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ABSTRACT

The significance of long non-coding RNAs (IncRNAs) in the development and progression of human cancers has
attracted increasing attention in recent years of investigations. Having versatile interactions and diverse func-
tions, IncRNAs can act as oncogenes or tumor-suppressors to actively regulate cell proliferation, survival,
stemness, drug resistance, invasion and metastasis. LINC00467, an oncogenic member of long intergenic non-
coding RNAs, is upregulated in numerous malignancies and its high expression is often related to poor clini-
copathological features. LINC00467 facilitates the progression of cancer via sponging tumor-suppressive
microRNAs, inhibiting cell death cascade, modulating cell cycle controllers, and regulating signalling path-
ways including AKT, STAT3, NF-kB and Wnt/p-catenin. A growing number of studies have revealed that
LINC00467 may serve as a novel prognostic biomarker and its inhibitory targeting has a valuable therapeutic
potential to suppress the malignant phenotypes of cancer cells. In the present review, we discuss the importance
of LINC00467 and provide a comprehensive collection of its functions and molecular mechanisms in a variety of

cancer types.

1. Introduction

Non-coding RNAs (ncRNAs) have significantly expanded our view-
point on the human genome and principles of molecular biology. Among
the diverse types of ncRNAs, long non-coding RNAs (IncRNAs) are
distinguished by two characteristics: longer length (more than 200 nu-
cleotides) and a wider range of functions [1,2]. In comparison to
mRNAs, IncRNAs indicate more cell type- or tissue-specificity and less
quantitative abundance. LncRNAs are classified into intergenic, sense,
antisense, bidirectional and intronic categories, according to their
genomic structure (Fig. 1). Functionally, IncRNAs classes include scaf-
folds, ribo-repressors (decoys), ribo-activators, guides, competing
endogenous RNAs (ceRNAs) and precursors of small ncRNAs [3,4]. They
are mostly transcribed by RNA polymerase II and can function at tran-
scriptional or post-transcriptional levels to regulate gene expression.
With the ability to interact with other macromolecules, IncRNAs are
involved in a variety of biological activities such as epigenetic modu-
lation, splicing, imprinting, X-inactivation, development, differentiation
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and tumorigenesis [5-7].

Accumulating evidence indicates IncRNA deregulation in various
cancer types and its implication in all hallmarks of cancer by diverse
molecular mechanisms [8-10]. As a notable mode of action, it has
frequently been reported that a IncRNA can sponge and sequester mul-
tiple microRNAs (miRNAs), thereby indirectly upregulating miRNA
target expression [6,11-13]. LncRNAs may act as oncogenes or tumor
suppressors and their aberrant expression results in cancer cell prolif-
eration, stemness, survival, metabolic reprogramming, drug resistance,
invasion and metastasis [14-18]. ANRIL, H19, HOTAIR and XIST are
examples of the oncogenic IncRNAs and BGL3, GAS5, MEG3 and TERRA
exert tumor-suppressive effects [19,20]. Due to the importance and
cancer type-specific expression of the IncRNAs, they have a remarkable
potential to be effectively served as the diagnostic biomarkers, prog-
nostic factors and therapeutic targets in cancer [21-23].
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2. Considerable features of long intergenic ncRNAs (lincRNAs)

Modulating chromatin topology, scaffolding, acting as decoys,
regulating neighbouring genes transcription and encoding micro-
peptides are the known functions of lincRNAs. They affect chromatin
topology to enforce transcriptional activation or repression in cis by
chromatin looping as well as in trans by chromosomal looping or by
binding transcription factors and chromatin-modifying complexes
[24-26]. In most cases, protein/RNA scaffolding is the defining factor
for the lincRNA function. Sequence complementarity and RNA struc-
tural elements enable lincRNAs to interact with nucleic acids and pro-
teins [27,28]. Another feature of the lincRNAs is the inhibitory
sequestration of proteins, mRNAs and miRNAs. In the proposed mech-
anism of ceRNA function, circular RNAs and pseudogene transcripts also
participate in the process of miRNA sequestering by a lincRNA to pre-
vent the binding of RISC complexes and mRNA degradation [29,30]. The
transcription of lincRNA may influence the neighbouring coding loci by
modifying the epigenetic state. Without overlap with coding genes,
many enhancer RNAs (eRNAs) assemble the mediator complex to co-
ordinate enhancer-directed chromatin looping [31,32]. Besides, micro-
peptides of less than 100 codons encoded from small open reading
frames (smORFs) of non-coding loci have been identified. The expres-
sion levels of lincRNAs harbouring smORFs are higher than lincRNAs
lacking smORFs [33,34].

Long intergenic non-coding RNA 00467 (LINC00467) has been
recognized as a tumor-promoting IncRNA that actively partakes in the
pathological process of multiple types of cancer. The gene encoding
LINC00467, located in chr1q32.3, has 6 exons and the full length of the
transcripts is 3508 nucleotides. LINC00467 normally exhibits a testis-
specific expression and its deregulation leads to cancer progression by
affecting varied processes and regulatory targets. In this review, we aim
to discuss the significance, clinical value and molecular mechanisms of
LINC00467 in human malignancies.

3. Expression pattern and clinical potential of LINC00467 in
cancers

The absolute majority of the studies demonstrate that LINC00467 is
significantly upregulated in numerous cancers (Table 1). The
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downregulation of LINC00467 in testicular germ cell tumors can be
attributed to its normal high testis-specific expression. Either by ana-
lysing patients’ specimens or bioinformatics databases, the prognostic
value of LINC00467 aberrant expression and its correlation with clini-
copathological features have been reported for several cancer types. As
summarized in Table 1, the upregulation of LINC00467 is associated
with poor overall/disease-free survival and/or advanced pathological
grades/stages in lung adenocarcinoma, colorectal cancer, glioma,
bladder cancer, osteosarcoma, cervical cancer, non-small cell lung
cancer, breast cancer, testicular germ cell tumor and gastric cancer.
Furthermore, LINC00467 has been introduced as a potential diagnostic
biomarker in prostate cancer (area under the ROC curve = 0.802). Taken
together, LINCO0467 seems a novel efficient prognostic/diagnostic
biomarker in a variety of human neoplastic conditions.

4. Subcellular localization of LINC00467

The elementary determinant of a IncRNA function is its subcellular
localization. The fate of a IncRNA is finely regulated to be localized in
specific compartments inside or outside the nucleus. Interestingly, the
subcellular localization of IncRNAs can be dynamically changed to
respond to diverse cellular states. The most common techniques for
subcellular RNA mapping are biochemical fractionation coupled to RNA
quantification, and oligonucleotide hybridization coupled to imaging
[35,36]. Several studies have reported the localization of LINC00467 in
cancer cell lines (Table 2). Most of the studies elucidate that LINC00467
is found in both the nucleus and cytoplasm of cancer cells, majorly
located in the cytoplasm. However, there are also some investigations
indicating a predominantly nuclear localization for LINC00467. Alto-
gether, a wide range of pan-cancer functions and interactions can be
inferred from LINC00467 subcellular localization.

5. Functions and molecular mechanisms of LINC00467

The functions and effects of LINC0O0467 overexpression in different
types of cancer at the levels of cell lines and animal models have been
collected in Tables 3 and 4, respectively, and will be explained in the
next sections.

Bidirectional

Intergenic

Antisense

Fig. 1. Genomic structure (intragenic or intergenic) of the IncRNAs relative to a hypothetical protein-coding gene (PCG). Intragenic class includes sense, antisense,
intronic and bidirectional types. LINC00467 belongs to the intergenic class. Located on the same strand as the PCGs, intergenic IncRNAs usually do not overlap with
them and exert a unique set of functional, structural and regulatory activities. Red and blue boxes represent exons.
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Table 1
Expression and clinical significance of LINC00467 in human cancers.
Cancer types Samples Expression Clinicopathological features Refs
(Tumor vs (Tumor vs
Normal) Normal)
Acute myeloid leukemia 134:40 Up - [74]
Lung adenocarcinoma 33:33 Up - [434344444245]
TCGA Up Poor OS
38:38 Up Poor OS
TCGA Up Poor OS
TCGA Up Poor OS
TCGA Up Poor OS, association with distant metastasis, correlation with immune cells
infiltration
Colorectal cancer 45:45 Up - [474747474849]
GEO Up Correlation with distant metastasis
CRN Up Correlation with advanced pathological stages
TCGA Up Poor OS and DFS
50:10 Up Poor OS
50:50 Up Poor OS
Glioma TCGA Up - [5252535454]
30:30 Up Correlation with advanced tumor grades
TCGA Up -
TCGA Up -
30:30 Up -
Osteosarcoma 36:36 Up Poor OS [5758]
44:44 Up Poor OS
Hepatocellular carcinoma TCGA Up - [60616164626363]
GEO Up -
56:56 Up -
65:31 Down Negative correlation with metastasis
TCGA Up -
20:20 Up -
TCGA Up -
Bladder cancer TCGA Up Poor DFS [787878]
GEO Up -
6:6 Up -
Cervical cancer GEO Up - [8080]
54:54 Up Poor DFS
Esophageal squamous cell TCGA Up - [8282]
carcinoma 44:44 Up -
Non-small cell lung cancer GEO Up - [404040]
TCGA Up Poor OS and DFS, association with advanced clinical stages
InCAR Up -
Gastric cancer 52:52 Up - [7269]
TCGA Up -
31:31 Up Positive correlation with tumor size, differentiation, N stage and T stage [69]
TCGA Up - [70]
52:52 Up Poor survival, implicaton in pathological stage, lymph node metastasis and tumor [71]
differentiation
Head and neck squamous cell 35:35 Up — [66]
carcinoma
Breast cancer TCGA Up - [7676]
70:70 Up Poor OS
Prostate cancer GTEx, TCGA Up - [8484]
24:24 Up Diagnosis biomarker
Testicular germ cell tumor 14:9 Down - [868686]
TCGA Down Association with advanced pathological grades, negative correlation with immune
cells infiltration and response to anti-PD-1 immunotherapy
KMplotter - Poor OS and DFS

Abbreviations: OS: overall survival, DFS: disease-free survival, TCGA: the cancer genome atlas, GEO: gene expression omnibus, CRN: cancer RNA-seq nexus, InCAR:
IncRNAs from cancer arrays, GTEx: genotype-tissue expression, KMplotter: Kaplan-Meier plotter, PD-1: programmed cell death protein 1.

5.1. Neuroblastoma

Almost 15% of all cancer-related deaths in children are attributed to
neuroblastoma (NB) [37]. The first study to investigate the role and
underlying molecular mechanism of LINC00467 was conducted by
Atmadibrata et al. using BE(2)-C and Kelly NB cell lines. They showed
that siRNA-mediated knockdown of LINC00467 could increase
apoptosis and reduce the survival of NB cells. Downregulation of RD3
and DKK1 by LINC00467 and suppressive impact of n-Myc on
LINC00467 gene promoter were demonstrated using chromatin
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immunoprecipitation, luciferase assays and RT-PCR. RD3 is the protein-
coding gene located downstream of the LINC00467 gene. Co-
transfection of LINC00467 siRNA with DKK1 siRNA reversed the ef-
fects of LINC00467 on the survival and apoptosis of NB cells [38].

5.2. Non-small cell lung cancer

Approximately 85% of lung cancers, the first leading cause of cancer
deaths, are non-small cell lung cancer (NSCLC) including lung adeno-
carcinoma (LUAD) and lung squamous cell carcinoma (LUSC) as the
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Table 2
Subcellular localization of LINC00467 in cancer cell lines.
Validated Cancer cell type Refs
localization
Mainly in LUAD, CRC, GB, OS, [44,47,54,57,58,61,62,69,80,82,84]
cytoplasm HCC, GC, CC, ESCC,
PC
Both nucleus and NSCLC, glioma, BLCA [40,55,78]
cytoplasm
Cytoplasm CRC, HNSCC [49,66]
Mainly in nucleus Glioma, HNSCC [53,67]
Nucleus LUAD [42]

Abbreviations: LUAD: lung adenocarcinoma, CRC: colorectal cancer, GB:
glioblastoma, OS: osteosarcoma, HCC: hepatocellular carcinoma, GC: gastric
cancer, CC: cervical cancer, ESCC: esophageal squamous cell carcinoma, PC:
prostate cancer, NSCLC: non-small cell lung cancer, BLCA: bladder cancer,
HNSCC: head and neck squamous cell carcinoma.

most frequent subtypes [39]. Zhu et al. verified the stimulatory impact
of LINC00467 on cell proliferation, migration and invasion of H1299
and A549 NSCLC cell lines via regulating the AKT signalling pathway.
LINC00467 was upregulated by TDG-mediated H3K27 acetylation at its
promoter with direct binding between TDG and EP300. The inhibition of
LINCO00467 increased AZGP1 expression but reduced the level of phos-
phorylated AKT (p-AKT) in NSCLC cells. As in vivo experiments
confirmed, LINC00467 overexpression significantly incremented tumor
growth and metastasis in nude mice [40].

