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Long non-coding RNAs (lncRNAs) play important roles in human diseases. They control
gene expression levels and influence various biological processes through multiple
mechanisms. Functional abnormalities in lncRNAs are strongly associated with
occurrence and development of various diseases. LINC00472, which is located on
chromosome 6q13, is involved in several human diseases, particularly cancers of the
breast, lung, liver, osteosarcoma, bladder, colorectal, ovarian, pancreatic and stomach.
Importantly, LINC00472 can be used as a biomarker for breast cancer cell sensitivity to
chemotherapeutic regimens, including doxorubicin. LINC00472 is regulated by
microRNAs and several signaling pathways. However, the significance of LINC00472
in human diseases has not been clearly established. In this review, we elucidate on the
significance of LINC00472 in various human diseases, indicating that LINC00472may be a
diagnostic, prognostic as well as therapeutic target for these diseases.
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INTRODUCTION

Based on their sequence length, there are two types of noncoding RNAs (ncRNAs): long non-coding
RNAs (LncRNAs) and small ncRNAs (SncRNAs) (Tang et al., 2020; El-Ashmawy et al., 2021). The
former is a member of a large family of ncRNAs, which have a length of >200 nucleotides but, it does
not code for proteins (Cantile et al., 2021; Qi et al., 2021). LncRNAs play several functions in human
diseases, such as cell proliferation, growth, cell cycle, differentiation, migration, apoptosis,
invasiveness as well as drug resistance (Cantile et al., 2021; Zheng et al., 2021). Importantly,
lncRNAs are closely associated with disease diagnoses, prognoses, and therapeutic outcomes (Li
et al., 2021a).

The NCBI database (https://www.ncbi.nlm.nih.gov/) revealed that the LINC00472 gene is located
on chromosome 6q13 antisense chain. This gene sequence can be transcribed into four different
transcripts: NR_121,614.1, NR_121,613.1, NR_026,807.2 and NR_121,612.1 (Figure 1).
LINC00472 is a novel LncRNAs that is closely associated with tumorigenesis and tumor
progression in various cancers including breast cancer (BC) (Shen et al., 2015a; Lu et al.,
2018; Wang et al., 2019a; Li et al., 2021a; Shao et al., 2021), lung cancer (LC) (Su et al., 2018;
Mao et al., 2019; Zou et al., 2019; Deng et al., 2020), hepatocellular carcinoma (HCC) (Chen et al.,
2019), osteosarcoma (OS) (Zhang et al., 2020), colorectal cancer (CRC) (Ye et al., 2018), epithelial
ovarian cancer (OC) (Fu et al., 2016), pancreatic cancer (PC) (Bi and Wang, 2021), and gastric
cancer (GC) (Tsai et al., 2019). As a tumor suppressor, LINC00472 suppresses cell proliferation,
migration as well as invasion. Moreover, it enhances apoptosis. The regulatory roles of LINC00472
in non-cancerous diseases, such as atrial fibrillation (AF) (Wang et al., 2019b), osteoporosis (OP)
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(Guo et al., 2020), atherosclerosis (Jing et al., 2021), sepsis-
induced acute hepatic injury (AHI) (Li et al., 2020a), and
primary biliary cholangitis (PBC) (Dong et al., 2021), have

also been documented. These studies found that LINC00472 is
expressed in various diseases and that it affects miRs or
signaling through various pathways. This review

FIGURE 1 | Schematic diagram of the formation of LINC00472.

TABLE 1 | Expression and clinical characteristics of LINC00472 in different diseases.

Disease
type

Expression Number (patients) Cancer cell line Clinical characteristics References

breast cancer downregulated 430 MCF7, SKBR3, MDA-MB-231,
MDA-MB-453, T47D, Hs578T, ZR-
75-1, HCC-1937 and MDA-
MB-468

Disease stage, tumor grade,
disease-free, overall survival,
and lymph node metastasis

Shen et al. (2015a); Lu et al.
(2018); Wang et al. (2019a); Li
et al. (2021a); Shao et al.
(2021)

lung cancer downregulated 24 A549, H1299, H460, H446, PC-9,
H1975, 95D, Calu-3,SPC-
A1,H838, H157, H358

TNM clinical stages Su et al. (2018); Mao et al.
(2019); Zou et al. (2019);
Deng et al. (2020)

hepatocellular
carcinoma

downregulated 109 Huh-7, SMMC-7721 overall survival Chen et al. (2019)

osteosarcoma downregulated 49 U2OS and MG63 - Zhang et al. (2020)
colorectal cancer downregulated 92 SW480,SW620, HT-29 and

HCT-116
- Ye et al. (2018)

ovarian cancer downregulated 266 - Disease stage and tumor grade Fu et al. (2016)
pancreatic cancer downregulated 70 SW 1990, BXPC3, Capan-2, and

PANC-1
patient’s TNM stage, lymph
node metastasis, and overall
survival

Bi and Wang, (2021)

gastric cancer downregulated 42 AGS, AZ-521, HR, TSGH, SNU-1,
and NCI-N87

- Tsai et al. (2019)

atrial fibrillation downregulated 125 HCM and H9C2 cells - Wang et al. (2019b)
osteoporosis downregulated 55 mice bone marrow mesenchymal

stem cells
- Guo et al. (2020)

atherosclerosis upregulated 20 samples from normal
coronary artery and ath-
erosclerotic coronary

tissues

vascular smooth muscle cells
(VSMCs)

- Jing et al. (2021)

sepsis-induced
acute hepatic injury

upregulated - Human liver THLE-3 cells - Li et al. (2020a)

primary biliary
cholangitis

upregulated 80 HiBECs Disease stage, and C-IV level Dong et al. (2021)
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summarizes the potential regulatory roles of LINC00472 in
various diseases, with a focus on its aberrant expressions,
related clinical features, potential molecular mechanisms of

action, and prospects in clinical applications. Moreover, we
predicted the potential future research directions for
LINC00472.

TABLE 2 | Function and mechanism of LINC00472 in different diseases.

Disease type Expression Role Biological significance Pathway, axis References

breast cancer downregulated Tumor
suppressor

cell proliferation, migration,
invasion, apoptosis, and cell
cycle

miR-141/PDCD4, NF-κB signaling
pathway, MEK/ERK signaling
pathway, MCM6

Shen et al. (2015a); Lu et al. (2018);
Wang et al. (2019a); Li et al. (2021a);
Shao et al. (2021)

lung cancer downregulated Tumor
suppressor

growth miR-24-3p/DEDD, YBX1, miR-
196b-5p, miR-149-3p, miR-4270,
p53 signaling pathway, KLLN

Su et al. (2018); Mao et al. (2019);
Zou et al. (2019); Deng et al. (2020)

hepatocellular
carcinoma

downregulated Tumor
suppressor

cell proliferation, migration,
invasion, and apoptosis

miR-93-5p/PDCD4 Chen et al. (2019)

osteosarcoma downregulated Tumor
suppressor

cell proliferation, colony
formation abilities. apoptosis,
migration, and invasion

miR-300/FOXO1 Zhang et al. (2020)

colorectal cancer downregulated Tumor
suppressor

cell proliferation, and apoptosis miR-196a/PDCD4 Ye et al. (2018)

ovarian cancer downregulated - - - Fu et al. (2016)
pancreatic cancer downregulated Tumor

suppresso
cell proliferation, and apoptosis miR-23a-3p/FOXO3/BID Bi and Wang, (2021)

gastric cancer downregulated Tumor
suppressor

cell growth, and motility - Tsai et al. (2019)

atrial fibrillation downregulated - - - Wang et al. (2019b)
osteoporosis downregulated - osteogenic differentiation miR-300/FGFR2 Guo et al. (2020)
atherosclerosis upregulated - cell migration, and proliferation TNF-α, PDGF-BB, miR-149-3p Jing et al. (2021)
sepsis-induced acute
hepatic injury

upregulated - cell viability, and apoptosis miR-373-3p/TRIM8 Li et al. (2020a)

primary biliary
cholangitis

upregulated - - - Dong et al. (2021)

FIGURE 2 | LINC00472 and DNA methylation.
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Function of LINC00472 in Human Diseases
Since 2015, studies on the significance of LINC00472 in various
diseases have been increasing. LINC00472 dysregulation has
recently been associated with several human diseases,
including BC, LC, HCC, OS, CRC, OC, PC, GC,
atherosclerosis, AF, OP, sepsis-induced AHI and PBC. In
addition, the relationship between LINC00472 expression and
various diseases has been documented. These studies elucidated
on the clinical characteristics (Table 1), expression levels, and
functions (Table 2; Figure 2) of LINC00472.

LINC00472 in Different Solid Tumor Types
Breast Cancer
Globally, breast cancer (BC) is the most prevalent tumor type
among women. Its clinical incidences has been steadily increasing
over the last 3 decades (Gote et al., 2021; Sharma, 2021). Despite
standard chemotherapy and hormonal therapy, recurrence and
metastasis account for 90% of mortality in BC patients (Chen
et al., 2021a). Therefore, new types of molecular markers are
being actively evaluated in the diagnosis and prognosis of BC. In
the past 100 years, various murine models have been developed
for cancer research (Yang, 2021). For instance, in the past
50 years, human x mouse xenografts, in particular, have been
widely used (Yang, 2021). Subcutaneous tumor xenograft models
are the commonly used animal models for LncRNAs research in
cancers. These models are mainly established by injecting tumor
cells into naked mice. In BC, enforced expression of LINC00472
inhibited tumor growth (Lu et al., 2018). Furthermore, tumors
from the LINC00472 overexpressing BC cells grow slowly,
relative to those without LINC00472 overexpression (Wang
et al., 2019a). Importantly, tissue analysis showed that
LINC00472 overexpressing BC cells were found to exhibit
suppressed malignant abilities (Wang et al., 2019a).
Bioinformatics analyses showed that expressions of
LINC00472 in BC are regulated by promoter methylation
(Shen et al., 2015b). Moreover, LINC00472 induces site-
specific DNA methylation and suppresses MCM6 expression
by recruiting DNA methyltransferases into MCM6 promoters
(Shao et al., 2021).

Lung Cancer
Lung cancer (LC), which is the most prominent cause of tumor-
associated mortality (Xie et al., 2021), has a global incidence of
approximately 1,760,000 cases per year (Su et al., 2021). LC is
classified into two types: including small cell LC and non-small
cell LC (NSCLC) (Ma et al., 2021a). Clinically, NSCLC accounts
for nearly 80–85% of all LC cases (Ma et al., 2021a). Furthermore,
lung adenocarcinoma (LUAD), the most prevalent and aggressive
histological subtype of LC, with approximately 70% LUAD cases
being diagnosed at advanced or metastatic stages (Liu et al.,
2021a; Ma et al., 2021a). Even though concurrent radiotherapy
(RT) and chemotherapy are recommended as standard treatment
options, these approaches significantly limits treatment options
(Liu et al., 2021a). To understand the potential cancer-associated
molecular mechanisms in LC, studies on antitumor therapies and
prognosis are required. In LUAD patients, LINC00472 was of
lower expression levels in tumorous tissues than in normal tissues

(Su et al., 2018). Moreover, LINC00472 levels in 119 human
NSCLC tissues were markedly suppressed, relative to neighboring
normal tissues (Zou et al., 2019). Inhibitory roles of overexpressed
LINC00472 on lung tumor cell proliferations have been validated
in vivo (Lu et al., 2018). Studies on NSCLC have reached the same
conclusions. In vivo, after injecting overexpressed (oe) negative
control (NC) or oe-LINC00472, tumor sizes were measured in
nude mice (Zou et al., 2019). It was established that LINC00472
expression suppresses NSCLC tumor growth. Further research
has confirmed that EMT plays important roles in lung cancer
(Zou et al., 2019). In NSCLC, compared to oe-NC group,
expression levels of p21, E-cadherin, KLLN, and p53 were
markedly elevated. However, those of N-cadherin, Vimentin,
as well as cyclin D1 were markedly suppressed in the oe-
LINC00472 group (Zou et al., 2019). These findings imply that
high LINC00472 levels suppress NSCLC cell development in vivo.

