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ARTICLE INFO ABSTRACT

Background: Long noncoding RNAs (IncRNAs) are RNAs whose transcripts are longer than 200nt in length and
lack the ability to encode proteins due to lack of specific open reading frames. IncRNAs were once thought to
represent transcriptome noise or garbage sequences and a byproduct of RNA polymerase II (Pol II), and thereby
ignored by researchers. In fact, IncRNA was involved in a wide variety of physiological and pathological pro-
cesses in organisms. Comprehensive study of IncRNA does not only provide explanations to the physiological and
pathological processes of living organisms, but also gives us new perspectives to the diagnosis, prevention and
treatment of some clinical diseases. Therefore, the study of IncRNA is a very broad field of great research value
and significance.

Results: This article reviews the function of IncRNAs and their role in major human diseases.

Conclusions: Numerous studies show that IncRNA might serve as a biomarker for diagnosis and prognosis of
various diseases. Compared to conventional biomarkers, IncRNA seems to have a higher diagnostic and prog-
nostic values, not only because of their tissue and disease specific expression patterns, but also due to their
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highly stable physical and chemical properties.

1. Introduction

LncRNAs were first discovered in the sequencing of a full-length cDNA
library of mouse cells. According to whether RNA can encode proteins in
living organisms or not, they can be classified as messenger RNAs with
the ability to encode proteins and non-coding RNAs (ncRNAs) that do not
have protein coding ability. Studies found that only 2% of the 3 billion
base pairs that make up the human genome with the ability to encode
proteins [1], while the remaining 98% of the RNA is non-coding RNA
[2-4], which includes microRNAs (miRNA), snoRNAs, IncRNAs and cir-
cular RNAs (circRNAs). Most IncRNAs are structurally indistinguishable
from encoded and processed mRNAs and are transcribed by Pol II. They
have a methyl guanosine cap at their 5’ end and a polyA tail at the 3’ end
(polyA) [5-7]. Nucleus IncRNAs are involved in epigenetic, trans tran-
scriptional regulation of distal loci or cis-transcriptional regulation of
adjacent loci. Cytoplasmic IncRNAs regulates the process of translation,
stabilization and degradation of mRNA, and can act as a competitive
endogenous RNA to target miRNAs and protein factors to inhibit their
activity and promote mRNA translation [8-10]. In addition, IncRNA can
also interact with RNA, DNA molecules and protein complexes to execute
its function and regulate various physiological and pathological processes.

2. The functions of IncRNA
2.1. Differentiation and development

It is well known that IncRNA regulates cell differentiation and tissue
development. For example, IncRNA can regulate the development of
cardiomyocytes, stem cells, epithelial cells. Guttman M, et al. performed
an unbiased functional analysis of IncRNA in mouse embryonic stem
cells to demonstrate that their major role in intron-influencing gene
expression is to bind chromatin proteins and affect the pluripotent state
of stem cells. After knocking down IncRNA-ROR in stem cells, expres-
sion of pluripotency marker genes such as Oct4 and Nanog was
downregulated, which affected cell proliferation [11]. Additional stu-
dies have demonstrated that IncRNA transcripts are found at all stages
of mouse embryonic cell division, and maternal transcripts present in
oocytes and zygotes contribute to early differentiation [12]. Fendrr is
one of the rare examples of IncRNA that have been shown to play an
important role in organ development and embryonic survival. This
IncRNA interferes with impaired cardiac function, parietal cell devel-
opment, and embryonic development. Fendrr interacts with chromatin-
modifying complexes and DNA to alter the chromatin morphology of
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trans-specific target promoters, particularly mesodermal transcription
factors, and affect development [13,14].