5.3. Lung adenocarcinoma

LUAD is the most common type of lung cancer, having high
aggression and fatality [41]. Yang et al. reported that STAT1 could act as
a transcription regulator of LINC00467 to induce its promoter activity in
H1299, SPC-Al and A549 LUAD cell lines. Upregulated LINC00467
activated Wnt/p-catenin signalling pathway through epigenetically
silencing DKK1 (inhibitor of the pathway) by recruiting enhancer of
zeste 2 polycomb repressive complex 2 subunit (EZH2) to DKK1 pro-
moter and also upregulating p-catenin, c-Myc and Cyclin D1 expression,
leading to LUAD cells proliferation and migration [42].

Knocking down LINC00467 by Ding et al. led to inhibition of H1299
and A549 lung cancer cells proliferation and G(/G; cell cycle arrest via
decreasing CCND1 (Cyclin D1) level and its downstream target phos-
phorylated pRB. LINC00467 knockdown resulted in a significant
reduction of tumor weight and volume in nude mice as well as decreased
levels of CCND1 and phosphorylated pRB, consistent with in vitro ex-
periments. Further analyses demonstrated that LINC00467 acts as a
molecular sponge of miR-20b-5p to promote CCND1 expression in lung
cancer cells [43].

Chang and Yang illustrated elevated proliferation of A549 and SPC-
Al cells by LINC00467 and introduced three groups of its downstream
regulatory targets. First, LINC00467 promoted cancer cell stemness
through upregulating Oct4, CD44 and CD133. Second, LINC00467
exhibited an anti-apoptotic effect via decreasing the protein level of
Cleaved Caspase3 and Bax while inducing Bcl-2. Third, LINC00467
negatively regulated miR-4779 and miR-7978 previously reported
antitumor miRNAs. Additionally, tumor growth in immunodeficient
mice was observed as a result of LINC0O0467 expression [44] (Fig. 2).

In another study based on TCGA data mining, Wang et al. discovered
the positive correlation of DNA copy number amplification and hypo-
methylation with the expression of LINC00467. After the knockdown of
LINC00467 in the A549 LUAD cell line and microarray analysis, they
constructed a ceRNA network specific to LINC00467 including miR-575,
miR-1225-5p and five mRNAs (TMEM182, BCL9, KCNK1, BARX2,
KIAA1324) in LUAD [45].
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5.4. Colorectal cancer

Colorectal cancer (CRC) is considered the second cause of cancer
mortality worldwide [46]. siRNA-mediated knockdown of LINC00467
contributed to suppressing proliferation, invasion and epithelial-
mesenchymal transition (EMT) of HT29 CRC cell line through an
enhanced expression of E-cadherin and reduced expression of Cyclin Al,
Cyclin D1, CDK2, CDK4 and Twistl, reported by He et al. [47].

Li et al. found that LINCO0467 and Ferritin Light Chain (FTL)
enhanced HCT116 and SW480 CRC cells’ capabilities to migrate, invade
and resist 5-fluor-ouracil (5-Fu). miR-133b interacted with both the
oncogenes and LINC00467/miR-133b axis upregulated FTL expression,
leading to CRC cells survival, invasion and chemoresistance. The
elevated expression of LINC00467 and FTL in HCT116 CRC cells injected
into nude mice resulted in lung metastasis in vivo [48].

As mentioned in section 2, lincRNAs may encode functional micro-
peptides from their smORFs. This feature has been perpended in a study
by Ge et al. They identified and characterized a 94 residue-length
micropeptide produced by LINC00467 in HCT116 and RKO CRC cell
lines. This micropeptide could interact with the subunits a and y of ATP
synthase (ATP5A, ATP5C) to enhance the complex activity and oxygen
consumption rate. The peptide termed ATP synthase-associated peptide
(ASAP), promoted CRC cell proliferation. In addition, silencing ASAP
gave rise to attenuated mitochondrial ATP production and prohibited
growth in patient-derived xenograft (PDX) [49].

5.5. Glioma

Gliomas include one-third of total brain tumor cases and their most
lethal type is glioblastoma (GB) [50]. Gao et al. stated that the viability,
migration and invasion of U87 glioma cells were inhibited by
LINC00467 knockdown. Mechanistically, LINC0O0467 negatively regu-
lated miR-200a to promote the expression of E2F3. LINC00467/miR-
200a/E2F3 axis was also observed to regulate glioma tumor growth in
vivo. Co-transfection of LINC00467 shRNA with miR-200a inhibitors
reversed the negative effect of LINCO0467 shRNA on the weight and
volume of athymic nude mice xenograft models. Moreover, co-
transfection of LINC00467 shRNA with miR-200a inhibitors signifi-
cantly reduced the inducing impact of LINC0O0467 shRNA on the rate of
apoptosis. Other results of the mentioned co-transfection were upregu-
lated expression of E2F3 protein and increased Ki67-positive cells in
tumor tissues of the mouse models [51].

As Jiang and Liu revealed, silencing LINC00467 intensified apoptosis
and attenuated the proliferation and invasion of glioma cell lines. In
mechanism, LINC00467 could bind and sponge miR-485-5p to aggra-
vate the malignant phenotypes of U87 and U251 glioma cells [52].

Zhang et al. discovered epigenetically silencing of p53 by LINC00467
in glioma. They primarily found upregulation of LINC00467 in U87 and
LN229 glioma cell lines led to Go/Gj cell cycle acceleration, inhibition of
apoptosis and promotion of proliferation and invasion. LINC00467
bound to DNA methyltransferasel (DNMT1) to suppress p53 expression,
demonstrated by the results of RNA immunoprecipitation (RIP) and
Chromatin immunoprecipitation (ChIP) assays. Overexpressing p53
partially reversed the influence of LINC00467 on glioma cells [53].

In another study, Liang and Tang showed that LINC00467 stimulated
cell proliferation but repressed apoptosis via miR-339-3p/IP6K2 axis,
upregulating Bcl-2 and downregulating Cleaved Caspase3, Cleaved
PARP and Bax in A172 and U373 GB cell lines [54]. The LINC00467/
miR-339-3p/IP6K2 oncogenic regulatory axis has been also validated
by Zhang et al. in U87 and U251 GB cells [55] (Fig. 3).

5.6. Osteosarcoma
The most prevalent primary bone cancer is osteosarcoma (OS) [56].

According to Yan et al., LINC00467 was able to facilitate U20S and HOS
cells proliferation, migration, invasion and EMT by serving as a
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Table 3
Functional characterization of LINC00467 in cancer cell lines.
Cancer types Cell lines Role Function Targets/regulators/related signalling pathways Refs
Acute myeloid leukemia HL-60, THP-1 Oncogene Proliferation, cell cycle progression, Cleaved Caspase3, Cleaved Caspase9, miR-339, [74]
migration, invasion, anti-apoptosis SKI
Lung adenocarcinoma H1299, SPC- Oncogene Proliferation, migration STAT1, DKK1, EZH2, p-catenin, c-Myc, Cyclin D1, [424344]
Al, A549 Wnt/p-catenin pathway
miR-20b-5p, Cyclin D1, pRB
Oncogene Proliferation, cell cycle progression
H1299, A549 miR-4779, miR-7978, Bcl-2, Bax, Cleaved
Oncogene Proliferation, anti-apoptosis, stemness Caspase3, CD44, CD133, Oct4
A549, SPC-Al
Colorectal cancer HT29 Oncogene Proliferation, cell cycle progression, Cyclin D1, Cyclin A1, CDK2, CDK4, Twist1, E- [474849]
invasion, EMT cadherin
HCT116, Oncogene Viability, migration, invasion, anti- miR-133b, FTL
SW480 apoptosis, 5-fluor-ouracil resistance
Oncogene Encoding micropeptide, modulating ATP5A, ATP5C
HCT116, RKO mitochondrial metabolism, cell
proliferation
Glioma us7 Oncogene Viability, migration, invasion, anti- miR-200a, E2F3 [5152535455]
apoptosis
U87, U251 Oncogene Viability, proliferation, anti-apoptosis, miR-485-5p
invasion
U87, LN229 Oncogene Viability, proliferation, cell cycle DNMT1, p53
progression, anti-apoptosis, invasion
A172, U373 Oncogene Proliferation, anti-apoptosis Cleaved PARP, Cleaved Caspase3, Bcl-2, Bax,
miR-339-3p, IP6K2
U87, U251 Oncogene Proliferation, migration, invasion miR-339-3p, IP6K2
Osteosarcoma U20S, HOS Oncogene Viability, proliferation, migration, invasion, miR-217, KPNA4, Vimentin, Slug, Twist, E- [5758]
EMT cadherin, N-cadherin
HOS, MG63 Oncogene Proliferation, anti-apoptosis, migration, Bcl-2, Bax, Cleaved Caspase3, Vimentin, E-
invasion, EMT cadherin, N-cadherin, miR-217, HMGA1
Hepatocellular Huh7, HepG2 Oncogene Proliferation, anti-apoptosis, invasion, miR-509-3p, PDGFRA [6061646362]
carcinoma Axitinib resistance
SK-HEP-1, Oncogene Proliferation, anti-apoptosis, migration NR4A3
Huh7 Suppressing viability, proliferation,
Tumor migration and invasion miR-9-5p, PPARA
SMMC-7721, suppressor
HepG2 Proliferation, migration, invasion, anti-
Oncogene apoptosis Bcl-2, Bax, Cleaved Caspase3, Cleaved Caspase9,
p-AKT, p-mTOR, Cyclin D1, miR-18a-5p, NEDD9,
SMMC-7721, AKT pathway
HepG2 Proliferation, migration, invasion, anti- MMP2, MMP9, TRAF5, IGF2BP3
Oncogene apoptosis
Huh7, HepG2
Bladder cancer RT4, T24 Oncogene Proliferation, migration, invasion NF-kb-p65, p-NF-kb-p65, IkBa, NF-kB pathway [78]
Cervical cancer HeLa Oncogene Proliferation, migration, invasion, EMT miR-107, KIF23, MMP2, MMP9 [80]
Esophageal squamous TE-5, Oncogene Proliferation, anti-apoptosis miR-485-5p, DPAGT1, Bcl-2, Bax, Cleaved [82]
cell carcinoma KYSE510 Caspase3, Cleaved Caspase9
Non-small cell lung H1299, A549 Oncogene Proliferation, migration, invasion p-AKT, AZGP1, TDG, EP300, AKT pathway [4072697071]
cancer Reprimo, DNMT1
OCUM-1 Oncogene Proliferation, migration, invasion, anti-
Gastric cancer apoptosis ITGB3, PCNA, Cleaved Caspase3, Cleaved PARP1
SNU-16, Oncogene Viability, proliferation, anti-apoptosis miR-7-5p, EGFR
HGC27
Oncogene Proliferation, migration, invasion miR-27b-3p, STAT3
AGS, MKN28
Oncogene Proliferation, migration, invasion, anti-
BGC-823, apoptosis
AGS
Head and neck squamous  SCC-9 Oncogene Invasion, anti-apoptosis miR-1285-3p, TFAP2A [6667]
cell carcinoma
NH4, Cal27 Oncogene Proliferation, migration, invasion, EMT E-cadherin, N-cadherin, MMP2, MMP7, miR-299-
5p, USP48
Breast cancer MCF-7, MDA- Oncogene Proliferation, migration, invasion, EMT E-cadherin, N-cadherin, MMP9, Vimentin, miR- [76]
MB-231 138-5p, LIN28B
Prostate cancer DU145, Oncogene Proliferation, cell cycle progression, M2 miR-494-3p, STAT3, p-STAT3, E-cadherin, N- [84]
22RV1 macrophage polarization, migration, cadherin, Vimentin, STAT3 pathway
invasion, EMT
Neuroblastoma BE(2)-C, Kelly Oncogene Viability, anti-apoptosis, cell cycle n-Myc, RD3, DKK1 [38]
progression
Testicular germ cell NCCIT, Tcam-  Oncogene Migration, invasion AKT3, p-AKT, AKT pathway [86]