Hepatocellular Carcinoma
Globally, hepatocellular carcinoma (HCC) is the most prevalent
liver cancer type, and the third most important cause of tumor-
associated mortality (Shi et al., 2021a; Dai et al., 2021; Hu et al.,
2021). However, as a result of local recurrence and metastasis
following therapy, most HCC patients exhibit limited benefits
and poor outcomes (Hu et al., 2021). Thus, it is vital to evaluate
the pathomechanisms that contribute to HCC progression and to
establish prognostic biomarkers and treatment targets. As
previously reported, in HCC tissues, LINC00472 levels are
decreased, relative to those of the nearby normal tissues (Chen
et al., 2019). Notably, LINC00472 levels were downregulated in
metastatic HCC tissues, relative to non-metastatic tissues (Chen
et al., 2019).

Colorectal Cancer
Colorectal cancer (CRC), a globally prevalent malignancy, has a
growing prevalence, particularly in young adults (Zhang et al.,
2021a; Kelm et al., 2021). According to recent statistics, CRC is
the second most prevalent cause of tumor-associated deaths, after
lung cancer (Ma et al., 2021b). These poor outcomes are
attributed to inadequate CRC screening and lack of clinical
markers for CRC progression and prognosis (Shi et al.,
2021b). Therefore, there is a need to develop innovative CRC
therapy techniques (Zhang et al., 2021b). LINC00472 was
discovered to be under-expressed in CRC tissues in a recent
study (Ye et al., 2018). Nevertheless, Ye et al. (2018) found no
substantive association between LINC00472 levels and overall
survival in CRC. Ectopic expressions of LINC00472 inhibited
CRC tumor proliferation in nude mice (Ye et al., 2018).
LINC00472 transfected HT-29 as well as HCT-116 cells
exhibited significantly elevated LINC00472 levels, relative to
empty vectors (Ye et al., 2018).

Ovarian Cancer
Among women, ovarian cancer (OC) is the fifth leading cause of
tumor-associated deaths and is correlated with the highest
mortality rate among gynecological malignancies worldwide
(Wang et al., 2021a; Seborova et al., 2021). Surgery and
postoperative platinum-based chemotherapy are the major
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treatments of OC, according to guidelines of the National
Comprehensive Cancer Network (NCCN) (Xu et al., 2021a).
Even though surgery and chemotherapy can increase survival,
the 5-year survival rate of OC patients remains extremely low (Liu
et al., 2021b). Therefore, searching for more sensitive biomarkers,
and identifying new therapeutic targets have emerged as OC
research trends (Liu et al., 2021b; Xu et al., 2021b). It is
hypothesized that LINC00472 expression in epithelial OC may
be linked to earlier disease stage and lower tumor grade in recent
studies (Fu et al., 2016). However, no discernible variations in
LINC00472 expression were found between non-serous and
serous carcinomas (Fu et al., 2016). In addition, LINC00472
levels were not correlated with either overall or progression-
free survival in OC (Fu et al., 2016).

Gastric Cancer
Globally, gastric cancer (GC), the third leading cause of tumor-
related mortalities and the fifth most prevalent carcinoma, had an
approximated 1,089,103 new morbidities and 768,793 mortalities
reported in 2020 (Wang et al., 2021b; Lee et al., 2021). Even
though there are many treatment options for GC, prognostic
outcomes for late stage GC are poor (Wang et al., 2021b). Thus, it
is essential to establish the pathomechanisms involved in the
occurrence and development of GC, to develop novel therapeutic
approaches (Yang et al., 2021a). When compared to nearby
normal tissues, LINC00472 was suppressed in GC tissue
samples (Tsai et al., 2019). Moreover, Tumor-specific hyper-
methylations of CpG regions upstream of LINC00472 were
frequently identified in GC tissues, suggesting that its
expression in GC tissues may be reduced (Tsai et al., 2019).
The findings demonstrate that the LINC00472 gene can be
epigenetically regulated in GC via DNA methylation.

Pancreatic Cancer
Pancreatic cancer (PC) is highly common in the digestive tract. It
is projected that by 2030, globally, PC will be the second leading
cause of tumor-related mortalities with a 5% 5-year survival rate
(Li et al., 2021b; Cheng et al., 2021; Xu et al., 2021c; Long et al.,
2021). Its prevalence and mortality rates are annually increasing,
which makes it an important human health concern (Long et al.,
2021). Although surgical resection, comprehensive targeted
treatments as well as neoadjuvant therapies are good
therapeutic options, early metastasis and invasion, coupled
with a lack of effective and specific targeted treatment options
are associated with poor prognostic outcomes for PC patients
(Liu et al., 2021c). Thus, it is vital to evaluate the mechanisms of
PC progression and to establish novel treatment targets for
improving survival outcomes of PC patients. In a previous
study, RT-qPCR analysis revealed that LINC00472 levels in
pancreatic cancer tissues were suppressed, relative to adjacent
normal tissues (Bi and Wang, 2021). Moreover, the study
identified correlations between LINC00472 low expressions
and TNM stages, lymph node metastases and overall survival
outcomes but not with gender and age (Bi and Wang, 2021). A
stable LINC00472 overexpressing PANC-1 cell line was
established and subcutaneously inoculated into nude mice
models to validate the in vivo effects of LINC00472. Up-

regulated LINC00472 levels in nude mice injected with oe-
LINC00472–treated cells were confirmed. Tumor growth
curves, tumor images as well as weights showed that
overexpressed LINC00472 inhibits in vivo tumorigenesis (Bi
and Wang, 2021). Moreover, overexpressed LINC00472
suppresses Ki-67 levels. Meanwhile, TUNEL staining
confirmed that overexpressed LINC00472 induces cell
apoptosis (Bi and Wang, 2021). The stable cell line (BXPC3)
transfected with lentivirus expressing small hairpin RNA sh-
LINC00472, was subcutaneously inoculated into nude mice
models to induce tumorigenesis. LINC00472 knockdown in
nude mice was ascertained by RT-qPCR (Bi and Wang, 2021).
LINC00472 knockdown enhanced pancreatic cancer cell
tumorigenicity in vivo, suppressed Ki-67 levels as well as cell
apoptosis (Bi and Wang, 2021). These results show that
LINC00472 inhibits pancreatic cancer development in vivo.

Osteosarcoma
Osteosarcoma (OS), the most prevalent bone cancer type, is a life-
threatening disease, particularly in children and in adolescents
below 20 years in age (Gao et al., 2021). It accounts for about 5%
of pediatric cancers (Liu et al., 2021d). The diagnosis of OS is
primarily based on imaging, and optimal treatment options for
OS are surgical resection combined with adjuvant chemotherapy
(Liu et al., 2021d). However, survival rates for metastatic or
recurrent OS are unfavorable (Yao et al., 2021). Currently,
molecular mechanisms involved in OS occurrence and
development are unknown, which hinders the development of
effective treatment strategies (Liu et al., 2021e). It has been
reported that LINC00472 levels were down-regulated in OS
patients tissues (Zhang et al., 2020). In OS MG63 cell nude
mice xenograft models, tumor growth was found to be decreased
in mice injected with sh-LINC00472 transfected cells (Zhang
et al., 2020).

LINC00472 in Non-cancer Diseases
Atherosclerosis
Atherosclerosis, which is a maladaptive coronary disease, clinically
manifests by arterial hardening as well as narrowing as a result of
plaque build-up (Pillai et al., 2021), with early events occurring in the
endothelium, which forms the inner surface of the vascular wall
(Moreau et al., 2021). Globally, atherosclerosis is a leading cause of
myocardial infarction. In 2019, its prevalence in adults aged 60 years
and above in European and American countries was 60% (Yang
et al., 2021b). Although their roles in atherogenesis have been
extensively characterized, the molecular mechanisms associated
with altered gene expressions are unknown (Moreau et al., 2021).
LINC00472 has also been studied in atherosclerotic coronary tissue,
where it was found to be highly expressed (Jing et al., 2021). In
VSMCs, LINC00472 promoted cell proliferation and induced cell
migration after pcDNA-LINC00472 treatment (Jing et al., 2021).
These findings, however, contradict what has been reported in
tumors.

Osteoporosis
Osteoporosis (OP) is a common bone disease among the elderly.
It is characterized by decreased bone density, bone
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microstructural damage and increased bone fragility (Zhu et al.,
2021a). This condition limits patients’ activity and decreases their
quality of life, particularly in elderly and postmenopausal women
(Jia et al., 2021). The steady state of bones was mainly maintained
by osteoblasts and osteoclasts. Abnormal differentiation of
osteoblasts and osteoclasts are associated with the loss of bone
mass and bone structure strengths, leding to OP development
(Ren et al., 2021a; Li et al., 2021c). Therefore, it is important to
develop novel therapeutic strategies that can promote osteoblast
differentiation while enhancing bone formation. LINC00472
levels have been reported to be markedly lower in osteoporosis
patients as compared to healthy control groups (Guo et al., 2020).
Guo et al. used ovariectomized (OVX) mice as osteoporosis
models and found that expressions of LINC00472 in the OVX
group were markedly low, relative to the sham group (Guo et al.,
2020). Furthermore, the content of β-CTX (bone metabolism
related gene) and activity of ALP (osteogenic differentiation
related gene) in serum of mice in OVX group were
significantly increased (Guo et al., 2020), indicating that
LINC00472 can affect the process of osteogenic differentiation.

Atrial Fibrillation
Globally, atrial fibrillation (AF) is the most prevalent heart
rhythm disease. It is especially common among the elderly,
who account for approximately 0.5% of the global population
(Lu et al., 2019). AF is strongly correlated with increased risks of
various outcomes, including stroke, heart failure, as well as
cardiovascular-related mortality (Ruan et al., 2020). Current
AF therapies have various limitations, including high
recurrence rates, low tolerance, and possible adverse effects
(Du et al., 2020). Furthermore, the underlying pathophysiology
and mechanisms of AF remain unknown. As a result, there is an
urgent need to evaluate the pathomechanisms underlying AF to
aid in development of new effective therapeutic approaches.
LINC00472 expression was shown to be low in both cardiac
muscle tissues and serum of AF patients (Wang et al., 2019b).
According to bioinformatics, the expression of LINC00472 in BC
and CRC was possibly regulated by promoter methylation (Du
et al., 2020; Fan et al., 2020). Moreover, the promoter region of
LINC00472 in AF patients was also hyper-methylated. The high
CpG methylation levels indicate a critical regulatory role in
LINC00472 expression (Wang et al., 2019b).

