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Purpose: Long non-coding RNAs (lncRNAs) play critical roles in cancer onset and devel-
opment, including head and neck squamous cell carcinoma (HNSCC). This study aimed to 
investigate the biological role of LINC00460 and the mechanisms underlying epithelial- 
mesenchymal transition (EMT) in HNSCC.
Methods: Aberrantly LINC00460 expression in HNSCC and overall survival outcomes 
were constructed using the TCGA database. Quantitative real-time polymerase chain reaction 
(RT-qPCR) was applied to examine the LINC00460 expression level in HNSCC cell lines. 
The role of LINC00460 knockdown on HNSCC cell growth, migration, invasion, and EMT 
was investigated in vitro using cell counting kit-8 (CCK-8), colony formation, transwell 
assay, and Western blot assay. Besides, bioinformatics prediction, dual-luciferase reporter 
assay, and RNA immunoprecipitation (RIP) were performed to reveal the interaction among 
LINC00460 and its target genes. The function of the LINC00460/miR-320a/BGN axis in 
HNSCC cells was clarified by rescue assays. Furthermore, the in vivo effects of LINC00460 
on tumor growth were investigated using mice xenograft models.
Results: In this study, LINC00460 was upregulated in HNSCC tissues and cells and was 
associated with poor clinical prognosis. Further functional analysis showed that LINC00460 
knockdown decreased HNSCC cell proliferation, migration, invasion, as well as EMT in vitro. 
Mechanistic investigation indicated that LINC00460 sponged miR-320a to upregulate Biglycan 
(BGN) expression, thereby facilitating HNSCC progression and induced EMT. Moreover, 
knockdown of LINC00460 significantly suppressed the progression of HNSCC cells in vivo.
Conclusion: Taken together, LINC00460 mediates miR-320a/BGN signaling axis to pro-
mote cell proliferation, migration, invasion, and induce the EMT process in HNSCC cells. 
Our findings elucidated a novel mechanism underlying the progression of HNSCC. 
LINC00460 could serve as a potential therapeutic target for the treatment of HNSCC.
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Introduction
Head and neck squamous cell carcinoma (HNSCC) is a heterogeneous disease and 
accounts for 90% of all head and neck cancers.1 Annually, about 600,000 new cases 
are diagnosed in the world.2 Nowadays, the main treatment regimens for HNSCC 
are surgical resection, adjuvant and neoadjuvant chemotherapy, radiation therapy, 
and chemoradiotherapy. Despite the development of comprehensive therapy, a high 
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rate of recurrence and metastasis impede the effective 
treatment of HNSCC. The 5-year survival rates are dis-
satisfactory, ranging from approximately 25% in hypo-
pharyngeal, roughly 60% in laryngeal cancer, 
approximately 64% in oral cancer, to roughly 72% in 
salivary glands cancer based on different anatomical 
subsites.3 Therefore, the identification of molecular 
mechanisms of HNSCC is needed to establish novel treat-
ment strategies and to gain potential therapeutic targets.

Epithelial to mesenchymal transition (EMT) is 
a dynamic process that switching the epithelial phenotype 
to mesenchymal form in cellular organization.4 EMT 
determines stem cell behavior, metastasis formation, 
wound healing, and represents a vital target for the treat-
ment of HNSCC.5 Long non-coding RNA (lncRNA), 
a class of non-coding RNA more than 200 nucleotides in 
length, has been reported to be aberrantly expressed and 
related to diverse malignancy processes in HNSCC.6 Long 
non-coding RNA 00460 (LINC00460) is an intergenic 
lncRNA located at 13q33.2. In various malignant tumors, 
LINC00460 has been determined to be abnormally upre-
gulated, such as gastric cancer,7 lung cancer,8 and glioma.9 

Previous studies also reported that LINC00460 is over-
expressed and promotes the EMT process in HNSCC.10 

However, the underlying mechanism and functional roles 
and of LINC00460 have not been radically investigated in 
HNSCC.

In our study, the differences in LINC00460 expression 
between HNSCC tissues and adjacent non-tumor tissues 
were investigated, and the survival outcomes of patients 
with HNSCC were assessed. Besides, silencing 
LINC00460 inhibited HNSCC cell proliferation, migra-
tion, and invasion. Furthermore, we found that 
LINC00460 played a functional role in EMT promotion 
by sponging miR-320a expression and then upregulating 
Biglycan (BGN) expression. Our discovery provides new 
evidence that LINC00460 exerts a crucial role in HNSCC 
progression and highlight the potential target for the treat-
ment of HNSCC.

