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ARTICLE INFO ABSTRACT

Keywords: Long intergenic non-protein coding RNA 472 (LINC00472) has been shown to regulate diverse cellular functions
LINCO0472 and contribute to the etiology of human disorders. LINCO0472 gene is located on 6q13 and has different alter-
LncRNA natively spliced transcripts. Expression pattern and function of LINC00472 have been evaluated in different types
Cancer . . . . .. PR .

Biomarker of cancers and some other disorders, including atherosclerosis, sepsis-induced acute hepatic injury, atrial

fibrillation, neuropathic pain, primary biliary cholangitis and sepsis-induced cardiac dysfunction. This lincRNA
can serve as a sponge for miR-24-3p, miR-196b-5p, miR-23a-3p, miR-93-5p, miR-4311, miR-455-3p and a
number of other miRNAs. LINC00472 is able to regulate several pathways, including MEK/ERK, NF-kB, PTEN/
PI3K/AKT, and STAT3 signaling pathways. This raises some concerning aspects that need to be investigated
further and clarified in relation to diseases. Increasing our understanding of LINC00472’s crucial roles will open
new doors for creating effective therapeutic approaches against cancer and related diseases. The current study

aims at providing an overview of functions of LINC00472 in malignant and non-malignant disorders.

1. Introduction

Long non-coding RNAs (IncRNAs) include a group of diverse tran-
scripts with sizes ranging from 200 nt to hundreds of kb. These tran-
scripts do not encode proteins [14]. LncRNAs are present in a large
variety of species, from animals [2] to viruses [21]. However, compared
with other types of RNAs, IncRNAs are not conserved among different
species [18]. LncRNAs have usually low level of expression [6].
Although they look like transcriptional noise due to low level of
expression, they exert fundamental roles in the regulation of gene
expression. LncRNAs that are transcribed from intergenic regions are
classified as intergenic IncRNAs and are possibly different from intronic
IncRNAs in terms of regulatory mechanisms for transcriptional activa-
tion mechanisms and subcellular locations. In fact, long intergenic
non-coding RNAs (lincRNAs) can act as cis or trans regulatory

transcripts. They can also regulate translation, splicing or other
post-transcriptional mechanisms in cancers and other diseases [20].
LINCO00472 is an example of lincRNAs whose role in the regulation of
cellular functions and etiology of human disorders is being elucidated in
recent years. LINCO0472 gene is located on 6q13 and has 4 exons. It has
at least 15 transcripts with sizes ranging from 300 bp (LINC00472-208)
to 9515 bp (LINC00472-209). Expression pattern and function of
LINC00472 have been evaluated in different types of cancers and some
other disorders, including atherosclerosis, sepsis-induced acute hepatic
injury, atrial fibrillation, neuropathic pain, primary biliary cholangitis
and sepsis-induced cardiac dysfunction. This lincRNA mainly affects
expression of genes that are involved in the cell proliferation and other
fundamental cellular functions. The most appreciated route of partici-
pation of LINC00472 in these processes is regulation of expression of
miRNAs. The current review aims at providing a concise overview of
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functions of LINC00472 in malignant and non-malignant disorders.
2. Malignant conditions

2.1. Cell line studies

LINCO00472 has been found to be down-regulated in lung adenocar-
cinoma cell lines where it inhibits migration and invasiveness of cells
and increases cell stiffness and adhesion. This lincRNA interacts with the
transcription factor Y-box binding protein 1 (YBX1). This transcription
factor could partially reverse the inhibitory effect of LINC00472 on cell
migration and invasion and the stimulatory effect of this lincRNA on
stiffness and adhesion of cells. In addition, LINC00472 could regulate
the compactness and integrity of F-actin in lung cancer cells probably
through YBX1. LINC00472 also inhibits epithelial-mesenchymal transi-
tion (EMT) process through modulation of expression of this transcrip-
tion factor [5]. Expression pattern and function of LINC00472 have been
evaluated in different types of cancers (Fig. 1). An independent study in
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lung cancer has confirmed the role of LINC00472 in modulation of cell
viability, proliferation, and motility. This study has also shown differ-
ential expression of 3782 genes following LINC00472 overexpression.
Differentially expressed genes have been mainly associated with intra-
cellular metabolism. LINC00472 could also induce transcription of a
quantity of tumor suppressor genes, namely PPP1R12B, RGS5, RBM5,
RBL2, LDLR and PTPRM, while down-regulating SPSB1, PCNA, CD24,
CDK5, CDC25A, and EIF4EBP1 [23].