Sepsis-Induced Acute Hepatic Injury
Sepsis, whose incidences are increasing annually, is a common
disease in intensive care units (ICUs) with an incidence as high as
50% (Fan et al., 2020; Xu et al., 2021d). Sepsis, with the
accompanying systemic inflammatory response syndrome,
affects multiple systems and organs, culminating in multiple
organ dysfunction syndrome and high mortality rates (Zhao
et al., 2021a; Qiu et al., 2021). The liver is one of the main
organs for endotoxin removal, therefore, patients with sepsis are
vulnerable to liver injury (Xie et al., 2002; Cao et al., 2021).
Currently, the mechanisms involved in acute hepatic injury
(AHI) during sepsis are unknown. Expression levels of
LINC00472 were found to be higher in rats with sepsis-
induced AHI, relative to control group rats (Li et al., 2020a).

Studies have also shown that LPS-treated models exhibit elevated
ALT and AST levels. Besides, expressed of associated indicators
have been shown to be suppressed in LPS + sh-LINC00472
administered groups (Li et al., 2020a). In addition, when
LINC00472 was silenced, inflammatory cytokine levels,
including IL-6, TNF- α and IL-10, were suppressed (Li et al.,
2020a). These findings show that suppressed LINC00472 levels
ameliorate sepsis-induced AHI progression.

Regulatory Roles of LINC00472 in Human Diseases
LINC00472 is involved in several complex regulatory
mechanisms and it plays a significant function in occurrence
and development of multiple diseases. Regulatory mechanisms of
LINC00472 are summarized in Figures 3, 4.

The MEK/ERK Signaling Pathway
In cancer cells, the MEK/ERK signaling pathway is highly
activated (Gao et al., 2019; Yang et al., 2020a). This pathway
is closely associated with tumorigenesis, including BC (Nyati
et al., 2021), HCC (Chen et al., 2021b), OS (Liu et al., 2021f), CRC
(Huang et al., 2021), and multiple myeloma (Zhou et al., 2021),
where it regulates cell growth, apoptosis, invasion as well as
metastasis. Based on its regulatory roles in cell survival in
different cancer stages, the MEK/ERK pathway is a promising
therapeutic target for cancer (Zheng et al., 2019). Functions of the
MEK/ERK signaling pathway in BC have been reported (Qin
et al., 2017; Wise and Zolkiewska, 2017). Nyati et al. documented
that activated MEK/ERK signaling pathway significantly
enhances breast cancer metastasis (Nyati et al., 2021).
Overexpressed LINC00472 was shown to suppress the
oncogenic properties of TNBC cells in vitro while suppressing
tumor growth in vivo by down-regulating MCM6 and blocking
the MEK/ERK signaling pathway (Shao et al., 2021), implying
that MEK/ERK is a possible target of LINC00472.

NF-κB Signaling Pathway
Nuclear factor-kB (NF-κB), a transcription factor, plays vital roles
in tumor initiation, progression, and tumorigenesis by directly
modulating cell functions, including proliferation, survival,
apoptosis inhibition, and metastasis as well as migration. It is
composed of five members, p50 (RELB), p65 (RELA), c-REL, NF-
κB2 and NF-κB1 (Ren et al., 2021b; Wang et al., 2021c; Espinosa
and Marruecos, 2021). Activated NF-κB is correlated with
phosphorylations of IκBα. IκBα degradation releases NF-κBs,
which translocate into the nucleus to initiate oncogene
transcription (Wang et al., 2021c). IκBα is a suppressor of the
NF-κB pathway. Under specific conditions, IκB modifications
affect NF-κB activities (Espinosa and Marruecos, 2021). Elevated
constitutive NF-κB activities and suppressed IκBα levels have
been reported in lung adenocarcinoma cells. IκBα
phosphorylation as well as degradation by IKK to activate NF-
κB signaling constitutes the canonical pathway (Ho et al., 2021).
The p65 subunit has been found to have a transcription activation
domain and it plays various roles in cell survival, proliferation,
invasion, metastasis, tumor angiogenesis, as well as
chemoresistance (Ren et al., 2021b). P65 is phosphorylated at
multiple sites, and Ser536-phosphorylation enhances the
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FIGURE 3 | LINC00472 regulation of cell growth, and invasion. Through the ceRNA axis, LINC00472 regulates cancer cell growth and invasion. Regulation of the
LINC00472/miR-141/PDCD4 pathway in BC enhances cell growth, invasion, drug sensitivity and apoptosis; LINC00472 inhibits BC cell proliferation, invasion, and
metastasis by regulating the MCM6/MEK/ERK pathway; LINC00472 promotes DEDD expressions by sponging miR-24-3p, inhibiting LUAD cell proliferation and
inducing apoptosis; Effects of LINC00472 on LC cell viability, migration, invasion, and EMT are attributed to direct targeting of miR-196b-5p; Overexpressed
LINC00472 upregulates KLLN, inhibiting NSCLC cell proliferation, invasion, and EMT via the downregulation of miR-149-3p and miR-4270; LINC00472 inhibits EMT by
binding to YBX1, which affects the mechanical properties of cells, ultimately inhibiting their abilities to invade andmetastasize; ThemiR-93-5p/PDCD4 pathway mediates
the suppressive functions of LINC00472 in HCC cells; LINC00472 promotes osteosarcoma tumorigenesis by suppressing FOXO1 expressions via miR-300; In CRC,
LINC00472 inhibits proliferation and initiates apoptosis by increasing PDCD4 expressions through sponging miR-196a; In PC, silencing of LINC00472 suppressed the
levels of BID via miR-23a-3p/FOXO3, which promoted PC cell proliferation while inhibiting their apoptosis.

FIGURE 4 | LINC00472 regulatory mechanisms in non-neoplasms.

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 7269087

Ren et al. The Research Progress of Long Noncoding RNA 00472

https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


transactivation potential of p65 (He et al., 2021). Functional
regulation of p65 is highly correlated with its ubiquitination
(Ren et al., 2021b). NF-κB has also been found to be
constitutively active in BC, and its sustained activations are
vital for BC progression and metastasis (Zhu et al., 2021b).
However, lncRNAs and the NF-κB signal pathway have been
documented in BC. Wang et al. documented that NF-κB
phosphorylation can be suppressed by LINC00472
overexpression (Wang et al., 2019a). Overexpressed
LINC00472 significantly suppresses IκBα as well as p65
phosphorylations, implying that NF-κB is a potential
LINC00472 target (Wang et al., 2019a). Analyses of IκB kinase
(IKK), which is involved in NF-κB activation, revealed that
LINC00472 interacts with IKKβ (Wang et al., 2019a). Through
cell experiments, it was verified that LINC00472 suppresses p65
and IκBα phosphorylations by binding IKKβ (Wang et al., 2019a).
These studies suggest that LINC00472 may be a regulator of the
NF-κB pathway.

The p53 Signaling Pathway
The p53 transcription factor, which is 16–20 kb in length, is
composed of a pair of alleles and is a tumor inhibitor gene. It is
localized on human chromosome 17 (Li et al., 2020b). The p53
tumor suppressor, known as the “genome guardian,” plays key
roles in preventing tumor development (Li et al., 2020c). Not only
is p53 a tumor inhibitor, it is also a transcription factor involved
in modulation of various genes that play various roles in
proliferation, cell-cycle arrest as well as apoptosis (Li et al.,
2020b; Li et al., 2020c; Zhao et al., 2020). Mutations of p53
have been reported in over 50% of malignancies (Zhao et al.,
2020). Moreover, dysregulated lncRNAs can affect p53
expression, thereby promoting tumor development and
progression (Feng et al., 2020). Emerging evidence suggests
that p53 can activate downstream targets to initiate cell cycle
arrest and apoptosis. Moreover, several lncRNAs are involved in
the p53 signaling network where they are p53 effectors or
modulators (Li et al., 2020b; Chaleshi et al., 2020; Chen et al.,
2020; Lu et al., 2020; Aravindhan et al., 2021; Xu et al., 2021e; Liu
et al., 2021g; Lu et al., 2021; Wu et al., 2021). For instance,
lncRNA GClnc1 contributes to ovarian cancer growth via p53
signaling pathway regulation (Li et al., 2020b). Overexpressed
DDX11-AS1 arrests the binding of PARP1 to p53, which
suppresses p53 levels in HCC (Xu et al., 2021e). Moreover,
LINC00472 is a potential p53 signaling pathway regulator.
Zou et al. documented that overexpressed LINC00472 activates
the p53 pathway and suppresses NCI-H1299 cell EMT,
migration, as well as invasion by upregulating KLLN levels in
NSCLC (Zou et al., 2019).

MicroRNA-Mediated Regulation
LncRNAs are competing endogenous RNAs (ceRNAs) in various
diseases (Sui et al., 2016). The ceRNA hypothesis implies a novel
regulatory mechanism between coding and non-coding RNAs.
Specifically, as molecular sponges, lncRNAs bind miRNAs
through miRNA response elements (MREs) and subsequently
suppress the expressions of mRNAs (Wang et al., 2018; Yang
et al., 2020b). Aberrant levels of vital lncRNAs in the ceRNA

network have significant effects on lncRNA/mRNA ceRNA
crosstalks that are miRNA-regulated, thus contributing to
cancer development as well as progression (Zhu et al., 2017).
LncRNAs have been reported to regulate miRNA functions by
acting as endogenous sponges to control the expressions of target
genes. Moreover, miRNAs regulate the stability of lncRNAs by
binding them (Ballantyne et al., 2016). A ceRNA network theory
was proposed to discuss the associations among these three RNA
transcript types. Currently, efforts are aimed establishing the
mechanisms through which lncRNAs exert their biological
roles in human diseases.

LINC00472 was shown to alter the proliferations, apoptosis,
and invasions of breast cancer cell lines by modulating the miR-
141/programmed cell death 4 (PDCD4) axis (Lu et al., 2018).
Moreover, over-expressed LINC00472 elevated doxorubicin
(ADR) sensitivity and promoted ADR-induced apoptosis in
BC cell lines via the miR-141/PDCD4 axis (Lu et al., 2018).
LINC00472 inhibits LC cell proliferations and increases their
apoptosis by suppressing miR-24-3p and upregulating death
effector domain-containing DNA-binding protein (DEDD) (Su
et al., 2018). Overexpression of LINC00472 by miR-4270 or miR-
149-3p may inhibit NSCLC cell proliferation (Zou et al., 2019).
Moreover, up-regulated LINC00472 promotes LC cell migration,
invasion, and apoptosis by inhibiting miR-196b-5p (Mao et al.,
2019). Suppression of HCC cell growth, migration, as well as
invasion by LINC00472 is mediated by the miR-93-5p/PDCD4
signal pathway (Chen et al., 2019). Furthermore, aberrant
LINC00472 expressions increased the abundance of HCC cells
in the G1 phase and decreased cell counts in S phase via the miR-
93-5p/PDCD4 signaling pathway (Chen et al., 2019). Zhang et al.
(2020) reported that LINC00472 expression inhibits cell growth,
migration, as well as invasion via regulation of the miR-300/
FOXO1 signaling pathway in OS cells. Interestingly, in colorectal
cancer, upregulated miR-196a reversed LINC00472-mediated cell
growth and PDCD4 silencing reversed cell proliferation as well as
apoptosis (Ye et al., 2018). In the pancreatic cancer cell line
(BXPC3), western blot and RT-qPCR assays showed that BID
levels were inhibited, while expression levels of miR-23a-3p were
elevated after individual silencing (Bi and Wang, 2021). Elevated
miR-23a-3p in pancreatic cancer exhibited negative correlations
with LINC00472 levels (Bi andWang, 2021). The RNA pull-down
assay showed that binding between LINC00472 and miR-23a-3p
was promoted after LINC00472 overexpression, while binding
between FOXO3 and miR-23a-3p was alleviated (Bi and Wang,
2021). LINC00472 knockdown enhances pancreatic cancer cell
proliferation and impedes their apoptosis by suppressing FOXO3
(Bi and Wang, 2021). FOXO3 transcriptionally activates BID
expression (Bi andWang, 2021). LINC00472 knockdown inhibits
BID expressions via miR-23a-3p/FOXO3 to regulate the
proliferation as well as apoptosis of pancreatic cancer cells (Bi
and Wang, 2021).