Materials and Methods
Bioinformatics Analysis
The Cancer Genome Atlas (TCGA) (https://portal.gdc.can 
cer.gov/) and Gene Expression Profiling Interactive 
Analysis (GEPIA) (http://gepia.cancer-pku.cn) was used 
to obtain LINC00460 expression in HNSCC tissues and 
adjacent normal tissues. The prognosis analysis of HNSCC 

patients was calculated using the Kaplan-Meier method by 
GEPIA. The Starbase v3.0 database (http://starbase.sysu. 
edu.cn/) was used to predict the interaction among 
lncRNA, miRNA, and mRNA and reveal the correlation 
between the expression of lncRNA/mRNA and miRNA in 
HNSCC tissues.

Cell Culture and Treatment
Human HNSCC cell line FaDu, Cal-27, SCC4, SCC9, and 
human immortalized keratinocytes cell line (HaCaT, nor-
mal control) were bought from American Type Culture 
Collection (ATCC, Manassas, VA, USA). FaDu and Cal- 
27 cells were cultured in Dulbecco’s modified Eagle’s 
medium (DMEM, Gibco, Grand Island, NY, USA). 
SCC4 and SCC9 cells were cultured in DMEM/F1:2 
(Gibco, Grand Island, NY, USA). HaCaT cells were cul-
tured in RPMI-1640 (Gibco, Grand Island, NY, USA). All 
the medium was supplemented with 10% fetal bovine 
serum (FBS, Gibco, Grand Island, NY, USA), and 1% 
penicillin/streptomycin (Beyotime Biotechnology, 
Shanghai, China). Cell mediums were maintained in an 
incubator containing 5% CO2 at 37 °C.

To perform lentivirus-mediated suppression of 
LINC00460 and BGN in HNSCC cells, the following 
shRNA and scrambled control shRNA were inserted into 
the pLVX-tdTomato-Puro vector (GenePharma, Shanghai, 
China): sh-LINC00460-#1: GCCTCTGAAATGGTG 
ACAATA; sh-LINC00460-#2: GCCATCCACTTCAAAG 
TATTC; sh-LINC00460-#3: GCGTGGGAAAGAAGAC 
GCATT; and sh-BGN: GCCATTCATGATGAAC 
GATGA. After 72 h of transfection, the medium was 
mixed with puromycin and cultured for 14 days, the stably 
stained cells were screened. MiR-320a mimics, inhibitors, 
and the negative controls (miR-NC, miR-NC inhibitor) 
were synthesized by RiboBio Company (Guangzhou, 
China). Cells were transfected using Lipofectamine 3000 
(Invitrogen, Thermo Fisher Scientific, CA, USA).

RNA Extraction and Quantitative 
Real-Time Polymerase Chain Reaction 
(RT-qPCR)
Total RNA was extracted from HNSCC cells using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA). RNA integrity 
and quantity were examined using a Nano-Drop spectro-
photometer (Thermo Scientific, Wilmington, DE, USA). 
Reverse transcription was performed using a Transcriptor 
First Strand cDNA Synthesis Kit (Roche, Basel, 
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Switzerland) and a TaqMan miRNA reverse transcript kit 
(Applied Biosystems, Branchburg, NJ, USA). An ABI 
PRISM 7500 FAST sequence detection system (Applied 
Biosystems, Foster City, CA, USA) was employed to con-
duct RT-qPCR. After the reaction cycles, the threshold cycle 
(Ct) values were determined, and the relative mRNA levels 
were calculated based on Ct values and normalized to the 
normalized to housekeeping gene glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) or U6 level in each sample. 
The gene expression fold changes were calculated according 
to the formula of 2−ΔΔCt. Each test was repeated three 
times. Specific primer sequences were as follows:

LINC00460 forward: 5ʹ-GCATGCACACTTCTCG 
GCTA −3ʹ

LINC00460 reverse: 5ʹ-GAATGCGTCTTCTTTCC 
CACG −3ʹ

BGN forward: 5ʹ- GGGTCTCCAGCACCT 
CTACGC −3ʹ

BGN reverse: 5ʹ- TGAACACTCCCTTGGG 
CACCT −3ʹ

GAPDH forward: 5ʹ- GATCATCAGCAATGCC 
TCCT −3ʹ

GAPDH reverse: 5ʹ- TGAGTCCTTCCACGAT 
ACCA −3ʹ

miR-320a forward: 5ʹ- AAAAGCTGGGTTGAGAGG 
GCGA −3ʹ

miR-320a reverse: 5ʹ- GCGAGCACAGAATTAA 
TACGAC −3ʹ

U6 forward: 5ʹ-CTCGCTTCGGCAGCACA-3ʹ
U6 reverse: 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ

