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Abstract. Long non‑coding RNAs (lncRNAs) serve important 
roles in the tumorigenesis of a diverse range of cancer types. 
The lung cancer‑associated transcript 1 (LUCAT1), has been 
reported to promote the proliferation, migration and invasion of 
oral squamous cell carcinoma cells. However, the exact role of 
LUCAT1 in laryngeal squamous cell carcinoma (LSCC) remains 
to fully understood. The present study aimed to interrogate the 
role and modulatory mechanism of LUCAT1 in LSCC. Reverse 
transcription‑quantitative PCR and western blotting were used 
to investigate the expression of LUCAT1 and miR‑493, as well as 
the protein expression of cyclin‑dependent kinase 2, cyclin E1, 
p21, matrix metalloproteinase (MMP)2, MMP9, vascular 
endothelial growth factor‑C, Bcl‑2, Bax, cleaved caspase‑3 
and procaspase‑3. Cell Counting Kit‑8, flow cytometry, wound 
healing and Transwell assays were performed to analyze the 
proliferation, cell cycle, apoptosis levels, and the migratory and 
invasive abilities, respectively, of the LSCC AMC‑HN‑8 cell 
line. In addition, dual‑luciferase reporter and ribonucleoprotein 
immunoprecipitation assays were used to investigate the binding 
between LUCAT1 and microRNA (miR)‑493. The results of the 
present study revealed that the expression levels of LUCAT1 
were upregulated in AMC‑HN‑8 cells. The genetic knockdown 
of LUCAT1 expression levels significantly suppressed the cell 
proliferation, alongside downregulating the expression levels of 
CDK2 and cyclin E1 and upregulating p21 expression levels. In 
addition, the knockdown of LUCAT1 inhibited cell migration 

and invasion, as demonstrated using the wound healing and 
Transwell assays, respectively. Moreover, LUCAT1 knockdown 
promoted cell apoptosis and upregulated the expression levels of 
Bax and cleaved caspase‑3, whilst downregulating the expres‑
sion levels of Bcl‑2. Furthermore, LUCAT1 was discovered to 
directly bind to and inhibit the well‑known tumor suppressor, 
miR‑493. Notably, the specific inhibition of miR‑493 partly 
blocked the anticancer effects of LUCAT1 knockdown in 
AMC‑HN‑8 cells. In conclusion, these results suggested that 
LUCAT1 may facilitate tumorigenesis in LSCC through the 
targeted inhibition of miR‑493, which provides evidence for a 
novel target for the treatment of LSCC.

Introduction

Laryngeal carcinoma is a common type of head and neck 
squamous cell carcinoma (SCC), ranking as the sixth most 
commonly diagnosed carcinoma worldwide (1). The majority 
(95%) of laryngeal carcinoma cases are SCCs (2). Laryngeal 
SCC (LSCC) is the most common primary malignant tumor 
affecting the laryngeal framework (3). The disease presents 
with a poor prognosis, due to the frequent late diagnosis and 
lymph metastasis of the disease (4), which can at least partly be 
attributed to poor understanding of the molecular mechanisms 
underlying its development. Habitual alcohol intake and 
tobacco use are known risk factors for LSCC, representing 
a major health hazard for humans (5). There is currently no 
effective treatment for LSCC (6).

A large number of long non‑coding RNAs (lncRNAs) have 
been reported to serve important roles in tumorigenesis (7‑9). 
Lung cancer‑associated transcript 1 (LUCAT1), also known as 
the smoke and cancer‑associated lncRNA‑1 (SCAL1), is encoded 
by the RNA gene located on chromosome 5q14.3, and was first 
identified as a lncRNA overexpressed in lung cancer cells (10). 
Previous studies have provided evidence of the protumorigenic 
role of LUCAT1 in a variety of types of cancer, including 
oral SCC, breast, colorectal, papillary thyroid and ovarian 
cancers (11‑15). However, the possible role of LUCAT1 in the 
development or progression of LSCC remains to be determined.

MicroRNAs (miRs/miRNAs) are another subgroup of 
non‑coding RNAs that interact with lncRNAs to regulate 
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biological processes, including proliferation, apoptosis and 
motility (16). Previous studies have demonstrated that LUCAT1 
promoted the growth, migration and invasion of cancer cells 
through the targeted modulation of certain miRNAs, including 
miR‑5720 and miR‑5582 (17,18). miR‑493 was previously 
reported to serve as a tumor suppressor in hepatic and pancreatic 
cancer (19‑21); however, whether and how miR‑493 is involved 
in LSCC remains unclear. Thus, the present study aimed to 
investigate the potential interaction of LUCAT1 with miR‑493 
and to determine their effects on LSCC cellular activities, such 
as cell proliferation, migration, invasion and apoptosis.