tumor

2
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Table 4
Oncogenic effects of LINC00467 in animal models.
Cancer types Animal models Effects Refs
Acute myeloid leukemia Immunodeficient (NOD/SCID) Poor survival, increasing the percentage of GFP™ cells in bone marrow and spleen [74]
mice
Lung adenocarcinoma Female nude mice Tumor growth, upregulating CCND1 and phosphorylated pRB [4344]
Tumor growth
Immunodeficient mice
Colorectal cancer Male BALB/c nude mice Lung metastasis [4849]
Female nude mice Tumor growth, cell proliferation
Glioma Male athymic BALB/c nude mice Tumor growth, cell proliferation, anti-apoptosis, downregulating miR-200a, [51]
upregulating E2F3
Hepatocellular carcinoma BALB/c nude mice Tumor growth, Axitinib resistance, downregulating miR-509-3p, upregulating PDGFRA  [6061]
Tumor growth, cell proliferation, anti-apoptosis
Male BALB/c nude mice
Bladder cancer Female nude mice Tumor growth, cell proliferation, upregulating NF-kb-p65 [78]
Cervical cancer Male BALB/c nude mice Tumor growth [80]
Esophageal squamous cell Female BALB/c nude mice Tumor growth [82407172]
carcinoma
Non-small cell lung cancer Male BALB/c nude mice Tumor growth and metastasis
Gastric cancer BALB/c nude mice Tumor growth
Female BALB/c nude mice Tumor growth, cell proliferation, anti-apoptosis, liver metastasis
Breast cancer Female BALB/c nude mice Tumor growth, cell proliferation, lung metastasis [76]
Prostate cancer Male BALB/c nude mice Tumor growth, cell proliferation, downregulating miR-494-3p, upregulating STAT3 [84]

Cell survival
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Fig. 2. The mechanisms and oncogenic functions of LINC00467 in lung adenocarcinoma.

molecular sponge for miR-217 to positively regulate karyopherin sub-
unit a4 (KPNA4). Additionally, LINC00467 decreased the protein level
of E-cadherin and increased the levels of N-cadherin, Vimentin, Twist
and Slug to exert its oncogenic function in OS [57].

In a study by Ma et al., the miR-217/HMGA1 axis was identified as a
regulatory mechanism for LINC00467 in OS. N-cadherin, Vimentin and
Bcl-2 were upregulated by LINC00467 while E-cadherin, Cleaved
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Caspase3 and Bax were downregulated to promote cell proliferation,
migration, invasion and EMT, and suppress apoptosis in HOS and MG63
cells [58].

5.7. Hepatocellular carcinoma

The fourth cause of cancer mortality is hepatocellular carcinoma
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Fig. 3. The mechanisms and oncogenic functions of LINC00467 in glioma.

(HCC), comprising more than 80% of primary liver cancers [59]. As
reported by Li et al., LINC00467 could stimulate platelet-derived growth
factor receptor alpha (PDGFRA) expression via sponging miR-509-3p to
induce Axitinib resistance, promote proliferation and invasion, and
impede apoptosis in Huh7 and HepG2 HCC cells. In vivo experiments
also showed that LINC00467 overexpression contributed to tumor
growth, Axitinib resistance, reduced level of miR-509-3p and elevated
level of PDGFRA in xenograft nude mice [60].

Wang et al. revealed that LINC00467 interacted with NR4A3 mRNA
and post-transcriptionally repressed NR4A3 expression in a Dicer-

miR-509-3p

C-Caspase3

Proliferation

Cell survival Migration

— =
o

miR-18a-5p

C-Caspase9

E— PDGFRA
P

Invasion

dependent manner. LINC00467 reduced apoptosis and intensified the
proliferation and migration of SK-HEP-1 and Huh7 cells. Moreover,
LINC00467 caused tumor growth, cell survival and cell proliferation in
vivo [61].

As discovered by Jiang et al., LINC00467 positively modulated the
expression of tumor necrosis factor receptor-associated factor 5
(TRAF5), MMP2 and MMP9 in Huh7 and HepG2 cells, resulting in cell
survival, proliferation and metastasis. LINC00467 could bind with in-
sulin-like growth factor-2 messenger RNA-binding protein 3 (IGF2BP3)
to promote the mRNA stability of TRAF5 in HCC cells. Silencing TRAF5

LINC00467

Downregulated protein

- Upregulated protein

miRNA

— Induction

Axitinib resistance

Fig. 4. The mechanisms and oncogenic functions of LINC00467 in hepatocellular carcinoma.
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or IGF2BP3 blocked the stimulating influence of LINC00467 on HCC
progression [62].

Sponging miR-18a-5p, inducing NEDD9 expression, regulating cas-
pase cascade and the Bcl-2/Bax axis, and activating the AKT-mTOR
signalling pathway were the mechanisms of LINC00467 functions to
promote growth and motility and inhibit apoptosis in SMMC-7721 and
HepG2 cells, reported by Zheng et al. [63] (Fig. 4).

In the only study indicating a tumor-suppressive function of
LINC00467 in cancer, Cai et al. introduced modulating miR-9-5p/
peroxisome proliferator-activated receptor alpha (PPARA) axis as a
mechanism employed by LINC00467 to suppress cell viability, prolif-
eration, migration and invasion of SMMC-7721 and HepG2 cell lines
[64].

5.8. Head and neck squamous cell carcinoma

Head and neck squamous cell carcinomas (HNSCCs), originating
from mucosal epithelial cells, are the most frequent cancers developing
in the head and neck [65]. Mechanistically, LINCO0467 acts as a ceRNA
and adsorb miR-1285-3p to upregulate TFAP2A in HNSCC. This axis
contributes to a decreased apoptosis rate and elevated invasion of the
SCC-9 cell line. The oncogenic effects of LINC00467 were partially
rescued by overexpressing miR-1285-3p in HNSCC cells, as indicated by
Liang et al. [66].

Chen and Ding reported that LINC00467 promoted the expression of
N-cadherin, MMP2 and MMP7 and suppressed E-cadherin in NH4 and
Cal27 cell lines. Furthermore, sponging miR-299-5p by LINC00467 gave
rise to the upregulation of ubiquitin-specific protease 48 (USP48). The
absence of LINC00467 inhibited cell proliferation, migration, invasion
and EMT, compensated by overexpressing USP48 in HNSCC cells [67].

5.9. Gastric cancer

Gastric cancer (GC) is enumerated as the second cause of cancer
death worldwide [68]. Xu et al. studied the functional role and modu-
latory mechanism of LINC00467 in HGC27 and SNU-16 GC cell lines.
The promotion of cell viability and proliferation as well as the sup-
pression of apoptosis were observed under the action of overexpressed
LINC00467. shLINC00467 abated levels of integrin subunit beta 3
(ITGB3) and proliferating cell nuclear antigen (PCNA) while enhancing
Cleaved Caspase3 and Cleaved PARP1 levels. Overexpression of ITGB3
partially reversed the cellular and molecular effects of shLINC00467 in
GC cells [69].

Based on a study by Deng et al., LINCO0467 acts as a tumor-
promotive player to augment the proliferation, migration and invasion
of AGS and MKN28 GC cells by direct negative regulation of miR-7-5p
and indirect positive regulation of epidermal growth factor receptor
(EGFR) [70].

It has been reported by Lu et al. that the binding relationships among
LINC00467, miR-27b-3p, and signal transducer and activator of tran-
scription 3 (STAT3) affect BGC-823 and AGS cell malignancy. The
reduction of LINC00467 upregulated miR-27b-3p and inhibited STAT3
to suppress GC cell proliferation, migration and invasion, and accent the
rate of apoptosis. GC tumor growth was attenuated by knocking-down
LINCO00467 or elevating miR-27b-3p in vivo [71].

Wu and Du have also alluded to a functional mechanism for
LINC00467 in the OCUM-1 GC cell line. Overexpression of LINC00467
downregulated Reprimo protein (a cell cycle depressor manipulated by
p53) by recruiting DNMT1 and inducing Reprimo promoter methyl-
ation. The positive impact of LINC00467 on GC cell proliferation,
migration and invasion, as well as a negative effect on apoptosis rate was
established. LINC00467 overexpression eventuated in tumor growth,
liver metastasis and diminished apoptosis in nude mice [72].
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5.10. Other types of cancer
Acute myeloid leukemia

Acute myeloid leukemia (AML) has the highest percentage of mor-
tality among all subtypes of leukemia [73]. Lu et al. investigated the role
of LINC00467 in the progression of HL-60 and THP-1 AML cell lines.
Knocking down LINC00467 inhibited the proliferation, migration and
invasion of AML cells and caused an arrest in the cell cycle. Moreover, an
increased level of some pro-apoptotic proteins like Cleaved Caspase3
and Cleaved Caspase9 was observed as a result of LINC00467 knock-
down. The mechanism of LINC00467 was related to miR-339/SKI axis.
Competing with miR-339, LINC00467 was able to bind to it and over-
expression of LINC00467 could decrease the level of miR-339 and
upregulate SKI proto-oncogene. Consistent with in vitro results, silencing
LINC00467 prolonged the survival time of immunodeficient mice and
notably reduced the percentage of GFP™ cells in their bone marrow and
spleen [74].

Breast cancer

The second leading cause of cancer-related mortality in women is
breast cancer (BC) [75]. In a study by Zhang et al. to determine the role
of LINC00467 in malignant phenotypes of BC, the impacts of LINC00467
knockdown and overexpression were investigated in MCF-7 and MDA-
MB-231 cell lines. Methyl thiazolyl tetrazolium (MTT) and colony for-
mation assays revealed the inhibition of cell viability and colony for-
mation capacity as a result of silencing LINC00467 and their
enhancement in LINC00467-overexpressing cells. Besides, cell prolifer-
ation was repressed and increased in depleted LINC0O0467 expression
and LINC00467-overexpressing cells, respectively. Wound healing and
Transwell assays were used to evaluate cell migration and invasion. In
addition, the function of LINC00467 as a putative mediator in EMT
progression was investigated. The results evinced that LINC00467
significantly promoted migration, invasion and EMT by upregulating
MMP9, N-cadherin and Vimentin, and downregulating E-cadherin in BC
cells. The direct interaction of LINC00467 and tumor suppressor miR-
138-5p was validated by luciferase reporter and biotin RNA pull-down
assays, demonstrating LINC00467 action as a miRNA sponge which re-
sults to repress miR-138-5p expression. The RIP assay manifested the
direct interaction of LINC00467 and lin-28 homolog B (LIN28B), a
critical oncogene in BC, leading to the enhancement of the LIN28B
protein level. However, how this interaction increases the LIN28B pro-
tein level needs further investigation. Finally, forced expression of
LINC00467 in nude mice contributed to lung metastasis and larger tu-
mors compared to corresponding controls [76].

Bladder cancer

Bladder cancer (BLCA) is responsible for 2.1% of all cancer-related
deaths throughout the world [77]. Xiao et al. suggested that
LINC00467 regulates the NF-kB signalling pathway in BLCA cells. In
mechanism, LINC00467 overexpression significantly upregulated NF-
kb-p65 and p-NF-kb-p65, reduced the binding of IkBa to NF-kb-p65 to
dissociate IkBa from the NF-kb-p65/ IkBa complex, and induce the
translocation of NF-kb-p65 to the nucleus. These events activated the
NF-kB signalling pathway and promoted proliferation, migration and
invasion of T24 and RT4 BLCA cell lines. Silencing LINC00467 had the
contrary influence. In vivo experiments were accomplished using nude
mice and the results pointed out that knockdown of LINC00467 not only
caused tumor cells to grow slower and smaller but also decreased the
expression of NF-kb-p65 in tumor tissue. Overexpressing LINC00467
indicated the opposite effect in mouse models [78].

