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Abstract Cervical cancer contributed the second highest
number of deaths in female cancers, exceeded only by breast
cancer, carrying high risks of morbidity and mortality. There
was a great need and urgency in searching novel treatment
targets and prognosis biomarkers to improve the survival rate
of cervical cancer patients. Many long non-coding RNAs
(IncRNAs) were emerging as pivotal regulators in various
biological processes and took vitally an effect on the oncogen-
esis and progression of cervical cancer. In this review, we
summarized the origin and overview function of IncRNAs;
highlighted the roles of IncRNAs in cervical cancer in terms
of prognosis and tumor progression, invasion and metastasis,
apoptosis, and radio-resistance; and outlined the molecular
mechanisms of IncRNAs in cervical cancer from the aspects
of the interaction of IncRNAs with proteins/mRNAs
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(especially in HPV protein) and miRNAs, as well as RNA
N-methyladenosine (m6A) methylation of IncRNAs. Mean-
while, the application of IncRNAs as biomarkers in cervical
cancer prognosis and predictors for metastasis was also
discussed. An overview of these researches will be valuable
for broadening horizons into mechanisms, selection of meri-
torious biomarkers for diagnosis as well as prognosis, and
future targeted therapy of cervical cancer.
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Abbreviations
AUC Areas under the ROC curve
ceRNA Competing endogenous RNA

IncRNA-CCHE1

Cervical carcinoma
high-expressed
IncRNA 1

EMT Epithelial-mesenchymal transition

EZH2 Enhancer of zeste homolog 2

GASS Growth arrest-specific transcript 5

HOTAIR Hox transcript antisense intergenic
IncRNA

LincRNA Long intergenic non-coding RNA

LncRNAs Long ncRNAs

IncRNA-ANRIL  IncRNA-antisense non-coding
RNA in the INK4 locus

LncRNA-EBIC  EZH2-binding IncRNA in
cervical cancer

LncRNA-LET IncRNA low expression in tumor
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mo6A N-Methyladenosine

MALATI Metastasis-associated lung
adenocarcinoma transcript 1

MEG3 Maternally expressed gene 3

MMP-9 Matrix metalloproteinase-9

MREs miRNA response elements

ncRNAs Non-coding RNAs

NEAT2 Nuclear-enriched transcript 2

PCNA Proliferating cell nuclear antigen

VEGF Vascular endothelial growth factor

VIM Vimentin

SCARLET Site-specific cleavage and radioactive-
labeling followed by ligation-assisted
extraction and thin-layer
chromatography

TUSCS Tumor suppressor candidate 8

Xist X inactive-specific transcript

Introduction

Protein-coding genes accounted for just 2 % of the human
transcription product, while the preponderance of transcripts
were non-coding RNAs (ncRNAs) containing long ncRNAs
(IncRNAs) [1]. The ENCODE project have implied that 76 %
of the human genome was transcribed to generate a series of
IncRNAs [2, 3]. LncRNAs were broadly described as RNAs
over 200 nucleotides (nt) in length, which possessed a lot of
structural features of the mRNAs, containing a poly(A) tail, a
5'-cap, and a promoter structure, whereas owned no conser-
vative open reading domain [4, 5]. They were lack of protein
coding capacity and could be localized to the nucleus as well
as cytoplasm [6]. With the utilization of the high-throughput
sequencing and other emerging research technologies, the bio-
functions of IncRNAs were gradually getting to be
comprehended [7]. Accumulating evidence suggested that
IncRNAs function in a broad range of cellular processes, con-
taining cell growth, survival, migration, invasion, differentia-
tion, and so on [8—10]. However, the bio-functions and mo-
lecular mechanisms of IncRNAs in human diseases and can-
cers in particular remained largely unknown [11]. More efforts
should be made to explore the IncRNAs world.

As one of the most common malignant gynecological tu-
mors, cervical cancer was responsible for 10-15 % of all fe-
male cancer-related deaths worldwide that contributed the sec-
ond highest number of deaths in female cancers, exceeded
only by breast cancer [12—14]. At the time of diagnosis,
80 % patients have developed into invasive cancer, and the
age at diagnosis was slowly decreasing. Moreover, cervical
cancer still carried high risks of morbidity and mortality in
virtue of metastasis and recurrence [15—17]. Therefore, there
was a great need and urgency in searching biomarkers of early
prognosis and metastasis, and novel treatment targets to
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improve the survival of cervical cancer. On account of the
widespread using of new technologies, many IncRNAs have
been proved as a new regulatory player of molecular biology
in cervical cancer and other cancers. In this review, we sum-
marized the origin and overview function of IncRNAs,
highlighted the roles of IncRNAs in cervical cancer, and
outlined the molecular mechanisms of IncRNAs in cervical
cancer. Meanwhile, the application of IncRNAs as biomarkers
in cervical cancer prognosis and predictors for metastasis was
also discussed.

