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INTRODUCTION

Abstract

Long non-coding RNAs (LncRNAs), which are more than 200 nucleotides in length
and with limited protein-coding potential, play vital roles in the pathogenesis, tumori-
genesis, and angiogenesis of cancers. Aberrant expression of IncRNAs has been
detected in various carcinomas and may be correlated with oncogenesis by affecting
related genes expression. Recently, an increasing number of studies have reported on
long intergenic non-protein coding RNA 460 (LINC00460) in human tumor fields.
LINC00460 is upregulated in diverse cancer tissues and cells. The upregulated expres-
sion level of LINC00460 is correlated with larger tumor size, tumor node metastasis
(TNM) stage, lymph node metastasis, and shorter overall survival. The regulatory
mechanism of LINC00460 was complex and diverse. LINC00460 could act as a com-
petitive endogenous RNA (ceRNA), directly bind with proteins or regulate multiple
pathways, which affected tumor progression. Moreover, LINC00460 was also identi-
fied to increase drug resistance, and therefore, weaken the effectiveness of tumor treat-
ment. It has become increasingly important to investigate the roles of LINC00460 in
various cancers by different mechanisms. Therefore, a more comprehensive under-
standing of LINC00460 is crucial to expound on the cellular function and molecular
mechanism of human cancers. In this review, we refer to studies concerning
LINC00460 and provide the basis for the evaluation of LINC00460 as a predicted bio-
marker or potential therapeutic target in malignancies, and also provide ideas for the
future research of IncRNAs similar to LINC00460.
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An increasing number of studies related to long non-
coding RNAs (IncRNAs) have been reported because of

Cancer is a predominant reason for death worldwide, and
the quantities of cancer cases and deaths rapidly grow as
populations grow.' Eliminating cancer requires not only
improved therapies, but also improved methods to detect
cancers at an early stage. Molecular technology plays a vital
role in cancer detection and prognosis and has gradually
received greater attention.” Therefore, we are eager to find a
new therapeutic biomarker to improve cancer treatment and
prognosis.

Xi Chen and Jiwu Song contributed equally to this study.

their high specificity and easy detection in tissues, serum,
plasma, urine, and saliva.> LncRNAs were a novel class of
functional RNAs that were longer than 200 nucleotides,
characterized by low levels of sequence conservation and
expression.* LncRNAs regulate various biological functions
at different levels, including the epigenetic, transcriptional,
and post-transcriptional levels.” Aberrant expressions of
IncRNAs in some cancers is associated with tumorigenesis,
metastasis, and angiogenesis.”” Therefore, IncRNAs could
be potential novel biomarkers for cancer diagnosis and ther-
apy. For instance, IncRNA-differentiation antagonizing non-
protein coding RNA (DANCR) could act as a competing
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endogenous RNA (ceRNA) that interacts with messenger
RNA (mRNA) sequences to restrain the microRNA
(miRNA) suppressive effect on target genes and is involved
in various cancers.® Additionally, IncRNA HOXA-cluster
antisense RNA2 (AS2) has been demonstrated to modulate
cellular function and regulate gene expression by compli-
cated regulatory mechanisms.”