Cervical cancer
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The fourth most prevalent cancer in women is cervical cancer (CC)
[79]. Li et al. aimed to identify the functional role, molecular mecha-
nism and tumorigenic capability of LINC0O0467 in cervical cancer.
Lentiviral-mediated LINC00467 silencing suppressed cell proliferation,
migration, invasion and EMT in HeLa cervical cancer cells. Acting as a
ceRNA against miR-107, LINC00467 enhanced the protein level of
kinesin family member 23 (KIF23). Additionally, the knockdown of
LINC00467 led to a decreased level of MMP2 and MMP9 in HeLa cells.
LINCO00467 silencing or miR-107 overexpression could repress tumor
growth in xenograft nude mice [80].

Esophageal squamous cell carcinoma

Esophageal squamous cell carcinoma (ESCC) constitutes about 90%
of esophageal cancer cases [81]. Liu et al. explored the molecular
mechanism of LINC00467 in TE-5 and KYSE510 ESCC cell lines. They
found that LINC00467 upregulation inhibits apoptosis but improves cell
proliferation. Positive regulation of Bcl-2, and reduced protein levels of
Bax, Cleaved Caspase3 and Cleaved Caspase9 were validated under the
influence of LINC00467. With lower expression in ESCC, miR-485-5p
was shown to interact with LINC00467. In addition, miR-485-5P could
directly target and negatively regulate DPAGT1. Overexpression of
DPAGT1 compensated for the consequences of LINC00467 cellular
deficiency on apoptosis and cell proliferation, based on rescue assays.
Finally, silencing LINC00467 attenuated tumor growth in vivo [82].

Prostate cancer

Prostate cancer (PC) is the second most common cancer in men
throughout the world [83]. Silencing LINC00467 by Jiang et al. sup-
pressed the proliferation, migration, invasion and infiltration abilities of
DU145 and 22RV1 PC cell lines and contributed to the cell cycle arrest
through congesting cells in GO/G1 and decreasing cell count in S and
G2/M phases. Knockdown of LINC00467 decreased M2 macrophage
polarization to inhibit PC cell migration. Bioinformatics analysis and
rescue experiments manifested that LINC00467 acts as an oncogene in
PC via the miR-494-3p/STAT3 regulatory axis. Overexpressing
LINC00467 negatively regulated the expression of miR-494-3p and
elevated the protein level of total STAT3 and phosphorylated STAT3 (p-
STAT3) to activate the STAT3 pathway. Moreover, upregulated
LINC00467 could induce EMT by inhibiting E-cadherin, and positively
regulating Vimentin and N-cadherin in PC cells. For in vivo analysis,
DU145 cells with knocked-down LINC00467 were transplanted subcu-
taneously into nude mice. The observations confirmed the in vitro results
as it inhibited tumor growth and cell proliferation, elevated the level of
miR-494-3p and decreased STAT3 protein level [84].

Testicular germ cell tumor

Although testicular germ cell tumors (TGCTs) are rare in the popu-
lation, they are considered the most common tumors in adolescents and
young men [85]. Bo et al. evaluated the function of LINC00467 in Tcam-
2 for seminoma type and NCCIT for non-seminoma type TGCT cells.
Silencing LINC00467 prohibited migration and invasion in both cell
lines. Measuring the expression level of AKT and AKT3 demonstrated
that the mechanism of LINC00467 in TGCT is related to the AKT sig-
nalling pathway, as upregulating LINC0O0467 enhanced AKT phosphor-
ylation and reduced expression of AKT3 was detected in LINC00467-
silenced NCCIT cells. Analyzing TCGA data exhibited that LINC00467
plays an inhibitory role in the infiltration of neutrophils, macrophages, B
cells, dendritic cells, and CD4" T cells in the tumor microenvironment
and causes resistance to anti-PD-1 tumor immunotherapy. Furthermore,
the positive correlation of LINC00467 with TNFSF4, TNFRSF9, CD70,
and CD200, and its negative correlation with CD274, CTLA4, and CD40
were revealed [86].
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6. LINC00467, other onco-lncRNAs and signalling pathways

Signal transduction is a key factor in a variety of cellular processes
such as carcinogenesis. Increasing evidence illustrates the IncRNA-
pathway interplay in various malignant conditions. As mentioned in
the previous sections, the oncogenicity of LINC00467 accompanies the
regulation of some cell signalling pathways including AKT, NF-kB,
STAT3 and Wnt/B-catenin. Therewithal, STAT1 acts as an upstream
transducer to upregulate LINC00467 and launch its tumor-promoting
functions.

AKT or protein kinase B (PKB), a serine/threonine kinase, acts as a
central mediator of multiple cascade pathways like phosphoinositide 3-
kinase (PI3K) and it is dysregulated in cancers with a high frequency
[87]. Triggered by tyrosine kinases or other types of receptors, PI3K
converts PIP2 to PIP3 which leads to membrane recruitment and suc-
cedent phosphorylation and activation of AKT [88]. The downstream
targets of activated AKT participate in the modulation of cell survival,
glucose metabolism, autophagy, angiogenesis, proliferation and migra-
tion [89]. LINC00467 deregulation triggers the AKT signalling pathway
via upregulating AKT, phosphorylated AKT and phosphorylated mTOR
in HCC, NSCLC and TGCT. Several carcinogenic IncRNAs have been
identified to activate the PI3BK/AKT pathway with some mechanistic
differences. HOXA-AS2 increases phosphorylation of PI3K and AKT in
AML, HCP5 upregulates PDK1 (a membrane kinase which phosphory-
lates AKT) via sponging miR-216a-3p in esophageal carcinoma, and
CASC11 downregulates phosphatase and tensin homolog (PTEN, the
negative regulator of the PI3K/AKT signalling) through binding with
EZH2 in HCC [90-93].

Nuclear factor-kappa B (NF-kB) is a pro-inflammatory transcription
factor involved in immune responses, cell death, proliferation and dif-
ferentiation. NF-xB subunits include NF-kB1 (p105/p50), NF-xB2
(p100/p52), c-Rel, RelA (p65), and RelB [94]. The inhibitors of kB (IkBs)
repress NF-kB stimulation. A stimulus, e.g. a cytokine, triggers the IkB
kinase (IKK) complex to phosphorylate IkB at serine residue and sub-
sequently, p50/65 heterodimer translocates to the nucleus as the tran-
scription factor of the canonical NF-kB signalling [95]. Constitutive
activation of the NF-xB pathway induces the hallmarks of tumorigenesis
[96]. Upregulating RelA and phosphorylated RelA, attenuating binding
of IxkBu to RelA, as well as inducing translocation of RelA to the nucleus
are the known mechanisms exploited by LINC00467 to activate the NF-
kB pathway in BLCA cells. In comparison, IncRNA TUG1 induces RelA
and negatively affects IkBa expression to promote the NF-kB route in
pituitary adenoma [97]. LOXL1-AS1 launches NF-kB signalling by sup-
pression of miR-708-5p via recruiting EZH2 to its promoter in BC cells
[98]. Therewithal, IncRNA CamK-A induces phosphorylation of IkBa by
upregulating PNCK (a Ca®"/calmodulin-dependent kinase) leading to
NF-kB activation [99].

STAT3 oncoprotein belongs to the signal transducer and activator of
transcription (STAT) seven-member family with critical roles in cell
survival, proliferation, invasion, immune response and angiogenesis
[100,101]. In the canonical STAT3 pathway, binding of a ligand (hor-
mone, cytokine or growth factor) to the cell surface receptor activates
STAT3 through phosphorylation by Janus kinase (JAK) and hetero- or
homo-dimerization, followed by translocation into the nucleus and
affecting the target genes [102]. LINC00467 increases the protein levels
of STAT3 and phosphorylated STAT3 in GC and PC cells, thereby actu-
ating the pertaining pathway. In addition to elevating STAT3 and p-
STATS3 protein levels, IncRNA KCNQ1OT1 positively regulates JAK2 and
phosphorylated JAK2 in small cell lung cancer [103]. Interacting with
STAT3 in the nucleus of GC cells, PVT1 inhibits polyubiquitination and
proteasome-dependent degradation of STAT3 to elevate its stability
[104]. Furthermore, BHLHE40-AS1 binds to interleukin enhancer-
binding factor 3 in IL-3 to stimulate IL-6/STAT3 signalling in BC cells
[105].

Embryonic development, normal homeostasis of adult tissues and
cell fate are controlled by Wnt signalling, and dysfunctions of the
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pathway demonstrate a strong connection with different kinds of cancer
[106]. The binding of the Wnt ligand to cell surface receptors initiates
the Wnt/p-catenin (canonical) pathway, and a chain of events separates
B-catenin from the degradation complex and stabilizes it in the cyto-
plasm. Subsequently, accumulated p-catenin is imported to the nucleus
to interact with TCF/LEF transcription factors and transcribe the target
genes, including c-Myc and Cyclin D1 [107]. LINC00467 upregulates
B-catenin, c-Myc and Cyclin D1, and epigenetically silences DKK1 to
operate the Wnt/p-catenin signalling in LUAD. LncTCF7 positively reg-
ulates TCF7 expression and activates the Wnt pathway in CRC [108].
RBM5-AS1 prevents f-catenin degradation and organizes the p-catenin-
TCF4 transcriptional complex in BC [109]. Moreover, SNHG16 launches
the Wnt signalling pathway by the mediation of upregulating nuclear
factor of activated T-cells 5 (NFATS5) in laryngeal squamous cell carci-
noma [110] (Fig. 5).

STAT1 transcription factor is the first discovered member of the
STAT family and is less-studied compared to STAT3. The cytoplasmic
inactive form of STAT1 is phosphorylated by an interferon-stimulated
kinase such as JAK and forms a homo- or hetero-dimer. The activated
STAT1 translocates to the nucleus to regulate its target genes including
IncRNAs and affect cancer cell behavior [111]. STAT1-upregulated
LINC00467 induces the Wnt/B-catenin pathway and LUAD progres-
sion. ZFPM2-AS1 transcriptionally mediated by STAT1 weakens the
inhibition of miR-515-5p on TUSC3 and promotes thyroid cancer cell
growth, migration and invasion [112]. Activated by STAT1, LINC01806
enhances NOTCH2 expression to drive the Notch signalling pathway via
sponging miR-4428, thereby developing cell proliferation, migration,
invasion, and stemness in NSCLC [113]. For another example, STAT1-
overexpressed LINC00504 stabilizes the expression of cytoplasmic pol-
yadenylation element-binding protein 2 (CPEB2) via binding to TATA-
box binding protein associated factor 15 (TAF15) and negatively
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influences the radiosensitivity of BC cells [114] (Fig. 6).
7. Conclusions

LncRNAs have been introduced as novel key players in the regulation
of gene expression and modulation of cancer progression. The structural
dynamics and versatility in interactions have endowed a functional di-
versity with them, comparable to proteins. An increasing number of
studies have revealed the potent oncogenic functions of LINC00467 in a
variety of malignancies. LINC00467 is highly expressed in the majority
of cancer types and exhibits a meaningful association with some clini-
copathological features like advanced clinical stages, pathological
grades and poor survival. Hence, it can be regarded as a potential
prognostic biomarker in cancer. Besides, LINC00467 regulates multiple
miRNAs, proteins (Fig. 7), and signalling pathways including AKT, Wnt/
fB-catenin, NF-xB and STAT3 to promote cancer progression in vitro and
in vivo. Therefore, targeting LINC00467 may be a novel efficient thera-
peutic intervention for improving patient prognosis. However, more
studies are still needed to identify other mechanisms and molecular
interactors of LINC00467, especially upstream pathways, and to com-
plete our delineation of its regulatory network.