Materials and methods

Cell culture. The normal nasopharyngeal epithelial NP69 
cell line and the corresponding LSCC cancer cell lines 
AMC‑HN‑8, Tu177, Tu686 and M4e were obtained from The 
Cell Bank of Type Culture Collection of the Chinese Academy 
of Sciences (22). All cells were cultured in the DMEM (Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.), and maintained at 
37˚C and 5% CO2.

Prediction of target genes. To further investigate the molecular 
mechanisms underlying the role of LUCAT1 in the tumorigenesis 
of LSCC, the Encyclopedia of RNA Interactomes (ENCORI) 
database (http://starbase.sysu.edu.cn) was used. ENCORI is an 
open‑source platform for studying the miRNA‑ncRNA (23), 
miRNA‑mRNA, ncRNA‑RNA, RNA‑RNA, RBP‑ncRNA 
and RBP‑mRNA interactions from CLIP‑sequencing, degra‑
dome‑sequencing and RNA‑RNA interactome data.

Knockdown plasmids. Two short hairpin RNAs (shRNAs) 
against LUCAT1 (shRNA‑LUCAT1‑1 and shRNA‑LUCAT1‑2; 
500 ng/µl) from Guangzhou RiboBio Co., Ltd. were used for 
the specific knockdown of LUCAT1, with use of shRNA 
containing nonsense shRNA sequences as negative control 
(shRNA‑NC; 500 ng/µl). Two miR‑493 inhibitors (miR‑493 
inhibitor‑1 and miR‑493 inhibitor‑2; 100 pmol) and their nega‑
tive control miR‑NC (100 pmol) were purchased from Shanghai 
GenePharma Co., Ltd. All shRNAs and inhibitors were 
separately transfected into AMC‑HN‑8 cells (1x105 cells/well) 
using Lipofectamine® 2000 reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.) at 37˚C. Subsequent assays were 
performed at 24 h after transfection.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total RNA 
was gained from cell samples. First, it was extracted via TRIzol® 
reagent (Thermo Fisher Scientific, Inc.) and then reverse‑tran‑
scribed into cDNA using a RevertAid™ cDNA Synthesis kit 
from Takara Bio, Inc at 42˚C for 1 h and 90˚C for just 5 min. 
The SYBR Premix Ex Taq™ II kit (Thermo Fisher Scientific, 
Inc.) was applied for qPCR. The PCR reaction mixture contained 
included 3 mM MgCl2, 0.5 µM forward and reverse primers, 2 µl 
SYBR Green PCR master mix and 2 µl cDNA. Samples were run 
on a QuantStudio 3 Real‑Time PCR system (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). Thermocycling conditions of the 
qPCR were: 5 min at 95˚C, with 40 cycles for 30 sec at 95˚C and 
45 sec at 65˚C. Relative expression levels were calculated using 
the 2‑ΔΔCq method and normalized to the internal reference genes 

GAPDH or U6 (24). The primers were as follows: LUCAT1 
forward, 5'‑ AGC TCC ACC TCC CGG GTT CAC G‑3' and reverse, 
5'‑CGT GAA CCC GGG AGG TGG AGC T‑3'; miR‑493 forward, 
5'‑TTG TAC ATG GTA GGC TTT CAT T‑3' and reverse, 5'‑AAC 
CAT TTA TTT CTC CCG ACC ‑3; GAPDH forward, 5CAC ATC 
GCT CAG ACA CCA TG‑3' and reverse, 5'‑TGA CGG TGC CAT 
TGG AAT TT‑3'; U6 forward, 5'‑CTC GCT TCG GCA GCA CAT 
ATA ‑3' and reverse, 5'‑ACG CTT CAC GAA TTT GAG TGT C‑3'.

Cell Counting Kit‑8 (CCK‑8) assay. Cell proliferation was 
analyzed using a CCK‑8 assay kit following the manufacturer's 
manual. An AMC‑HN‑8 cell suspension (5x103 cells/well) was 
plated into a 96‑well plate and incubated for 24 h at 37˚C. 
Following the incubation, 10 µl CCK‑8 solution was added into 
each well after transfection and incubated for 4 h at 37˚C. The 
absorbance was measured at a wavelength of 450 nm using a 
microplate reader (Synergy2; BioTek Instruments, Inc.).

Flow cytometric analysis of the cell cycle and apoptosis. For 
cell cycle analysis, AMC‑HN‑8 cells were collected in a flow 
cytometry tube centrifuged at 850 x g at 4˚C for 10 min, washed 
in PBS and fixed in cold 70% ethanol for 30 min at 4˚C. After 
washing in PBS, the samples were centrifuged at 850 x g at 4˚C 
for 10 min. The pellets were treated with 0.5 ml ribonuclease 
and incubated with propidium iodide (Beyotime Institute of 
Biotechnology) for 30 min at 37˚C. The cells were measured at 
an emission wavelength of 605 nm for the forward and side scat‑
ters to identify single cells. For cell cycle analysis, the number of 
cells in either the S or G1 phase was counted using an algorithm 
to fit Gaussian curves to each phase (ModFit LT, Version of 4.0).

