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Abstract. – OBJECTIVE: To explore the effects 
of long intergenic non-coding ribonucleic acid 
00460 (LINC00460) on the proliferation and apop-
tosis of non-small cell lung cancer (NSCLC) cells.

MATERIALS AND METHODS: In this study, 
the expression of LINC00460 in lung cancer tis-
sues and its prognostic potential in NSCLC pa-
tients were analyzed using the Gene Expression 
Profiling Interactive Analysis (GEPIA) website and 
the Cancer Genome Atlas (TCGA) database. Then, 
the influences of silenced LINC00460 on prolifer-
ation and apoptosis in A549 cells were observed 
via methyl thiazolyl tetrazolium (MTT) assay, col-
ony formation assay, and flow cytometry in vitro. 
Moreover, Dual-Luciferase reporter assay and re-
verse transcription-quantitative polymerase chain 
reaction (RT-qPCR) were performed to detect the 
targeting relationship between LINC00460 and mi-
cro RNA (miR)-539. The biological role of the 
LINC00460/miR-539 axis in the proliferation of 
A549 cells was examined using MTT assay. 

RESULTS: It was found that the expression 
level of LINC00460 was significantly upregu-
lated in NSCLC tissues and cell lines, and par-
ticularly negatively correlated with the overall 
survival (OS). According to the in vitro experi-
mental results, LINC00460 knockdown inhibit-
ed the proliferation of A549 cells, but promot-
ed their apoptosis. Dual-Luciferase reporter as-
say results revealed that miR-539 was direct-
ly targeted by LINC00460 and involved in the 
LINC00460-mediated proliferation of A549 cells. 
CONCLUSIONS: LINC00460 is overexpressed in 
NSCLC tissues and can promote the growth of 
NSCLC cells by targeting miR-539.
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Introduction

Lung cancer is the most common type of can-
cer globally and the leading causes of cancer-re-

lated deaths1. The 5-year survival rate for non-
small cell lung cancer (NSCLC), representing 
a large proportion of lung cancer cases, is only 
15% due to tumor metastasis and recurrence2. It 
was reported that the patients with early-stage 
NSCLC have a relatively higher 5-year survival 
rate and they are more likely to be cured post-
operatively3. Therefore, better understanding of 
tumor progression is of great significance to im-
prove efficacies of early detection and treatment 
of NSCLC.

Long non-coding ribonucleic acids (ln-
cRNAs), a subset of non-coding RNAs, contain 
over 200 nucleotides in length and they barely 
encode proteins4. Many lncRNAs have been 
confirmed to participate in cancer progression5,6. 
Li et al7 identified the upregulation of long inter-
genic non-coding RNA 01345 (LINC01345) and 
its prognostic significance in colorectal cancer 
using the Cancer Genome Atlas (TCGA) data-
base. LINC01345 knockdown suppresses cell 
proliferation, migration, and epithelial-mesen-
chymal transition (EMT) in colorectal cancer. 
LINC01345 interacts with hnRNP D to regu-
late the messenger RNA (mRNA) stability of 
β-catenin, thereby activating the Wnt/β-catenin 
signaling pathway. Xu et al8 analyzed RNA 
sequencing data to search for abnormally ex-
pressed lncRNAs in colorectal cancer. It is 
shown that small nucleolar RNA host gene 1 
(SNHG1) is upregulated in colorectal cancer 
cells, which is associated with the decline in 
the survival rate of patients. Moreover, lncRNA 
SNHG1 binds to miR-164-5p to facilitate the 
growth of colorectal cancer cells. Chen et al9 
explored the expressions of lncRNA plasmacy-
toma variant translocation 1 (PVT1) and miR-
143 in gallbladder cancer tissues and cell lines. 
They discovered that lncRNA PVT1 modulates 
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the miR-143/HK2 axis to accelerate the prolif-
eration, migration, and invasion of gallbladder 
cancer cells.