Author Contributions

MC designed and organized the study; MC, FN, VH, MP and ZB
performed the study and wrote the manuscript; MMB supervised the
study. All authors critically revised and gave final approval of the
manuscript.

AKT

LINC00467 4
~

p-mTOR
p-AKT
HOXA-AS2
o NG
g signalling pathway
PN
HCP5 miR-216a-3p —{ PDK1
/////
///
CASC11 PTEN |
EZH2
p-catenin
/s
, | oMy
UNcoods? £
N CyelinDL T
N
9\
DKKL
—
nelc? —— Wnt/B-catenin
[ signalling pathway
f B-catenin | —
A | degradtion | — -
RBMS5-AS1 < """" "
T
-
B-catenin TCF4 - =
_—
T -
SNHG16 — | NEATS

Fig. 5. Activation of tumor-promoting cell signalling pathways by deregulated onco-IncRNAs, leading to cancer progression. Arrows and ‘T’-shaped signs indicate

induction and inhibition, respectively.

121



M. Changizian et al. Clinica Chimica Acta 536 (2022) 112-125

'\//\\//}\\\///' LINCOO467 ‘ — :Wnt/B-catenin signallingl

R ZFPM2-AS1 W 7~§n — N
miR-515-5p T

Cancer progression

|
_________ 4

o IV ncaisss| »én — Toasgoing]

miR-4428

TAF15
NP tnconsos. e OO D QDN coesz

Fig. 6. STAT1-mediated upregulation of onco-IncRNAs induces cancer cell progression.

Bo2  AKTS

! p-AKT Tumor-suppressive miRNAs
EZH2 -
miR-485-5
miR-133b ! P Invasion/metastasis-related proteins
EP300
74

miR-107  p-mTOR

miR-27b-3p
p-STAT3
miR-20b-5p miR—509—3p\ \

EMT-associated factors
NF-kb-p65

: Non-target regulatory interactors
miR-1285-3p . /
\\\\ Cycin D1
C-PARP R
- “miR-1225-5p KBa i Stemness markers
DKK1 -
= B“’“’”N Cell cycle controllers

miR-339-3p

G

Signal transduction proteins

Apoptosis-related factors

miR-4779
, Reprimo \ \

miR-485-5p

Targets via miRNA sponging

miR-217

Cyclin A1

. o miR-7978 CDK4 @
IGF2BP3 e . Upstream regulators
\ miR- p
‘ STAT3 . . .
p-NF-kb-p65 . Mitochondrial metabolism
C-Caspase3

Other targets
miR-339

Fig. 7. Pan-cancer regulatory targets and interactors of LINC00467. They have been categorized into 12 functional groups.
Declaration of Competing Interest Data availability

The authors declare that they have no known competing financial No data was used for the research described in the article.
interests or personal relationships that could have appeared to influence

the work reported in this paper. References

[1] E.K. Robinson, S. Covarrubias, S. Carpenter, The how and why of IncRNA
function: An innate immune perspective, Biochim. Biophys. Acta Gene Regul.

122



M. Changizian et al.

[2

—

[3]

[4

=

[5]

(6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Mech. 1863 (4) (2020), 194419, https://doi.org/10.1016/j.
bbagrm.2019.194419.

L. Ulitsky, Interactions between short and long noncoding RNAs, FEBS Lett. 592
(17) (2018) 2874-2883, https://doi.org/10.1002/1873-3468.13085.

J. Jarroux, A. Morillon, M. Pinskaya, History, Discovery, and Classification of
IncRNAs, in: M.R.S. Rao (Ed.), Long Non Coding RNA Biology, Springer
Singapore, Singapore, 2017, pp. 1-46. https://doi.org/10.1007/978-981-10-
5203-3_1.

F.J. Slack, A.M. Chinnaiyan, The role of non-coding RNAs in oncology, Cell 179
(5) (2019) 1033-1055, https://doi.org/10.1016/j.cell.2019.10.017.

Y. Long, X. Wang, D.T. Youmans, T.R. Cech, How do IncRNAs regulate
transcription? Sci Adv 3 (9) (2017) eaao2110, https://doi.org/10.1126/sciadv.
aao2110.

M.M. Balas, A.M. Johnson, Exploring the mechanisms behind long noncoding
RNAs and cancer, Noncoding RNA Res. 3 (3) (2018) 108-117, https://doi.org/
10.1016/j.ncrna.2018.03.001.

F.M. Azad, LL. Polignano, V. Proserpio, S. Oliviero, Long noncoding RNAs in
human stemness and differentiation, Trends Cell Biol. 31 (7) (2021) 542-555,
https://doi.org/10.1016/j.tcb.2021.02.002.

K. Taniue, N. Akimitsu, The functions and unique features of IncRNAs in cancer
development and tumorigenesis, Int. J. Mol. Sci. 22 (2) (2021) 632, https://doi.
org/10.3390/ijms22020632.

M. Aprile, V. Katopodi, E. Leucci, V. Costa, LncRNAs in cancer: From garbage to
junk, Cancers 12 (11) (2020) 3220, https://doi.org/10.3390/cancers12113220.
J.C. de Oliveira, L.C. Oliveira, C. Mathias, G.A. Pedroso, D.S. Lemos, A. Salviano-
Silva, T.S. Jucoski, S.C. Lobo-Alves, E.P. Zambalde, G.A. Cipolla, Long non-coding
RNAs in cancer: another layer of complexity, J. Gene Med. 21 (1) (2019), e3065,
https://doi.org/10.1002/jgm.3065.

W. Tan, B. Liu, S. Qu, G. Liang, W. Luo, C. Gong, MicroRNAs and cancer: Key
paradigms in molecular therapy, Oncol. Lett. 15 (3) (2018) 2735-2742, https://
doi.org/10.3892/01.2017.7638.

C.M. Klinge, Non-coding RNAs: long non-coding RNAs and microRNAs in
endocrine-related cancers, Endocr. Relat. Cancer 25 (4) (2018), https://doi.org/
10.1530/ERC-17-0548. R259-R282.

E. Lopez-Urrutia, L.P. Bustamante Montes, D. Ladrén de Guevara Cervantes, C.
Pérez-Plasencia, A.D. Campos-Parra, Crosstalk between long non-coding RNAs,
micro-RNAs and mRNAs: deciphering molecular mechanisms of master regulators
in cancer, Front. Oncol. 9 (2019) 669. https://doi.org/10.3389/fonc.2019.00669.
J. Yue, Y. Wu, L. Qiu, R. Zhao, M. Jiang, H. Zhang, LncRNAs link cancer stemness
to therapy resistance, Am. J. Cancer Res. 11(4) (2021) 1051. PMC8085841.
J.M. Grixti, D. Ayers, Long noncoding RNAs and their link to cancer, Noncoding
RNA Res. 5 (2) (2020) 77-82, https://doi.org/10.1016/j.ncrna.2020.04.003.

W. Jiang, J. Xia, S. Xie, R. Zou, S. Pan, Z.-W. Wang, Y.G. Assaraf, X. Zhu, Long
non-coding RNAs as a determinant of cancer drug resistance: towards the
overcoming of chemoresistance via modulation of IncRNAs, Drug Resist. Updat.
50 (2020), 100683, https://doi.org/10.1016/j.drup.2020.100683.

Y. Li, S.D. Egranov, L. Yang, C. Lin, Molecular mechanisms of long noncoding
RNAs-mediated cancer metastasis, Genes Chromosom. Cancer 58 (4) (2019)
200-207, https://doi.org/10.1002/gcc.22691.

H. Liu, J. Luo, S. Luan, C. He, Z. Li, Long non-coding RNAs involved in cancer
metabolic reprogramming, Cell. Mol. Life Sci. 76 (3) (2019) 495-504, https://doi.
org/10.1007/s00018-018-2946-1.

X. Hu, AK. Sood, C.V. Dang, L. Zhang, The role of long noncoding RNAs in
cancer: the dark matter matters, Curr. Opin. Genet. Dev. 48 (2018) 8-15, https://
doi.org/10.1016/j.gde.2017.10.004.

D.-H. Bach, S.K. Lee, Long noncoding RNAs in cancer cells, Cancer Lett. 419
(2018) 152-166, https://doi.org/10.1016/j.canlet.2018.01.053.

G. Arun, S.D. Diermeier, D.L. Spector, Therapeutic targeting of long non-coding
RNAs in cancer, Trends Mol. Med. 24 (3) (2018) 257-277, https://doi.org/
10.1016/j.molmed.2018.01.001.

S. Chandra Gupta, Y. Nandan Tripathi, Potential of long non-coding RNAs in
cancer patients: From biomarkers to therapeutic targets, Int. J. Cancer 140 (9)
(2017) 1955-1967. https://doi.org/10.1002/ijc.30546.

S. Mishra, S.S. Verma, V. Rai, N. Awasthee, S. Chava, K.M. Hui, A.P. Kumar, K.
B. Challagundla, G. Sethi, S.C. Gupta, Long non-coding RNAs are emerging targets
of phytochemicals for cancer and other chronic diseases, Cell. Mol. Life Sci. 76
(10) (2019) 1947-1966, https://doi.org/10.1007/s00018-019-03053-0.

J.D. Ransohoff, Y. Wei, P.A. Khavari, The functions and unique features of long
intergenic non-coding RNA, Nat. Rev. Mol. Cell Biol. 19 (3) (2018) 143-157,
https://doi.org/10.1038/nrm.2017.104.

AM. Schmitt, H.Y. Chang, Long noncoding RNAs in cancer pathways, Cancer Cell
29 (4) (2016) 452-463, https://doi.org/10.1016/j.ccell.2016.03.010.

E. Hacisuleyman, L.A. Goff, C. Trapnell, A. Williams, J. Henao-Mejia, L. Sun,

P. McClanahan, D.G. Hendrickson, M. Sauvageau, D.R. Kelley, Topological
organization of multichromosomal regions by the long intergenic noncoding RNA
Firre, Nat. Struct. Mol. Biol. 21 (2) (2014) 198-206, https://doi.org/10.1038/
nsmb.2764.

J. Luo, L. Qu, F. Gao, J. Lin, J. Liu, A. Lin, LncRNAs: Architectural scaffolds or
more potential roles in phase separation, Front. Genet. 12 (2021) 369, https://
doi.org/10.3389/fgene.2021.626234.

P. Zhao, M.-M. Ji, Y. Fang, X. Li, H.-M. Yi, Z.-X. Yan, S. Cheng, P.-P. Xu, A. Janin,
C.-F. Wang, A novel IncRNA TCLIncl promotes peripheral T cell lymphoma
progression through acting as a modular scaffold of HNRNPD and YBX1
complexes, Cell Death Dis. 12 (4) (2021) 1-14, https://doi.org/10.1038/s41419-
021-03594-y.

123

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Clinica Chimica Acta 536 (2022) 112-125

J. Zhang, L. Liu, T. Xu, W. Zhang, J. Li, N. Rao, T.D. Le, Time to infer miRNA
sponge modules, Wiley Interdisciplinary Reviews, RNA 13 (2) (2022), 1686,
https://doi.org/10.1002/wrna.1686.

M. Wu, L.-Z. Yang, L.-L. Chen, Long noncoding RNA and protein abundance in
IncRNPs, RNA 27 (12) (2021) 1427-1440, https://doi.org/10.1261/
rna.078971.121.

S. Napoli, N. Munz, F. Guidetti, F. Bertoni, Enhancer RNAs (eRNAs) in Cancer:
The Jacks of All Trades, Cancers 14 (8) (2022) 1978, https://doi.org/10.3390/
cancers14081978.

T.Y. Hou, W.L. Kraus, Spirits in the material world: enhancer RNAs in
transcriptional regulation, Trends Biochem. Sci. 46 (2) (2021) 138-153, https://
doi.org/10.1016/j.tibs.2020.08.007.

S.Z. Bakhti, S. Latifi-Navid, Non-coding RNA-encoded peptides/proteins in
human cancer: the future for cancer therapy, Curr. Med. Chem. (2022), https://
doi.org/10.2174/0929867328666211111163701.