For the analysis of cell apoptosis, an Apoptosis Detection 
kit (Beyotime Institute of Biotechnology) was used. The cells 
were collected by centrifugation at 850 x g at 4˚C for 5 min, 
re‑suspended in a binding buffer (195 µl) containing 1% 
Annexin V‑FITC (5 µl) and 1% PI (10 µl), and incubated at 
room temperature for 5 min in the dark. Data were acquired 
using a flow cytometer (Accuri C6; BD Biosciences) and 
analyzed using FlowJo (version of 7.6.5; FlowJo LLC).

Western blotting. Cells were harvested and total protein 
was extracted using RIPA lysis buffer (Beyotime Institute 
of Biotechnology) with protease inhibitor added to the lysis 
buffer (Beyotime Institute of Biotechnology; 1:100). The 
lysates were centrifuged at 4˚C at 850 x g for 15 min. The 
supernatant was collected and mixed with a loading buffer 
(Beyotime Institute of Biotechnology) containing 100 mM 
dithiothreitol. Western blotting was subsequently performed, 
as previously described (25). Briefly, total protein was quanti‑
fied using Protein Concentration Determination kit (Beyotime 
Institute of Biotechnology) and proteins (30 µg/lane) were 
separated by SDS‑PAGE using 15% gels. The separated 
proteins were subsequently transferred onto PVDF membranes 
(EMD Millipore) and blocked with 5% BSA (Beyotime Institute 
of Biotechnology) at room temperature for 2 h. The membranes 
were then incubated with the following primary antibodies 
(Abcam) at 4˚C overnight: Anti‑CDK2 (cat. no. ab32147; 
1:1,000 dilution), anti‑cyclin E1 (cat. no. ab33911; 1:1,000 
dilution), anti‑p21 (cat. no. ab109520; 1:1,000 dilution), 
anti‑matrix metallopeptidase (MMP)2 (cat. no. ab97779; 
1:1,000 dilution), anti‑MMP9 (cat. no. ab38898; 1:1,000 
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dilution), anti‑vascular endothelial growth factor (VEGF)‑C 
(cat. no. ab9546; 1:1,000 dilution), anti‑Bcl‑2 (cat. no. ab32124; 
1:1,000 dilution), anti‑Bax (cat. no. ab32503; 1:1,000 dilution), 
anti‑cleaved caspase‑3 (cat. no. ab2302; 1:1,000 dilution), 
anti‑pro caspase‑3 (cat. no. ab32150; 1:1,000 dilution) and 
anti‑GAPDH (cat. no. ab8245; 1:2,000 dilution). Following 
the primary antibody incubation, the membranes were washed 
with TBS with 0.1% Tween‑20 and incubated at room tempera‑
ture for 1.5 h with a horseradish peroxidase‑conjugated goat 
anti‑rabbit IgG secondary antibody (1:5,000; SA00001‑9; 
ProteinTech Group, Inc.) or goat anti‑mouse IgG secondary 
antibody (1:5,000; SA00001‑8; ProteinTech Group, Inc.). 
Protein bands were visualized using a luminol reagent (Santa 
Cruz Biotechnology, Inc.) and analyzed using ImageJ software 
(version 1.48; National Institutes of Health).

Wound healing assay. AMC‑HN‑8 cells were cultured in 
six‑well plates (6x104 cells/well) and transiently transfected 
with specific plasmids. Following 24 h of transfection, a linear 
scratch was created in the cell monolayer using a 200‑µl 
pipette tip. The cells were subsequently cultured under stan‑
dard conditions in serum‑free medium (Gibco; Thermo Fisher 
Scientific, Inc.) at 37˚C in 5% CO2. Using ImageJ software 
(version 1.8.0; National Institutes of Health) to calculate the 
wound width. Images of the wound were captured at 72 h using 
a light microscope (Nikon Corporation), magnification, x100.

Transwell invasion assay. A Transwell invasion assay was used 
to analyze the invasive rate of cells. Briefly, AMC‑HN‑8 cells in 
100 µl (2x105) serum‑free medium (Thermo Fisher Scientific, 
Inc.) were plated into the upper chambers of an 8‑µm Transwell 
plate (Corning, Inc.) precoated with Matrigel™ (BD Biosciences) 
for 24 h at 37˚C after transfection. RPMI‑1640 medium 
containing 20% FBS was plated in the lower chamber to serve 
as a chemoattractant. Following 24‑h incubation at 37˚C, the 
invading cells on the bottom surface of the filter were fixed with 
100% methanol at 4˚C for 30 min and stained with hematoxylin 
at room temperature for 20 min. Cell invasion was analyzed in 
three randomly selected fields under a fluorescence microscope 
(magnification, x20).