2.2. Chromosome dose compensation

In the early-stage of embryonic development, the sex chromosome-
linked genes are selectively expressed in the same dose in both female
and male individuals by means of silencing or up-regulation, ensuring
that the X-chromosome-encoded proteins or other enzymes are ba-
lanced in quantity, and this genetic mechanism is called dose com-
pensation [15]. The X chromosome is controlled by the X-chromosome
inactive center (XIC) [16]. XIC can produce an approximately 20-kb
IncRNA called X-inactive specific transcript (Xist) [17,18]. The Xist gene
encodes Xist RNA and package the X chromosome to initiate the in-
activation of the X chromosome. The expansion of the Xist RNA on the X
chromosome leads to DNA methylation and histone modification,
which are important for the establishment and maintenance of the X
chromosome inactivation [19]. The mechanism of dose compensation
varies among different species. Two X chromosomes in humans are
randomly inactivated, and the gene expression of the X chromosome of
the male Drosophila is up-regulated by 2-fold [19]. The dose compen-
sation mechanism of Caenorhabditis elegans is to reduce the gene ex-
pression of the two female X chromosomes by half to maintain the
balance of the X chromosome gene dosage between male and female
[20].

2.3. Chromatin remodeling

In order to adapt to the dense structure of highly folded chromatin,
eukaryotic organisms modify the chromatin structure by chromatin
remodeling factors, thereby improving the accessibility of RNA poly-
merase and transcription factors on chromatin DNA, affecting tran-
scriptional activity, and thus ensuring proper operation of various
biological processes within the cell [21]. LncRNA can be a key regulator
of the modification of gene-specific chromatin states during life activ-
ities. For example, Xist can recruit poly-comb repressor 2 (PRC2) to
form Xist-PRC2 functional complexes targeting on the X-inactivation
specific sites, and to catalyze the trimethylation of histone H3 lysine
K27(H3K27), a gene silencing histone modification [16,22-24]. Human
IncRNA HOTAIR is transcribed from the HOXC region and can also
regulate the chromatin status by recruiting PRC2 and inhibit the ex-
pression of HOXD region genes [25]. Drosophila IncRNAs roX1 and
roX2 bind to many regions on the X chromosome of male cells and are
crucial for dose compensation on chromosomes 10 and 11 [26,27].
IncRNA Evf2 is transcribed from the genomic region between DIx5 and
DIx6, promoting SWI/SNF binding to enhancers. However, Evf2 in-
hibited the remodeling activity of SWI/SNF and interfered with the
upregulation of DIx5/DIx6. Thus, DIx6 and DIx5 expression was up-
regulated in Evf2 mutant mice. In another study, it was found that the
binding of Evf2 to BRG1 may be competitive by other RNAs with similar
length, resulting in reduced remodeling activity [28-30].

2.4. Genome imprinting

The two alleles from both parents are subject to epigenetic mod-
ifications such as methylation and acetylation, resulting in offspring
expressing only the parental or maternal allele, while the other allele is
not expressed or expressed at very low level. This is called genomic
imprinting. Genes involved in this process are called imprinted genes
[31]. When the maternal allele is silenced, the imprinted gene will be
expressed by the paternal allele, which is called maternal imprint. On
the contrary, paternal imprint means the imprinted gene is expressed on
the maternal allele. Imprinted genes often exist in clusters, and the
occurrence of genetic imprinting often has tissue and development
stage specificity. Recent studies have shown that genomic imprinting is
closely related to the occurrence of tumors. Kang L-H, et al. first
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discovered that expression of IncRNA IRAIN was different in normal
breast tissues and breast cancer tissues. This difference was associated
with gene imprinting conversion phenomenon, involving in DNA me-
thylation abnormality in the promoter region of parental allele of the
IRAIN gene [31]. It is inferred that IncRNA IRAIN may act as a tumor
suppressor gene, and the imprinting conversion is likely to be a way of
inactivating the tumor suppressor gene and is expected to become a
marker of prognosis and therapeutic target for the breast cancer.

The mechanism of IncRNA function is shown in Fig. 1. With in-
creasing attention to IncRNAs, more and more IncRNAs are found to be
involved in the occurrence and development of human diseases, and
their role in major diseases is attracting more attention.