Another study in pancreatic cancer cells has revealed that ZEB1 has
an inhibitory effects on expression of LINC00472. Moreover, this
lincRNA has been shown to exert its tumor suppressor role through
modulation of miR-23a-3p/FOX03/BID axis [1]. FOXO1 is another
member of Forkhead Box Protein family whose expression is modified
by LINC00472. In fact, LINC0O0472 can reduce carcinogenic process in
the osteosarcoma through modulation of miR-300/FOXO1 axis [38].

LINC00472 has also been demonstrated to be down-regulated in
hepatocellular carcinoma cell lines. Enforced over-expression of this
lincRNA has inhibited proliferation, migratory potential and
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Fig. 1. This figure explains the expression pattern and function of LINC00472 in several distinct types of cancers. This type of lincRNA can serve as a sponge for miR-
24-3p, miR-196b-5p, miR-23a-3p, miR-93-5p, miR-455-3p and a number of other miRNAs. LINC00472 can also regulate different pathways such as MEK/ERK, NF-
kB, PTEN/PI3K/AKT and STAT3 signaling pathways.
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invasiveness and enhanced their apoptosis. miR-93-5p has been
acknowledged as a direct target of this lincRNA. In turn, miR-93-5p
could directly target PDCD4. Therefore, miR-93-5p/PDCD4 axis medi-
ates the tumor suppressor effect of LINC00472 in hepatocellular carci-
noma cells [3].

LINCO00472 has also been found to be poorly expressed in MDA-MB-
231. Up-regulation of LINC00472 in these cells could inhibit prolifera-
tion, invasive properties and migratory aptitude of MDA-MB-231 cells.
In contrast, minichromosome maintenance complex component 6
(MCMS6) has been found to be up-regulated in these cells as a result of
abnormal suppression of methylation. Mechanistically, LINC00472
prompts site-specific DNA methylation and reduces expression of MCM6
through recruitment of DNA methyltransferase into its promoter. In fact,
LINCO00472 serves as a tumor suppressor through suppression of MCM6
expression [24]. Table 1 reviews the tumor suppressor role of
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2.2. Animal studies

In vivo studies in different models have shown tumor suppressor role
of LINCO0472 (Table 2). An experiment in animal model of triple
negative breast cancer has verified that the impact of LINC00472 over-
expression in suppression of tumor growth and lung metastases is
mediated through reduction of MCM6 levels [24]. Another study in an
animal model of bladder cancer has shown that the tetracyclic quinoli-
zidine substance extracted from Sophora flavescens could restrain tumor
growth and metastases via increasing expression of LINC00472 [12].
Other studies in animal models of pancreatic cancer, osteosarcoma, lung
cancer and oral squamous cell carcinoma have also validated the tumor
suppressor role of LINC00472 (Table 2).

LINC00472 in different cell lines.

Table 1

2.3. Studies in clinical samples

Virtually all conducted assays in clinical samples have shown down-

Expression pattern of LINC00472 in cancer cell lines (A: knock-down or deletion, 1: increase, |: decrease).