Dual‑luciferase reporter assay. The firefly luciferase reporter 
plasmid (pGL3‑promoter vector; E1761; Promega) and consti‑
tutively active Renilla luciferase control plasmid pRL‑TK 
(pmiR‑RB‑Report™, Beijing Baiaolaibo Technology Co., Ltd.) 
were used. The LUCAT1‑3'‑untranslated region (UTR) was 
cloned into the pGL3‑promoter vector to generate wild‑type 
(WT) LUCAT1‑Luc. A mutant (MUT) LUCAT‑1 3'‑UTR 
was cloned into the pGL3‑promoter vector to generate MUT 
LUCAT1‑Luc by site‑directed mutagenesis (QuikChange 
Lightning Site‑Directed Mutagenesis kit; Agilent Technologies, 
Inc.). A plasmid containing an miR‑493 mimic (5'‑UGA AGG 
UCU ACU GUG UGC CAG G‑3') was purchased from Shanghai 
GenePharma Co., Ltd. or empty vector control was co‑trans‑
fected using the Lipofectamine® 3000 transfection reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) with the WT or 
MUT LUCAT1‑Luc into AMC‑HN‑8 cells and incubated for 
48 h at 37˚C (1.5x105 cells/well). The cells were washed with 
PBS and lysed with RIPA lysis solution (Beyotime Institute of 
Biotechnology). The relative luciferase activity was analyzed 

using a plate reader at 410 nm (BD Biosciences) and normal‑
ized to the activity of a Renilla luciferase activity kit (pRL‑TK; 
Beijing Baiaolaibo Technology Co., Ltd.). All procedures were 
performed according to the manufacturers' protocols.

Ribonucleoprotein immunoprecipitation (RIP) assay. A total 
of 1x107 AMC‑HN‑8 cells were added to 2 ml PBS (Beyotime, 
China) to wash, and centrifuged at 850 x g at room temperature 
for 5 min to collect the cells. A RIP assay was performed 
using a Millipore Magna RIP™ RNA‑Binding Protein 
Immunoprecipitation kit (Active Motif, Inc.), according to the 
manufacturer's protocol. Briefly, AMC‑HN‑8 cells were lysed 
with anti‑EZH2 or IgG antibody at 4˚C for 6 h. A protein‑RNA 
complex was captured and digested with 0.5 mg/ml proteinase 
K containing 0.1% SDS to extract RNA. RNA was extracted 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.) and RT‑qPCR analysis was performed to analyze the 
expression levels of LUCAT1 and miR‑493.

Statistical analysis. All experiments were repeated three times. 
Statistical analysis was performed using GraphPad Prism 5 
software (GraphPad Software, Inc.) and all data are presented as 
the mean ± SEM, unless otherwise specified. Statistical differ‑
ences between 2 groups were determined using an unpaired 
two‑tailed Student's t‑test, while a one‑way or two‑way ANOVA 
followed by Tukey's post hoc test were used to analyze data 
with >2 groups. P<0.05 was considered to indicate a statisti‑
cally significant difference.

Results

LUCAT1 expression levels are upregulated in LSCC cells. The 
expression levels of LUCAT1 in the nasopharyngeal epithelial 
NP69 (normal) cell line, and LSCC cell lines AMC‑HN‑8, 
Tu177, Tu686 and M4e were analyzed. The expression levels 
of LUCAT1 were significantly upregulated in the LSCC cells 
compared with the NP69 cells, with the most prominent 
upregulation being observed in the AMC‑HN‑8 cells (Fig. 1A). 
Thus, the AMC‑HN‑8 cell line was used as the LSCC cell 
model in subsequent experiments.

Figure 1. Upregulated expression levels of LUCAT1 in LSCC cells. Reverse 
transcription‑quantitative PCR analysis of LUCAT1 expression levels in 
four LSCC cell lines (AMC‑HN‑8, Tu177, Tu686 and M4e) and one normal 
nasopharyngeal epithelial cell line NP69. ***P<0.001, vs. NP69. LUCAT1, lung 
cancer‑associated transcript 1; LSCC, laryngeal squamous cell carcinoma. 
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LUCAT1 knockdown suppresses the proliferation of 
LSCC cells. To determine how LUCAT1 affects LSCC, 
LUCAT1 expression levels were knocked down in 
AMC‑HN‑8 cells using shRNA. Out of the two shRNAs 
used, shRNA‑LUCAT1‑1 exhibited an enhanced knock‑
down efficiency (Fig. 2A); the expression levels of 
LUCAT1 were significantly downregulated in both the 
shRNA‑LUCAT1‑1‑ and shRNA‑LUCAT1‑2‑transfected 
cells compared with the shRNA‑NC group, but to a greater 
extent in shRNA‑LUCAT1‑1‑transfected cells. Therefore, 
shRNA‑LUCAT1‑1 was used for further experiments.