Recently, RNA sequencing data from several cancers,
such as lung adenocarcinoma (LC), head and neck squa-
mous carcinoma (HNSCC), breast cancer, bladder cancer,
lung squamous cell carcinoma, and renal cell carcinoma,
from The Cancer Genome Atlas (TCGA) data portal and
identified differentially expressed RNAs were used to con-
struct the IncRNA-related ceRNA network.'*""” After analy-
sis the IncRNA-related ceRNA network, a common valuable
IncRNA correlated with pathogenesis and tumorigenesis was
confirmed, namely, long intergenic non-protein coding
RNA 460 (LINC00460)."" LINC00460 (NR_034119.1, NCBI:
https://www.ncbi.nlm.nih.gov) expression was elevated in
various cancer types through querying the TCGA database
and data analysis of Ensembl database (http://asia.ensembl.
org) revealed that LINC00460 has seven transcripts and is
located in chr13q33.2 region.'"® The previous studies indi-
cated that the transcripts associated with cancers are mostly
LINC00460-202 and LINC00460-203."*>° LINC00460-202
transcribed as an 857 nt transcript and has three exons; it
has been proved highly expressed in lung cancer."”
LINC00460-203 transcribed as a 915 nt transcript and has
two exons; it has been demonstrated upregulated in
HNSCC'® and gastric cancer (GC).2° LINC00460 has been
demonstrated to be upregulated in many types of cancers
and functions as an important oncogene, the exploration of
molecular mechanism of LINC00460 is of great concern and
the expression of LINC00460 is involved in the development
of various tumors, including HNSCC, colorectal cancer
(CRC),*" lung cancer,”® papillary thyroid cancer (PTC),*
hepatocellular carcinoma (HCC),* glioma,25 renal cell
carcinoma,'® meningioma,*® and others. LINC00460 plays a
significant role in the pathogenesis and tumorigenesis of
diverse cancers and is associated with distant lymph mode
metastasis, epithelial-mesenchymal transition (EMT), and
poor overall survival.*®?” Therefore, LINC00460 is one of
the most critical regulatory RNAs in human cancers, and it
might be a potential and valuable target for therapeutics. In
this review, we emphatically discuss the mechanisms and
effects of LINC00460 in human cancers (Table 1).

MATERIALS AND METHODS
Search strategy

A systematic literature survey was conducted via electronic
searched of PubMed, China National Knowledge Infrastruc-
ture (CNKI) and WanFang databases for eligible studies
published as of June 1, 2021. The search terms include “long
non-coding RNA”, “IncRNA”, “long intergenic non-coding

RNA”, “LINC00460”, “cancer”, “carcinoma”, ‘“neoplasm”,
“tumor”, “prognosis”, “prognostic”, “survival”, “overall sur-
vival”, and “OS”. Furthermore, the references in retrieved
articles were also manually reviewed for potentially relevant

studies.

Inclusive and exclusive criteria

The inclusive criteria were as follows: (1) the expression of
LINCO00460 was determined; (2) studies on any type of
human cancer; (3) for molecular studies; and (4) with full-
text. The exclusive criteria were as follows: (1) letter, review,
case report, conference abstract, and meta-analyses; (2) non-
English papers and non-human studies; and (3) lack of
essential information.

Data extraction and quality control

Two investigators independently extracted data from the eli-
gible studies according to the inclusion and exclusion
criteria. The third reviewer verified and then any disagree-
ments were resolved by consensus. The following informa-
tion was collected: first author name, publication year,
cancer type, IncRNA, the detection method of IncRNA
LINC00460 expression, biological function, miRNAs, RNA-
binding proteins (RBPs). The process of the study selection
is strictly based on the abovementioned eligibility criteria
(Figure 1).

LINC00460 IN VARIOUS CANCERS
Head and neck squamous cell carcinoma

HNSCC is the most common malignant lesion in the head-
neck region.”” The main treatment for the majority of
patients is the best supportive care in combination with che-
motherapy and targeted therapy.”® Most recurrences or
disease-specific deaths occur within the first 2 to 3 years,
and half of the patients die within 5 years after diagnosis.>
Therefore, it is necessary to investigate novel valid regulators
to detect the disease in the early stage and improve the prog-
nosis of HNSCC patients.

Cao et al.* selected a three-IncRNA panel, including
LINC00460, which had the optimal prediction power for
HNSCC patients based on analysis. High expression of
LINC00460 was detected in HNSCC tissues and was associ-
ated with poor survival.®' In some studies, LINC00460 pro-
moted HNSCC progression by sponging miRNAs and
inhibiting their expression.”®>' Xue et al.”® found that
LINC00460 silencing affected cell cycle distribution and pro-
moted cell apoptosis and autophagy. The levels of activated
apoptosis-related proteins including PARP, Bax, and
caspase-3 were increased after LINC00460 knockdown.
Knockdown of LINC00460 or overexpression of miR-206
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arrested HNSCC cells in the GO/G1 phase of the cell cycle,
hindered the cell cycle progression from G1 phase to S
phase, and also increased apoptosis. In addition, knockdown
LINC00460 or overexpression of miR-206 downregulated
the protein expression of STC2 and blocked the activation
of the protein kinase B (AKT) signaling pathway. Therefore,
the LINC00460/STC2/miR-206 axis is critical in influencing
the development and progression of HNSCC.*® Further-
more, Xie et al.*® found that AKT2 was predicted to be a
miR-612 binding target and the expression of miR-612 was
negatively correlated with AKT2 in HNSCC. LINC00460
could regulate the progression of HNSCC by mediating the
miR-612/AKT?2 axials. In addition, to regulate cell prolifera-
tion and migration, cyclin D1, p21, E-cadherin, and N-
cadherin were found to be functional targets of LINC00460.