In non-neoplastic diseases, HCM cells and H9C2 cells that had
been transfected with pcDNA-LINC00472 or si-miR-24 exhibited
suppressed miR-24 levels and elevated JP2 mRNA/protein and
RyR2 protein levels, implying the presence of negative
relationships among miR-24, JP2, LINC00472 and RyR2 in
regulation of AF (Wang et al., 2019b). Besides, a novelty
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mechanism is suggested that LINC00472 affects bone
differentiation by sponging miR-300 to regulate FGFR2
expression (Guo et al., 2020). Negative regulation of
LINC00472 and TRIM8 as well as positive regulation of miR-
373-3p improves cell viability and accelerates cell apoptosis,
thereby alleviating sepsis-induced AHI (Li et al., 2020a).
Additionally, upregulated LINC00472 increases the migration
rate of VSMCs in atherosclerosis by regulating miR-149-3p (Jing
et al., 2021).

Chemoresistance is a leading cause of therapeutic failure in
cancer (Xu et al., 2021d). Therefore, understanding the
underlying mechanisms of chemotherapy resistance is critical
for improving chemotherapy (Zhao et al., 2021a). Over-
expression of LINC00472 enhanced doxorubicin (ADR)
sensitivity and promoted ADR-mediated apoptosis in BC cell
lines via the miR-141/PDCD4 axis (Lu et al., 2018).

Clinical Applications of LINC00472 in
Human Diseases
Studies have evaluated the diagnostic, treatment, and
prognosis-related biological targets of lncRNAs in various
diseases, particularly cancers (Lv et al., 2019; Zhang et al.,
2019; El-Ashmawy et al., 2021). Even though substantive
advances have been made in tumor therapy, efficacious
therapies for solid tumors are yet to be developed (Xue
et al., 2021). Currently, studies on LINC00472 are in their
early stages, and LINC00472 levels in human diseases have not
been fully reported. Moreover, functional roles as well as
relationships of LINC00472 and diseases have not been
conclusively determined. Thus, LINC00472 is a potential
marker for the diagnosis, metastasis, prognosis and
prediction of clinical therapeutic responses in solid tumors.
Although reports on LINC00472 are limited in non-tumor
disease, the current evidence suggests that LINC00472 is a
potential marker and a promising target for cancer diagnosis/
prognosis and therapy.

LINC00472 and Diagnosis/Prognosis
The ability of lncRNAs to predict disease prognosis has been
proven in several studies (Kumar et al., 2016; Zhou et al., 2018;
Zhao et al., 2021b). Patients with AF were found to exhibit
reduced plasma LINC00472 levels. Further assessment of
receiver operating characteristic (ROC) curves revealed that
the AUC value of LINC00472 was 0.86 (Wang et al., 2019b),
implying that LINC00472 has a significant diagnostic potential
in AF.

In 2021, the most clinically relevant finding was that Log10
LINC00472 expression was correlated with PBC. These
findings confirmed that LINC00472 is not only highly
expressed in cholangitis patients, but is also higher in
advanced patients than in early stage patients and healthy
people (Dong et al., 2021). However, the positive correlation
between serum collagen type IV (C-IV) levels and relative
expressions of log10 LINC00472 was intriguing, but not
surprising (Dong et al., 2021). Thus, LINC00472 has the
potential to be a novel biomarker for the diagnosis of PBC.

In human BC patients, high expressions of LINC00472 were
positively correlated with overall survival (p � 0.005) and disease-
free (p < 0.001) outcomes (Shen et al., 2015a). Kaplan-Meier
survival analysis showed that suppressed LINC00472 levels are
associated with poor overall survival, relative to elevated
LINC00472 levels (p � 0.0014, log-rank test) (Lu et al., 2018).
In addition, overall survival rates were markedly low in HCC
patients with suppressed LINC00472 levels, relative to patients
with elevated LINC00472 levels (p � 0.0045). These findings
imply poor prognostic outcomes for patients with suppressed
LINC00472 levels (Chen et al., 2019). Zou et al. (2019) reported
that elevated LINC00472 levels are correlated with better survival
outcomes in NSCLC patients. Therefore, LINC00472 may be a
valuable prognostic target in various diseases.

LINC00472 and Therapy
LINC00472 is a potential treatment target for various diseases.
The first study to draw the attention of scientists to LINC00472
was published in 2015 (Shen et al., 2015a). According to this
study, LINC00472 is highly abundant in BC patients with positive
hormone receptors than in those with negative receptor status
(p < 0.0001), and it is correlated with tumor grade (p < 0.0001),
tumor sizes (p < 0.0001), as well as disease stage (p � 0.007) (Shen
et al., 2015a). Notably, patients with overexpressed LINC00472
were established to be more sensitive to assisted chemotherapy
(p � 0.021) or hormonal therapy (p � 0.003) than patients with
suppressed LINC00472 (Shen et al., 2015a). Concurrently,
overexpressed LINC00472 is strongly associated with the risk
of relapse and death (p � 0.043) (Shen et al., 2015a). Besides,
LINC00472 expression levels have been positively correlated with
the progression of lymph-node metastasis and distant metastasis
in BC (Lu et al., 2018). Furthermore, the role of LINC00472 in
drug sensitivity has been reported in BC (Lu et al., 2018).
LINC00472 expressions were established to be considerably
suppressed in triple-negative breast cancer (TNBC) tissues,
with levels correlating with lymph node metastasis, histological
grading and clinical grading (p < 0.05) (Shao et al., 2021). Tumor
tissue samples from LUAD and NSCLC patients exhibited low
levels of LINC00472 (Su et al., 2018; Zou et al., 2019). In addition,
aberrantly expressed LINC00472 in LUAD and NSCLC patients
are strongly associated with TNM clinical staging (Zou et al.,
2019; Deng et al., 2020). As previously reported, LINC00472
levels are suppressed in HCC tissues, compared to adjacent
normal tissues (Chen et al., 2019). Notably, LINC00472 levels
were found to be downregulated in HCC metastatic tissues,
relative to non-metastatic tissues (Chen et al., 2019).
LINC00472 expressions in epithelial OC have been associated
with disease stage and tumor grade (Fu et al., 2016).
Corresponding numbers were 45.21 versus 28.04% when
comparing disease stage (stage I or II disease versus stage III
or IV) (p � 0.024), and 51.72 versus 30.47% when comparing
tumor grade (grade 1 tumors versus grade 2 or three tumors) (p �
0.004) (Fu et al., 2016). In pancreatic cancer, by evaluating the
relationship between LINC00472 levels and clinic-pathological
characteristics, Bi et al. (Bi and Wang, 2021) established obvious
associations between LINC00472 levels and patient’s TNM stages
as well as lymph node metastasis (p < 0.05). Moreover, patients
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with low expression levels were associated with inferior overall
survival outcomes. LINC00472 levels were found to be low in
both cardiac muscle tissues and serum of AF patients (Wang
et al., 2019b). In a recent study, LINC00472 levels were
significantly low in osteoporosis patients, compared to healthy
control individuals (Guo et al., 2020). LINC00472 has also been
studied in atherosclerotic coronary tissues, where it was found to
be highly expressed (Jing et al., 2021).

Therefore, LINC00472 is a potential therapeutic target for
several diseases, and it influences disease progression by
regulating LINC00472/miRs or molecular pathways.
Investigations of biological mechanisms have shown that
LINC00472 is a potential biomarker for therapeutic outcomes.

CONCLUSIONS AND FUTURE
PERSPECTIVES

LINC00472 is involved in the development of various diseases,
making it a potential marker for disease diagnosis, treatment, and
prognosis, particularly in tumors. In this review, we highlighted
the functions and mechanisms of LINC00472 in various diseases.
Aberrantly expressed LINC00472 is a promising approach to
disease treatment and prognosis. Plasma LINC00472 levels are
ideal disease diagnostic factors. However, identification of
diagnostic biomarkers for diseases other than AF and PBC
remains difficult. Even though studies have evaluated the
relationship between LINC00472 and disease characteristics,

such as disease stage, tumor grade, disease-free, overall
survival, lymph node metastasis, and TNM stage, their roles as
therapeutic targets for diseases are yet to be thoroughly
investigated. Moreover, studies have mostly focused on
regulatory mechanisms of LINC00472 in various diseases.
Aberrantly expressed LINC00472 influences cell proliferation,
migration, invasion, as well as apoptosis. Moreover, it regulates
various signaling pathways, including MEK/ERK, NF-κB, and
p53 signaling pathways. Meanwhile, LINC00472 has also been
established to be a tumor suppressor in BC, LC, HCC, OS, CRC,
OC, PC, and GC, particularly during carcinogenesis and cancer
progression. LINC00472 acts as a competing endogenous RNA
(ceRNA) to sponge miRNAs, such as miR-141, miR-24-3p, miR-
196b-5p, miR-149-3p, miR-4270, miR-93-5p, miR-300, and miR-
196a. However, there is a need to elucidate on the significance of
LINC00472-miRNAs in diseases. The relationship between
LINC00472 and DNA methylation has also been investigated.
In conclusion, LINC00472 is a potential treatment target for
several diseases.

AUTHOR CONTRIBUTIONS

D-yR and H-yL led the design, writing and revision of the whole
article. C-xT was responsible for the writing of the article. A-hY,
YR, Y-mY, and YL were responsible for the drawing of charts. X-
rY, J-lS, Y-wL, and H-yH were responsible for the revision and
polishing of the article.