Tumor type

Targets/Regulators and signaling
pathways

Cell line

Function

References

Lung adenocarcinoma

Non-small cell lung cancer

Lung cancer

Pancreatic cancer

Osteosarcoma

Hepatocellular carcinoma

Triple-negative breast cancer

Breast cancer

Bladder Carcinoma

Gastric cancer

Colorectal cancer

Kidney Renal Clear Cell Carcinoma

Oral squamous cell carcinoma

YBX1/EMT pathway

PPP1R12B, RGS5, RBM5, RBL2, LDLR,

PTPRM

miR-196b-5p

G3BP1, p53

miR-23a-3p/FOX03/BID
ZEB1
FOXO1 /miR-300

miR-93-5p/PDCD4

MEK/ERK signaling pathway, MCM6

NF-kB, ERa

PTEN/PI3K/AKT, PDCD4

Methylation

PDCD4, miR-196a

STAT3

miR-4311/GNG?7 axis

miR-455-3p/ELF3 axis

A549, PC-9, BEAS-2B

A549, H1975, 95D, Calu-3,
SPC-A, 16HBE

A549, H522, PCA-1, PC9, 95 C, 95D

SW1990, BXPC3, Capan-2, PANC-1, hTERT-HPNE

U20S and MG63

HepG2, BEL7404, Hep3B, SMMC-7721, Huh-7, LO2

MDA-MB-231, MDA-MB-453, HCC-1937, MDA-MB-
468

MCF-7, T47D, ZR-75-1, MB231, Hs578T

SKBR3 and MCF-7

T24,5637

AGS, AZ-521, HR, TSGH, SNU1, NCI-N87

W480, SW620, HT-29, HCT-116, NCM460

HCT116, HT29, SW620, and COLO-205, NCM460
786 O

CAL27, FADU, HN12, HSU3, SCC9, SCC25, NHOK

SCC25, SCC-9, SCC15, and CAL27, HOK
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|migration
1LINC00472:
tapoptosis
|viability
1LINC00472:
lgrowth of cell lines
tApoptosis
tferroptosis
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Table 2
Role of LINC00472 in progression of cancer in animal models (A: knock-down or
deletion, MAT: Matrine, 1: increase, |: decrease).

Tumor type Animal models Results References
Pancreatic cancer Male nude mice tLINC00472: [1]
tapoptosis
ltumorigenesis
Osteosarcoma nude mice TLINC00472: [38]
ltumor growth
Triple-negative BALB/c nude tLINC00472: [24]
breast cancer mice ltumor growth
llung metastasis
Breast cancer BALB/c female tLINC00472: [31]
nude mice ltumor growth
Bladder Carcinoma BALB/c nude tMAT results in [12]
mice tLINC00472 and
|proliferation
Imigration
linvasion
Lung cancer SCID mice TLINC00472: [15]
ltumor size
Oral squamous cell BALB/c nude TLINC00472: [40]
carcinoma male mice |metastasis
|PCNA, ki-67
BALB/c nude TLINC00472: [40]
mice ltumor size

regulation of LINC00472 in tumoral tissues compared with non-tumoral
samples (Table 3). In breast cancer, expression of LINC00472 has been
higher in small-sized tumors compared with larger ones [25]. In
epithelial ovarian cancer, LINC00472 has been found to be
over-expressed in early stage and low-grade tumors. However, its
expression has not been associated with overall survival (OS) of patients
[8]. In hepatocellular carcinoma tissues, expression of this lincRNA has
been lower in patients with metastasis compared with those without
metastasis. Moreover, expression levels of LINC00472 have been posi-
tively correlated with OS of patients with hepatocellular carcinoma [3].

In contrast to the bulk of studies, an in silico valuation of TCGA data
has shown up-regulation of LINC00472 in renal cell carcinoma samples
and association between its up-regulation and poor clinical outcome
[34]. Moreover, this lincRNA has been found to be upregulated in ma-
lignant intraductal papillary mucinous neoplasms of pancreas compared
with benign ones [19].

Diagnostic value of LINC00472 has been assessed in colorectal can-
cer (Table 4). Although its levels had appropriate sensitivity to
discriminate between cancerous and non-cancerous tissues, it lacked the
appropriate specificity [4].