The genetic knockdown of LUCAT1 significantly 
decreased the cell proliferation rate of AMC‑HN‑8 cells 
compared with untransfected AMC‑HN‑8 cells (referred to as 
control), which was determined using a CCK‑8 assay (Fig. 2B). 
Moreover, compared with the control shRNA‑LUCAT1‑1 also 
significantly decreased the percentage of cells in the S phase 
of the cell cycle, while significantly increasing the number 
of G1 phase cells (Fig. 2C and D), indicating that LUCAT1 
knockdown may suppress the proliferation of cancer cells. 
Consistent with this hypothesis, shRNA‑LUCAT1‑1 was 
discovered to significantly downregulate the expression 

Figure 2. Inhibition of LUCAT1 suppresses cell proliferation. (A) Transfection efficiency of shRNA‑LUCAT1‑1/2 in AMC‑HN‑8 cells was analyzed using 
reverse transcription‑quantitative PCR. (B) Cell proliferation of AMC‑HN‑8 cells transfected with shRNA‑LUCAT1‑1 was analyzed using a Cell Counting Kit‑8 
assay. (C) Flow cytometric analysis of cell cycle distribution of AMC‑HN‑8 cells transfected with shRNA‑LUCAT1‑1. (D) Quantification of cell cycle distribu‑
tion from part (C). (E) Western blotting analysis of the expression levels of CDK2, cyclin E1 and p21 in AMC‑HN‑8 cells transfected with shRNA‑LUCAT1‑1. 
*P<0.05, **P<0.01, ***P<0.001, vs. shRNA‑NC group. LUCAT1, lung cancer‑associated transcript 1; shRNA, short hairpin RNA; NC, negative control. 
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levels of CDK2 and cyclin E1 compared with the control 
and shRNA‑NC (Fig. 2E), two proteins which facilitate cell 
cycle progression (26,27), while significantly upregulating 
the expression levels of p21 compared with the control and 
shRNA‑NC, a cell cycle inhibitor (28) (Fig. 2E). Therefore, 
these findings suggested that LUCAT1 may exert a suppressive 
effect on cell proliferation.

LUCAT1 knockdown inhibits the migration and invasion 
of LSCC cells. The effects of the knockdown of LUCAT1 
on the migration and invasion of AMC‑HN‑8 cells was 
subsequently investigated. Compared with the control and 
shRNA‑NC, LUCAT1 knockdown significantly suppressed 
the migration (Fig. 3A and B) and invasion (Fig. 3C and D) 

of LSCC cells, as observed using a wound healing or 
Transwell assay, respectively. In addition, shRNA‑LUCAT1‑1 
significantly downregulated the expression levels of the 
migration‑associated proteins, VEGF‑C, MMP2 and MMP9 
compared with the control and shRNA‑NC (Fig. 3E). These 
data suggested that the knockdown of LUCAT1 may inhibit 
LSCC cell migration and invasion.

LUCAT1 knockdown promotes the apoptosis of LSCC cells. 
Compared with the control and shRNA‑NC, LUCAT1‑1 
knockdown also significantly promoted the apoptosis of 
cancer cells (Fig. 4A). Furthermore, compared with the 
control and shRNA‑NC, the knockdown of LUCAT1‑1 
significantly downregulated the expression levels of Bcl‑2, 

Figure 3. Inhibition of LUCAT1 suppresses cell migration and invasion. (A) Cell migration rate was analyzed in AMC‑HN‑8 cells transfected with 
shRNA‑LUCAT1‑1, magnification x100. (B) Semi‑quantification of the relative cell migration rate from part (A). (C) Cell invasion rate was analyzed in 
AMC‑HN‑8 cells transfected with shRNA‑LUCAT1‑1, magnification x100. (D) Semi‑quantification of the relative cell invasive rate from part (C). 
(E) Expression levels of the migration‑associated proteins MMP2, MMP9 and VEGF‑C were analyzed using western blotting. **P<0.01, vs. shRNA‑NC 
group. LUCAT1, lung cancer‑associated transcript 1; shRNA, short hairpin RNA; NC, negative control; MMP, matrix metallopeptidase; VEGF‑C, vascular 
endothelial growth factor‑C. 
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while significantly upregulating the expression levels of Bax 
and cleaved caspase‑3 (Fig. 4B). However, no statistical differ‑
ences were observed in the expression levels of pro caspase‑3 
between the groups (Fig. 4B). Taken together, these find‑
ings indicated that the genetic knockdown of LUCAT1 may 
promote the apoptosis of LSCC cells.