REFERENCES

Aravindhan, S., Younus, L. A., Hadi Lafta, M., Markov, A., Ivanovna Enina, Y.,
Yushchenkp, N. A., et al. (2021). P53 Long Noncoding RNA Regulatory
Network in Cancer Development. Cell Biol Int 45, 1583–1598. doi:10.1002/
cbin.11600

Ballantyne, M. D., McDonald, R. A., and Baker, A. H. (2016). lncRNA/MicroRNA
Interactions in the Vasculature. Clin. Pharmacol. Ther. 99, 494–501.
doi:10.1002/cpt.355

Bi, C., and Wang, G. (2021). LINC00472 Suppressed by ZEB1 Regulates the miR-
23a-3p/FOXO3/BID axis to Inhibit the Progression of Pancreatic Cancer. J. Cel
Mol Med 25, 8312–8328. doi:10.1111/jcmm.16784

Cantile, M., Di Bonito, M., Tracey De Bellis, M., and Botti, G. (2021).
Functional Interaction Among lncRNA HOTAIR and MicroRNAs in
Cancer and Other Human Diseases. Cancers (Basel) 13, 570.
doi:10.3390/cancers13030570

Cao, L., Li, Z., Ren, Y., Wang, M., Yang, Z., Zhang, W., et al. (2021). Xuebijing
Protects against Septic Acute Liver Injury Based on Regulation of GSK-3β
Pathway. Front. Pharmacol. 12, 627716. doi:10.3389/fphar.2021.627716

Chaleshi, V., Irani, S., Alebouyeh, M., Mirfakhraie, R., and Aghdaei, H. A. (2020).
Association of lncRNA-P53 Regulatory Network (lincRNA-P21, lincRNA-ROR
and MALAT1) and P53 with the Clinicopathological Features of Colorectal
Primary Lesions and Tumors. Oncol. Lett. 19, 3937–3949. doi:10.3892/
ol.2020.11518

Chen, C., Zheng, Q., Kang, W., and Yu, C. (2019). Long Non-coding RNA
LINC00472 Suppresses Hepatocellular Carcinoma Cell Proliferation,
Migration and Invasion through miR-93-5p/PDCD4 Pathway. Clin. Res.
Hepatol. Gastroenterol. 43, 436–445. doi:10.1016/j.clinre.2018.11.008

Chen, J., Li, Y., Li, Z., and Cao, L. (2020). LncRNAMST1P2/miR-133b axis Affects
the Chemoresistance of Bladder Cancer to Cisplatin-Based Therapy via Sirt1/
p53 Signaling. J. Biochem. Mol. Toxicol. 34, e22452. doi:10.1002/jbt.22452

Chen, Q. F., Chang, L., Su, Q., Zhao, Y., and Kong, B. (2021). Clinical Importance of
Serum Secreted Clusterin in Predicting Invasive Breast Cancer and Treatment
Responses. Bioengineered 12, 278–285. doi:10.1080/21655979.2020.1868732

Chen, Z., Chen, L., Sun, B., Liu, D., He, Y., Qi, L., et al. (2021). LDLR Inhibition
Promotes Hepatocellular Carcinoma Proliferation and Metastasis by Elevating
Intracellular Cholesterol Synthesis through the MEK/ERK Signaling Pathway.
Mol. Metab. 51, 101230. doi:10.1016/j.molmet.2021.101230

Cheng, J., Lou, Y., and Jiang, K. (2021). Downregulation of Long Non-coding RNA
LINC00460 Inhibits the Proliferation, Migration and Invasion, and Promotes
Apoptosis of Pancreatic Cancer Cells via Modulation of the miR-320b/ARF1
axis. Bioengineered 12, 96–107. doi:10.1080/21655979.2020.1863035

Dai, H., Lu, M., Huang, B., Tang, M., Pang, T., Liao, B., et al. (2021).
Considerable Effects of Imaging Sequences, Feature Extraction, Feature
Selection, and Classifiers on Radiomics-Based Prediction of Microvascular
Invasion in Hepatocellular Carcinoma Using Magnetic Resonance
Imaging. Quant Imaging Med. Surg. 11, 1836–1853. doi:10.21037/qims-
20-218

Deng, X., Xiong, W., Jiang, X., Zhang, S., Li, Z., Zhou, Y., et al. (2020). LncRNA
LINC00472 Regulates Cell Stiffness and Inhibits the Migration and
Invasion of Lung Adenocarcinoma by Binding to YBX1. Cell Death Dis
11, 945. doi:10.1038/s41419-020-03147-9

Dong, X. H., Dai, D., Yang, Z. D., Yu, X. O., Li, H., and Kang, H. (2021). S100
Calcium Binding Protein A6 and Associated Long Noncoding Ribonucleic
Acids as Biomarkers in the Diagnosis and Staging of Primary Biliary
Cholangitis. World J. Gastroenterol. 27, 1973–1992. doi:10.3748/
wjg.v27.i17.1973

Du, J., Li, Z., Wang, X., Li, J., Liu, D., Wang, X., et al. (2020). Long Noncoding
RNA TCONS-00106987 Promotes Atrial Electrical Remodelling during
Atrial Fibrillation by Sponging miR-26 to Regulate KCNJ2. J. Cel Mol Med
24, 12777–12788. doi:10.1111/jcmm.15869

El-Ashmawy, N. E., Al-Ashmawy, G. M., and Hamouda, S. M. (2021). Long
Non-coding RNA FAM83H-AS1 as an Emerging Marker for Diagnosis,

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 72690810

Ren et al. The Research Progress of Long Noncoding RNA 00472

https://doi.org/10.1002/cbin.11600
https://doi.org/10.1002/cbin.11600
https://doi.org/10.1002/cpt.355
https://doi.org/10.1111/jcmm.16784
https://doi.org/10.3390/cancers13030570
https://doi.org/10.3389/fphar.2021.627716
https://doi.org/10.3892/ol.2020.11518
https://doi.org/10.3892/ol.2020.11518
https://doi.org/10.1016/j.clinre.2018.11.008
https://doi.org/10.1002/jbt.22452
https://doi.org/10.1080/21655979.2020.1868732
https://doi.org/10.1016/j.molmet.2021.101230
https://doi.org/10.1080/21655979.2020.1863035
https://doi.org/10.21037/qims-20-218
https://doi.org/10.21037/qims-20-218
https://doi.org/10.1038/s41419-020-03147-9
https://doi.org/10.3748/wjg.v27.i17.1973
https://doi.org/10.3748/wjg.v27.i17.1973
https://doi.org/10.1111/jcmm.15869
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


Prognosis and Therapeutic Targeting of Cancer. Cell Biochem Funct 39,
350–356. doi:10.1002/cbf.3601

Espinosa, L., and Marruecos, L. (2021). NF-kappaB-Dependent and
-Independent (Moonlighting) IkappaBalpha Functions in Differentiation
and Cancer. Biomedicines 9, 1278. doi:10.3390/biomedicines9091278

Fan, J., Zhang, Y. C., Zheng, D. F., Zhang, M., Liu, H., He, M., et al. (2020). IL-27 Is
Elevated in Sepsis with Acute Hepatic Injury and Promotes Hepatic Damage
and Inflammation in the CLP Model. Cytokine 127, 154936. doi:10.1016/
j.cyto.2019.154936

Feng, L., Li, J., Li, F., Li, H., Bei, S., Zhang, X., et al. (2020). Long Noncoding RNA
VCAN-AS1 Contributes to the Progression of Gastric Cancer via Regulating
P53 Expression. J. Cel Physiol 235, 4388–4398. doi:10.1002/jcp.29315

Fu, Y., Biglia, N., Wang, Z., Shen, Y., Risch, H. A., Lu, L., et al. (2016). Long Non-
coding RNAs, ASAP1-IT1, FAM215A, and LINC00472, in Epithelial Ovarian
Cancer. Gynecol. Oncol. 143, 642–649. doi:10.1016/j.ygyno.2016.09.021

Gao, C., Gao, J., Zeng, G., Yan, H., Zheng, J., and Guo, W. (2021). MicroRNA-629-
5p Promotes Osteosarcoma Proliferation and Migration by Targeting Caveolin
1. Braz. J. Med. Biol. Res. 54, e10474. doi:10.1590/1414-431X202010474

Gao, D., Qi, X., Zhang, X., Fang, K., Guo, Z., and Li, L. (2019).
hsa_circRNA_0006528 as a Competing Endogenous RNA Promotes Human
Breast Cancer Progression by Sponging miR-7-5p and Activating the MAPK/
ERK Signaling Pathway. Mol. Carcinog 58, 554–564. doi:10.1002/mc.22950

Gote, V., Nookala, A. R., Bolla, P. K., and Pal, D. (2021). Drug Resistance in
Metastatic Breast Cancer: Tumor Targeted Nanomedicine to the Rescue. Int.
J. Mol. Sci. 22, 4673. doi:10.3390/ijms22094673

Guo, H. L., Wang, X., Yang, G. Y., Wu, Y. Y., Chen, Y. C., Zhan, H. S., et al. (2020).
LINC00472 Promotes Osteogenic Differentiation and Alleviates Osteoporosis
by Sponging miR-300 to Upregulate the Expression of FGFR2. Eur. Rev. Med.
Pharmacol. Sci. 24, 4652–4664. doi:10.26355/eurrev_202005_21151

He, B., Wu, C., Sun, W., Qiu, Y., Li, J., Liu, Z., et al. (2021). miR383 Increases the
Cisplatin Sensitivity of Lung Adenocarcinoma Cells through Inhibition of the
RBM24mediated NFkappaB Signaling Pathway. Int. J. Oncol. 59, 87.
doi:10.3892/ijo.2021.5267

Ho, J. Y., Lu, H. Y., Cheng, H. H., Kuo, Y. C., Lee, Y. A., and Cheng, C. H. (2021).
UBE2S Activates NF-kappaB Signaling by Binding with IkappaBalpha and
Promotes Metastasis of Lung Adenocarcinoma Cells. Cel Oncol (Dordr).
doi:10.1007/s13402-021-00639-4

Hu, X., Yuan, G., Li, Q., Huang, J., Cheng, X., and Chen, J. (2021). DEAH-box
Polypeptide 32 Promotes Hepatocellular Carcinoma Progression via Activating
the β-catenin Pathway. Ann. Med. 53, 437–447. doi:10.1080/
07853890.2021.1898674

Huang, C., Du, R., Jia, X., Liu, K., Qiao, Y., Wu, Q., et al. (2021). CDK15 Promotes
Colorectal Cancer Progression via Phosphorylating PAK4 and Regulating Beta-
Catenin/MEK-ERK Signaling Pathway. Cell Death Differ. doi:10.1038/s41418-
021-00828-6

Jia, X., Yang, M., Hu, W., and Cai, S. (2021). Overexpression of miRNA-22-3p
Attenuates Osteoporosis by Targeting MAPK14. Exp. Ther. Med. 22, 692.
doi:10.3892/etm.2021.10124

Jing, R., Pan, W., Long, T., Li, Z., and Li, C. (2021). LINC00472 Regulates Vascular
Smooth Muscle Cell Migration and Proliferation via Regulating miR-149-3p.
Environ. Sci. Pollut. Res. Int. 28, 12960–12967. doi:10.1007/s11356-020-10761-9

Kelm, M., Schollbach, J., Anger, F., Wiegering, A., Klein, I., Germer, C. T., et al.
(2021). Prognostic Impact of Additive Chemotherapy after Curative Resection
of Metachronous Colorectal Liver Metastasis: a Single-centre Retrospective
Study. BMC Cancer 21, 490. doi:10.1186/s12885-021-07941-2

Kumar, M., DeVaux, R. S., and Herschkowitz, J. I. (2016). Molecular and Cellular
Changes in Breast Cancer and New Roles of lncRNAs in Breast Cancer
Initiation and Progression. Prog. Mol. Biol. Transl Sci. 144, 563–586.
doi:10.1016/bs.pmbts.2016.09.011

Lee, J. W. J., Zhu, F., Srivastava, S., Tsao, S. K., Khor, C., Ho, K. Y., et al. (2021).
Severity of Gastric Intestinal Metaplasia Predicts the Risk of Gastric Cancer: a
Prospective Multicentre Cohort Study (GCEP). Gut. doi:10.1136/gutjnl-2021-
324057

Li, G., Zhang, T., Huang, K., Zhu, Y., Xu, K., Gu, J., et al. (2021). Long
Noncoding RNA GAS8-AS1: A Novel Biomarker in Human Diseases.
Biomed. Pharmacother. 139, 111572. doi:10.1016/j.biopha.2021.111572

Li, H., Zeng, Z., Yang, X., Chen, Y., He, L., and Wan, T. (2020). LncRNA
GClnc1 May Contribute to the Progression of Ovarian Cancer by