Records identified by searching
electronic database
(n=178)

Duplicated articles (n=105)

Y

Y

Records screened
(n=71)

Y

Full-text articles accessed for eligibility

(n=71)
Full-text articles excluded with
»| insufficient data and other reasons
v (n=16)

Studies included in qualitative synthesis
(n=55)

FIGURE 1 Flow diagram of study selection process
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The results indicated that knockdown of LINC00460
decreased the expression of cyclin D1 and increased the
expression of p21 to regulate cell proliferation, migration
and invasion.”® Furthermore, Li et al.>° found that miR-4443
might act as a tumor suppressor on account of its effect on
proliferation, migration, invasion, and apoptosis was also
opposite to LINC00460 in HNSCC cells. In addition, some
studies have found that LINC00460 also plays a role by
binding with RBPs. Jiang et al.'® found that PRDXI is an
RBP that binds with LINC00460 to affect cell proliferation,
migration and EMT in HNSCC. Silencing PRDX1 decreased
the expression of LINCO00460, whereas PRDX1 over-
expression increased the expression of LINC00460. PRDX1
facilitated the transcription of LINC00460 and EMT-related
genes in the nucleus. Knockdown of PRDX1 or LINC00460
remarkably enhanced the level of E-cadherin and reduced
the levels of N-cadherin, vimentin, ZEB1, and ZEB2 in
HNSCC cells'® (Figure 2).

Therefore, LINC00460 plays an important role in the
development of HNSCC, which is regulated by a variety of
mechanisms (specifically sponge miRNAs or directly binds
with RBPs). Moreover, the mechanism of LINCO00460
involvement in HNSCC needs to be further elucidated,
which is of great significance to the application of prognostic
and therapeutic target.

Esophageal squamous cell carcinoma

Esophageal cancer (EC) is the eighth most common cancer
and the sixth most common cause of cancer-related death
worldwide. There are two main histological types of EC:
esophageal squamous cell carcinoma (ESCC) and esophageal
adenocarcinoma (EAC).%> ESCC is one of the most deadly

Cyclin D1, p21 Cleaved-PARP,

Cleaved-Caspse3,
Bax

ZEB1, ZEB2]

N-cadherin,

\/

C proliferation, migration, apoptosis)

upregulate ----» downregulate

Vimentin

\4
proliferation

effect —»

FIGURE 2 Knockdown of LINC00460 decreased STC2 and promoted cell proliferation, migration, and apoptosis of HNSCC by upregulating miR-206
or upregulating the expression of miR-612 by decreasing the expression of AKT or increasing the expression of miR-4443.2*" LINC00460 affected HNSCC
cell proliferation and migration in a PRDX1-departed manner by regulating the level of E-cadherin and the levels of N-cadherin, vimentin, ZEB1, and

ZEB2."® Knockdown of LINC00460 affected HNSCC cell migration and invasion by increasing the expression of p21 and decreasing the expression of cyclin

D1.%° Knockdown of LINC00460 promoted cell apoptosis by increasing the expression of cleaved-PARP, Bax, and cleaved caspase-

328



CHEN ET AL

WILEYLl 7

forms of human malignancy, and clinical therapy of ESCC
remains limited.®> Hence, it is indispensable for patients to
find a valuable and predictable biomarker to improve the
prognosis and overall survival.**