1. LncRNAs can bind to transcription factors and regulate target genes.

2. LncRNAs bind to the target site of the microRNA effect complex,
causing it to lose its regulatory function.

3. LncRNAs specifically bind to regulatory proteins and participate in
the formation of ribonucleoprotein complexes.

4. LncRNAs can recruit DNA target chromatin-modifying complexes.

5. LncRNAs are directly involved in the regulation and processing of
their target mRNA—translational inhibition.

6. LncRNAs are directly involved in the regulation and processing of
their target mRNA—shear splicing.

7. LncRNAs are directly involved in the regulation and processing of
their target mRNA—degradation.

2.5. Long noncoding RNA and human disease

A genomic profiling (TCGA) study showed that in approximately
5,000 tumor samples, although approximately the same number of
protein-coding genes and IncRNA genes were disordered, 60% of the
IncRNAs showed specificity for only one tumor type [5]. The IncRNA
has a lower abundance than mRNA and is less conserved in sequence,
but it has a conserved secondary structure and shows stronger tissue
and organ specificity [1,31]. It has been found that the expression or
function abnormality of IncRNA is closely related to the occurrence of
human diseases, specifically the abnormality in the sequence and space
structure of IncRNA, the abnormality in the interaction with DNA and
protein, abnormalities in expression levels, etc [32-34]. According to
related reports, some IncRNAs can promote cell proliferation and pro-
mote the occurrence of tumor. while some IncRNAs inhibit cell over-
growth and reproduction to resist tumor formation and have high tissue
and organ specificity [31]. Therefore, IncRNA has been suggested as a
therapeutic target and biomarker for many diseases.

3. LncRNA and tumor
3.1. Cervical cancer

Recently IncRNAs have been shown to be involved in the regulation
of many biological processes, such as abnormal transcription in tumor,
cell proliferation, cell cycle regulation and apoptosis [35]. MEG3 is an
important tumor suppressor gene, which is down-regulated in cervical
cancer. Researches showed that the methylation status of the MEG3
promoter in two cervical cancer cell lines (HeLa and CaSki) was altered
by using DNA methyltransferase inhibitor (5-Aza-CdR). The expression
of MEG3 in cervical cancer cells increased as the level of promoter
methylation decreased and the proliferation potential of cervical cancer
cells decreased [36]. In addition, the same study also demonstrated that
IncRNA MEG3 was significantly associated with tumor size and lymph
node metastasis, and the receiver operating characteristic curve ana-
lysis showed that IncRNA MEG3 had sufficient sensitivity and specifi-
city to predict tumor size and lymph node metastasis. In addition,
follow-up data indicated that low IncRNA MEG3 expression was asso-
ciated with the recurrence of cervical cancer and lower overall survival
[36]. Homeobox (HOX) transcriptional antisense RNA (HOTAIR) is highly
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Fig. 1. Mechanisms of IncRNA function. (Wengian Hu, et al., EMBO reports, 2012).

up-regulated in several types of cancers. In order to study the expres-
sion and possible function of HOTAIR in cervical cancer cells, Zhang Y,
et al. investigated the relationship between gene expression of HOTAIR
in different cell lines and cell migration/invasion. The results showed
that the expression of HOTAIR was significantly up-regulated in cer-
vical cancer cells. The inhibition of HOTAIR expression in HeLa cervical
cancer cells would suppress cell proliferation, migration and invasion
[37]. With the deepening of research, increasing IncRNAs might be
found to be related to the incidence of cervical cancer, which will also
help researchers to further understand the pathogenesis of cervical
cancer and find appropriate treatment methods.

3.2. Non-small cell lung cancer

LncRNA GACATS3 co-expresses with many known oncogenic genes
in different solid tumors and has a carcinogenic effect in many malig-
nant tumors. Recent studies have shown that the level of GACAT3 is
closely related to the clinical parameters of many cancers, such as re-
currence and survival rate [38,39]. Yang X, et al. performed RNA and
protein expression analysis on non-small cell lung cancer tissues (40
adenocarcinomas and 22 squamous cell carcinomas) and adjacent tis-
sues, and confirmed that IncRNA GACAT3 was significantly up-regu-
lated in lung cancer tissues and protected lung cancer cells from
radiotherapy. LncRNA GACAT3 may be a potential biomarker for
evaluating the curative effect and prognosis of lung cancer. However,
the role of IncRNA GACAT3 in non-small cell lung cancer and its po-
tential mechanism for regulating the radio-sensitivity of non-small cell
lung cancer still need to be elucidated [40]. IncRNA GAS5 is a newly-
discovered IncRNA that can regulate cell cycle and cell proliferation.
Zhang X-J, et al. analyzed the expression of IncRNA GAS5 in lung cancer
tissue specimens and normal lung tissue adjacent to cancer in 50 pa-
tients with non-small cell lung cancer. Combined with the correlation of
clinicopathological parameters, IncRNA GAS5 showed a low expression
in the tumor tissue of non-small cell lung cancer, and was negatively
associated with the diameter of non-small cell lung cancer, the clinical