Regulating P53 Signaling Pathway. Eur. J. Histochem. 64, 3166.
doi:10.4081/ejh.2020.3166

Li, L., He, Y., He, X. J., Bi, M. R., Qi, Y. H., and Zhu, W. W. (2020). Down-
regulation of Long Noncoding RNA LINC00472 Alleviates Sepsis-Induced
Acute Hepatic Injury by Regulating miR-373-3p/TRIM8 axis. Exp. Mol.
Pathol. 117, 104562. doi:10.1016/j.yexmp.2020.104562

Li, P., Wang, H., Tang, Y., Sun, S., Ma, Y., Xu, Y., et al. (2021). Knockdown of
LINC00657 Inhibits the Viability, Migration and Invasion of Pancreatic Cancer
Cells by Regulating the miR-520h/CKS1B axis. Exp. Ther. Med. 22, 1142.
doi:10.3892/etm.2021.10576

Li, X., Ni, L., Wang, W., Zong, L., and Yao, B. (2020). LncRNA Fendrr Inhibits
Hypoxia/reoxygenation-Induced Cardiomyocyte Apoptosis by
Downregulating P53 Expression. J. Pharm. Pharmacol. 72, 1211–1220.
doi:10.1111/jphp.13298

Li, Y., Liu, X., Wang, Y., Zhou, Y., Hu, S., Yang, H., et al. (2021). Novel HLA-DRB1
Alleles Contribute Risk for Disease Susceptibility in Primary Biliary
Cholangitis. Dig. Liver Dis. S1590-8658, 00196. doi:10.1016/j.dld.2021.04.010

Liu, B., Yan, L., Chi, Y., Sun, Y., and Yang, X. (2021). Long Non-coding RNA
AFAP1-AS1 Facilitates Ovarian Cancer Progression by Regulating the miR-
107/PDK4 axis. J. Ovarian Res. 14, 60. doi:10.1186/s13048-021-00808-x

Liu, H., Qin, G., Ji, Y., Wang, X., Bao, H., Guan, X., et al. (2021). Potential
Role of m6A RNA Methylation Regulators in Osteosarcoma and its
Clinical Prognostic Value. J. Orthop. Surg. Res. 16, 294. doi:10.1186/
s13018-021-02422-5

Liu, H., Yang, M., Zhang, Y., Yang, Z., Chen, Z., Xie, Y., et al. (2021). The Effect of
miR-539 Regulating TRIAP1 on the Apoptosis, Proliferation, Migration and
Invasion of Osteosarcoma Cells. Cancer Cel Int 21, 227. doi:10.1186/s12935-
021-01909-9

Liu, T., Zhou, L., He, Z., Chen, Y., Jiang, X., Xu, J., et al. (2021). Circular RNA
Hsa_circ_0006117 Facilitates Pancreatic Cancer Progression by Regulating the
miR-96-5p/KRAS/MAPK Signaling Pathway. J. Oncol. 2021, 9213205.
doi:10.1155/2021/9213205

Liu, W., Li, T., Hu, W., Ji, Q., Hu, F., Wang, Q., et al. (2021). Hematopoietic Cell
Kinase Enhances Osteosarcoma Development via the MEK/ERK Pathway.
J. Cel Mol Med 25, 8789–8795. doi:10.1111/jcmm.16836

Liu, X., Wang, L., Wang, Q., Zhao, J., Chang, H., and Zhu, R. (2021). Association
between Genetic Variants in the lncRNA-P53 Regulatory Network and
Ischemic Stroke Prognosis. Neurotox Res. 39, 1171–1180. doi:10.1007/
s12640-021-00357-7

Liu, Z., Sun, D., Zhu, Q., and Liu, X. (2021). The Screening of Immune-Related
Biomarkers for Prognosis of Lung Adenocarcinoma. Bioengineered 12,
1273–1285. doi:10.1080/21655979.2021.1911211

Long, K., Zeng, Q., and Dong, W. (2021). The Clinical Significance of microRNA-
409 in Pancreatic Carcinoma and Associated Tumor Cellular Functions.
Bioengineered 12, 4633–4642. doi:10.1080/21655979.2021.1956404

Lu, G. H., Zhao, H. M., Liu, Z. Y., Cao, Q., Shao, R. D., and Sun, G. (2021). LncRNA
SAMD12-AS1 Promotes the Progression of Gastric Cancer via DNMT1/p53
axis. Arch. Med. Res. 52, 683–691. doi:10.1016/j.arcmed.2021.04.004

Lu, J., Xu, F., and Lu, H. (2020). LncRNA PVT1 Regulates Ferroptosis through
miR-214-Mediated TFR1 and P53. Life Sci. 260, 118305. doi:10.1016/
j.lfs.2020.118305

Lu, J., Xu, F. Q., Guo, J. J., Lin, P. L., Meng, Z., Hu, L. G., et al. (2019). Long
Noncoding RNA GAS5 Attenuates Cardiac Fibroblast Proliferation in Atrial
Fibrillation via Repressing ALK5. Eur. Rev. Med. Pharmacol. Sci. 23, 7605–7610.
doi:10.26355/eurrev_201909_18883

Lu, P., Xue Yang, Y., Yang, Y., Wang, F., Li, L., and Gu, Y. (2018). Retracted Article:
Linc00472 Suppresses Breast Cancer Progression and Enhances Doxorubicin
Sensitivity through Regulation of miR-141 and Programmed Cell Death 4. RSC
Adv. 8, 8455–8468. doi:10.1039/c8ra00296g

Lv, X., Li, Y., Li, Y., Li, H., Zhou, L., Wang, B., et al. (2019). FAL1: A Critical
Oncogenic Long Non-coding RNA in Human Cancers. Life Sci. 236, 116918.
doi:10.1016/j.lfs.2019.116918

Ma, J., Li, L., Du, J., Pan, C., Zhang, C., and Chen, Y. (2021). Placenta-specific
Protein 1 Enhances Liver Metastatic Potential and Is Associated with the PI3K/
AKT/NF-κB Signaling Pathway in Colorectal Cancer. Eur. J. Cancer Prev. 30,
220–231. doi:10.1097/CEJ.0000000000000611

Ma, J., Li, X., Zhao, S., Wang, J., Zhang, W., and Sun, G. (2021). Robot-assisted
Thoracic Surgery versus Video-Assisted Thoracic Surgery for Lung Lobectomy

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 72690811

Ren et al. The Research Progress of Long Noncoding RNA 00472

https://doi.org/10.1002/cbf.3601
https://doi.org/10.3390/biomedicines9091278
https://doi.org/10.1016/j.cyto.2019.154936
https://doi.org/10.1016/j.cyto.2019.154936
https://doi.org/10.1002/jcp.29315
https://doi.org/10.1016/j.ygyno.2016.09.021
https://doi.org/10.1590/1414-431X202010474
https://doi.org/10.1002/mc.22950
https://doi.org/10.3390/ijms22094673
https://doi.org/10.26355/eurrev_202005_21151
https://doi.org/10.3892/ijo.2021.5267
https://doi.org/10.1007/s13402-021-00639-4
https://doi.org/10.1080/07853890.2021.1898674
https://doi.org/10.1080/07853890.2021.1898674
https://doi.org/10.1038/s41418-021-00828-6
https://doi.org/10.1038/s41418-021-00828-6
https://doi.org/10.3892/etm.2021.10124
https://doi.org/10.1007/s11356-020-10761-9
https://doi.org/10.1186/s12885-021-07941-2
https://doi.org/10.1016/bs.pmbts.2016.09.011
https://doi.org/10.1136/gutjnl-2021-324057
https://doi.org/10.1136/gutjnl-2021-324057
https://doi.org/10.1016/j.biopha.2021.111572
https://doi.org/10.4081/ejh.2020.3166
https://doi.org/10.1016/j.yexmp.2020.104562
https://doi.org/10.3892/etm.2021.10576
https://doi.org/10.1111/jphp.13298
https://doi.org/10.1016/j.dld.2021.04.010
https://doi.org/10.1186/s13048-021-00808-x
https://doi.org/10.1186/s13018-021-02422-5
https://doi.org/10.1186/s13018-021-02422-5
https://doi.org/10.1186/s12935-021-01909-9
https://doi.org/10.1186/s12935-021-01909-9
https://doi.org/10.1155/2021/9213205
https://doi.org/10.1111/jcmm.16836
https://doi.org/10.1007/s12640-021-00357-7
https://doi.org/10.1007/s12640-021-00357-7
https://doi.org/10.1080/21655979.2021.1911211
https://doi.org/10.1080/21655979.2021.1956404
https://doi.org/10.1016/j.arcmed.2021.04.004
https://doi.org/10.1016/j.lfs.2020.118305
https://doi.org/10.1016/j.lfs.2020.118305
https://doi.org/10.26355/eurrev_201909_18883
https://doi.org/10.1039/c8ra00296g
https://doi.org/10.1016/j.lfs.2019.116918
https://doi.org/10.1097/CEJ.0000000000000611
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


or Segmentectomy in Patients with Non-small Cell Lung Cancer: a Meta-
Analysis. BMC Cancer 21, 498. doi:10.1186/s12885-021-08241-5

Mao, X., Zhou, X., Liu, J., Mao, Y., and Zhou, H. (2019). Up-regulated Linc00472
Suppresses Development of Lung Cancer Cell via Inhibition of MiR-196b-5p.
Biosci. Biotechnol. Biochem., 1–13. doi:10.1080/09168451.2019.1694404

Moreau, P. R., Tomas Bosch, V., Bouvy-Liivrand, M., Ounap, K., Ord, T.,
Pulkkinen, H. H., et al. (2021). Profiling of Primary and Mature miRNA
Expression in Atherosclerosis Associated Cell Types.Arterioscler Thromb. Vasc.
Biol. 41, 2149–2167. doi:10.1161/atvbaha.121.315579

Nyati, K. K., Hashimoto, S., Singh, S. K., Tekguc, M., Metwally, H., Liu, Y. C., et al.
(2021). The Novel Long Noncoding RNA AU021063, Induced by IL-6/Arid5a
Signaling, Exacerbates Breast Cancer Invasion and Metastasis by Stabilizing
Trib3 and Activating the Mek/Erk Pathway. Cancer Lett. 520, 295–306.
doi:10.1016/j.canlet.2021.08.004

Pillai, S. C., Borah, A., Jacob, E. M., and Kumar, D. S. (2021). Nanotechnological
Approach to Delivering Nutraceuticals as Promising Drug Candidates for the
Treatment of Atherosclerosis. Drug Deliv. 28, 550–568. doi:10.1080/
10717544.2021.1892241

Qi, Y., Song, C., Zhang, J., Guo, C., and Yuan, C. (2021). Oncogenic LncRNA
CASC9 in Cancer Progression. Curr. Pharm. Des. 27, 575–582. doi:10.2174/
1381612826666200917150130

Qin, H., Liu, X., Li, F., Miao, L., Li, T., Xu, B., et al. (2017). PAD1 Promotes
Epithelial-Mesenchymal Transition and Metastasis in Triple-Negative Breast
Cancer Cells by Regulating MEK1-Erk1/2-MMP2 Signaling. Cancer Lett. 409,
30–41. doi:10.1016/j.canlet.2017.08.019

Qiu, J., Xiao, X., Gao, X., and Zhang, Y. (2021). Ulinastatin Protects against Sepsis-
induced M-yocardial I-njury by I-nhibiting NLRP3 I-nflammasome
A-ctivation. Mol. Med. Rep. 24, 24. doi:10.3892/mmr.2021.12369