Liu et al.*® analyzed the IncRNA expression profile in
EC patients’ tissue samples from TCGA and gene expres-
sion omnibus (GEO)®® also identified a novel-three IncRNA
signature including LINC00460 as a predictor of overall sur-
vival and disease-free survival in patients with ESCC. Liang
et al.’® found that LINC00460 was significantly elevated in
most of tumor tissues and ESCC cell lines; it was in direct
proportion to TNM stage, lymph node metastasis, and poor
prognosis. CBP/P300, which were closely related transcrip-
tional coactivators and acetyltransferase enzymes in
humans, could directly bind to LINC00460 promoter and
active LINC00460 transcribe through histone acetylation.
The upregulation of LINC00460 has been demonstrated that
promoted ESCC progression through CBP/P300 function.*
Knockdown of LINC00460 suppressed the metastasis poten-
tial and EMT of EC cells by directly binding to miR-
1224-5p.* Therefore, LINC00460 could as a sponge of
miRNAs and histone acetylation to regulate the develop-
ment of ESCC. LINC00460 might be a candidate biomarker
for ESCC diagnosis and have tremendous therapeutic value
(Figure 3).

Lung cancer
Lung cancer is the leading malignancy incidence rate and

mortality rate.”” It includes two main types: non-small cell
lung cancer (NSCLC) and small cell lung cancer and ~85%

knockdown of LINC00460

b

( histone acetylation j

l

(tumor proliferationj

7

‘/
miR-1224-5p

[ metastasis, EMT j

upregulate ----- » effect —»

FIGURE 3 Knockdown of LINC00460 suppressed the metastasis and
EMT of esophageal cancer cells by directly binding to miR-1224-5p.*®
Knockdown of LINC00460 affected tumor progression and development
through CBP/P300 function via influencing histone acetylation®

of lung cancer consist of NSCLC.®® Despite advances in
health consciousness and systematic treatment, most
patients are generally diagnosed at an advanced stage and
have a low rate of overall survival.”’

In recent years, research on the molecular mechanism of
lung cancer has become a novel method with which to
improve diagnosis and prognosis. Li et al.”® discovered the
expression of LINC00460 was remarkably upregulated in
NSCLC tissues and was closely related to the TNM stage,
lymph node metastasis, and poor prognosis for NSCLC
patients. Therefore, it suggested that LINC00460 acts as
a valuable target for prognosis and therapy for NSCLC
patients.

LINCO00460 has emerged as an important regulator of
the physiological and pathological processes of NSCLC
tumors. Wang et al.** indicated that LINC00460 is competi-
tively bound with miR-539 sites to restrain the suppressive
effect on NSCLC cell proliferation. In addition, Ma et al.*
found that LINC00460 is involved in gefitinib resistance in
NSCLC cells by targeting epidermal growth factor receptor
(EGFR) through sponging miR-769-5p. Zhao et al.*® discov-
ered that nicotine promoted the development of NSCLC by
activating LINC00460 and PI3K/AKT signaling pathway.
Specifically, Nicotine affected cell apoptosis mediated by
LINCO00460 with alterations in Bcl-2, Bax, and cleaved
caspase-3; moreover, LINC00460 knockdown inhibited the
PI3K/AKT signaling pathway, and the effect was also
removed by nicotine.*®

NSCLC has a major subtype of LC, and the prognosis of
LC also remains poor. The upregulated expression of
LINC00460 in LC tissues predicted poor prognosis, and
silencing of LINC00460 inhibited cell growth in LC.”" Ye
et al.** found that LINC00460 promoted LC cell growth par-
tially by upregulating FOXAI, the special target site for
LINC00460 and miR-302¢-5p, and the effects were partially
regulated by the LINC00460/miR-302¢-5p/FOXA1 axis.
LINC00460 also promoted EGFR-TKI resistance in EGFR-
mutated LC by facilitating the release of inflammatory cyto-
kine interleukin 6 (IL-6) via function as a decoy for miR-
149-5p and inducing the EMT process®” (Figure 4).

Therefore, LINC00460 acts as a ceRNA sponging
miRNAs and inhibited PI3K/AKT signaling pathway to reg-
ulate NSCLC progression. LINC00460 might serve as a
prognostic indicator and as an effective therapeutic target in
the future.