3. Non-malignant conditions
3.1. Cell line studies

In vitro experiments have shown possible role of LINC00472 in the
pathogenesis of atherosclerosis, since this lincRNA can regulate migra-
tion and proliferation of vascular smooth muscle cells through affecting
expression of miR-149-3p [11] (Fig. 2). Mechanistically, miR-149-5p
suppresses proliferation and other functional properties of vascular
smooth muscle cells through inhibiting expression of histone deacety-
lase 4 [37]. Moreover, LINC0O0472 has a possible role in the patho-
phisiology of sepsis-induced hepatic [5] and cardiac dysfunction [17],
through regulation of miR-373-3p/TRIM8 and miR-335-3p/Mono-
amine oxidase A cascades, respectively. In fact, miR-373-3p can in-
crease viability and decrease apoptosis of liver cells [5]. Additionally,
miR-335 has a protective effect against sepsis-associated myocardial
damage [13]. In addition, participation of LINC00472 in the etiology of
neuropathic pain has been shown to be mediated through
miR-300/HMGBI1 axis [35]. Finally, investigations in HiBECs cells have
shown possible role of this lincRNA in the pathogenesis of primary
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biliary cholangitis [7]. Table 5 shows the influence of LINC00472 in the
pathogenesis of non-malignant conditions according to the results of in
viro studies.

3.2. Animal studies

Studies in animal models of sepsis-induced acute hepatic injury [5],
neuropathic pain [35] and sepsis-induced cardiac injury [17] have
shown that down-regulation of LINC00472 reduces inflammation and
ameliorates the pathogenic processes. LINC00472 could also promote
osteogenic differentiation and alleviate osteoporosis in animal models of
this disorder [10]. Table 6 shows the results of these studies.

3.3. Studies in clinical samples

Dysregulation of LINC00472 has also been reported in a variety of
non-neoplastic disorders (Table 7). This lincRNA has been found to be
up-regulated in clinical samples from patients with atherosclerosis [11],
pterygium [33] and primary biliary cholangitis [7]. On the other hand,
its down-regulation has been reported in osteoporosis [10], atrial
fibrillation [29] and diabetic kidney disease [30] Fig. 3.

Expression levels of LINC00472 have been shown to discriminate
patients with atrial fibrillation from normal controls with AUC value of
0.86 [29]. In primary biliary cholangitis, this lincRNA could differen-
tiate between different stages of disorder with AUC value of 0.84 [7].
Table 8 summarizes the results of these studies.

4. Discussion

LINCO00472 has been shown to be down-regulated in a diversity of
cancers. Results of in vitro and in vivo studies support a tumor sup-
pressor role for this IncRNA. This lincRNA can serve as a sponge for a
number of putative oncogenic miRNAs, such as miR-24-3p, miR-196b-
5p, miR-23a-3p, miR-93-5p, miR-4311 and miR-455-3p, thus
enhancing expression of their targets. LINC0O0472 can also regulate a
number of signaling pathways with possible roles in the oncogenesis,
including MEK/ERK, NF-kB, PTEN/PI3K/AKT and STAT3 pathways.
Consistent with the supposition of a tumor suppressor effect for
LINC00472, down-regulation of this lincRNA predicts poor survival of
patients in almost all types of cancers, including lung, pancreatic, liver
and kideney cancers as well as tongue squamous cell carcinoma.
Therefore, LINC00472 is regraded as a prognostic factor in diverse types
of cancers, particularly lung and renal cell carcinomas.

In addition to suppression of tumor growth, LINC00472 participates
in the pathoetiology of diverse non-malignant conditions such as
atherosclerosis, osteoporosis, atrial fibrillation, diabetic kidney disease,
pterygium, autism spectrum disorder and primary biliary cholangitis.
Studies in non-malignant conditions have identified the sponging effect
of LINC00472 on some miRNAs, namely miR-149-3p, miR-373-3p,
miR-24, miR-300 and miR-335-3p. Therefore, miR-24 is a common
target of LINC00472 in both malignant and non-malignant conditions.

In spite of the presence of a bulk of evidence pointing to the dysre-
gulation of LINC00472 in diverse conditions, diagnostic value of this
IncRNA has been assessed in few situations. Threfore, the importance of
identification of diagnostic markers for human disorders necessitates
conduction of additional studies for unraveling the potential of
LINC00472 as a diagnostic marker for human disorders, particularly
cancers.