M. Li, F. Shao, Q. Qian, W. Yu, Z. Zhang, B. Chen, D. Su, Y. Guo, A.-V. Phan, L.-
S. Song, A putative long noncoding RNA-encoded micropeptide maintains cellular
homeostasis in pancreatic f cells, Mol. Ther.-Nucl. Acids 26 (2021) 307-320,
https://doi.org/10.1016/j.0mtn.2021.06.027.

J. Carlevaro-Fita, R. Johnson, Global positioning system: understanding long
noncoding RNAs through subcellular localization, Mol. Cell 73 (5) (2019)
869-883, https://doi.org/10.1016/j.molcel.2019.02.008.

C. Zeng, T. Fukunaga, M. Hamada, Identification and analysis of ribosome-
associated IncRNAs using ribosome profiling data, BMC Genomics 19 (1) (2018)
1-14, https://doi.org/10.1186/s12864-018-4765-z.

H. Rohrer, Linking human sympathoadrenal development and neuroblastoma,
Nat Genet 53 (5) (2021) 593-594, https://doi.org/10.1038/s41588-021-00845-
8.

B. Atmadibrata, P.Y. Liu, N. Sokolowski, L. Zhang, M. Wong, A.E. Tee, G.

M. Marshall, T. Liu, The novel long noncoding RNA 1inc00467 promotes cell
survival but is down-regulated by N-Myc, PLoS ONE 9 (2) (2014), e88112,
https://doi.org/10.1371/journal.pone.0088112.

R.S. Herbst, D. Morgensztern, C. Boshoff, The biology and management of non-
small cell lung cancer, Nature 553 (7689) (2018) 446-454, https://doi.org/
10.1038/nature25183.

Y. Zhu, J. Li, H. Bo, D. He, M. Xiao, L. Xiang, L. Gong, Y. Hu, Y. Zhang, Y. Cheng,
LINC00467 is up-regulated by TDG-mediated acetylation in non-small cell lung
cancer and promotes tumor progression, Oncogene 39 (38) (2020) 6071-6084,
https://doi.org/10.1038/541388-020-01421-w.

T.V. Denisenko, I.N. Budkevich, B. Zhivotovsky, Cell death-based treatment of
lung adenocarcinoma, Cell Death Dis 9 (2) (2018) 1-14, https://doi.org/
10.1038/s41419-017-0063-y.

J. Yang, Y. Liu, X. Mai, S. Lu, L. Jin, X. Tai, STAT1-induced upregulation of
LINC00467 promotes the proliferation migration of lung adenocarcinoma cells by
epigenetically silencing DKK1 to activate Wnt/f-catenin signaling pathway,
Biochem. Biophys. Res. Commun. 514 (1) (2019) 118-126, https://doi.org/
10.1016/j.bbre.2019.04.107.

H. Ding, Y. Luo, K. Hu, P. Liu, M. Xiong, Linc00467 promotes lung
adenocarcinoma proliferation via sponging miR-20b-5p to activate CCND1
expression, Onco Targets Ther. 12 (2019) 6733, https://doi.org/10.2147/0TT.
S$207748.

Y. Chang, L. Yang, LINC00467 promotes cell proliferation and stemness in lung
adenocarcinoma by sponging miR-4779 and miR-7978, J. Cell Biochem. 121
(8-9) (2020) 3691-3699, https://doi.org/10.1002/jcb.29510.

W. Wang, H. Bo, Y. Liang, G. Li, LINC00467 Is Upregulated by DNA Copy Number
Amplification and Hypomethylation and Shows ceRNA Potential in Lung
Adenocarcinoma, Front. Endocrinol. 12 (2021), https://doi.org/10.3389/
fendo.2021.802463.

R.L. Siegel, K.D. Miller, A. Goding Sauer, S.A. Fedewa, L.F. Butterly, J.C.
Anderson, A. Cercek, R.A. Smith, A. Jemal, Colorectal cancer statistics, 2020, CA
Cancer J. Clin. 70(3) (2020) 145-164. https://doi.org/10.3322/caac.21601.

X. He, S. Li, B. Yu, G. Kuang, Y. Wu, M. Zhang, Y. He, C. Ou, P. Cao, Up-regulation
of LINC00467 promotes the tumourigenesis in colorectal cancer, J. Cancer 10
(25) (2019) 6405, https://doi.org/10.7150/jca.32216.

Z. 1i, J. Liu, H. Chen, Y. Zhang, H. Shi, L. Huang, J. Tao, R. Shen, T. Wang,
Ferritin Light Chain (FTL) competes with long noncoding RNA Linc00467 for
miR-133b binding site to regulate chemoresistance and metastasis of colorectal
cancer, Carcinogenesis 41 (4) (2020) 467-477, https://doi.org/10.1093/carcin/
bgz181.

Q. Ge, D. Jia, D. Cen, Y. Qi, C. Shi, J. Li, L. Sang, L.-J. Yang, J. He, A. Lin,
Micropeptide ASAP encoded by LINC00467 promotes colorectal cancer
progression by directly modulating ATP synthase activity, J. Clin. Investig. 131
(22) (2021), https://doi.org/10.1172/JCI152911.

A.M. Molinaro, J.W. Taylor, J.K. Wiencke, M.R. Wrensch, Genetic and molecular
epidemiology of adult diffuse glioma, Nat. Rev. Neurol. 15 (7) (2019) 405-417,
https://doi.org/10.1038/541582-019-0220-2.

S. Gao, H. Duan, D. An, X. Yi, J. Li, C. Liao, Knockdown of long non-coding RNA
LINC00467 inhibits glioma cell progression via modulation of E2F3 targeted by
miR-200a, Cell Cycle 19 (16) (2020) 2040-2053, https://doi.org/10.1080/
15384101.2020.1792127.

X. Jiang, Y. Liu, LINC00467 promotes proliferation and invasion in glioma via
interacting with miRNA-485-5p, Eur. Rev. Med. Pharmacol. Sci. 24 (2) (2020)
766-772. https://doi.org/10.26355/eurrev_202001_20057.

Y. Zhang, X. Jiang, Z. Wu, D. Hu, J. Jia, J. Guo, T. Tang, J. Yao, H. Liu, H. Tang,
Long noncoding RNA LINC00467 promotes glioma progression through


https://doi.org/10.1016/j.bbagrm.2019.194419
https://doi.org/10.1016/j.bbagrm.2019.194419
https://doi.org/10.1002/1873-3468.13085
https://doi.org/10.1016/j.cell.2019.10.017
https://doi.org/10.1126/sciadv.aao2110
https://doi.org/10.1126/sciadv.aao2110
https://doi.org/10.1016/j.ncrna.2018.03.001
https://doi.org/10.1016/j.ncrna.2018.03.001
https://doi.org/10.1016/j.tcb.2021.02.002
https://doi.org/10.3390/ijms22020632
https://doi.org/10.3390/ijms22020632
https://doi.org/10.3390/cancers12113220
https://doi.org/10.1002/jgm.3065
https://doi.org/10.3892/ol.2017.7638
https://doi.org/10.3892/ol.2017.7638
https://doi.org/10.1530/ERC-17-0548
https://doi.org/10.1530/ERC-17-0548
https://doi.org/10.1016/j.ncrna.2020.04.003
https://doi.org/10.1016/j.drup.2020.100683
https://doi.org/10.1002/gcc.22691
https://doi.org/10.1007/s00018-018-2946-1
https://doi.org/10.1007/s00018-018-2946-1
https://doi.org/10.1016/j.gde.2017.10.004
https://doi.org/10.1016/j.gde.2017.10.004
https://doi.org/10.1016/j.canlet.2018.01.053
https://doi.org/10.1016/j.molmed.2018.01.001
https://doi.org/10.1016/j.molmed.2018.01.001
https://doi.org/10.1007/s00018-019-03053-0
https://doi.org/10.1038/nrm.2017.104
https://doi.org/10.1016/j.ccell.2016.03.010
https://doi.org/10.1038/nsmb.2764
https://doi.org/10.1038/nsmb.2764
https://doi.org/10.3389/fgene.2021.626234
https://doi.org/10.3389/fgene.2021.626234
https://doi.org/10.1038/s41419-021-03594-y
https://doi.org/10.1038/s41419-021-03594-y
https://doi.org/10.1002/wrna.1686
https://doi.org/10.1261/rna.078971.121
https://doi.org/10.1261/rna.078971.121
https://doi.org/10.3390/cancers14081978
https://doi.org/10.3390/cancers14081978
https://doi.org/10.1016/j.tibs.2020.08.007
https://doi.org/10.1016/j.tibs.2020.08.007
https://doi.org/10.2174/0929867328666211111163701
https://doi.org/10.2174/0929867328666211111163701
https://doi.org/10.1016/j.omtn.2021.06.027
https://doi.org/10.1016/j.molcel.2019.02.008
https://doi.org/10.1186/s12864-018-4765-z
https://doi.org/10.1038/s41588-021-00845-8
https://doi.org/10.1038/s41588-021-00845-8
https://doi.org/10.1371/journal.pone.0088112
https://doi.org/10.1038/nature25183
https://doi.org/10.1038/nature25183
https://doi.org/10.1038/s41388-020-01421-w
https://doi.org/10.1038/s41419-017-0063-y
https://doi.org/10.1038/s41419-017-0063-y
https://doi.org/10.1016/j.bbrc.2019.04.107
https://doi.org/10.1016/j.bbrc.2019.04.107
https://doi.org/10.2147/OTT.S207748
https://doi.org/10.2147/OTT.S207748
https://doi.org/10.1002/jcb.29510
https://doi.org/10.3389/fendo.2021.802463
https://doi.org/10.3389/fendo.2021.802463
https://doi.org/10.7150/jca.32216
https://doi.org/10.1093/carcin/bgz181
https://doi.org/10.1093/carcin/bgz181
https://doi.org/10.1172/JCI152911
https://doi.org/10.1038/s41582-019-0220-2
https://doi.org/10.1080/15384101.2020.1792127
https://doi.org/10.1080/15384101.2020.1792127
https://doi.org/10.26355/eurrev_202001_20057

M. Changizian et al.

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

inhibiting P53 expression via binding to DNMT1, J. Cancer 11 (10) (2020) 2935,
https://doi.org/10.7150/jca.41942.

R. Liang, Y. Tang, LINC00467 knockdown repressed cell proliferation but
stimulated cell apoptosis in glioblastoma via miR-339-3p/IP6K2 axis, Cancer
Biomark 28 (2) (2020) 169-180, https://doi.org/10.3233/CBM-190939.

Y. Zhang, Y. Zhang, S. Wang, B. Cao, D. Hu, J. Jia, Y. Wang, L. Chen, J. Li, H. Liu,
LINC00467 facilitates the proliferation, migration and invasion of glioma via
promoting the expression of inositol hexakisphosphate kinase 2 by binding to
miR-339-3p, Bioengineered 13 (2) (2022) 3370-3382, https://doi.org/10.1080/
21655979.2021.2018098.

AM. Czarnecka, K. Synoradzki, W. Firlej, E. Bartnik, P. Sobczuk, M. Fiedorowicz,
P. Grieb, P. Rutkowski, Molecular biology of osteosarcoma, Cancers 12 (8) (2020)
2130, https://doi.org/10.3390/cancers12082130.

J. Yan, T. Fang, M. Zhang, Q. Zhou, LINC00467 facilitates osteosarcoma
progression by sponging miR-217 to regulate KPNA4 expression, Int. J. Mol. Med.
47(3) (2021) 1-1. https://doi.org/10.3892/ijmm.2021.4859.

H. Ma, J. Wang, J. Shi, W. Zhang, D. Zhou, LncRNA LINC00467 contributes to
osteosarcoma growth and metastasis through regulating HMGA1 by directly
targeting miR-217, Eur. Rev. Med. Pharmacol. Sci. 24 (11) (2020) 5933-5945.
https://doi.org/10.26355/eurrev_202006_21486.

J.D. Yang, P. Hainaut, G.J. Gores, A. Amadou, A. Plymoth, L.R. Roberts, A global
view of hepatocellular carcinoma: trends, risk, prevention and management, Nat.
Rev. Gastroenterol. Hepatol. 16 (10) (2019) 589-604, https://doi.org/10.1038/
541575-019-0186-y.