Papillary thyroid cancer

Thyroid tumors are classified as follicle-derived (thyroid epi-
thelial) neoplasms, other epithelial tumors, non-epithelial
tumors, and secondary tumors.”> The most common sub-
type of thyroid cancer is PTC.”> Despite advances in thera-
peutic methods, the overall survival of patients with local or
distant metastasis is still poor.”* Further detection should be
launched by finding a new sensitive target for PTC and
improving the prognosis.
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It was found that LINC00460 was upregulated in PTC
tissues and was associated with poor prognosis,®® advanced
TNM stage, and lymph node metastasis.”® Li et al.*® indi-
cated that LINC00460 promoted cell migration, invasion,
and EMT of PTC by sponging miR-485-5p to increase the
expression of Rafl. Zou et al.>* also found that LINC00460
knockdown restrained PTC progression by downregulating
MMP-9 expression by sponging miR-539. In addition,
Feng et al.”® discovered that LINC00460 regulated sphingo-
sine kinase 2 (SphK2) by sponging miR-613 to partially
promote the proliferation, migration, and invasion of PTC
cells. Therefore, LINC00460 might be a novel diagnostic
and therapeutic target for PTC patients. LINC00460
affected PTC progression mainly by directly binding with
miRNAs. Further studies are needed to elucidate the spe-
cific mechanisms of LINC000460 in the development of
PTC (Figure 5).

Vi

Breast cancer

Breast cancer is the second leading cause of cancer death
among women after lung cancer.””> Treatment for breast
cancer is based on TNM stage, distant metastasis, patient
age and status, and so on.”® The 5-year overall survival was
connected with early diagnosis; therefore, more valid
methods to detect the disease at the early stage and provide
potential therapies are needed.

LINC00460 was identified as one of the meaningful
IncRNAs from the TCGA database.'> LINC00460 was over-
expressed in breast cancer, and its expression was correlated
with distant lymph node metastasis and poor prognosis.*’
Moreover, LINC00460 promoted cell proliferation, migra-
tion, and invasion by the miR-489-5p/FGF7/AKT axis in
breast cancer.** A clear understanding of LINC00460
involved in breast cancer is still confusing needed to be

~ i~ -
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FIGURE 4 Knockdown of LINC00460 decreased EGFR protein expression by increasing the expression of miR-769-5p in NSCLC, which influenced
gefitinib resistance.>® LINC00460 is involved in cell apoptosis by regulating the apoptosis proteins Bcl-2, Bax, cleaved caspase-2, and PI3K/AKT.*®
LINC00460 promoted cell migration and invasion through EMT-related genes. LINC00460 affected cell proliferation via sponging miR-539.>* Knockdown of
LINC00460 influenced lung adenocarcinoma growth by binding to miR-302c-5p and upregulating the expression of FOXA1.2? LINC00460 also promoted
EGFR-TKI resistance in EGFR-mutated lung adenocarcinoma by binding to miR-149-5p*’
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Knockdown of LINC00460 inhibited the proliferation, migration, and invasion of PTC cells by downregulating Rafl and upregulating miR-

485-5p.*® Knockdown of LINC00460 inhibited the migration and invasion of PTC cells by increasing the protein level of E-cadherin and decreasing the levels
of MMP-9, N-cadherin, and vimentin. LINC00460 enhanced MMP-9 protein expression by targeting miR-539 to facilitate the proliferation and metastasis of
PTC.** Knockdown of LINC00460 decreased the expression of SphK2 by upregulating miR-613 to partially affect PTC proliferation®
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further studied, which will accelerate the application of
LINC00460 in diagnosis and prognosis (Figure 6).