stage of tumor and lymph node metastasis, which are markers of poor
prognosis [41]. Although no specific IncRNA has been found to be as-
sociated with lung cancer, it can be seen from the above that IncRNA
should play a role in the early diagnosis, treatment and prognosis
evaluation of lung cancer.

3.3. Breast cancer

BANCR was a 693 bp IncRNA originally found in melanoma cells by
Flockhart [42]. It is aberrantly expressed in various cancers such as
lung cancer, hepatocellular carcinoma, and colorectal cancer, and can
regulate cell proliferation, migration, and invasion [43]. Lou K-X, et al.
found that IncRNA BANCR was up-regulated in breast cancer tissues
and was significantly associated with tumor lymph node metastasis
(TNM) staging and prognosis of patients, suggesting this IncRNA might
promote the development of breast cancer. Both wound healing and
trans-well migration experiments showed that downregulation of
IncRNA BANCR can inhibit the proliferation, invasion and metastasis of
breast cancer cells via the inhibition of epithelial mesenchymal tran-
sition (EMT) process and the expression of MMP-2 and MMP-9 in the
cells. Therefore, IncRNA BANCR could serve as a molecular marker and
therapeutic target for breast cancer diagnosis and prognosis evaluation
[44]. In addition, high expression of IncRNA NORAD was found to
promote TGF-f signaling in breast cancer cells. TGF-B signaling reg-
ulates cell proliferation, differentiation, apoptosis, wound repair, and
immune function, and is involved in malignant progression of breast
cancer by promoting epithelial mesenchymal transformation [45,46].
Zhou et al. found that IncRNA NORAD expression was increased in
breast cancer cells, and when NORAD was knocked down in breast
cancer cells, TGF-f and its downstream factor RUNX2 were also down-
regulated, suggesting that NORAD can be involved in breast cancer
progression by regulating the TGF-f signaling pathway [45].

These studies suggest that IncRNA is indeed widely involved in the
pathogenesis of tumors, and the development of a new IncRNA-based
diagnostic technique and a targeted therapeutic strategy for tumors
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Table 1

LncRNA involvement in human diseases.
LncRNA Cellular localization Physiological/pathological Mechanism References
MALAT1 Nucleus Cancer, Cardiovascular disease Post transcriptional [62-64]
CDKN2B-AS Nucleus Hypertension, Cancer Histone modification [55,65]
HOTAIR Nucleus Cancer, skeletal development Histone modification [37,66-68]
NORAD Cytoplasm Cancer Post transcriptional [45,46]
P21 Nucleus Cancer, Cardiovascular disease Transcription [53]
H19 Nucleus Cardiovascular disease, muscle differentiation DNA methylation [49-52]
MIAT Nucleus Myocardial infarction, brain development Post transcriptional [60,61,69]
MEG3 Nucleus Cancer Histone modification, DNA methylation [36,70,71]
GACAT3 Nucleus Cancer [38-40]
BANCR Cytoplasm Cancer [42-44]
GAS5 Cytoplas, Nucleus Cancer, Hypertension [41,72]

seem very promising. With the development of research, targeting
IncRNA may be the main treatment strategy for cancer in the future. In
this paper, only some IncRNA involved in tumor diseases were listed
and summarized in Table 1.

