCOO460 was con-

firmed by gqRT-PCR in Figure 7A. Results showed

LINCO0460 knockdown inhibited in vivo . R L
that the intratumoral injection of lentiviral vec-

HNSCC tumor growth ) -

tor with LINCO0460 knockdown inhibited tumor
In order to explore the clinical application of growth, wherein the tumor volume and weight
LINCOO460 on HNSCC, we inoculated Fadu were dramatically decreased compared to that
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Figure 4. LINCO0460 directly bound to miR-612 and inhibited its expression. A. LINCO0460, actin and U6 expres-
sion levels were detected in nuclear/cytoplasmic extract isolation of Fadu and SAS cells via gRT-PCR. Cytoplasmic
marker Actin and envelope marker Lamin B1 were detected to confirm nuclear/cytoplasmic extract isolation. B.
Subcellular localization of LINCO0O460 in Fadu and SAS cells was examined by FISH. C. The predicted binding site
of miR-612 in LINCO0460, as well as the effect of miR-612 mimics on luciferase activity of reporter gene with wild-
type or mutant LINCOO460 were detected by luciferase reporter assay. **, ***Represents miR-612 mimics vs.
miR NC, P < 0.01, P < 0.001. D. RNA immunoprecipitation (RIP) assay were performed using the AGO2, I1gG and
SNRNP70 antibody, and gRT-PCR was used to detect the enrichment of miR-612 and LINCO0O460 in Fadu and SAS
cells were determined by Western-blot. ***Represents Anti-Ago2 or input vs. Anti-IgG, P < 0.001. E. The influence
of LINCO0460 over-expression or sh-LINCO0460 on miR-612 expression in Fadu and SAS cells was detected by qRT-
PCR. **Represents sh-LINCO0460 vs. sh-NC or LINCO0460 vs. NC, P < 0.01. F. The expression of miR-612 in HN-
SCC tissues and adjacent normal tissues was detected by qRT-PCR (N=60). ***Represents tumor vs. adjacent nor-
mal tissues, P < 0.001. G. Negative correlation between LINCO0O460 and miR-612 in HNSCC tissues was analyzed.

of scramble (P < 0.001) (Figure 7B). Moreover, Discussion
full specimen staining with immunohistochem-
istry revealed that the xenograft tumor tissues
injected with sh-LINCO0460 reduced the ex-
pression of N-cadherin and Ki67 (Figure 7C).
The down-regulation of AKT2 and p-AKT2
(Figure 7D) in tumors via LINCO0460 knock-
down were confirmed by western blot. These
results suggest that LINCOO460 knockdown
suppressed xenograft tumor growth through

the regulation of AKT2.

LncRNAs function as a promoter or inhibitor of
cancer-critical genes of HNSCC, and involved in
regulation of diverse cellular processes [21].
Increasing evidence reveals that LINCOO460,
located at chromosome 13q33.2 [22], plays a
vital role in carcinogenesis and progression of
various tumors. One of the major findings of the
present study is that elevated expression of
LINCO0460, occurred in HNSCC tissues, was
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tightly associated with some clinical parame- ly occurred in patients with T3+T4 (primary
ters and predicted a poor prognosis in HNSCC tumor stage), llI+IV (clinical stage) and lymph
patients. In line with Cao et al [11], elevated node metastasis, suggesting that LINCO0460
expression of LINCO0460 was associated with might be a poor prognosis indicator for HNSCC.
poor OS of HNSCC patients with more frequent- However, due to the small sample size of our
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miR-612 inhibitor on mRNA expression of AKT2, Cyclin D, p21, E-cadherin and N-cadherin in Fadu cells were de-
tected by qRT-PCR. **, ***Represents inh NC +sh-NC vs. inh NC+ sh-LINCO0406, P < 0.04, P < 0.001. ##, ###rep-
resents inh NC +sh-NC vs. miR-612 inh+ sh-LINCO0406, P < 0.01, P < 0.001. E. The influence of sh-LINCOO406 and
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P < 0.001. #, ##, ###Represents inh NC +sh-NC vs. miR-612 inh+ sh-LINCO0406, P < 0.05, P < 0.01, P < 0.001.

current clinical analysis (N = 60), a larger pa-
tient cohort is needed to strengthen the clinical
significance of LINCO0O460 in HNSCC patients
in the future.
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In line with the clinical results, in vitro gain- and
loss- of function assays for the first time show-
ed that over-expression of LINCO0460 not only
promoted cell proliferation, but also induced
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Figure 7. LINCOO460 knockdown inhibited in vivo HNSCC tumor growth. A. Transfection efficiency of sh-LINCO0460
in xenograft tumor mice was detected by gRT-PCR. **represents sh-LINCO0460 vs. sh-NC, P < 0.01. B. The effect of
sh-LINCO0460 on tumor growth in xenograft tumor mice was shown. The tumor volume and weight were calculated.
***Represents sh-LINCO0460 vs. sh-NC, P < 0.001. C. Immunohistochemistry staining was used to determine ex-
pression of N-cadherin and Ki-67 affected by sh-LINCO0460. Black bar: 50 um. D. The effect of sh-LINCO0460 on
protein expression of AKT2 and p-AKT2 in xenograft tumor mice was determined by western-blot. ***Represents

sh-LINCO0460 vs. sh-NC, P < 0.001.

cell invasion and migration of HNSCC cells,
while LINCO0O460 knockdown reversed the eff-
ect on HNSCC progression. Moreover, in vivo
subcutaneous xenotransplanted tumor model
revealed that interference of LINCO0O460 sup-
pressed in vivo tumorigenic ability of HNSCC,
indicating that LINCO0O460 is also a potential
therapeutic target in HNSCC.