Ren, C., Han, X., Lu, C., Yang, T., Qiao, P., Sun, Y., et al. (2021). Ubiquitination of
NF-kappaB P65 by FBXW2 Suppresses Breast Cancer Stemness,
Tumorigenesis, and Paclitaxel Resistance. Cel Death Differ. doi:10.1038/
s41418-021-00862-4

Ren, L. R., Yao, R. B., Wang, S. Y., Gong, X. D., Xu, J. T., and Yang, K. S. (2021).
MiR-27a-3p Promotes the Osteogenic Differentiation by Activating CRY2/
ERK1/2 axis. Mol. Med. 27, 43. doi:10.1186/s10020-021-00303-5

Ruan, Z. B., Wang, F., Gongben, B. D., Chen, G. C., and Zhu, L. (2020).
Identification of Circulating lncRNA Expression Profiles in Patients with
Atrial Fibrillation. Dis. Markers 2020, 8872142. doi:10.1155/2020/8872142

Seborova, K., Vaclavikova, R., Rob, L., Soucek, P., and Vodicka, P. (2021). Non-
Coding RNAs as Biomarkers of Tumor Progression and Metastatic Spread in
Epithelial Ovarian Cancer. Cancers (Basel) 13. doi:10.3390/cancers13081839

Shao, G., Fan, X., Zhang, P., Liu, X., Huang, L., and Ji, S. (2021). Methylation-
dependent MCM6 Repression Induced by LINC00472 Inhibits Triple-Negative
Breast Cancer Metastasis by Disturbing the MEK/ERK Signaling Pathway.
Aging (Albany NY) 13, 4962–4975. doi:10.18632/aging.103568

Sharma, R. (2021). Examination of Incidence, Mortality and Disability-Adjusted
Life Years and Risk Factors of Breast Cancer in 49 Asian Countries, 1990-2019:
Estimates from Global Burden of Disease Study 2019. Jpn. J. Clin. Oncol. 51,
826–835. doi:10.1093/jjco/hyab004

Shen, Y., Katsaros, D., Loo, L. W., Hernandez, B. Y., Chong, C., Canuto, E. M., et al.
(2015). Prognostic and Predictive Values of Long Non-coding RNA
LINC00472 in Breast Cancer. Oncotarget 6, 8579–8592. doi:10.18632/
oncotarget.3287

Shen, Y., Wang, Z., Loo, L. W., Ni, Y., Jia, W., Fei, P., et al. (2015). LINC00472
Expression Is Regulated by Promoter Methylation and Associated with Disease-
free Survival in Patients with Grade 2 Breast Cancer. Breast Cancer Res. Treat.
154, 473–482. doi:10.1007/s10549-015-3632-8

Shi, F., Wei, B., Lan, T., Xiao, Y., Quan, X., Chen, J., et al. (2021). Low NLRP3
Expression Predicts a Better Prognosis of Colorectal Cancer. Biosci. Rep. 41, 41.
doi:10.1042/BSR20210280

Shi, J., Song, S., Li, S., Zhang, K., Lan, Y., and Li, Y. (2021). TNF-α/NF-κB Signaling
Epigenetically Represses PSD4 Transcription to Promote Alcohol-Related
Hepatocellular Carcinoma Progression. Cancer Med. 10, 3346–3357.
doi:10.1002/cam4.3832

Su, C., Shi, K., Cheng, X., Han, Y., Li, Y., Yu, D., et al. (2018). Long Noncoding RNA
LINC00472 Inhibits Proliferation and Promotes Apoptosis of Lung
Adenocarcinoma Cells via Regulating miR-24-3p/DEDD. Technol. Cancer
Res. Treat. 17, 1533033818790490. doi:10.1177/1533033818790490

Su, X., Liu, N., Wu, W., Zhu, Z., Xu, Y., He, F., et al. (2021). Comprehensive
Analysis of Prognostic Value and Immune Infiltration of Kindlin Family
Members in Non-small Cell Lung Cancer. BMC Med. Genomics 14, 119.
doi:10.1186/s12920-021-00967-2

Sui, J., Li, Y. H., Zhang, Y. Q., Li, C. Y., Shen, X., Yao, W. Z., et al. (2016). Integrated
Analysis of Long Non-coding RNA-associated ceRNA N-etwork R-eveals
P-otential lncRNA B-iomarkers in H-uman L-ung A-denocarcinoma. Int.
J. Oncol. 49, 2023–2036. doi:10.3892/ijo.2016.3716

Tang, X., Li, Y., Li, M., Zhou, Y., Wen, J., Huang, Z., et al. (2020). The Role of Long
Noncoding RNAs in Regulating Invasion and Metastasis of Malignant Tumors.
Anticancer Drugs 31, 319–325. doi:10.1097/CAD.0000000000000899

Tsai, K.W., Tsai, C. Y., Chou, N. H.,Wang, K. C., Kang, C. H., Li, S. C., et al. (2019).
Aberrant DNA Hypermethylation Silenced LncRNA Expression in Gastric
Cancer. Anticancer Res. 39, 5381–5391. doi:10.21873/anticanres.13732

Wang, J., Zhang, C., He, W., and Gou, X. (2018). Construction and Comprehensive
Analysis of Dysregulated Long Non-coding RNA-Associated Competing
Endogenous RNA Network in clear Cell Renal Cell Carcinoma. J. Cel
Biochem, 1–18. doi:10.1002/jcb.27557

Wang, L. Y., Shen, H., Yang, Q., Min, J., Wang, Q., Xi, W., et al. (2019). LncRNA-
LINC00472 Contributes to the Pathogenesis of Atrial Fibrillation (Af) by
Reducing Expression of JP2 and RyR2 via miR-24. Biomed. Pharmacother.
120, 109364. doi:10.1016/j.biopha.2019.109364

Wang, X., Li, X., Lin, F., Sun, H., Lin, Y., Wang, Z., et al. (2021). The Lnc-CTSLP8
Upregulates CTSL1 as a Competitive Endogenous RNA and Promotes Ovarian
Cancer Metastasis. J. Exp. Clin. Cancer Res. 40, 151. doi:10.1186/s13046-021-
01957-z

Wang, Y., Zhang, J., Li, Y. J., Yu, N. N., Liu, W. T., Liang, J. Z., et al. (2021). MEST
Promotes Lung Cancer Invasion and Metastasis by Interacting with VCP to
Activate NF-Κb Signaling. J. Exp. Clin. Cancer Res. 40, 301. doi:10.1186/s13046-
021-02107-1

Wang, Z., Katsaros, D., Biglia, N., Shen, Y., Loo, L., Yu, X., et al. (2019). ERα
Upregulates the Expression of Long Non-coding RNA LINC00472 Which
Suppresses the Phosphorylation of NF-Κb in Breast Cancer. Breast Cancer Res.
Treat. 175, 353–368. doi:10.1007/s10549-018-05108-5

Wang, Z., Wang, C., Jiang, B. H., Shi, L., Lin, S., Wang, L., et al. (2021). Predictive
Significance of STK17A in Patients with Gastric Cancer and Association with
Gastric Cancer Cell Proliferation and Migration. Oncol. Rep. 45, 45.
doi:10.3892/or.2021.8070

Wise, R., and Zolkiewska, A. (2017). Metalloprotease-dependent Activation of
EGFR Modulates CD44+/CD24- Populations in Triple Negative Breast Cancer
Cells through the MEK/ERK Pathway. Breast Cancer Res. Treat. 166, 421–433.
doi:10.1007/s10549-017-4440-0

Wu, Z. H., Zhou, J., Hu, G. H., Liu, J., Li, W. C., Lai, X. H., et al. (2021). LncRNA
CASC2 Inhibits Lung Adenocarcinoma Progression through Forming
Feedback Loop with miR-21/p53 axis. Kaohsiung J. Med. Sci. 37, 675–685.
doi:10.1002/kjm2.12386

Xie, G. Q., Jiang, J. X., Chen, Y. H., Liu, D. W., Zhu, P. F., and Wang, Z. G. (2002).
Induction of Acute Hepatic Injury by Endotoxin in Mice. Hepatobiliary
Pancreat. Dis. Int. 1, 558–564.

Xie, X., Hu, H., He, J., Liu, Y., Guo, F., Luo, F., et al. (2021). Interleukin-36α
Suppresses Growth of Non-small Cell Lung Cancer In Vitro by Reducing
Angiogenesis. FEBS Open Bio 11, 1353–1363. doi:10.1002/2211-5463.13141

Xu, G., Shi, Y., Ling, X., Wang, D., Liu, Y., Lu, H., et al. (2021). HHLA2 Predicts
Better Survival and Exhibits Inhibited Proliferation in Epithelial Ovarian
Cancer. Cancer Cel Int 21, 252. doi:10.1186/s12935-021-01930-y

Xu, H., Zou, R., Li, F., Liu, J., Luan, N., Wang, S., et al. (2021). MRPL15 Is a Novel
Prognostic Biomarker and Therapeutic Target for Epithelial Ovarian Cancer.
Cancer Med. 10, 3655–3673. doi:10.1002/cam4.3907

Xu, M., Cui, R., Ye, L., Wang, Y., Wang, X., Zhang, Q., et al. (2021). LINC00941
Promotes Glycolysis in Pancreatic Cancer by Modulating the Hippo
Pathway. Mol. Ther. Nucleic Acids 26, 280–294. doi:10.1016/
j.omtn.2021.07.004

Xu, M., Zhao, X., Zhao, S., Yang, Z., Yuan, W., Han, H., et al. (2021).
Landscape Analysis of lncRNAs Shows that DDX11-AS1 Promotes Cell-
Cycle Progression in Liver Cancer through the PARP1/p53 axis. Cancer
Lett. 520, 282–294. doi:10.1016/j.canlet.2021.08.001

Xu, N., Chen, Y. S., Zhu, H., Li, W. S., Sun, Z. W., Zhang, H. B., et al. (2021).
Upregulation of miR-142-5p Induced by Lipopolysaccharide Contributes

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 72690812

Ren et al. The Research Progress of Long Noncoding RNA 00472

https://doi.org/10.1186/s12885-021-08241-5
https://doi.org/10.1080/09168451.2019.1694404
https://doi.org/10.1161/atvbaha.121.315579
https://doi.org/10.1016/j.canlet.2021.08.004
https://doi.org/10.1080/10717544.2021.1892241
https://doi.org/10.1080/10717544.2021.1892241
https://doi.org/10.2174/1381612826666200917150130
https://doi.org/10.2174/1381612826666200917150130
https://doi.org/10.1016/j.canlet.2017.08.019
https://doi.org/10.3892/mmr.2021.12369
https://doi.org/10.1038/s41418-021-00862-4
https://doi.org/10.1038/s41418-021-00862-4
https://doi.org/10.1186/s10020-021-00303-5
https://doi.org/10.1155/2020/8872142
https://doi.org/10.3390/cancers13081839
https://doi.org/10.18632/aging.103568
https://doi.org/10.1093/jjco/hyab004
https://doi.org/10.18632/oncotarget.3287
https://doi.org/10.18632/oncotarget.3287
https://doi.org/10.1007/s10549-015-3632-8
https://doi.org/10.1042/BSR20210280
https://doi.org/10.1002/cam4.3832
https://doi.org/10.1177/1533033818790490
https://doi.org/10.1186/s12920-021-00967-2
https://doi.org/10.3892/ijo.2016.3716
https://doi.org/10.1097/CAD.0000000000000899
https://doi.org/10.21873/anticanres.13732
https://doi.org/10.1002/jcb.27557
https://doi.org/10.1016/j.biopha.2019.109364
https://doi.org/10.1186/s13046-021-01957-z
https://doi.org/10.1186/s13046-021-01957-z
https://doi.org/10.1186/s13046-021-02107-1
https://doi.org/10.1186/s13046-021-02107-1
https://doi.org/10.1007/s10549-018-05108-5
https://doi.org/10.3892/or.2021.8070
https://doi.org/10.1007/s10549-017-4440-0
https://doi.org/10.1002/kjm2.12386
https://doi.org/10.1002/2211-5463.13141
https://doi.org/10.1186/s12935-021-01930-y
https://doi.org/10.1002/cam4.3907
https://doi.org/10.1016/j.omtn.2021.07.004
https://doi.org/10.1016/j.omtn.2021.07.004
https://doi.org/10.1016/j.canlet.2021.08.001
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles


to Apoptosis of Hepatocytes and Hepatic Failure. Eur. Rev. Med.
Pharmacol. Sci. 25, 5293–5303. doi:10.26355/eurrev_202108_26550

Xue, C., Li, G., Lu, J., Luo, J., and Jia, J. (2021). Novel Insights for lncRNA
MAGI2-AS3 in Solid Tumors. Biomed. Pharmacother. 137, 111429.
doi:10.1016/j.biopha.2021.111429

Yang, L., Cai, N., and Zhao, L. (2020). MicroRNA-1 Regulates the Growth and
Chemosensitivity of Breast Cancer Cells by Targeting MEK/ERK Pathway.
J. BUON 25, 2215–2220.