LINC00460 is a novel lncRNA with 935 nucle-
otides located on chromosome 13q33.2; it has been 
reported to play a role as an oncogene in multiple 
cancers. LINC00460 represses the proliferation 
and metastasis of epithelial ovarian cancer cells 
and increases their apoptosis10. Additionally, Li-
an et al11 uncovered that LINC00460 is highly 
expressed in osteosarcoma, while LINC00460 
knockdown represses osteosarcoma cell prolif-
eration and metastasis in vitro. Moreover, they 
demonstrated that LINC00460 absorbs miR-
1224-5p via a sponge effect to upregulate FADS1, 
thus promoting the development of osteosarcoma. 
However, the biological role and potential mech-
anism of LINC00460 in NSCLC remain elusive. 
Therefore, the present study aims to explore the 
potential function of LINC00460 in NSCLC.

Materials and Methods

Materials
Dulbecco’s Modified Eagle’s Medium (DMEM) 

and fetal bovine serum (FBS; Sigma-Aldrich, St. 
Louis, MO, USA), cell apoptosis assay kit and 
BCA protein concentration assay kit (Beyotime 
Biotechnology, Shanghai, China), Lipofectamine 
3000 and TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA), methyl thiazolyl tetrazolium (MTT) 
reagent (Nanjing KeyGen Biotech Co., Ltd., Nan-
jing, China), moloney murine leukemia virus 
(M-MLV) reverse transcriptase (TaKaRa, Otsu, 
Shiga, Japan), SYBR Premix ExTaq kit (Applied 
Biosystems, Foster City, CA, USA), pmirGLO 
plasmids and Dual-Luciferase reporter assay sys-
tem (Promega, Madison, WI, USA), flow cytom-
eter (BD Biosciences, Franklin Lakes, NJ, USA), 
and quantitative Polymerase Chain Reaction (qP-
CR) system (Bio-Rad, Hercules, CA, USA).

Database Analysis
The RNA sequencing expression data of 

LINC00460 were downloaded from the Gene Ex-
pression Profiling Interactive Analysis (GEPIA) 
website (http://gepia.cancer-pku.cn/). A profiling 
containing 483 NSCLC tissues and 347 paracan-
cerous tissues was downloaded from TCGA and 
analyzed. Besides, the overall survival (OS) was 
evaluated in NSCLC patients based on expression 
levels of LINC00460.
Cell Culture and Transfection

A549 cells (Shanghai Institute of Biochemistry 
and Cell Biology, Chinese Academy of Sciences, 
Shanghai, China) were cultured in DMEM con-
taining 10% FBS at 37°C with 5% CO2 in a humid 
environment. After growing to the logarithmic 
phase and 90% confluence, the cells were rou-
tinely sub-cultured. Small interfering RNA-neg-
ative control (si-NC) and the siRNAs (si-1#, si-2# 
and si-3#) specifically targeting LINC00460 were 
designed and chemosynthesized by Shanghai Ge-
nePharma Co., Ltd. (Shanghai, China). At 24 h 
before transfection, 1×105 A549 cells were inoc-
ulated to a 6-well plate. Upon 60% confluence, 
transfection was performed according to the in-
structions of Lipofectamine 3000.

Real-Time qPCR Analysis
Following 48 h of transfection, the total RNAs 

were extracted using 1.0 mL of TRIzol and syn-
thesized into complementary deoxyribose nucleic 
acids (cDNAs) using the M-MLV reverse tran-
scriptase. As specified by the manufacturer, the 
expression level of LINC00460 was determined 
using SYBR Premix ExTaq kit via reverse tran-
scription (RT)-qPCR based on the following pro-
gram parameters: pre-denaturation at 95°C for 5 
min, and 40 cycles at 95°C for 30 s, 60°C for 45 s 
and 72°C for 30 s. The primer sequences were as 
follows: LINC00460: F: 5’-ATGCACACTTCTC-
GGGGATA-3’, R: 5’-GGTCGTAACCTTC-
GTTCTCATC-3’, β-actin: F: 5’-CCCGAGCCGT-
GTTTCCT-3’, R: 5’-GTCCCAGTTGGTGAC-
GATGC-3’. Finally, the relative level was deter-
mined using the 2-ΔΔCt calculation method, and 
each sample was measured in triplicate.