Cell Counting Kit-8 (CCK-8) Assay
After transfection, the cells were plated in 96-well plates 
(2000 cells/well). Cell proliferation was determined every 
24 h for 4 days according to the manufacturer’s instruc-
tion. Briefly, the cells were mixed with 10 μL of CCK-8 
solution (MedChemExpress, Shanghai, China) per well 
and incubated for a further 1 h at 37°C. The amount of 
formazan dye generated by cellular dehydrogenase activity 
was measured for absorbance at 450 nm using 
a microplate reader (Multiscan FC, Thermo Scientific, 
MA, USA).

Colony Formation Assay
After transfection, the cells were plated in 6-well plates 
(500 cells/well) and incubated at 37°C with 5% CO2 for 2 
weeks to form cell colonies. Then, the cells were stained 
with 0.1% crystal violet, after which the positive colonies 

were imaged. Positive colonies with more than 50 cells 
were counted under a microscope.

Transwell Migration and Invasion Assays
Transwell migration and invasion assays were performed 
using Transwell chambers (8-μm pores, Corning, NY, 
USA) that coated without or with Matrigel (BD, 
Biosciences, NJ, USA). Briefly, the cells (5×104) were 
seeded in the upper chambers and incubated in 500 μL 
serum-free medium, while 500 μL medium supplemented 
with 10% FBS was placed in the lower chambers. After 
incubation for 18 h (migration) or 24 h (invasion) in a 5% 
CO2 humidified incubator at 37°C, the migrated or 
invaded cells were fixed with 1% formaldehyde solution, 
stained with 0.1% crystal violet, and captured under a light 
microscope (Olympus, Tokyo, Japan). The cell numbers 
were counted in five random fields of each filter.

Dual-Luciferase Reporter Gene Assay
LINC00460-miR-320a binding sites and miR-320a-BGN 
binding sites were identified on the bioinformatics predic-
tion website StarBase v3.0 (http://starbase.sysu.edu.cn/). 
The full-length sequences of LINC00460 cDNA and 
BGN 3ʹ-UTR were cloned and inserted into a pmirGLO 
(Promega, Madison, WI, USA) Dual-luciferase vector 
respectively and were named pLINC00460-wide type 
(WT) and pBGN-WT. Site-specific mutagenesis was per-
formed on LINC00460-miR-320a binding sites and miR- 
320a-BGN binding sites to construct pLINC00460-mutant 
(MUT) type and pBGN-MUT vectors. The pRL-TK vector 
expressing Renilla luciferase was regarded as the internal 
reference. The vectors of miR-320a negative control (NC) 
and miR-320a mimic were co-transfected with luciferase 
reporter vector into Cal-27 and FaDu cells with the use of 
Lipofectamine 3000 (Invitrogen, Thermo Fisher Scientific, 
CA, USA), separately. 48 h following the transfection, the 
relative luciferase activities were detected by a Luciferase 
Reporter Assay Kit (Promega, Madison, WI, USA) 
according to the manufactures’ instructions.

RNA-Binding Protein 
Immunoprecipitation (RIP) Assay
RIP assay was performed using a Magna RIP RNA- 
Binding Protein Immunoprecipitation Kit (Millipore, 
Bedford, MA, USA) according to the manufacturers’ pro-
tocol. Cells transiently transfected with miR-320a were 
isolated and lysed using a RIP lysis buffer and incubated 
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with antibody against Argonaute 2 (AGO2, Abcam, 
Cambridge, MA, USA) at 4 °C overnight. IgG (Abcam, 
Cambridge, MA, USA) was used as negative control (NC). 
The beads were attracted by a magnetic separator, and 
samples were fixed with proteinase K. The immunopreci-
pitated RNAs were then extracted by TRIzol and quanti-
fied by RT-qPCR.