Since the “oncogene” function of LINCO0460
on HNSCC has been found, the underlying me-
chanism remains to be clarified. To regulate cell
progression, Cyclin D1, p21, E-cadherin and
N-cadherin were found to be functional targets
of LINCO0460 in HNSCC. Generally, Cyclin D1
promoted G1-to-S phase transition during cell
cycle [23], and over-expression of Cyclin D1
was significantly correlated with poor prognosis
for HNSCC [24, 25]. Down-regulating Cyclin D1
suppressed the malignant phenotype of HNSCC
[26]. Moreover, as a cyclin-dependent kinases
inhibitors, p21 suppressed cell growth as an
antitumor agent [27], and the expression of
p21 was significantly correlated with an in-
creased prognosis of oral squamous cell carci-
nomas [28]. Down-regulation of Cyclin D1 and
up-regulation of p21 were associated with inhi-
bition of HNSCC cell proliferation, therefore
inhibition of cell progression [29]. The results in
the present study showed that LINCO0460
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increased the expression of Cyclin D1 and de-
creased the expression of p21, while LINC-
00460 knockdown decreased the expression
of Cyclin D1 and increased the expression of
p21. Moreover, in addition to the regulation of
cell cycle, Cyclin D and p21 are also involved in
regulation of cancer cell migration and inva-
sion. TGF B-mediated Cyclin D1 and p21 results
in increased cancer migration and invasion and
inhibition of these two cell cycle regulators sig-
nificantly reduces both tumor formation and
local tumor invasion [30]. Therefore, Cyclin D1
and p21 may also be involved in regulation of
HNSCC migration and invasion.

Epithelial to mesenchymal transition (EMT),
essential for the development of metastasis,
contributes to the unfavorable prognosis in
cancer [10]. Decrease of E-cadherin accompa-
nied by increase of N-cadherin is associated
with positive lymph nodes and metastasis in
HNSCC [31]. TNF receptor-associated factor 6
(TRAF6) knockdown elevated E-cadherin and
down-regulated N-cadherin to inhibit the migra-
tion and invasion abilities of HNSCC [32]. The
results in the present study showed that
LINCO0460 increased expression of N-cadherin
and decreased expression of E-cadherin, while
LINCO0460 knockdown decreased N-cadherin
and increased E-cadherin, showing the anti-

Am J Transl Res 2019;11(10):6326-6340



LINCO0460/miR-612/AKT2 in head and neck squamous cell carcinoma

migration and anti-invasion abilities of LINC-
00460 knockdown in HNSCC. Moreover, EMT
also participates in mediation of cancer stem-
ness. LncRNA PVT1 induced EMT and promot-
ed stemness properties of HNSCC for the
metastasis [10]. Considering that LINCO0460
is associated with EMT in lung cancer [10] and
non-small cell lung cancer [33], the effect of
LINCO0O460 on stemness properties of HNSCC
will be explored in the future studies.

As well known, biological function of IncCRNAs
dependents on the miRNAs and proteins they
bind. There are no reported targets for LINC-
00460 in HNSCC before. The present study
revealed a new miRNA target for LINCO0460,
miR-162, a common “oncogene” which was sh-
own to be involved in the pathogenesis of vari-
ous tumors. MiR-612/AKT2 axis negatively
regulates progression of colorectal cancer [18]
and glioblastoma [19]. The results of this study
for the first time indicated that LINCO0460
could promote HNSCC progression by sponging
miR-612 to up-regulate AKT2. Serine/threo-
nine kinase AKT plays an important role in the
regulation of cell proliferation and survival,
where AKT activation is related to tumor devel-
opment and poor prognosis [34]. Decreased
phosphorylation of AKT showed anti-tumor
activity in HNSCC [35]. Moreover, AKT2 acts as
a metastasis promoter, with its over-expression
increasing the incidence of metastases [36]
while its knockdown suppressing cell migration
and EMT [37]. In vitro and in vivo loss- of func-
tion assays showed that LINCOO460 knock-
down decreased the expression of AKT2 and
p-AKT2, thus suppressing cell progression of
HNSCC. However, AKT/NF-kB signaling respon-
sible for inflammatory regulation in tumors is
yet to be investigated in the present study.

Conclusion

In summary, our results demonstrated that
IncRNA LINCO0460, as an “oncogene”, whose
knockdown inhibited cell proliferation, migra-
tion and invasion of HNSCC cells via sponging
miR-612 and targeting AKT2. This finding illumi-
nated the relation between LINCO0O460/miR-
612/AKT2 regulatory axis and HNSCC progres-
sion, suggesting potential application of
LINCO0460 in treatment for the disease.
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