Cell Proliferation Assay
The proliferation rate of the transfected A549 

cells was determined using MTT assay. First, the 
transfected cells were seeded into a 96-well plate 
at a density of 2×103 cells/well, and 6 wells in 
each group. 50 μL of MTT solution was applied 
per well, and the cells were incubated at 37°C for 
4 h. Then, the supernatant was removed, and each 
well was added with 200 μL of dimethyl sulfox-
ide to dissolve precipitates. Finally, the optical 
density was measured using a microplate reader 
at 570 nm in each well at day 1, 2, and 3. The ex-
periment was repeated for 3 times in each group.

Colony Formation Assay
In the colony formation assay, the transfected 

A549 cells were first inoculated into a 6-well 
plate at 300 cells/well and cultured for 2 weeks. 
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Visible colonies were fixed in paraformaldehyde 
for 10 min and stained using 1% crystal violet 
for 15 min. Finally, colonies containing more 
than 50 cells were counted under an inverted 
microscope.

Detection of Cell Apoptosis
The cells transfected for 24 h were digested us-

ing ethylenediaminetetraacetic acid (EDTA)-free 
trypsin and collected in a centrifugal tube. Then, 
the cells were suspended in 1× binding buffer at 
3×106/mL. Subsequently, 100 μL of cells were 
moderately mixed with 5 μL of annexin V-FITC 
and 5 μL of PI, followed by incubation at room 
temperature in the dark for 5 min. After 400 μL 
of 1× binding buffer was added into the sample, 
cell apoptosis was analyzed using the flow cy-
tometer.

Dual-luciferase Reporter Assay
The LINC00460 3’ untranslated region 

(3’UTR) sequences containing the potential bind-
ing sites of miR-539 or the mutant binding sites 
were amplified, and cloned into the Luciferase 
reporter vector pmirGLO, which were named 
LINC00460-wild type (WT) or LINC00460-mu-
tant type (MUT). Then, the LINC00460-WT or 
LINC00460-MUT plasmids and miR-539 mimic 

or NC were co-transfected into cells using Lipo-
fectamine 3000. After 48 h, the cells were har-
vested, and the Luciferase activity was measured 
using the Dual-Luciferase reporter assay system.

Statistical Analysis
All data were analyzed using Statistical Prod-

uct and Service Solutions (SPSS) 22.0 (IBM 
Corp., Armonk, NY, USA) and expressed as 
mean ± standard deviation. The differences be-
tween the two groups were analyzed by using the 
Student’s t-test. Comparison between multiple 
groups was done using One-way ANOVA test 
followed by post-hoc test (Least Significant Dif-
ference). p<0.05 suggested statistically significant 
differences.

Results

LINC00460 Was Overexpressed in 
NSCLC Tissues

First, the data from the GEPIA showed that 
compared with that in normal tissues, LINC00460 
was overexpressed in the NSCLC tissues (Figure 
1A, p<0.05). Besides, the survival rate in NSCLC 
patients with highly expressed LINC00460 was 
substantially lower than that in those with lowly 

Figure 1. Expression of LINC00460 in NSCLC tissues based on the data from the GEPIA. A, Expression level of LINC00460 
in NSCLC tissues (n=483) and normal tissues (n=347) analyzed in TGCA database (*p<0.05). B, 20-year OS rate of NSCLC 
patients with lowly or highly LINC00460 analyzed using the Kaplan-Meier estimator and log-rank test.
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expressed LINC00460 (Figure 1B, p=0.0037). It 
is suggested that LINC00460 may be a potential 
prognostic marker for patients with advanced 
NSCLC.