Western Blotting
The total protein was extracted using RIPA (Applygen, 
Beijing, China). Protein concentration was determined 
using a BCA Protein Assay Kit (Beyotime, Shanghai, 
China). The proteins were electrophoretically separated 
by SDS-PAGE and transferred onto a PVDF membrane 
(Millipore, MA, USA). Membrane blockade was per-
formed using 5% bovine serum albumin for 1 h and 
added with primary antibodies to rabbit anti-human anti-
bodies to GAPDH (1:1000, Cell Signaling Technology, 
CST), BGN (1:2000, Abcam), N-cadherin (1:1000, 
Abcam), Vimentin (1:2000, Abcam) at 4°C overnight. 
The membrane was then incubated with a goat anti- 
rabbit antibody to IgG (Beyotime, Shanghai, China) for 1 
h. Then the protein strips were visualized and detected 
using a chemiluminescent reagent kit (Thermo Fisher 
Scientific, MA, USA). Images were acquired by 
a ChemiDoc MP Imaging System (Bio-Rad, CA, USA) 
and analyzed by the ImageJ software. GAPDH was used 
as an internal control. The uncropped images of mem-
branes used for the research were shown in Figure S1.

Tumor Xenografts
Lentiviruses containing shRNA for LINC00460, or 
scrambled control shRNA lentiviruses, were purchased 
from GenePharma Company (Shanghai, China). These 
lentiviruses were mixed with Cal-27 cells, followed by 
selection with 1 μg/mL puromycin for 14 days. Four-to 
six-week-old female BALB/c nude mice were obtained 
from Shanghai SLAC Laboratory Animal Co. Ltd. 
(Shanghai, China). All of the BALB/c nude mice were 
maintained under Specific Pathogen Free conditions. 
1×106 stably transfected Cal-27 cells were suspended in 
100 μL of PBS and subcutaneously injected into the sub-
cutis. The width and length of the tumor were measured 
every 6 days. The tumor volume was calculated using the 
following formula: Volume (mm3)=length × width2× 0.5. 
Moreover, 30 days following the injection, the nude mice 
were sacrificed, and tumors were photographed and 
weighed. Animal handling and procedures were approved 

by the Capital Medical University Institutional Animal 
Care. The name of the guidelines followed for the welfare 
of the laboratory animals is “Guide for the Care and Use 
of Laboratory Animals (8th Edition)”.

Statistical Analysis
SPSS 22.0 software (SPSS Inc., Chicago, IL, USA) was 
used for data analysis. All measurement data were pre-
sented as mean±standard deviation (SD). Survival analysis 
was carried out using the Log rank test in association with 
Kaplan-Meier analysis. The comparison between two 
experimental groups was analyzed by a paired t-test or 
unpaired t-test. Comparison among multiple groups was 
analyzed by one-way analysis of variance (ANOVA), fol-
lowed by Tukey’s post hoc test. P-value <0.05 was con-
sidered as statistically significant.

Results
LINC00460 is Highly Expressed in 
HNSCC and Predicts Poor Overall 
Survival
Firstly, we explored the TCGA database and found that 
LINC00460 expression was upregulated in HNSCC tissues 
compared with adjacent non-tumor tissues (Figure 1A). 
Meanwhile, LINC00460 expression levels were elevated 
in HNSCC cell lines (especially Cal-27 and FaDu cell 
lines) than human immortalized keratinocytes cells 
(HaCaT, normal control; Figure 1B). Moreover, according 
to LINC00460 mRNA expression (median), patients with 
high LINC00460 expression levels had poorer overall 
survival (OS) rate than those with low LINC00460 level 
ones (Figure 1C). These results indicated that LINC00460 
might play a pivotal role in HNSCC tumorigenesis and 
development.

LINC00460 Silencing Suppresses HNSCC 
Cell Proliferation, Migration, Invasion, and 
EMT
To explore the regulation effect of LINC00460 in HNSCC 
cells, a total of three shRNAs (sh-LINC00460-#1, sh- 
LINC00460-#2, sh-LINC00460-#3) targeted to 
LINC00460, and one scrambled control shRNA (sh-NC) 
were applied. Cal-27 and FaDu cells were chosen for 
lentivirus transfection because of highly expressing 
LINC00460. The efficiency was then determined in stably 
transfected cells by RT-qPCR and sh-LINC00460-#1/sh- 
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LINC00460-#2 were selected for the following experi-
ments as their better knockdown efficiencies (Figure 2A). 
CCK-8 assay (Figure 2B) and colony formation assay 
(Figure 2C) demonstrated that Cal-27 and FaDu cell pro-
liferation was significantly decreased after knockdown of 
LINC00460. To investigate the effect of LINC00460 on 
cell migration and invasion in HNSCC cells, the transwell 
migration and invasion assays were performed. Results 
showed that migrated and invaded Cal-27 and FaDu cells 
in transwell assays were reduced following LINC00460 
knockdown (Figure 2D and E), which suggested that 
knockdown of LINC00460 inhibited the migration and 
invasiveness of HNSCC cells.