Gastric cancer

GC is the second leading cause of cancer-related mortality
and is correlated with Helicobacter pylori infection, lifestyle
factors, and genetics.”” Despite the advances in current

treatment, unfortunately, most patients are diagnosed at
an advanced and unresectable stage.”® Therefore, new

knockdown of LINC00460

1
1
1

Y
miR-489-5p
FGF7
AKT

[ proliferation, migration, invasion ]

upregulate ----- » downregulate effect —>

FIGURE 6 Knockdown of LINC00460 affected breast cancer by
inhibiting the expression of miR-489-5p, miR-489-5p inhibited FGF7-AKT
signaling. LINC00460 affected cell proliferation, migration and invasion
through the miR-489-5p/FGF7/AKT axis*’

investigations and methods must be considered.”” There are
no valid approaches that could be applied to treat advanced
GC, so new predictive and prognostic biomarkers are
needed to explore for GC patients.*’

Yang et al.*® found that LINC00460 expression was obvi-
ously elevated in GC tissues and that high LINC00460 expres-
sion had a poor prognosis in GC patients. The results showed
that LINC00460 influenced GC cell proliferation and apopto-
sis by downregulating CCNG2 via recruiting EZH2 and
LSD1.*° Wang et al.*' found that LINC00460 upregulated the
expression of the cell cycle/cell motility-associated proteins
CCND1, CDK4, vimentin, MMP-2, and MMP-9 by competi-
tively binding to miR-342-3p; moreover, LINCO00460
upregulated KDM2A expression by sponging miR-342-3p to
partially affect cell proliferation and metastasis in GC.*' Fur-
thermore, Zhang et al.** showed that LINC00460 knockdown
reduced c-Myc and p-catenin expression to inhibit the
Wnt/p-catenin signaling pathway, which was reported to
affect cell proliferation and invasion in several tumors, includ-
ing GC.** Therefore, LINC00460 affected GC progression not
only by directly binding with miRNAs or RBPs, but also
through the Wnt/p-catenin signaling pathway. These studies
have shown that LINC00460 might be a potential prognostic
indicator for GC patients (Figure 7).

Hepatocellular carcinoma

HCC is the most common primary hepatic malignancy in
the world, with an increasing worldwide prevalence.*’ Diag-
nosis of HCC at the earliest possible stage is crucial. Unfor-
tunately, most HCC patients often miss the early diagnosis,
leading to poor prognosis and low overall survival®* To
improve the diagnostic and therapeutic effects, further valid
measures should be investigated.

Previous studies indicated that LINC00460 was upregulated
in HCC tissues and related to the progression of HCC.***
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FIGURE 7 LINC00460 knockdown affected GC cell growth by inhibiting the binding between EZH2 and LSD1, and the inhibitory effect on CCNG2
expression of LINC00460 could be achieved by recruiting EZH2 and LSD1. LINC00460 regulated cell proliferation and invasion by upregulating KDM2A
through sponging of miR-342-3p.*! LINC00460 knockdown efficiently inhibited cell proliferation and the Wnt/B-catenin signaling pathway by reducing c-

Myc and f-catenin expression*?
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Specifically, knockdown of LINC00460 could suppress the
expression of cell cycle-related proteins cyclin D1/CDK4 and
the cell migration-related proteins MMP-3/MMP-9. More-
over, knockdown of LINCO00460 inhibited anterior gradient
homolog 2 (AGR2) expression by targeting miR-342-3p to
affect cell proliferation, migration, and apoptosis of HCC.*>**
Furthermore, Tu et al** predicted that the LINC00460/miR-
485-5p/PAK1 axis is involved in HCC development. The results
showed that LINC00460 may be a potential diagnostic marker
and valuable therapeutic target for HCC patients (Figure 8).

Colorectal cancer

CRC is the second-most in women and third-most common
cancer in men,* and CRC ranks second in terms of mortal-
ity.%* The risk of CRC is closely related to genetic and envi-
ronmental factors. Substantial changes in lifestyle, smoking
behavior, alcohol intake, and weight management can

improve the risk of CRC.*> Despite advances in therapeutic
methods, patients with CRC present with metastatic disease
up to 50% at the time of diagnosis.** Lech et al.*® examined
molecular biomarkers correlated with CRC screening, early
detection of disease recurrence, and prognostic and predic-
tive factors. Therefore, it is necessary to find valuable bio-
markers to better predict diagnosis and improve prognosis.