Yang, Q., Chu, W., Yang, W., Cheng, Y., Chu, C., Pan, X., et al. (2020).
Identification of RNA Transcript Makers Associated with Prognosis of
Kidney Renal Clear Cell Carcinoma by a Competing Endogenous RNA
Network Analysis. Front. Genet. 11, 540094. doi:10.3389/fgene.2020.540094

Yang, Q. E. (2021). Human Cancer Xenografts in Immunocompromised Mice
Provide an Advanced Genuine Tumor Model for Research and Drug
Development-A Revisit of Murine Models for Human Cancers.
Biochim. Biophys. Acta Gen. Subj 1865, 129929. doi:10.1016/
j.bbagen.2021.129929

Yang, Y., Jia, Y., Ning, Y., Wen, W., Qin, Y., Zhang, H., et al. (2021). TAK1-AMPK
Pathway in Macrophages Regulates Hypothyroid Atherosclerosis. Cardiovasc.
Drugs Ther. 35, 599–612. doi:10.1007/s10557-020-06996-w

Yang, Z., OuYang, X., Zheng, L., Dai, L., and Luo, W. (2021). Long Intergenic
Noncoding RNA00265 Promotes Proliferation of Gastric Cancer via the
microRNA-144-3p/Chromobox 4 axis. Bioengineered 12, 1012–1025.
doi:10.1080/21655979.2021.1876320

Yao, H., Chen, X., and Tan, X. (2021). Efficacy and Safety of Apatinib in the
Treatment of Osteosarcoma: a Single-Arm Meta-Analysis Among Chinese
Patients. BMC Cancer 21, 449. doi:10.1186/s12885-021-08154-3

Ye, Y., Yang, S., Han, Y., Sun, J., Xv, L., Wu, L., et al. (2018). Linc00472 Suppresses
Proliferation and Promotes Apoptosis through Elevating PDCD4 Expression by
Sponging miR-196a in Colorectal Cancer. Aging (Albany NY) 10, 1523–1533.
doi:10.18632/aging.101488

Zhang, C., Zhou, X., Geng, X., Zhang, Y., Wang, J., Wang, Y., et al. (2021). Circular
RNA Hsa_circ_0006401 Promotes Proliferation and Metastasis in Colorectal
Carcinoma. Cel Death Dis 12, 443. doi:10.1038/s41419-021-03714-8

Zhang, J., Zhang, J., Zhang, D., Ni, W., Xiao, H., and Zhao, B. (2020). Down-
regulation of LINC00472 Promotes Osteosarcoma Tumorigenesis by Reducing
FOXO1 Expressions via miR-300. Cancer Cel Int 20, 100. doi:10.1186/s12935-
020-01170-6

Zhang, W., Yang, C., Wang, S., Xiang, Z., Dou, R., Lin, Z., et al. (2021). SDC2 and
TFPI2 Methylation in Stool Samples as an Integrated Biomarker for Early
Detection of Colorectal Cancer. Cancer Manag. Res. 13, 3601–3617.
doi:10.2147/CMAR.S300861

Zhang, X., Hong, R., Chen, W., Xu, M., and Wang, L. (2019). The Role of Long
Noncoding RNA in Major Human Disease. Bioorg. Chem. 92, 103214.
doi:10.1016/j.bioorg.2019.103214

Zhao, H., De Souza, C., Kumar, V. E., Nambiar, R., Hao, D., Zhu, X., et al. (2021). Long
Non-coding RNA Signatures as Predictors of Prognosis in Thyroid Cancer: a
Narrative Review. Ann. Transl Med. 9, 359. doi:10.21037/atm-20-8191

Zhao, Q. S., Ying, J. B., Jing, J. J., and Wang, S. S. (2020). LncRNA FOXD2-AS1
Stimulates Glioma Progression through Inhibiting P53. Eur. Rev. Med. Pharmacol.
Sci. 24, 4382–4388. doi:10.26355/eurrev_202004_21019

Zhao, X., Wang, M., Sun, Z., Zhuang, S., Zhang, W., Yang, Z., et al. (2021). MicroRNA-
139-5p Improves Sepsis-Induced Lung Injury by Targeting Rho-Kinase1. Exp. Ther.
Med. 22, 1059. doi:10.3892/etm.2021.10493

Zheng, Q., Gu, X., Yang, Q., Chu, Q., Dai, Y., and Chen, Z. (2021). DLX6-AS1 Is a
Potential Biomarker and Therapeutic Target in Cancer Initiation and
Progression. Clin. Chim. Acta 517, 1–8. doi:10.1016/j.cca.2021.02.006

Zheng, W., Cao, L., Ouyang, L., Zhang, Q., Duan, B., Zhou, W., et al. (2019).
Anticancer Activity of 1,25-(OH)2D3 against Human Breast Cancer Cell Lines
by Targeting Ras/MEK/ERK Pathway. Onco Targets Ther. 12, 721–732.
doi:10.2147/OTT.S190432

Zhou, F., Wang, D., Zhou, N., Chen, H., Shi, H., Peng, R., et al. (2021). Circular
RNA Protein Tyrosine Kinase 2 Promotes Cell Proliferation, Migration and
Suppresses Apoptosis via Activating MicroRNA-638 Mediated MEK/ERK,
WNT/β-Catenin Signaling Pathways in Multiple Myeloma. Front. Oncol. 11,
648189. doi:10.3389/fonc.2021.648189

Zhou, Q., Liu, J., Quan, J., Liu, W., Tan, H., and Li, W. (2018). lncRNAs as Potential
Molecular Biomarkers for the Clinicopathology and Prognosis of Glioma: A
Systematic Review and Meta-Analysis. Gene 668, 77–86. doi:10.1016/
j.gene.2018.05.054

Zhu, B., Zhang, X., Sun, S., Fu, Y., Xie, L., and Ai, P. (2021). NF-κB and Neutrophil
Extracellular Traps Cooperate to Promote Breast Cancer Progression and
Metastasis. Exp. Cel Res 405, 112707. doi:10.1016/j.yexcr.2021.112707

Zhu, T. G., Xiao, X., Wei, Q., Yue, M., and Zhang, L. X. (2017). Revealing Potential
Long Non-coding RNA Biomarkers in Lung Adenocarcinoma Using Long
Non-coding RNA-Mediated Competitive Endogenous RNA Network. Braz.
J. Med. Biol. Res. 50, e6297. doi:10.1590/1414-431X20176297

Zhu, X., Bai, W., and Zheng, H. (2021). Twelve Years of GWAS Discoveries for
Osteoporosis and Related Traits: Advances, Challenges and Applications. Bone
Res. 9, 23. doi:10.1038/s41413-021-00143-3

Zou, A., Liu, X., Mai, Z., Zhang, J., Liu, Z., Huang, Q., et al. (2019). LINC00472 Acts
as a Tumor Suppressor in NSCLC through KLLN-Mediated P53-Signaling
Pathway via MicroRNA-149-3p and MicroRNA-4270.Mol. Ther. Nucleic Acids
17, 563–577. doi:10.1016/j.omtn.2019.06.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Ren, Yuan, Tu, Shen, Li, Yan, Ru, Han, Yang, Liu and Li. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pharmacology | www.frontiersin.org December 2021 | Volume 12 | Article 72690813

Ren et al. The Research Progress of Long Noncoding RNA 00472

https://doi.org/10.26355/eurrev_202108_26550
https://doi.org/10.1016/j.biopha.2021.111429
https://doi.org/10.3389/fgene.2020.540094
https://doi.org/10.1016/j.bbagen.2021.129929
https://doi.org/10.1016/j.bbagen.2021.129929
https://doi.org/10.1007/s10557-020-06996-w
https://doi.org/10.1080/21655979.2021.1876320
https://doi.org/10.1186/s12885-021-08154-3
https://doi.org/10.18632/aging.101488
https://doi.org/10.1038/s41419-021-03714-8
https://doi.org/10.1186/s12935-020-01170-6
https://doi.org/10.1186/s12935-020-01170-6
https://doi.org/10.2147/CMAR.S300861
https://doi.org/10.1016/j.bioorg.2019.103214
https://doi.org/10.21037/atm-20-8191
https://doi.org/10.26355/eurrev_202004_21019
https://doi.org/10.3892/etm.2021.10493
https://doi.org/10.1016/j.cca.2021.02.006
https://doi.org/10.2147/OTT.S190432
https://doi.org/10.3389/fonc.2021.648189
https://doi.org/10.1016/j.gene.2018.05.054
https://doi.org/10.1016/j.gene.2018.05.054
https://doi.org/10.1016/j.yexcr.2021.112707
https://doi.org/10.1590/1414-431X20176297
https://doi.org/10.1038/s41413-021-00143-3
https://doi.org/10.1016/j.omtn.2019.06.003
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Long Noncoding RNA 00472: A Novel Biomarker in Human Diseases
	Introduction
	Function of LINC00472 in Human Diseases
	LINC00472 in Different Solid Tumor Types
	Breast Cancer
	Lung Cancer
	Hepatocellular Carcinoma
	Colorectal Cancer
	Ovarian Cancer
	Gastric Cancer
	Pancreatic Cancer
	Osteosarcoma

	LINC00472 in Non-cancer Diseases
	Atherosclerosis
	Osteoporosis
	Atrial Fibrillation
	Sepsis-Induced Acute Hepatic Injury
	Regulatory Roles of LINC00472 in Human Diseases
	The MEK/ERK Signaling Pathway
	NF-κB Signaling Pathway
	The p53 Signaling Pathway
	MicroRNA-Mediated Regulation

	Clinical Applications of LINC00472 in Human Diseases
	LINC00472 and Diagnosis/Prognosis
	LINC00472 and Therapy


	Conclusions and Future Perspectives
	Author Contributions
	References