Influence of LINC00460 Knockdown on 
A549 Cell Proliferation

To study the function of LINC00460, the siR-
NAs (si-1#, si-2# and si-3#) specifically targeting 
LINC00460 were respectively transfected into 
A549 cells. The qRT-PCR results corroborated 
that the knockdown efficiency of si-2# was the 
best (p<0.05, Figure 2A), which was selected 
for the subsequent experiments. According to 
the MTT assay results, si-LINC00460 group 
exhibited notably weaker cell viability than si-
NC group (p<0.05, Figure 2B). The colony 
formation assay results further indicated that si-
LINC00460 group had considerably fewer cell 
colonies than si-NC group (p<0.05, Figure 2C). 
The above results indicated that the downregula-
tion of LINC00460 can inhibit the proliferation 
of A549 cells.
Influence of LINC00460 Knockdown on 

A549 Cell Apoptosis
After transfection with si-LINC00460 for 48 

h, the cells were digested and re-suspended in 
1× binding buffer to determine cell apoptosis. 
According to the results, the cell apoptosis rate in 
si-LINC00460 group was remarkably higher than 
that in the si-NC group (p<0.05, Figure 3). It is 
suggested that the downregulation of LINC00460 
can induce apoptosis in A549 cells.

Targeting Relationship Between 
LINC00460 and MiR-539

The role of LINC00460 in the progression 
in NSCLC was explored using the bioinformat-
ics tool. The results showed that the 3’UTR 
of LINC00460 contained the complementary 
binding sites of miR-539 (Figure 4A). Based 
on the Dual-Luciferase reporter assay results, 
the Luciferase activity of LINC00460-WT de-
clined substantially in miR-539 mimic group, 
while LINC00460-MUT eliminated the influence 
of miR-539 mimic on the Luciferase activity 
(p<0.05, Figure 4B). The qRT-PCR results fur-
ther showed that transfection with miR-539 in-
hibitor markedly upregulated mRNA expression 

Figure 2. Influence of LINC00460 knockdown on A549 cell proliferation. A, LINC00460 knockdown efficiency determined 
using qRT-PCR. B, Proliferation ability of A549 cells in si-LINC00460 group and si-NC group measured via MTT assay. 
C, Colony-forming ability of A549 cells in si-LINC00460 group and si-NC group analyzed using colony formation assay 
(magnification: 10×, *p<0.05).
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level of LINC00460 (p<0.05, Figure 4C).

MiR-539 Affected the Inhibitory Effect of 
LINC00460 on A549 Cell Proliferation

To further verify the roles of miR-539 and 
LINC00460 in NSCLC cell proliferation, A549 
cells were co-transfected with miR-539 inhibi-
tor and si-LINC00460. Then, the proliferation 
ability of cells was analyzed using MTT assay 

in different transfection groups. It was found 
that compared with those transfected only with 
si-LINC00460, the cells co-transfected with miR-
539 inhibitor and si-LINC00460 had prominently 
enhanced viability (Figure 5). We believed that 
the knockdown of miR-539 could reverse the role 
of silenced LINC00460 on cell proliferation in 
NSCLC. 

Discussion

Figure 3. Impact of LINC00460 knockdown on A549 cell apoptosis detected using flow cytometry (*p<0.05).

Figure 4. Targeting relationship between LINC00460 and miR-539. A, LINC00460 contains the complementary binding 
sites of miR-539 in the 3’UTR. B, Relative luciferase activity in miR-539 mimic and NC groups determined via luciferase 
reporter assay. C, Changes in the expression level of LINC00460 after transfection with miR-539 inhibitor detected via RT-
qPCR (*p<0.05).



LINC00460 promotes proliferation of non-small cell lung cancer cells

6757

Lung cancer is one of universally diagnosed 
and highly invasive tumors worldwide. Despite 
dramatic improvements in treatment strategies, 
the OS rate of lung cancer patients remains 
unsatisfactory. Nearly 70% of patients newly 
diagnosed with different subtypes of lung cancer 
experience metastases or local recurrence after 
surgical resection. Therefore, studying the pro-
gression of human lung cancer is vital for explor-
ing effective treatment targets.