LINCO00460 regulated the cellular processes of CRC by
promoting cell proliferation, migration, invasion, and affect-
ing apoptosis or the cell cycle.® Lian et al.*’ found that
LINC00460 was remarkably upregulated in CRC tissues and
was related to larger tumor sizes, advanced tumor node
metastasis stages, lymph node metastasis and shorter overall
survival in CRC patients. Importantly, LINC00460 pro-
moted CRC cell proliferation by binding to the enhancer of
zeste homolog 2 (EZH2) and repressing Kriippellike factor
2 (KLF2); LINC00460 also promoted the expression level of
cullin 4A (CUL4A) by competing for miR-149-5p to
enhance cell proliferation.*’
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FIGURE 8 Knockdown of LINC00460 suppressed the expression of the cell proliferation-related proteins cyclin D1 and CDK4 in HCC, inducing
obvious cell cycle arrest. The expression of the cell migration-related proteins MMP-3 and MMP-9 was also greatly suppressed after LINC00460
knockdown.** Knockdown of LINC00460 affected cell apoptosis by elevating the expression of Bax and reducing the expression of Bcl-2. Knockdown of
LINC00460 suppressed AGR2 expression by targeting miR-342-3p to affect cell proliferation, migration, and apoptosis of HCC.** LINC00460 knockdown
inhibited PAK1 levels by sponging miR-485-5p to affect cell proliferation, migration, and apoptosis®*
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FIGURE 9 Knockdown of LINC00460 suppressed CRC cell proliferation by upregulating KLF2 via binding to EZH2. Knockdown of LINC00460
inhibited cell proliferation by decreasing the expression of CUL4A and increasing the expression of miR-149-5p.*> Knockdown of LINC00460 suppressed
CRC cell metastasis by upregulating WWC2 via ERG.*” Knockdown of LINC00460 inhibited CRC cell metastasis by decreasing the expression of LIMK2 and
miR-939-5p sponging.*® Knockdown of LINC00460 inhibited cell migration by targeting miR-433-3p and downregulating the expression of ANXA?2 in colon
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FIGURE 10 Knockdown of LINC00460 affected OS progression by inducing the cell apoptosis via the decreasing the expression of cyclin D1, CDK4,
and CDK6. Knockdown of LINC00460 inhibited cell migration through decreasing the MMP-9 activity and suppressing the EMT process.*® Knockdown of
LINC00460 decreased the expression of FADS1 and increased miR-1224-5p regulating the cell proliferation and migration in OS.** Knockdown of
LINC00460 suppressed NPC cell proliferation, migration, and invasion by targeting miR-30a-3p/Rap1A and miR-149-5p/IL6>"; LINC00460 promoted OC
progression by binding miR-338-3p>% LINC00460 prompted bladder urothelial carcinoma progression via sponging of miR-612 by elevating FOXK1
expression®>; LINC00460 accelerated pancreatic cancer by binding to the suppressor miR-491-5p*; knockdown of LINC00460 suppressed proliferation

cervical cancer cells by targeting miR-503-5p and miR-361-3p/Glil axis>>>®

LINC00460 could also act as a ceRNA and sponge
miRNAs in CRC progression. Zhang et al.** found that
LINC00460 promoted CRC cell metastasis by regulating the
miR-939-5p/LIMK2 axis. Additionally, knockdown of
LINC00460 partially suppressed cell proliferation, migra-
tion, invasion, and EMT of CRC by upregulating WWC2
via ERG.*” Zhang et al.*’ also found that hypomethylated
oncogenic LINC00460 could promote CRC metastasis.
LINC00460 is also involved in ionizing radiation-induced
radioresistance by mediating EMT processes.*® In addition,
LINCO00460 is highly expressed in colon cancer (CC) tissues
by targeting miR-433-3p and upregulating the expression of
ANXA2 to promote cell carcinogenicity®” (Figure 9).

Therefore, LINC00460 could directly bind with miRNAs
or RBPs to promote the development of CRC. The studies
suggested that LINC00460 could promote CRC progression
and might be a diagnostic and prognostic marker for CRC
patients. Moreover, LINC00460 might be a potential thera-
peutic value for CRC radiotherapy.