Targeted inhibition of miR‑493 by LUCAT1. To further 
investigate the molecular mechanisms underlying the role of 
LUCAT1 in the tumorigenesis of LSCC, the ENCORI data‑
base (http://starbase.sysu.edu.cn) was used. It was predicted 
that LUCAT1 directly bound with miR‑493, a miRNA 
previously reported to inhibit tumorigenesis occurred in the 
3'‑UTR (29,30) (Fig. 5A).

The targeted binding between LUCAT1 and miR‑493 
was confirmed by the significantly reduced relative lucif‑
erase activity observed in cells co‑transfected with the 
WT LUCAT1‑Luc and miR‑493‑mimic. In addition, no 
significant differences were identified in the relative lucif‑
erase activity between the cells co‑transfected with the MUT 
LUCAT1‑Luc and miR‑493‑mimic or miR‑493 NC (Fig. 5B). 
Consistent with these results, the fold enrichment of LUCAT1 
co‑immunoprecipitated with miR‑493 was significantly 

increased in the LUCAT1‑ and miR‑493‑Ago2 groups 
compared with the IgG groups (Fig. 5C).

Notably, significantly downregulated expression levels 
of miR‑493 were identified in LSCC cells, particularly 
AMC‑HN‑8 cells, compared with the NP69 cells (Fig. 5D), 
which were significantly reversed by the specific knockdown 
of LUCAT1 in AMC‑HN‑8 cells (Fig. 5E). Taken together, 
these results indicated the potential targeted inhibition of 
miR‑493 by LUCAT1 in LSCC.

miR‑493 inhibition blocks the antitumorigenic effect of 
LUCAT1 knockdown. To determine whether LUCAT1 
promoted tumorigenesis in LSCC through the targeted 
suppression of miR‑493, miR‑493 inhibitor‑1 and miR‑493 
inhibitor‑2 were co‑transfected with shRNA‑LUCAT1‑1 into 
AMC‑HN‑8 cells. The transfection efficiency of the miR‑493 
inhibitors was verified using RT‑qPCR (Fig. 6A). The miR‑493 
inhibitor‑1, which exhibited an enhanced inference rate on the 
expression levels of miR‑493, was used for subsequent assays.

The co‑inhibition of miR‑493 significantly blocked 
the inhibitory effect of shRNA‑LUCAT1‑1 on cell prolif‑
eration (Fig. 6B). Similarly, the inhibition of miR‑493 
reversed the reduction in LSCC cell proliferation induced 

Figure 4. Inhibition of LUCAT1 increases cell apoptosis. (A) Following the genetic knockdown of LUCAT1, cell apoptosis was analyzed using flow cytometry. 
(B) Expression levels of the apoptosis‑related proteins Bcl‑2, Bax, cleaved caspase‑3 and pro caspase‑3 were analyzed using western blotting following the 
knockdown of LUCAT1. ***P<0.001, vs. shRNA‑NC group. LUCAT1, lung cancer‑associated transcript 1; shRNA, short hairpin RNA; NC, negative control; 
PI, propidium iodide. 
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by shRNA‑LUCAT1‑1 through significantly increasing the 
proportion of S phase cells and significantly decreasing the 
proportion of G1 phase cells (Fig. 6C and D). Similarly, the 
shRNA‑LUCAT1‑1+miR‑493 inhibitor group demonstrated 
significantly upregulated expression levels of CDK2 and 
cyclin E1, but downregulated expression levels of p21 compared 
with the cells co‑transfected with the shRNA‑LUCAT1‑1 and 
miR‑NC (Fig. 6E).

Furthermore,the co‑transfection of shRNA‑LUCAT1‑1‑ 
transfected AMC‑HN‑8 cells with the miR‑493‑inhibitor 
promoted the migration and invasion of cells (Fig. 7A‑D). 
Consistent with these results, inhibiting miR‑493 alongside 
LUCAT1 also significantly upregulated the expression levels 
of MMP2, MMP9 and VEGF‑C, which were downregulated 
following the silencing of LUCAT1 (Fig. 7E).

In addition, the downregulation of miR‑493 and LUCAT1 
partially suppressed the promoting effect of shRNA‑LUCAT1‑1 
on cell apoptosis (Fig. 8A), upregulated the expression levels 
of Bcl‑2 and downregulated the expression levels of Bax and 
cleaved caspase‑3 (Fig. 8B) compared with the cells co‑trans‑
fected with the shRNA‑LUCAT1‑1 and miR‑NC. Taken 
together, these data indicated the potential anticancer role of 
miR‑493, which may be suppressed by LUCAT1 in LSCC.