LncRNAs play crucial roles in the physio-
logical and pathophysiological processes that 
are relevant to the reproductive, metabolic, en-
docrine, cardiovascular, and nervous systems12. 
Meanwhile, lncRNAs have been indicated as 
the pivotal regulators in the development and 
progression of several types of cancer, which 
can function as oncogenes or tumor-suppressor 
genes13. Canonical lncRNAs can participate in 
tumorigenesis by regulating the expressions of 
many oncogenes or tumor suppressor genes14,15. 
Liu et al16 made an effort to reveal the potential 
function of lncRNA nuclear enriched abundant 
transcript 1 (NEAT1) in laryngocarcinoma. They 
found that the expression of lncRNA NEAT1 is 
upregulated in laryngocarcinoma tissues and 
cell lines. Moreover, the knockdown of NEAT1 
weakens the growth and invasion abilities of 
laryngocarcinoma cells, while its overexpres-
sion enhances these abilities. Furthermore, miR-
29a-3p is directly targeted by lncRNA NEAT1 
and is involved in the lncRNA NEAT-mediat-
ed progression of laryngocarcinoma. LncRNA 

TTN antisense RNA 1 (TTN-AS1) has been 
considered to promote the development of many 
types of cancers. Moreover, it was found that the 
knockdown of lncRNA TTN-AS1 remarkably 
represses the growth, proliferation, and invasion 
of LUAD cells, and that the lncRNA TTN-AS1/
miR-142-5p/CDK5 regulatory axis can be taken 
as the novel treatment target for LUAD. Hu et 
al17 investigated the role of LINC00460 in the in-
vasion and metastasis of nasopharyngeal cancer 
(NPC). They discovered that LINC00460 over-
expression facilitates the migration, invasion, 
and EMT of cancer cells, while the knockdown 
of LINC00460 exerts the opposite effects. Fur-
thermore, LINC00460 competitively binds to 
miR-30a-3p to regulate Rap1A expression.

In the present study, the role of LINC00460 
in NSCLC was explored. It was found that 
LINC00460 was overexpressed in the lung can-
cer tissues compared with that in normal tis-
sues. Besides, the survival rate in NSCLC pa-
tients with highly expressed LINC00460 was 
substantially lower than those with lowly ex-
pressed LINC00460. Therefore, it was evident 
that the prognosis was poorer in NSCLC pa-
tients with overexpressed LINC00460, implying 
that LINC00460 may be a potential prognostic 
marker for the patients with advanced NSCLC. 
The loss-of-function experiment results con-
firmed that LINC00460 knockdown considerably 
weakened the proliferation ability of A549 cells 
and promoted their apoptosis. Thus, the data of 
the present study supported the conclusion that 
LINC00460 plays a role as an oncogene in the 
malignant transformation of NSCLC, probably 
providing a new idea on clinical treatment.

So far, the main mechanism of lncRNAs on 
regulating tumorigenesis is the competitive endog-
enous RNA theory18. LncRNAs act as the spong-
es of miRNAs to downregulate target miRNA 
expressions and weaken the inhibitory effect of 
miRNAs on target proteins19. Kong et al20 studied 
the biological function and clinical significance 
of LINC00460 in NPC. The results demonstrated 
that compared with the corresponding counter-
parts, NPC tissues and cells show remarkably 
increased level of LINC00460. The rescue exper-
iment results further proved that LINC00460 reg-
ulates the miR-149-5p/IL-6 signaling pathway to 
promote the progression of NPC. In this study, the 
targeting relationship between LINC00460 and 
miR-539 was corroborated. LncRNAs are com-
peting endogenous RNAs (ceRNAs) containing 
miRNA response elements (MERs), which can 

Figure 5. MiR-539 affects the inhibitory effect of 
LINC00460 on A549 cell proliferation (*p<0.05).



H.-X. Wang, L.-J. Kang, X. Qin, J. Xu, J.-W. Fei

6758

inhibit the regulation of miRNAs on downstream 
genes by competitively binding miRNA sites21. 
The roles of LINC00460 and miR-539 in NSCLC 
cell proliferation were further verified. It is con-
cluded that miR-539 reversed the role of silenced 
LINC00460 on A549 cell phenotypes, indicating 
that LINC00460 inhibits NSCLC cell proliferation 
through the targeted inhibition on miR-539.

Conclusions

Altogether, this study manifested that LINC00460 
is upregulated in NSCLC tissues and inhibits the 
proliferation of NSCLC cells by targeting miR-539.
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