4. Long noncoding RNA and cardiovascular diseases
4.1. Atherosclerosis

The progression of atherosclerosis includes the following steps:
formation of vascular endothelial injury, formation of fatty streaks, and
formation of atherosclerotic plaques. Cell adhesion, angiogenesis, cell
proliferation, apoptosis and ischemic hypoxia response are all regulated
by the expression of related genes [47,48]. Recently, some studies re-
ported that IncRNA plays a key role in the regulation of atherosclerosis.
LncRNA H19 is transcribed from H19/IGF2 gene, which is located on
human chromosome 11p15.5 [49,50]. J.-X. PAN found that H19 was
highly expressed in the serum of ApoE ™/~ atherosclerotic mice and
atherosclerotic patients [51]. Overexpression of H19 in vascular smooth
muscle cells leads to increased proliferation and decreased apoptosis. Li
et al. reported that H19/ miR-675 can inhibit the apoptosis of cardiac
myocytes [52]. The results suggest that H19 may be a key factor in
inhibiting apoptosis. In order to further explore the regulatory me-
chanism of H19 in atherosclerosis, J.-X. PAN measured the expression
of p38 and p65 after the overexpression of H19, and found that p38 and
p65 were both highly expressed in vascular smooth muscle cells, and
they were key factors of MAPK and NF-kB signaling pathways, sug-
gesting that IncRNA H19 may regulate the occurrence of atherosclerosis
through MAPK and NF-kB signaling pathways [51]. LncRNA P21 was
initially identified as a direct transcription target of P53, which plays an
important role in the pathogenesis of atherosclerosis. Wu et al. reported
that IncRNA P21 could feedback regulate the P53 pathway and affect
the proliferation and apoptosis of ApoE ™/~ mouse vascular smooth
muscle cells [53]. Ballantyne et al. found that IncRNA SMILR can reg-
ulate the proliferation of vascular smooth muscle cells and is highly
expressed in unstable atherosclerotic plaques [54]. The above studies
showed that IncRNA can be involved in the pathogenesis of athero-
sclerosis by regulating the proliferation and apoptosis of vascular
smooth muscle cells, suggesting that these IncRNA can be used as po-
tential targets for the diagnosis and treatment of atherosclerosis.

4.2. Hypertension

Hypertension is affected by a variety of diseases, heredity and en-
vironment factors. Neurohumoral regulation is widely accepted as the
pathogenesis of hypertension. Jin et al. found that IncRNA AK098656
was highly expressed in vascular smooth muscle cells of patients with
hypertension, which promoted the proliferation and migration of vas-
cular smooth muscle cells, and the transition from contraction type to
secretion type. In addition, AK098656 can directly bind to the specific
contractile protein of vascular smooth muscle cells, the important

components of myosin heavy chain-11 and extracellular matrix fibrin-1,
and reduce the level of these proteins through protein degradation,
narrowing the resistance arteries to promote the occurrence of hy-
pertension. AK098656 transgenic rats showed the onset symptoms of
hypertension, with increased secretory-type smooth muscle cells, nar-
rowed arteries and slight myocardial hypertrophy, which was similar to
the early pathophysiological changes in hypertension [55]. These data
show that AK098656 can promote the occurrence and development of
hypertension. Yang et al. injected sodium aescinate into the tail vein of
rats with spontaneous hypertension and found that sodium aescinate
reduced the tail blood pressure of rats with spontaneous hypertension
by regulating the increase of nitric oxide synthase through IncRNA
AK094457 [56]. Bayoglu B et al. evaluated the expression difference of
IncRNA in the heart tissues of spontaneous hypertension rats and con-
trol rats using microarray method, and the enrichment analysis results
showed that the IncRNA CDKN2B-AS1 polymorphism may be the cause
of the increase of systolic blood pressure in hypertension patients [57].
All the above studies showed that IncRNA was involved in the patho-
genesis of hypertension.