W. Li, Y. He, W. Chen, W. Man, Q. Fu, H. Tan, H. Guo, J. Zhou, P. Yang,
Knockdown of LINC00467 contributed to Axitinib sensitivity in hepatocellular
carcinoma through miR-509-3p/PDGFRA axis, Gene Ther. (2020) 1-12, https://
doi.org/10.1038/s41434-020-0137-9.

H. Wang, Q. Guo, K.P.B. Nampoukime, P. Yang, K. Ma, Long non-coding RNA
LINCO00467 drives hepatocellular carcinoma progression via inhibiting NR4A3,
J. Cell Mol. Med. 24 (7) (2020) 3822-3836, https://doi.org/10.1111/
jemm.14942.

W. Jiang, X. Cheng, T. Wang, X. Song, Y. Zheng, L. Wang, LINC00467 promotes
cell proliferation and metastasis by binding with IGF2BP3 to enhance the mRNA
stability of TRAF5 in hepatocellular carcinoma, J. Gene Med. 22 (3) (2020),
e3134, https://doi.org/10.1002/jgm.3134.

Y. Zheng, P. Nie, S. Xu, Long noncoding RNA linc00467 plays an oncogenic role
in hepatocellular carcinoma by regulating the miR-18a-5p/NEDD9 axis, J. Cell
Biochem. 121 (5-6) (2020) 3135-3144, https://doi.org/10.1002/jcb.29581.

K. Cai, T. Li, L. Guo, H. Guo, W. Zhu, L. Yan, F. Li, Long non-coding RNA
LINC00467 regulates hepatocellular carcinoma progression by modulating miR-
9-5p/PPARA expression, Open Biol. 9 (9) (2019), 190074, https://doi.org/
10.1098/rsob.190074.

D.E. Johnson, B. Burtness, C.R. Leemans, V.W.Y. Lui, J.E. Bauman, J.R. Grandis,
Head and neck squamous cell carcinoma, Nat. Rev. Dis. Primers. 6 (1) (2020)
1-22, https://doi.org/10.1038/s41572-020-00224-3.

Y. Liang, G. Cheng, D. Huang, F. Yuan, Linc00467 promotes invasion and inhibits
apoptosis of head and neck squamous cell carcinoma by regulating miR-1285-3p/
TFAP2A, Am. J. Transl. Res. 13(6) (2021) 6248. PMC8290750.

D.E. Johnson, B. Burtness, C.R. Leemans, V.W.Y. Lui, J.E. Bauman, J.R. Grandis,
LINC00467 enhances head and neck squamous cell carcinoma progression and
the epithelial-mesenchymal transition process via miR-299-5p/ubiquitin specific
protease-48 axis, J. Gene Med. 6 (1) (2020), 3184, https://doi.org/10.1002/
jgm.3184.

S.S. Joshi, B.D. Badgwell, Current treatment and recent progress in gastric cancer,
CA Cancer J. Clin. 71 (3) (2021) 264-279, https://doi.org/10.3322/caac.21657.
L. Xu, C. Liu, Z. Ye, C. Wy, Y. Ding, J. Huang, Overexpressed LINC00467
promotes the viability and proliferation yet inhibits apoptosis of gastric cancer
cells via raising ITGB3 level, Tissue Cell 73 (2021), 101644, https://doi.org/
10.1016/j.tice.2021.101644.

L.-H. Deng, H. Zhao, L.-P. Bai, J. Xie, K. Liu, F. Yan, Linc00467 promotion of
gastric cancer development by directly regulating miR-7-5p expression and
downstream epidermal growth factor receptor, Bioengineered 12 (2) (2021)
9484-9495, https://doi.org/10.1080/21655979.2021.1996014.

M. Lu, D. Liu, Y. Li, Long intergenic non-protein coding RNA 467 inhibition
elevates microRNA-27b-3p to repress malignant behaviors of gastric cancer cells
via reducing STAT3, Cell Death Discov. 8 (1) (2022) 1-8, https://doi.org/
10.1038/541420-022-00875-z.

Y. Wu, J. Du, Downregulated Reprimo by LINC00467 participates in the growth
and metastasis of gastric cancer, Bioengineered 13 (5) (2022) 11893-11906,
https://doi.org/10.1080/21655979.2022.2063662.

R.M. Shallis, R. Wang, A. Davidoff, X. Ma, A.M. Zeidan, Epidemiology of acute
myeloid leukemia: recent progress and enduring challenges, Blood Rev. 36 (2019)
70-87, https://doi.org/10.1016/j.blre.2019.04.005.

J. Lu, X. Wu, L. Wang, T. Li, L. Sun, Long noncoding RNA LINC00467 facilitates
the progression of acute myeloid leukemia by targeting the miR-339/SKI
pathway, Leuk Lymphoma 62 (2) (2020) 428-437, https://doi.org/10.1080/
10428194.2020.1832667.

Y.-S. Sun, Z. Zhao, Z.-N. Yang, F. Xu, H.-J. Lu, Z.-Y. Zhu, W. Shi, J. Jiang, P.-
P. Yao, H.-P. Zhu, Risk factors and preventions of breast cancer, Int. J. Biol. Sci.
13 (11) (2017) 1387, https://doi.org/10.7150/ijbs.21635.

Y. Zhang, Y. Sun, L. Ding, W. Shi, K. Ding, Y. Zhu, Long Non-Coding RNA
LINC00467 Correlates to Poor Prognosis and Aggressiveness of Breast Cancer,
Front. Oncol. 11 (2021), https://doi.org/10.3389/fonc.2021.643394,

124

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

Clinica Chimica Acta 536 (2022) 112-125

K. Saginala, A. Barsouk, J.S. Aluru, P. Rawla, S.A. Padala, A. Barsouk,
Epidemiology of bladder cancer, Med. Sci. 8 (1) (2020) 15, https://doi.org/
10.3390/medsci8010015.

J. Xiao, L. Gong, M. Xiao, D. He, L. Xiang, Z. Wang, Y. Cheng, L. Deng, K. Cao,
LINC00467 Promotes Tumor Progression via Regulation of the NF-kb Signal Axis
in Bladder Cancer, Front. Oncol. 11 (2021) 1958, https://doi.org/10.3389/
fonc.2021.652206.

M. Arbyn, E. Weiderpass, L. Bruni, S. de Sanjosé, M. Saraiya, J. Ferlay, F. Bray,
Estimates of incidence and mortality of cervical cancer in 2018: a worldwide
analysis, Lancet Glob. Health 8 (2) (2020) e191-e203, https://doi.org/10.1016/
$2214-109X(19)30482-6.

G.-C. Li, L. Xin, Y.-S. Wang, Y. Chen, Long intervening noncoding 00467 RNA
contributes to tumorigenesis by acting as a competing endogenous RNA against
miR-107 in cervical cancer cells, Am. J. Pathol. 189 (11) (2019) 2293-2310,
https://doi.org/10.1016/j.ajpath.2019.07.012.

C.C. Abnet, M. Arnold, W.-Q. Wei, Epidemiology of esophageal squamous cell
carcinoma, Gastroenterology 154 (2) (2018) 360-373, https://doi.org/10.1053/
j.gastro.2017.08.023.

Z. Liu, S. Yang, X. Chen, S. Dong, S. Zhou, S. Xu, LncRNA LINC00467 acted as an
oncogene in esophageal squamous cell carcinoma by accelerating cell
proliferation and preventing cell apoptosis via the miR-485-5p/DPAGT1 axis,

J. Gastroenterol. Hepatol. 36 (3) (2020) 721-730, https://doi.org/10.1111/
jgh.15201.

P. Rawla, Epidemiology of prostate cancer, World J. Oncol. 10 (2) (2019) 63. http
s://doi.org/10.14740/wjon1191.

H. Jiang, W. Deng, K. Zhu, Z. Zeng, B. Hu, Z. Zhou, A. Xie, C. Zhang, B. Fu,

X. Zhou, LINC00467 Promotes Prostate Cancer Progression via M2 Macrophage
Polarization and the miR-494-3p/STAT3 Axis, Front. Oncol. 11 (2021) 1688,
https://doi.org/10.3389/fonc.2021.661431.

A. Batool, N. Karimi, X.-N. Wu, S.-R. Chen, Y.-X. Liu, Testicular germ cell tumor: a
comprehensive review, Cell. Mol. Life Sci. 76 (9) (2019) 1713-1727, https://doi.
org/10.1007/5s00018-019-03022-7.

H. Bo, F. Zhu, Z. Liu, Q. Deng, G. Liu, R. Li, W. Zhu, Y. Tan, G. Liu, J. Fan,
Integrated analysis of high-throughput sequencing data reveals the key role of
LINC00467 in the invasion and metastasis of testicular germ cell tumors, Cell
Death Discov. 7 (1) (2021) 1-12, https://doi.org/10.1038/s41420-021-00588-9.
S.E. Degan, I.H. Gelman, Emerging roles for AKT isoform preference in cancer
progression pathways, Mol. Cancer Res. 19 (8) (2021) 1251-1257, https://doi.
org/10.1158/1541-7786.MCR-20-1066.

E.E. Stratikopoulos, R.E. Parsons, Molecular pathways: targeting the PI3K
pathway in cancer—BET inhibitors to the rescue, Clin. Cancer Res. 22 (11) (2016)
2605-2610, https://doi.org/10.1158/1078-0432.CCR-15-2389.

S. Revathidevi, A.K. Munirajan, Akt in cancer: mediator and more, Seminars in
cancer biology, Elsevier (2019) 80-91.

S. Ghafouri-Fard, A. Abak, F.T. Anamag, H. Shoorei, J. Majidpoor, M. Taheri, The
emerging role of non-coding RNAs in the regulation of PI3K/AKT pathway in the
carcinogenesis process, Biomed. Pharmacother. 137 (2021), 111279, https://doi.
org/10.1016/j.biopha.2021.111279.

Y. Qu, Y. Wang, P. Wang, N. Lin, X. Yan, Y. Li, Overexpression of long noncoding
RNA HOXA-AS2 predicts an adverse prognosis and promotes tumorigenesis via
SOX4/PI3K/AKT pathway in acute myeloid leukemia, Cell Biol. Int. 44 (8) (2020)
1745-1759, https://doi.org/10.1002/cbin.11370.

Y. Guo, L. Wang, H. Yang, N. Ding, Knockdown long non-coding RNA HCP5
enhances the radiosensitivity of esophageal carcinoma by modulating AKT
signaling activation, Bioengineered 13 (1) (2022) 884-893, https://doi.org/
10.1080/21655979.2021.2014386.

Y. Han, M. Chen, A. Wang, X. Fan, STAT3-induced upregulation of IncRNA
CASC11 promotes the cell migration, invasion and epithelial-mesenchymal
transition in hepatocellular carcinoma by epigenetically silencing PTEN and
activating PI3BK/AKT signaling pathway, Biochem. Biophys. Res. Commun. 508
(2) (2019) 472-479, https://doi.org/10.1016/j.bbrc.2018.11.092.

S. Mirzaei, A. Zarrabi, F. Hashemi, A. Zabolian, H. Saleki, A. Ranjbar, S.H.S.
Saleh, M. Bagherian, S. omid Sharifzadeh, K. Hushmandi, Regulation of Nuclear
Factor-KappaB (NF-kB) signaling pathway by non-coding RNAs in cancer:
Inhibiting or promoting carcinogenesis?, Cancer Lett. 509 (2021) 63-80. https://
doi.org/10.1016/j.canlet.2021.03.025.

Q. Zhang, M.J. Lenardo, D. Baltimore, 30 years of NF-kB: a blossoming of
relevance to human pathobiology, Cell 168 (1-2) (2017) 37-57, https://doi.org/
10.1016/j.cell.2016.12.012.

S.C. Gupta, N. Awasthee, V. Rai, S. Chava, V. Gunda, K.B. Challagundla, Long
non-coding RNAs and nuclear factor-kB crosstalk in cancer and other human
diseases, Biochimica et Biophysica Acta (BBA)-Reviews on, Cancer 1873 (1)
(2020), 188316, https://doi.org/10.1016/j.bbcan.2019.188316.