Other cancers

The expression of LINC00460 was also upregulated in osteo-
sarcoma (OS), nasopharyngeal carcinoma (NPC), ovarian
cancer (OC), bladder urothelial carcinoma, pancreatic can-
cer (PC), and cervical cancer, which might be a valuable
prognostic and curative biomarker and potential therapeutic
target.

LINC00460 affected cell viability, cell cycle, apoptosis,
migration, invasion, and EMT process by regulating the
expression of cyclin D1, CDK4/CDK6 and MMP-9 in OS.**
Lian et al.** found that LINC00460 facilitated OS cell prolif-
eration, migration, and invasion by regulating FADS1 as a

molecular sponge for miR-1224-5p in OS. The high expres-
sion of LINC00460 was predicted to be associated with poor
prognosis in NPC patients, and LINC00460 overexpression
facilitated cancer cell migration, invasion, and EMT by
targeting miR-30a-3p/RaplA®® or miR-149-5p/IL6 axis.”'
For the OC study, the upregulated expression of LINC00460
was in OC tissues and were associated with tumor stage and
tumor size, moreover, LINC00460 promoted OC progres-
sion by binding miR-338-3p.>* For bladder urothelial carci-
noma, Li et al.”® indicated that the high expression of
LINC00460 was associated with poor survival, promoted cell
proliferation and migration, and LINCO00460 prompted
tumor progression via miR-612/FOXK1 axis. Moreover,
LINC00460 accelerated PC by binding to miR-491-5p.>* For
cervical cancer, LINC00460 affected tumor progression by
targeting miR-503-5p,”> or by mediating the miR-361-3p/
Glil axis.”® Therefore, LINC00460 acts as a ceRNA in the
pathogenesis and tumorigenesis of cancers base on the
above research. This provides the possibility for LINC00460
in the diagnostic and prognostic application (Figure 10).

Summary

More and more evidence suggested that LINC00460 acts as
an oncogene in diverse tumors and plays a crucial regulatory
role in tumorigenesis. LINC00460 was found to be highly
expressed in various tumors tissues and cell lines; moreover,
LINC00460 was reported to play vital roles in cellular func-
tions such as proliferation, cell cycle, migration, invasion,
autophagy, apoptosis, and others. The regulatory mecha-
nism of LINC00460 was complex and involve many steps,
including directly binding with proteins; binding to miRNA
to act as a miRNA sponge; or activating signaling pathways,
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such as PIK3/AKT, Wnt/f-catenin, etc. The most common
mechanism of action of LINC00460 in various tumors is the
specific absorption of miRNA as ceRNA. IncRNA-miRNA-
mRNA regulatory network and key genes are the important
steps of tumorigenesis and development, which provides
ideas for the exploration of the regulatory mechanisms of
LIN00460 in human cancers.

LINC00460 expression was often related to important
clinical features such as tumor size, recurrence, TNM stage,
lymph node metastasis, or poor prognosis in various can-
cers, so it might become a potential diagnostic and prognos-
tic biomarker. Furthermore, the research results on
LINCO00460 provide a preliminary basis for whether it might
be a potential target for cancer therapy in the future.

With the development of genomic studies, the role of
LINC00460 gradually faded from mystery. However, the
exploration of LINC00460 is still in the early stage and further
molecular mechanism of LINC00460 should be elucidated.

CONCLUSIONS

With further exploration of the molecular mechanism of
IncRNAs, additional knowledge of how IncRNAs affect
tumor growth has been reported. LINC00460 is highly
expressed in human cancers, and may be a potential bio-
marker for cancer diagnosis, prognosis, or therapy. As an
oncogene, LINC00460 can promote tumor progression and
play the role in cell proliferation, migration, invasion, EMT,
apoptosis, cell cycle, autophagy, chemoresistance, or radio-
resistance in various tumors. The mechanisms of the
LINCO00460 effect are complex. Clarifying the mechanism of
LINC00460 is helpful to further study the relationship
between IncRNAs and tumor, and is of great value to clarify
the pathogenesis of tumors.
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