Ethics approval and consent to participant

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and
its later amendments or comparable ethical standards. Informed consent
forms were obtained from all study participants. The study protocol was
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Table 3
LINC00472 profile in clinical specimens (OS: overall survival, DFS: disease- free survival, RFS: relapse-free survival, PTAS: paired tumor and adjacent samples).
Tumor type Tissues Expression (tumor Kaplan-Meier Univariate/Multivariate Association of LINC00472 References
vs. normal) Analysis ( cox regression expression with
impact of clinicopathologic
LINC00472 characteristics
dysregulation)
Lung adenocarcinoma Geo datasets: Downregulated Poorer OS and RFS - - [5]
(GSE27262 and
GSE31210)
24 PTAS Downregulated - - - [26]
53 PTAS Downregulated Poor OS - lymph node [27]
metastasis
Pancreatic cancer 70 PTAS Downregulated Poorer OS - TNM stage and lymph node [1]
metastasis
Osteosarcoma 20 PTAS Downregulated - - - [38]
Hepatocellular 35 fresh neighboring Downregulated Low OS - - [3]
carcinoma (HCC) non-tumor hepatic
tissues and
109 fresh HCC samples
Triple-negative breast ~ 42 PTAS Downregulated - - histological grading, lymph [24]
cancer (TNBC) node metastasis, clinical
grading and the Ki-67
expression
Breast cancer 348 tumor samples with Upregulated in Smaller tumors were - - [25]
different grades smaller tumors related with better
compared with larger oS
ones
Bladder Carcinoma 20 PTAS Downregulated - - - [12]
Lung cancer 47 PTAS Downregulated Lower OS - - [15]
Clear cell renal cell TCGA database of 523 Downregulated Higher expression - - [9]
carcinoma cancer samples and 72 Downregulated contributes to better
neighboring normal OS and DFS
tissues -
22 PTAS
TCGA-ccRCC (530 RCC Downregulated Higher expression: Diagnostic value in [32]
samples and 72 control better OS differentiating patients
samples) with early stages from
advanced stages of cancer
Kidney Renal Clear TCGA database (505 Upregulated - - - [34]
Cell Carcinoma samples from KIRC
(KIRC) patients and 106 sample
from healthy individuals)
Colorectal cancer 46 PTAS Downregulated No significant - - [36]
association between
LINC00472 and OS
130 PTAS Downregulated - - Invasion, [4]
lymph node metastasis,
distant metastasis,
TNM stage
Oral squamous cell 15 PTAS Downregulated - - - [40]
carcinoma
Gastric cancer 42 PTAS Downregulated - - - [28]
Epithelial ovarian 266 epithelial ovarian Higher expression in Not associated with - Disease stage and tumor [8]
cancer cancer (I-1I III-1V stages)  early stages and low- oS grade
grade tumors
Intraductal papillary 30 malignant and 21 Upregulated in - - - [19]
mucinous benign IPMNs malignant neoplasms
neoplasms (IPMNs)
Tongue squamous cell ~ TCGA database: Downregulated Poor OS - - [39]
carcinoma (TSCC) 122 TSCC patients and 15
normal controls
Table 4
Diagnostic value of LINC00472 in cancers.
Tumor type Samples Distinguish between Area under curve Sensitivity Specificity References
(%) (%)
Colorectal cancer (CRC) 130 pairs of CRC and nearby normal tissues CRC tissues from normal tissues 0.680 0.823 0.439 [4]

approved by the ethical committee of Shahid Beheshti University of
Medical Sciences. All methods were performed in accordance with the
relevant guidelines and regulations.

Consent of publication

Not applicable.
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Fig. 2. Atherosclerosis is associated with a decrease in LINC00472 expression in vascular smooth muscle cells (VSMCs) in the arteries caused by TNF- and PDGF-BB.
Ectopic expression of LINC00472 promoted VSMC migration and proliferation by inhibiting miR-149-3p [11].

Table 5

Role of LINC00472 in non-malignant conditions (A: knock-down or deletion, 1:
increase, |: decrease).

Table 6
Animal studies on the role of LINC00472 in non-malignant conditions (A: knock-
down or deletion, 1: increase, |: decrease).