R. Zhang, F. Yang, H. Fan, H. Wang, Q. Wang, J. Yang, T. Song, Long non-coding
RNA TUG1/microRNA-187-3p/TESC axis modulates progression of pituitary
adenoma via regulating the NF-kB signaling pathway, Cell Death Dis. 12 (6)
(2021) 1-12, https://doi.org/10.1038/5s41419-021-03812-7.

H.-T. Dong, Q. Liu, T. Zhao, F. Yao, Y. Xu, B. Chen, Y. Wu, X. Zheng, F. Jin, J. Li,
Long non-coding RNA LOXL1-AS1 drives breast cancer invasion and metastasis by
antagonizing miR-708-5p expression and activity, Mol. Ther.-Nucl. Acids 19
(2020) 696-705, https://doi.org/10.1016/j.omtn.2019.12.016.

L.-j. Sang, H.-q. Ju, G.-p. Liu, T. Tian, G.-1. Ma, Y.-x. Lu, Z.-x. Liu, R.-l. Pan, R.-h.
Li, H.-l. Piao, LncRNA CamK-A regulates Ca2+-signaling-mediated tumor
microenvironment remodeling, Mol. cell 72(1) (2018) 71-83. e7. https://doi.org/
10.1016/j.molcel.2018.08.014.


https://doi.org/10.7150/jca.41942
https://doi.org/10.3233/CBM-190939
https://doi.org/10.1080/21655979.2021.2018098
https://doi.org/10.1080/21655979.2021.2018098
https://doi.org/10.3390/cancers12082130
https://doi.org/10.26355/eurrev_202006_21486
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1038/s41575-019-0186-y
https://doi.org/10.1038/s41434-020-0137-9
https://doi.org/10.1038/s41434-020-0137-9
https://doi.org/10.1111/jcmm.14942
https://doi.org/10.1111/jcmm.14942
https://doi.org/10.1002/jgm.3134
https://doi.org/10.1002/jcb.29581
https://doi.org/10.1098/rsob.190074
https://doi.org/10.1098/rsob.190074
https://doi.org/10.1038/s41572-020-00224-3
https://doi.org/10.1002/jgm.3184
https://doi.org/10.1002/jgm.3184
https://doi.org/10.3322/caac.21657
https://doi.org/10.1016/j.tice.2021.101644
https://doi.org/10.1016/j.tice.2021.101644
https://doi.org/10.1080/21655979.2021.1996014
https://doi.org/10.1038/s41420-022-00875-z
https://doi.org/10.1038/s41420-022-00875-z
https://doi.org/10.1080/21655979.2022.2063662
https://doi.org/10.1016/j.blre.2019.04.005
https://doi.org/10.1080/10428194.2020.1832667
https://doi.org/10.1080/10428194.2020.1832667
https://doi.org/10.7150/ijbs.21635
https://doi.org/10.3389/fonc.2021.643394
https://doi.org/10.3390/medsci8010015
https://doi.org/10.3390/medsci8010015
https://doi.org/10.3389/fonc.2021.652206
https://doi.org/10.3389/fonc.2021.652206
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.1016/S2214-109X(19)30482-6
https://doi.org/10.1016/j.ajpath.2019.07.012
https://doi.org/10.1053/j.gastro.2017.08.023
https://doi.org/10.1053/j.gastro.2017.08.023
https://doi.org/10.1111/jgh.15201
https://doi.org/10.1111/jgh.15201
https://doi.org/10.14740/wjon1191
https://doi.org/10.14740/wjon1191
https://doi.org/10.3389/fonc.2021.661431
https://doi.org/10.1007/s00018-019-03022-7
https://doi.org/10.1007/s00018-019-03022-7
https://doi.org/10.1038/s41420-021-00588-9
https://doi.org/10.1158/1541-7786.MCR-20-1066
https://doi.org/10.1158/1541-7786.MCR-20-1066
https://doi.org/10.1158/1078-0432.CCR-15-2389
http://refhub.elsevier.com/S0009-8981(22)01302-X/h0445
http://refhub.elsevier.com/S0009-8981(22)01302-X/h0445
https://doi.org/10.1016/j.biopha.2021.111279
https://doi.org/10.1016/j.biopha.2021.111279
https://doi.org/10.1002/cbin.11370
https://doi.org/10.1080/21655979.2021.2014386
https://doi.org/10.1080/21655979.2021.2014386
https://doi.org/10.1016/j.bbrc.2018.11.092
https://doi.org/10.1016/j.cell.2016.12.012
https://doi.org/10.1016/j.cell.2016.12.012
https://doi.org/10.1016/j.bbcan.2019.188316
https://doi.org/10.1038/s41419-021-03812-7
https://doi.org/10.1016/j.omtn.2019.12.016

M. Changizian et al.

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

M. Ashrafizadeh, M.H. Gholami, S. Mirzaei, A. Zabolian, A. Haddadi, M.

V. Farahani, S.H. Kashani, K. Hushmandi, M. Najafi, A. Zarrabi, Dual relationship
between long non-coding RNAs and STAT3 signaling in different cancers: New
insight to proliferation and metastasis, Life Sci. 270 (2021), 119006, https://doi.
org/10.1016/j.1fs.2020.119006.

Y.-T.-K. Lau, M. Ramaiyer, D.E. Johnson, J.R. Grandis, Targeting STAT3 in cancer
with nucleotide therapeutics, Cancers 11 (11) (2019) 1681, https://doi.org/
10.3390/cancers11111681.

A.C. Guanizo, C.D. Fernando, D.J. Garama, D.J. Gough, STAT3: a multifaceted
oncoprotein, Growth Factors 36 (1-2) (2018) 1-14, https://doi.org/10.1080/
08977194.2018.1473393.

Y. Zhu, Y. Shen, R. Chen, H. Li, Y. Wu, F. Zhang, W. Huang, L. Guo, Q. Chen,
H. Liu, KCNQ1OT1 IncRNA affects the proliferation, apoptosis, and
chemoresistance of small cell lung cancer cells via the JAK2/STAT3 axis, Ann.
Transl. Med. 9 (10) (2021). https://doi.org/10.21037 /atm-21-1761.

J. Zhao, P. Dy, P. Cui, Y. Qin, C.e. Hu, J. Wu, Z. Zhou, W. Zhang, L. Qin, G. Huang,
LncRNA PVT1 promotes angiogenesis via activating the STAT3/VEGFA axis in
gastric cancer, Oncogene 37(30) (2018) 4094-4109. https://doi.org/10.1038/
541388-018-0250-z.

R.S. DeVaux, A.S. Ropri, S.L. Grimm, P.A. Hall, E.O. Herrera, S.V. Chittur, W.
P. Smith, C. Coarfa, F. Behbod, J.I. Herschkowitz, Long noncoding RNA
BHLHE40-AS1 promotes early breast cancer progression through modulating IL-
6/STAT3 signaling, J. Cell Biochem. 121 (7) (2020) 3465-3478, https://doi.org/
10.1002/jcb.29621.

G. Yang, T. Shen, X. Yi, Z. Zhang, C. Tang, L. Wang, Y. Zhou, W. Zhou, Crosstalk
between Long Non-coding RNAs and Wnt/f-catenin Signalling in Cancer, J. Cell
Mol. Med. 22 (4) (2018) 2062-2070, https://doi.org/10.1111/jcmm.13522.

R. Nusse, H. Clevers, Wnt/p-catenin signaling, disease, and emerging therapeutic
modalities, Cell 169 (6) (2017) 985-999, https://doi.org/10.1016/j.
cell.2017.05.016.

125

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Clinica Chimica Acta 536 (2022) 112-125

T. Li, J. Zhu, X. Wang, G. Chen, L. Sun, S. Zuo, J. Zhang, S. Chen, J. Ma, Z. Yao,
Long non-coding RNA IncTCF7 activates the Wnt/p-catenin pathway to promote
metastasis and invasion in colorectal cancer, Oncol. Lett. 14 (6) (2017)
7384-7390, https://doi.org/10.3892/01.2017.7154.

X. Li, J. Yang, R. Ni, J. Chen, Y. Zhou, H. Song, L. Jin, Y. Pan, Hypoxia-induced
IncRNA RBM5-AS1 promotes tumorigenesis via activating Wnt/f-catenin
signaling in breast cancer, Cell Death Dis. 13 (2) (2022) 1-14, https://doi.org/
10.1038/541419-022-04536-y.

L. Wan, D. Gu, P. Li, LncRNA SNHG16 promotes proliferation and migration in
laryngeal squamous cell carcinoma via the miR-140-5p/NFAT5/Wnt/p-catenin
pathway axis, Pathol.-Res. Pract. 229 (2022), 153727, https://doi.org/10.1016/j.
prp.2021.153727.

X. Li, F. Wang, X. Xu, J. Zhang, G. Xu, The dual role of STAT1 in ovarian cancer:
insight into molecular mechanisms and application potentials, Front. Cell Dev.
Biol. 9 (2021), 636595, https://doi.org/10.3389/fcell.2021.636595.

R. Ren, Y. Du, X. Niu, R. Zang, ZFPM2-AS1 transcriptionally mediated by STAT1
regulates thyroid cancer cell growth, migration and invasion via miR-515-5p/
TUSC3, J. Cancer 12 (11) (2021) 3393, https://doi.org/10.7150/jca.51437.

S. Huang, S. Liang, J. Huang, P. Luo, D. Mo, H. Wang, LINC01806 mediated by
STAT1 promotes cell proliferation, migration, invasion, and stemness in non-
small cell lung cancer through Notch signaling by miR-4428/NOTCH2 axis,
Cancer Cell Int. 22 (1) (2022) 1-15, https://doi.org/10.1186/512935-022-02560-
8.

J. Feng, Y. Li, L. Zhu, Q. Zhao, D. Li, Y. Li, T. Wu, STAT1 mediated long non-
coding RNA LINC00504 influences radio-sensitivity of breast cancer via binding
to TAF15 and stabilizing CPEB2 expression, Cancer Biol. Ther. 22 (10-12) (2021)
630-639, https://doi.org/10.1080/15384047.2021.1964320.


https://doi.org/10.1016/j.lfs.2020.119006
https://doi.org/10.1016/j.lfs.2020.119006
https://doi.org/10.3390/cancers11111681
https://doi.org/10.3390/cancers11111681
https://doi.org/10.1080/08977194.2018.1473393
https://doi.org/10.1080/08977194.2018.1473393
https://doi.org/10.21037/atm-21-1761
https://doi.org/10.1002/jcb.29621
https://doi.org/10.1002/jcb.29621
https://doi.org/10.1111/jcmm.13522
https://doi.org/10.1016/j.cell.2017.05.016
https://doi.org/10.1016/j.cell.2017.05.016
https://doi.org/10.3892/ol.2017.7154
https://doi.org/10.1038/s41419-022-04536-y
https://doi.org/10.1038/s41419-022-04536-y
https://doi.org/10.1016/j.prp.2021.153727
https://doi.org/10.1016/j.prp.2021.153727
https://doi.org/10.3389/fcell.2021.636595
https://doi.org/10.7150/jca.51437
https://doi.org/10.1186/s12935-022-02560-8
https://doi.org/10.1186/s12935-022-02560-8
https://doi.org/10.1080/15384047.2021.1964320

	LINC00467: A key oncogenic long non-coding RNA
	1 Introduction
	2 Considerable features of long intergenic ncRNAs (lincRNAs)
	3 Expression pattern and clinical potential of LINC00467 in cancers
	4 Subcellular localization of LINC00467
	5 Functions and molecular mechanisms of LINC00467
	5.1 Neuroblastoma
	5.2 Non-small cell lung cancer
	5.3 Lung adenocarcinoma
	5.4 Colorectal cancer
	5.5 Glioma
	5.6 Osteosarcoma
	5.7 Hepatocellular carcinoma
	5.8 Head and neck squamous cell carcinoma
	5.9 Gastric cancer
	5.10 Other types of cancer

	6 LINC00467, other onco-lncRNAs and signalling pathways
	7 Conclusions
	Author Contributions
	Declaration of Competing Interest
	Data availability
	References