To further investigate the mechanism by which 
LINC00460 promotes cell progression, invasion, and 
metastasis of HNSCC, we performed Western blotting to 
measure the epithelial and mesenchymal markers. As 
shown in Figure 2F, knockdown of LINC00460 in both 
Cal-27 and FaDu cells led to decreased expression of 
N-cadherin and Vimentin. Taken together, LINC00460 
silencing suppressed cell progression, migration, invasion, 
and EMT in HNSCC.

LINC00460 Acts as a Molecular Sponge 
for miR-320a
Increasing evidence confirmed that many lncRNAs exert 
their functions by binding to miRNAs and mechanically 
liberating the target RNA transcripts. To explore the poten-
tial mechanisms of LINC00460, we predicted the potential 
miRNA that may interact with LINC00460 using Starbase 

v3.0 and observed a complementary sequence to miR-320a 
(Figure 3A). TCGA database has revealed that miR-320a 
expression was negatively associated with the expression 
of LINC00460 in HNSCC tissues (Figure 3B, P=1.54E-3, 
r=−0.142). Consistent with TCGA analysis results, we 
observed that after knockdown of LINC00460, the expres-
sion of miR-320a was significantly increased in Cal-27 
and FaDu cells (Figure 3C). Then the dual-luciferase 
reporter assays demonstrated that miR-320a significantly 
inhibited the luciferase activity that carried wild type (wt) 
but not mutant (mut) 3ʹ-UTR of LINC00460 (Figure 3D). 
Consistently, results of RIP also confirmed that miR-320a 
was a target of LINC00460 in HNSCC cells. As presented 
in Figure 3E, LINC00460 and miR-320a were both sub-
stantially enriched in AGO2 antibody-incubated beads, 
compared with those harboring control IgG in Cal-27 
and FaDu cells, indicating that endogenous binding 
might occur between LINC00460 and miR-320a. In sum-
mary, these data indicated that LINC00460 could directly 
sponge miR-320a in HNSCC.

The Effect of LINC00460 on HNSCC 
Cell Progression and EMT is Mediated by 
miR-320a
We further explored whether LINC00460 functions through 
miR-320a. We found that in Cal27 and FaDu cells, silencing of 
LINC00460 mediated reduction of cell proliferation, migra-
tion, and invasion were partially rescued by simultaneous co- 
transfection with miR-320a inhibitor (Figure 4A–C). Then, we 
detected the expression of genes associated with EMT by 

Figure 1 Levels of LINC00460 were highly expressed in HNSCC and associated with poor prognosis. (A) LINC00460 expression in HNSCC tissues and normal tissues in 
the TCGA database. (B) The expression of LINC00460 in four HNSCC cell lines and normal control cells HaCaT. (C) The relationship between LINC00460 expression and 
overall survival time of HNSCC patients analyzed using the Kaplan-Meier method. *P < 0.05, ***P < 0.001.
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Figure 2 Silencing of LINC00460 attenuated HNSCC cell proliferation, invasion, migration, and EMT. (A) RT-qPCR analysis of LINC00460 mRNA in Cal-27 and FaDu cells 
treated with sh-LINC00460 (B) CCK-8 assays were applied to detect cell viability of Cal-27 and FaDu cells. (C) Colony formation assays were used to measure cell 
proliferation ability. (D and E) Representative results of transwell migration assays and invasion assays in Cal-27 and FaDu cells. (F) Relative expression of EMT-related genes 
in Cal-27 and FaDu cells detected by Western blot analysis. (scale bar: 200 μm for transwell assay). **P < 0.01, ***P < 0.001.
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Western blot analysis. LINC00460 reduction reduced 
N-cadherin and Vimentin expression. This effect was partially 
rescued by the co-transfection of sh-LINC00460 and the miR- 
320a inhibitor (Figure 4D). Therefore, the effect of 
LINC00460 on HNSCC progression and EMT was partially 
mediated by negative regulation of miR-320a.