4.3. Myocardial infarction

Myocardial infarction is the most serious heart disease with the
highest morbidity and mortality, and inflammatory reaction and myo-
cardial cell apoptosis are the main characteristics of myocardial in-
farction, which can eventually lead to myocardial dysfunction and
heart failure [58]. Activation of NF-kB elevated the inflammatory re-
sponse in myocardial injury, and blocking the NF-kB signaling pathway
protects the heart from ischemic injury and inflammation [59]. MIAT
was first identified as a IncRNA associated with myocardial infarction,
which was significantly up-regulated in patients with myocardial in-
farction [60]. Li et al. found that MIAT is mainly expressed in cardiac
fibroblasts, and the down-regulation of MIAT can inhibit myocardial
apoptosis and reduce the infiltration of myocardial inflammatory cells,
thus improving cardiac function. Further studies showed that down-
regulation of MIAT in myocardial fibroblasts also inhibited the activa-
tion of NF-kB signaling pathway [61], suggesting that downregulation
of MIAT may reduce myocardial apoptosis and inflammatory cell in-
filtration by inhibiting the activation of NF-kB signaling pathway,
thereby alleviating myocardial infarction injury and protecting cardiac
function. Biological morphological analysis showed that IncRNA
MALAT1I shared the miRNA response element with the phosphatase and
tensin homolog deleted on chromosome 10 (PTEN) of miR-320, which
was the direct target gene of miR-320, and miR-320 was closely related
to myocardial remodeling after myocardial infarction [62]. Hu et al
found that knockdown of MALAT1 in acute myocardial infarction mice
can reduce myocardial cell apoptosis, possibly because MALAT1 re-
duces myocardial cell apoptosis by regulating miR-320 to inhibit PTEN
expression [63].

The above studies have shown that IncRNA indeed widely partici-
pate in the onset of cardiovascular disease and plays an important role
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Fig. 2. The role of long noncoding RNA in major human disease.

in the course of illness. There are a lot of researches in succession,
believe in the future, the role of IncRNA in cardiovascular disease will
be further elaborated, and it might very well serve as biomarkers of
disease diagnosis and therapeutic target widely used for clinical treat-
ment. In this paper, only some IncRNA involved in cardiovascular dis-
eases were listed and summarized in Table 1.

5. Conclusions

So far, at least 270,044 IncRNA genes have been classified, but only
a small number of transcripts are known in terms of structure, function,
and their impact on disease development (Fig. 2). In the study of
noncoding RNA, the research on miRNA is the most thorough, while the
research of IncRNA is only the tip of the iceberg. Furthermore, the
advanced structure, function and molecular mechanism of IncRNA are
still not very clear. Therefore, more research and technology applica-
tions are needed to explore this mysterious treasure.

Numerous studies show that IncRNA is expected to be a marker for
diagnosis and prognosis of various diseases, but these studies results lack
consistency. For example, as an important tumor suppressor gene, the
expression of IncRNA MEG3 is decreased in breast cancer, lung cancer,
cervical cancer and so on [36,73]. But there were contradictory experi-
mental results in osteosarcoma. Wang et al. showed that MEG3 is highly
expressed in osteosarcoma cell lines, and knockdown of MEG3 inhibits
cell growth and metastasis and induces osteosarcoma cell apoptosis [74].
However, Liu et al. showed that the expression of MEG3 in plasma of
colon cancer patients also showed an upward trend [75]. In addition,
MEG3 have been found that the expression is decreased and predicts a
poor prognosisin in colon cancer tissues [76]. Tumor formation is char-
acterized, not only by the infinite proliferation of tumor cells, but also by
many biological processes such as genomic mutations, DNA damage, and
DNA methylation. LncRNAs may act as important post-transcriptional
regulators in these processes, regulating tumor development. For the
development of cardiovascular disease, IncRNA may regulate the pro-
liferation, migration, phenotypic shift of vascular smooth muscle cells
and affecting the activation of NF-kB signaling pathway.

LncRNA have great potential for development as novel biomarkers.
The reliable, accurate and sensitive detection of the IncRNA candidates

is a prerequisite for their use as biomarkers in clinical applications.
Some IncRNAs seem to show higher diagnostic and prognostic values
than conventional biomarkers, not only because of their physical and
chemical properties. IncRNA as a diagnostic biomarker is further
highlighted by its associations with exosomes. The lipid bilayer mem-
brane structure of the exosomes makes them resistant to ribonuclease
attack in the blood, so that IncRNA is not easily degraded and can be
stably present in body fluids [77]. Future researches may be to assess its
expression levels in serum of cancer patients to replace invasive biopsy
with liquid biopsy. The detection of biomarkers in the serum of cancer
patients can greatly alleviate the suffering of patients, and the appli-
cation prospect is very broad.
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