Discussion

LSCC accounts for ~90% of head and neck cancers, which 
comprise a heterogeneous group of cancers most commonly 
located in the oral cavity, oropharynx and larynx (31). LSCC is 
the second most common subset of head and neck SCC and poses 
a major threat to human health. More than 80,000 throat cancer 
patients die every year (32,33). Patients with LSCC presenting 
with tumor invasion and metastasis have a poor prognosis and 
low five‑year survival rate is only ~60% (34), which may be 
partly attributed to the poor understanding of LSCC pathogen‑
esis and limited treatment options. Therefore, determining the 
molecular mechanisms underlying the pathogenesis of LSCC 
may uncover novel targets for the treatment of this disease. In 
the present study, Experiment by genetically knocking down 
LUCAT1, the expression levels of LUCAT1 were discovered 
to be upregulated in LSCC cell lines, including AMC‑HN‑8, 
Tu177, Tu686 and M4e, promoted the proliferation, migration 
and invasion of the cancer cells, while inhibiting apoptosis. 
Moreover, the findings suggested that LUCAT1 may promote 
LSCC through the targeted inhibition of miR‑493.

LUCAT1, previously referred to as SCAL1, comprises 
four exons and three introns, and is located on chromosome 

Figure 5. LUCAT1 targets miR‑493. (A) Complementary binding site between the 3' untranslated region of LUCAT1 and miR‑493 was predicted using the 
ENCORI. (B) Dual‑luciferase reporter assay was performed to determine the relationship between LUCAT1 and miR‑493. ***P<0.001, vs. shRNA‑NC group. 
(C) Ribonucleoprotein immunoprecipitation assay was used to validate the interaction between LUCAT1 and miR‑493. &&&P<0.001, vs. IgG). (D) miR‑493 
expression levels in the normal nasopharyngeal epithelial NP69 cell line and larynx squamous cell carcinoma cells (AMC‑HN‑8, Tu177, Tu686 and M4e) were 
investigated using RT‑qPCR. $$$P<0.001 (Vs NP69). (E) miR‑493 expression levels following the genetic knockdown of LUCAT1 in AMC‑HN‑8 cells were 
analyzed using RT‑qPCR. @@@P<0.001, vs. shRNA‑NC). LUCAT1, lung cancer‑associated transcript 1; shRNA, short hairpin RNA; NC, negative control; 
miR, microRNA; WT, wild‑type; MUT, mutant.  
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5q14.3, where it is transcriptionally regulated by nuclear 
factor erythroid 2‑related factor (11). In previous studies, the 
expression levels of LUCAT1 were reported to be upregulated 

in several types of cancer, and served pro‑tumorigenic 
roles, including within breast (12), colorectal (13), papillary 
thyroid (14), ovarian (15) and cervical cancers, among 

Figure 6. miR‑493 silencing blocks the suppressive effect of LUCAT1 knockdown. (A) miR‑493 expression levels were downregulated following the transfection 
of the miR‑493 inhibitor‑1/2 in AMC‑HN‑8 cells, as observed using reverse transcription‑quantitative PCR. ***P<0.001, **P<0.01 (vs. miR‑NC). (B) Cell Counting 
Kit‑8 assay was used to analyze the proliferation of cells following the transfection of cells with shRNA‑LUCAT1‑1 with or without the miR‑493 inhibitor. 
(C) Flow cytometric analysis of the cell cycle following the transfection with shRNA‑LUCAT1‑1 with or without the miR‑493 inhibitor. (D) Quantification 
of cell cycle distribution presented in part (C). (E) Expression levels of the proliferation‑associated proteins CDK2, cyclin E1 and p21 were analyzed using 
western blotting. ***P<0.001 vs. control; #P<0.05, ##P<0.01 and ###P<0.001, vs. shRNA‑LUCAT1‑1 + miR‑NC. LUCAT1, lung cancer‑associated transcript 1; 
shRNA, short hairpin RNA; NC, negative control; miR, microRNA. 
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others (31). In addition, LUCAT1 was discovered to be over‑
expressed in oral SCC (11). Therefore, it was hypothesized 
that LUCAT1 may also be highly expressed and serve an 
important role in LSCC. In the present study, the expression 
levels of LUCAT1 was also upregulated in LSCC cells, while 
the genetic knockdown of LUCAT1 significantly suppressed 
the cell proliferation, migration and invasion, while promoting 
cell apoptosis.