BGN is a Target Gene of miR-320a and 
Regulated by LINC00460
To explore the potential ceRNA mechanism between 
LINC00460, miR-320a, and its target genes in HNSCC, 
we used StarBase v3.0 to predict the candidate target of 
miR-320a and found that BGN may be the direct target 
(Figure 5A). According to the TCGA database, we observed 
that an obvious inverse correlation between the levels of 
miR-320a and BGN in HNSCC tissues (Figure 5B, 
P=3.00E-5, r=−0.186). Consistently, our results revealed 
that the miR-320a inhibitor significantly increased the 
mRNA and protein expression of BGN in Cal-27 and 
FaDu cells. By contrast, miR-320a mimic led to BGN deple-
tion, which was opposite to miR-320a reduction (Figure 
5C). Dual-luciferase reporter assays confirmed that miR- 
320a mimic inhibited luciferase activity of wild type (wt) 
BGN 3ʹ-UTR but not the mutant (mut) BGN 3ʹ-UTR in Cal- 

27 and FaDu cells (Figure 5D). So, BGN was considered as 
a direct target of miR-320a. Next, we explored whether 
LINC00460 could regulate the expression of BGN. TCGA 
database showed that the BGN was higher expressed in 
HNSCC tumor tissues compared with adjacent non-tumor 
tissues (Figure 5E) and patients with high BGN expression 
levels had poorer OS rate than those with low BGN level 
ones (Figure 5F). The BGN expression was positively cor-
related to the LINC00460 expression in HNSCC tissues 
(Figure 5G, P=8.57E-7, r=0.218). Consistently, we observed 
that after knockdown of LINC00460, the mRNA and protein 
expression of BGN was significantly decreased in Cal-27 
and FaDu cells (Figure 5H). Besides, we found that silen-
cing of LINC00460 mediated reduction of BGN were par-
tially rescued by downregulation of miR-320a in Cal-27 and 
FaDu cells (Figure 5I). These results provided evidence that 
BGN was a direct target of miR-320a and regulated by 
LINC00460 via miR-320a in HNSCC cells.

The Effect of BGN on HNSCC Cell 
Progression and EMT is Regulated by 
miR-320a
To explore the effect of the miR-320a/BGN axis on HNSCC 
progression, we adopted CCK-8 assay (Figure 6A), transwell 

Figure 3 LINC00460 negatively regulated the expression and activity of miR-320a in HNSCC cells. (A) Starbase3.0 revealed the predicted miR-320a binding site in the 
LINC00460 3ʹUTR, wildtype (WT) and mutated (MUT) 3ʹUTR of LINC00460 was also shown. (B) The relationship between LINC00460 and miR-320a expression of 
HNSCC patients in the TCGA database (C) Expression of miR-320a in Cal-27 and FaDu cells transfected with sh-LINC00460 or sh-NC. (D) miR-320a markedly reduced 
luciferase activity in LINC00460-wild not in LINC00460 mut in Cal-27 and FaDu cells. (E) The correlations between LINC00460, miR-320a, and AGO2 were detected in the 
RIP assay with anti-AGO2 in Cal-27 and FaDu cells. ***P < 0.001.
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Figure 4 The regulation of LINC00460 on HNSCC cells was mediated by miR-320a. (A–C) CCK-8 assays, transwell migration, and invasion assays were used to detect the 
cell proliferation ability, cell migration, and invasion ability after transfection Cal-27 and FaDu cells with sh-NC+NC inhibitor, sh-LINC00460-#2+miR-NC inhibitor, or sh- 
LINC00460-#2+miR-320a inhibitor. (scale bar: 200 μm for transwell assay). (D) Western blot analysis was used to detect the expression of EMT-related genes after 
transfecting Cal-27 and FaDu cells. **P < 0.01, ***P < 0.001.
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Figure 5 BGN was a target gene of miR-320a and regulated by LINC00460. (A) Starbase3.0 revealed the predicted miR-320a binding site in the BGN 3ʹUTR, wildtype (WT) 
and mutated (MUT) 3ʹUTR of BGN was also shown. (B) The relationship between miR-320a and BGN expression of HNSCC patients in the TCGA database (C) Relative 
mRNA and protein levels of BGN in Cal-27 and FaDu cells transfected with miR-NC mimic, miR-320a mimic, miR-NC inhibitor, or miR-320a inhibitor. (D) miR-320a 
markedly reduced luciferase activity in LINC00460-wild not in LINC00460 mut in Cal-27 and FaDu cells. (E) BGN expression in HNSCC tissues and normal tissues in 
TCGA database. (F) The relationship between LINC00460 expression and overall survival time of HNSCC patients analyzed using the Kaplan-Meier method. (G) The 
relationship between LINC00460 and BGN expression of HNSCC patients in the TCGA database (H) Relative mRNA and protein levels of BGN in Cal-27 and FaDu cells 
transfected with sh-LINC00460 or sh-NC. (I) Relative mRNA and protein levels of BGN in Cal-27 and FaDu cells transfected with sh-NC+miR-NC inhibitor, sh-LINC00460 
-#2+miR-NC inhibitor, or sh-LINC00460-#2+miR-320a inhibitor. * P< 0.05, ***P < 0.001.
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assay (Figure 6B and C) to examine cell proliferation, migra-
tion, and invasion in HNSCC. We also used Western blotting 
analysis to test the levels of mRNAs and proteins linked to 
EMT (Figure 6D). Results revealed that knockdown of BGN 
attenuated the proliferation, migration, and invasion of 
HNSCC cells and diminished N-cadherin, Vimentin 