Disease type Interactions Cell Function Reference Disease type Animal model Results Reference
line Osteoporosis female mice 1LINC00472: [10]
Atherosclerosis miR-149-3p VSMCs TLINC00472: [11] 1Osteogenic
tmigration Differentiation
tinvasion Sepsis-induced Sprague Dawley ALINC00472: [5]
Sepsis-induced miR-373-3p/ THLE-3 TLINCO00472: [51 acute hepatic rats |IL-6, IL-10, and TNF-a
acute hepatic TRIM8 |viability injury
injury tapoptosis Neuropathic pain Specific pathogen- |LINCO00472: [35]
Atrial P2, RyR2, HCM, tmir-24 contributes [29] free Sprague reduces inflammation
fibrillation miR-24 HoC2 to LINC00472 Dawley (SD) rats and hinders neuropathic
downregulation and pain
results in Primary biliary Male C57BL/6 J Upregulated [71
Poorer conditions cholangitis mice
Neuropathic HMGBI, PC12 |LINC00472: [35] Sepsis-induced male C57BL/6 J ALINC00472: [17]
pain miR-300 reduces cardiac mice Inflammation reduction
inflammation and dysfunction
hinders neuropathic
pain
Primary biliary - HiBECs  Upregulated [71
cholangitis
Sepsis-induced YY1, miR- AC-16 ALINCO00472: [17]
cardiac 335-3p/ reduces
dysfunction MAOA inflammation
cascade
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Table 7
Human studies on the role of LINC00472 in non-malignant conditions.
Disease Number of clinical samples Expression (case vs. control) Expression assay Reference
Atherosclerosis 20 samples from normal coronary Upregulated SYBR Ex Taq [11]
artery+ atherosclerotic coronary tissues
Osteoporosis Blood samples of 55 female patients with Downregulated SYBR Premix Ex [10]
osteoporosis and 50 normal females Taq
Atrial fibrillation (AF) Peripheral blood of 125 Patients with AF and Downregulated SYBR Premix EX [29]
168 healthy subjects free of AF Taq
Diabetic kidney disease ~ Geo datasets GSE30528 Downregulated - [30]
and GSE30529
Pterygium Geo datasets GSE83627, GSE21346, GSE51995,  Upregulated (upregulates 6 hub genes and 8 miRNAs) - [33]
and GSE2513
Autism Spectrum Geo dataset GSE89594 LINC00472/hsa-miR-221-3p/PTPN11 and LINC00472/hsa-miR- - [22]
Disorder 132-3p/S100A2 are involved in immune-related phenomena.
Primary biliary 145 PBC patients and 110 healthy subjects Upregulated SYBR® Premix Ex [71
cholangitis (PBC) TaqTM II

W[N[es]0% 22 A key player in non-malignant conditions atrial fibrillation (AF)

Methyl group

LI R

]
Promoter LINC00472 Reduces the expression of LINC00472
gene AR LA
Y Y o Yo o Y
S mf Y o Y Y
Yt Y Y o Ym
Promoter
methylation of Upregulates the expression of
LINCOC72 endogenous RNA miR-24
57 Pathogenesis of
K \ atrial fibrillation (AF)
D) . .

> 4

DNA hypermethylation
of LINC00472 may serve
as a diagnostic biomarker

Fig. 3. When the promotor of the LINC00472 gene is hypermethylated, the activity of the LINCO0472 gene is inhibited, leading to upregulation of the expression of
some endogenous miRNAs, such as miRNA-24, which is known to induce atrial fibrillation and can also be used as a diagnostic biomarker for the condition.

Table 8
Diagnostic value of LINC00472 in non-malignant conditions.
Disease Specimens Distinguishing ability Area under Sensitivity ~ Specificity =~ References
curve (%) (%)
Atrial fibrillation (AF) Peripheral blood of 125 Patients with AF and 168 Patients with AF and healthy 0.86 - - [29]
healthy subjects free of AF controls
Primary biliary A total of 145 PBC Different stages of the disease =~ 0.84 77.27% 77.78% [71

cholangitis (PBC)
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