The possible modulatory mechanism of LUCAT1 
in LSCC was subsequently investigated. lncRNAs are 
involved in numerous biological processes such as regula‑
tion of transcription, translation, protein modification, 
and the formation of RNA‑protein or protein‑protein 
complexes (32,33) and commonly act by targeted binding 
and regulation of proteins, mRNAs or microRNAs (32). 
Indeed, LUCAT1 was reported to contribute to the develop‑
ment of triple‑negative breast cancer through promoting 
cell proliferation, cell cycle progression and metastasis, and 
attenuating cell apoptosis, and its effects were mediated 

by negatively modulating miR‑5702 (17). Similarly, breast 
cancer cell stemness was discovered to be dysregulated by 
the LUCAT1/miR‑5582‑3p/transcription factor 7‑like 2 axis, 
which increased the activity of the Wnt/β‑catenin signaling 
pathway (18). Moreover, LUCAT1 was reported to promote 
ovarian cancer progression through inhibiting miR‑612 
to enhance homeobox protein Hox‑A13 expression levels, 
thereby promoting cancer cell proliferation, migration and 
invasion (15). In the present study, it was hypothesized 
that LUCAT1 may exert a role by interacting with certain 
miRNAs. By using the ENCORI database, the interaction 
between LUCAT1 and miR‑493 was predicted in the 3'‑UTR. 
Convincing evidence supports the tumor‑suppressive role 
of miR‑493; for example, miR‑493 served a crucial role in 
tumor transformation and the survival of malignant cells, 
such as renal cell carcinoma (35). In addition, miR‑493 has 
been widely reported to suppress diverse subtypes of cancer 
through activating or inhibiting a variety of downstream 
signaling cascades; for instance, miR‑493 decreased the 

Figure 7. miR‑493 silencing blocks the anti‑migratory and anti‑invasive effect of LUCAT1 knockdown. (A) Cell migration rate was analyzed in AMC‑HN‑8 
cells transfected with shRNA‑LUCAT1‑1 with or without the miR‑493 inhibitor using a wound healing assay, magnification x100. (B) Semi‑quantification 
of the relative cell migration rate from part (A). (C) Cell invasion rate was analyzed in AMC‑HN‑8 cells transfected with shRNA‑LUCAT1‑1 with or without 
miR‑493 inhibitor using a Transwell assay (x100). (D) Semi‑quantification of the relative cell invasive rate from part (C). (E) Protein expression levels of MMP9, 
MMP13 and VEGF‑C were analyzed using western blotting. **P<0.01 and ***P<0.001, vs. control; #P<0.05, and ###P<0.001, vs. shRNA‑LUCAT1‑1 + miR‑NC. 
LUCAT1, lung cancer‑associated transcript 1; shRNA, short hairpin RNA; NC, negative control; miR, microRNA; MMP, matrix metallopeptidase; VEGF‑C, 
vascular endothelial growth factor‑C. 
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motility and migratory ability of human bladder cancer 
cells by downregulating RhoC and Frizzled‑4 expression 
levels (36). miR‑493‑5p also reduced the invasiveness and 
tumorigenic potential of breast cancer cells via targeting 
α‑(1,3)‑fucosyltransferase 4 (37) and suppressed hepato‑
cellular carcinoma cell proliferation by targeting Golgi 
protein 73 (38). Moreover, miR‑493 was reportedly involved 
in the carcinogenesis of osteosarcoma and hepatic cancer by 
targeting different signaling pathways such as Notch1, Akt, 
Wnt pathway (39,40). In the present study, rescue experiments 
were performed by the significantly reduced relative lucif‑
erase activity observed in cells co‑transfected with the WT 

LUCAT1‑Luc and miR‑493‑mimic, revealing that LUCAT1 
facilitated LSCC tumorigenesis by inhibiting miR‑493.

In conclusion, the findings of the present study suggested 
that LUCAT1 may promote the tumorigenesis of LSCC through 
the targeted inhibition of miR‑493. To the best of our knowledge, 
this was the first study to determine the oncogenic function 
of LUCAT1 and detail its underlying regulatory interaction 
with miR‑493 in LSCC cells. These results identified a novel 
LUCAT1/miR‑493 axis and highlighted LUCAT1 and miR‑493 
as potential therapeutic targets for LSCC treatment. However, 
there are limitations to the present study. First, the study was 
an in vitro study and no in vivo experiments were performed 

Figure 8. miR‑493 silencing blocks the initiation of apoptosis induced by LUCAT1 knockdown. (A) Flow cytometric analysis of cell apoptosis of cells 
transfected with shRNA‑LUCAT‑1 with or without the miR‑493 inhibitor. (B) Expression levels of the apoptosis‑related proteins Bcl‑2, Bax, cleaved caspase‑3 
and pro caspase‑3 were analyzed by western blotting. ***P<0.001, vs. control; ###P<0.001, vs. shRNA‑LUCAT1‑1+miR‑NC. LUCAT1, lung cancer‑associated 
transcript 1; shRNA, short hairpin RNA; NC, negative control; miR, microRNA; PI, propidium iodide.  
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and second, the molecular mechanisms underlying the effects 
of miR‑493 inhibition by LUCAT1 on LSCC cell function were 
not fully investigated. These issues require further in‑depth 
investigations and will be addressed in future studies.
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