expression. Conversely, knockdown of miR-320a resulted in 
promoting cell proliferation, migration, and invasion of 
HNSCC and elevation in N-cadherin, Vimentin expression. 
Depletion of BGN, as well as depletion miR-320a, could 
partially rescue the suppressive role of BGN in cell prolifera-
tion, migration, invasion, as well as EMT of HNSCC. In 

Figure 6 The effect of BGN on HNSCC cells was regulated by miR-320a. (A–C) CCK-8 assays, transwell migration and invasion assays were used to detect the cell 
proliferation ability, cell migration and invasion ability after transfection Cal-27 and FaDu cells with sh-NC+NC inhibitor, sh-BGN+miR-NC inhibitor, or sh-BGN+miR-320a 
inhibitor. (scale bar: 200 μm for transwell assay). (D) Western blot analysis was used to detect the expression of EMT-related genes after transfecting Cal-27 and FaDu cells. 
**P < 0.01, ***P < 0.001.
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summary, these results illustrated that the effect of BGN on 
HNSCC progression and EMT was negatively regulated by 
miR-320a.

LINC00460 Silencing Inhibits 
Tumorigenesis of HNSCC in vivo
To explore the effects of LINC00460 on HNSCC tumor-
igenesis in vivo, we subcutaneously injected Cal-27 cells 
stably transfected with sh-LINC00460-#2 or their negative 
control groups into nude mice. Representative images of 
subcutaneous tumors were shown in Figure 7A. The 
volume and weight of tumors in the LINC00460 knock-
down group were significantly reduced when compared 
with those in the control group (Figure 7B and C). 
Overall, these data demonstrated that LINC00460 silen-
cing might inhibit tumorigenesis of HNSCC in vivo.

Discussion
HNSCC is a group of squamous cell carcinomas arising 
from the squamous mucosal surfaces of the upper aero-
digestive tract with unsatisfactory curative effects in the 
clinical practice.11 Sustaining proliferation, activating 
invasion, and metastasis are the hallmarks of cancer, 
which have closely connected with poor prognosis of 
HNSCC patients.12 Recent evidence has reported that the 
EMT process leads to the progression and metastasis of 
HNSCC.13 However, the regulatory mechanisms of EMT 
on HNSCC still need to be further explored, especially the 
effects involving lncRNAs. Numerous lncRNAs play 
oncogenic roles in multiple cancers.14 Hence, the current 
study selected an upregulated lncRNA LINC00460 with 
the help of the TCGA-HNSC database. Survival analysis 
revealed that a high LINC00460 level was linked to a poor 
survival rate, which suggested that LINC00460 might be 
a potential prognostic predictor for HNSCC patients. 
Consequently, we found that LINC00460 was highly 

expressed in HNSCC cells comparing with human immor-
talized keratinocytes cell HaCaT, especially in Cal-27 and 
FaDu cells. For exploring the role of LINC00460 in 
HNSCC cells, we performed a knockdown of 
LINC00460 in Cal-27 and FaDu cells. As a result, knock-
down of LINC00460 significantly restrained the prolifera-
tion, migration, and invasion of HNSCC cells in vitro. 
Moreover, we found that LINC00460 facilitated the EMT 
process in HNSCC cells. These findings demonstrate that 
LINC00460 plays a pivotal role in HNSCC and needs 
further mechanistic research.

A growing number of studies confirm that lncRNAs 
can exert a regulatory effect on the progression of HNSCC 
by sponging miRNAs and regulate the expression of target 
genes.15 miRNAs are short, evolutionarily conserved 
RNAs containing about 20–24 nucleotides.16 In the pre-
sent study, we performed bioinformatics analysis and 
experimental assays to confirm that LINC00460 shared 
a complementary binding site with miR-320a. miR-320a 
has been identified as an inhibitor of oncogenes in several 
studies and suppresses tumor progression by multiple 
mechanisms. For instance, miR-320a suppresses cervical 
cancer cell proliferation, migration, and invasion by sup-
pressing FoxM1 expression.17 miR-320a inhibits invasion 
and metastasis in hepatocellular carcinoma by regulating 
HMGB1.18 Besides, miR-320a could reduce stemness and 
cisplatin resistance in laryngeal carcinoma cells.19 

However, there is a limited understanding of the roles of 
miR-320a in HNSCC. We found that there was a negative 
correlation between the expression of LINC00460 and 
miR-320a in HNSCC tissues and cell lines. Moreover, 
we demonstrated that miR-320a could partially mediate 
the tumor-promoting function of LINC00460 in HNSCC 
progression and EMT.

Aiming to further explore the function of the 
LINC00460/miR-320a axis, we predicted the potential 

Figure 7 Silencing of LINC00460 inhibited the tumor growth of HNSCC in vivo. (A) Subcutaneous tumors in the nude mouse model under different treatments. (B and C) 
Analysis of tumor weight and size in different groups. **P < 0.01, ***P < 0.001.
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target of miR-320a with bioinformatics analysis. We found 
that the 3ʹ-UTR region of BGN contained potential bind-
ing sites for miR-320a and verified this finding by experi-
mental assays. BGN has been reported as a classical type 
of extracellular matrix protein and has been found to play 
an important role in numerous cancer-related biological 
behaviors such as cell growth, migration, autophagy, and 
differentiation of epithelial cells.20 In colon cancer, BGN 
could mediate epigenetic silencing of immunosuppressive 
ligands and promote carcinogenesis.21 In patients with 
prostate cancer, the up-regulation of BGN is associated 
with poor prognosis and PTEN deletion.22 In the present 
study, we found that there was a negative correlation 
between the expression of miR-320a and BGN and 
a positive correlation between the expression of 
LINC00460 and BGN. Then, we performed a series of 
experiments and rescue assays to confirmed that the 
LINC00460/miR-320a/BGN axis was involved in the cell 
progression, migration, invasion, and EMT of HNSCC.

In this study, evidence was obtained demonstrating 
that silencing LINC00460/miR-320a/BGN axis inhibited 
EMT, which was accompanied by the reductions in the 
expression of N-cadherin, and Vimentin. EMT is an 
important process of cancer development that has been 
widely documented as a key factor in the diagnosis and 
treatment of cancers.4 Repressed LINC00460 expression 
has been previously reported to inhibit EMT in colon 
cancer through the downregulation of the ANXA2/miR- 
433-3p pathway.23 Furthermore, LINC00460 has been 
shown to promote EMT in HNSCC by facilitating per-
oxiredoxin-1 into the nucleus.10 Chou et al asserted that 
miR-320a could inhibit the expression of the transcrip-
tion factor FOXM1 and downstream proteins related to 
EMT, thereby leading to the suppression of liver cancer 
cell growth and invasion.24 Zhang et al reported that 
miR-320a inhibits endometrial carcinoma cell metastatic 
capability by preventing TGF-β1-induced EMT.25 

Previous studies also reported that BGN could induce 
the EMT process of diverse malignancies. Thakur et al 
demonstrated that BGN is necessary and sufficient to 
mediate the pro-EMT effect in pancreatic ductal 
adenocarcinoma.26 Also, BGN is regulated by the 
TGF-β pathway, a key regulator of the EMT process. 
Furthermore, BGN is also considered as one of the 
potential EMT biomarkers in colorectal cancer.27 Our 
findings demonstrated that knockdown of LINC00460 
was able to repress EMT, cell progression, migration, 
and invasion in HNSCC by increasing miR-320a and 

decreasing BGN. These results largely expanded the 
EMT regulating effect of LINC00460, miR-320a, 
BGN, and provided more supporting evidence for the 
ceRNA regulatory network. However, a detailed regula-
tory network of LINC00460 in HNSCC needs further 
investigation.

Conclusion
In conclusion, our findings are the first to demonstrate that 
LINC00460 promotes HNSCC progression, migration, 
invasion, and EMT by sponging miR-320a and further 
upregulating BGN. The LINC00460/miR-320a/BGN axis 
may contribute to the development of a new therapeutic 
target for HNSCC.
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