Literature search and selection

Literature search was conducted in PubMed, Embase, Web of
Science, ClinicalTrials and the Cochrane Library with the fol-
lowing search terms: “Uterine Cervical Neoplasms,” “Uterine
Cervical Neoplasm,” “Cervical Neoplasms,” “Cervical Neo-
plasm,” “Cervix Neoplasms,” “Cervix Neoplasm,” “Uterine
Cervix Cancer,” “Cervical Cancer,” “Uterine Cervical Can-
cers,” “Uterine Cervical Cancer,” “Cervix Cancers,” “Cervix
Cancer,” AND “Long Noncoding RNA,” “IncRNA,” “Long
ncRNA,” “Long Non-Coding RNA,” “Long Non Coding
RNA,” “Long Non-Protein-Coding RNA,” “Long Non Pro-
tein Coding RNA,” “Long Untranslated RNA,” “Long
Intergenic Non-Protein Coding RNA,” “Long Intergenic
Non Protein Coding RNA,” “LincRNAs,” “LINC RNA™.
Studies were selected when they were satisfied with all the
criteria as following: (1) written in English, (2) original arti-
cles, (3) focused on the functions and/or mechanism of
IncRNAs in cervical cancer. Studies were excluded if (1) me-
ta-analysis, letters, comments, case reports, and reviews and
(2) duplicate publications. Totaling 91 papers were identified
by the systematic literature search of which 30 duplicates were
removed, resulting in 61 papers. Also, 40 articles were re-
moved in view of relevance and types through the title, ab-
stract and full-text screening. Ultimately, 21 papers were in-
cluded in the relations of IncRNAs with cervical cancer.

Origin of IncRNAs

LncRNAs are prevalent and pervasive in eucaryote, which
were considered as anomalies or noises until recently [18].
In recent years, with the emergence of sequencing technique,
widespread existence of IncRNAs in eukaryotic organisms
has been confirmed as well as their action mechanisms and
important biological functions have gradually been elucidat-
ed. However, it was not quite clear for the origin of IncRNAs.
Ponting et al. put forth several possible approaches for the
origination of IncRNAs, such as gene mutations, chromatin’s
rearrangement, retrotransposition, tandem duplication events,
and insertion of a transposable element [19]. Based on their
genomic proximity between neighboring transcripts, the syn-
thesis of IncRNAs can be classified as five ways: (1) sense
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strand was synthesized, (2) antisense strand was synthesized,
(3) bidirectional synthesis, (4) intronic synthesis, or (5)
intergenic synthesis (also known as lincRNAs) [20-22].

Overview function of IncRNAs

To date, an overwhelming majority of IncRNAs have not been
well-characterized. However, IncRNAs have been displayed
to be drawn into almost every facets of gene regulation, con-
taining epigenetic regulation, imprinting, trafficking of nucle-
us and cytoplasm, transcription, mRNA splicing [22-24].
Thus, IncRNAs were involved in many diverse biological
processes, containing cell cycle, cell proliferation, apoptosis,
differentiation, etc. [8—10]. It has been accepted broadly that
the molecular functions of IncRNAs were subdivided into four
archetypes, namely signals, decoys, guides, and scaffolds
[25]. (1) As signals, such as Xist and HOTAIR; (2) as decoys,
like MALATI; (3) as guides; (4) as scaffolds, like HOTAIR [22,
25, 26].

Dysregulation and roles of IncRNAs in cervical cancer
Prognosis and tumor progression

Cervical cancer was an intricate disease, which involved in
numerous elements. Lots of studies demonstrated that
IncRNAs could be used for diagnosing and predicting prog-
nosis tumor [27-30]. In comparison with protein-coding
RNAs, applying IncRNAs as biomarkers was of advantage
since their own expression was a superior indicator of cancer
status [31]. Several IncRNAs were found to be aberrantly
expressed in cervical cancer.

A prominent example, the Hox transcript antisense
intergenic IncRNA (HOTAIR), a long intergenic ncRNA
(lincRNA), has been proven to make critical effect on the most
biological process of cancer and would be a potential new
target in tumor treatment [32]. Study showed HOTAIR was
heightened in cervical cancer tissues and correlated with
FIGO stage, lymphatic metastasis, size of tumor as well as
invasive depth, indicating its involvement in cervical cancer
progression and could be a potential target for diagnosis as
well as an independent predictor for overall survival [33].
Meanwhile, elevated HOTAIR was markedly associated with
tumor recurrence and short overall survival, suggesting circu-
lating HOTAIR was commonly upregulated and was a potent
prognostic biomarker in cervical cancer [34]. Furthermore,
HOTAIR might accelerate neoplasm aggressiveness by the
upregulation of VEGF, MMP-9, and epithelial-mesenchymal
transition (EMT)-related genes via decreasing the expression
of E-cadherin while increasing the expression of (3-catenin,
Vimentin (VIM), Snail, and Twist [35]. These studies indicated
that HOTAIR had potential to serve as a new marker for mon-
itoring recurrence and calculating prognosis, also provided an

attractive target for targeted therapy in cervical cancer
(Fig. 1a).

On the contrary were three downregulated IncRNAs,
namely growth arrest-specific transcript 5 (GASS), TUSCS,
and /ncRNA low expression in tumor (IncRNA-LET). GASS, a
tumor-suppressor IncRNA, was originally isolated from NIH
3T3 cells using subtraction hybridization and encoded at 1g25
[36, 37]. GASS5 was downregulated in cervical cancer tissues,
significantly correlated to advanced cancer progression, and
identified as a separate biomarker for forecasting the clinical
states of patients in cervical cancer [38]. Vitro assays sug-
gested that knock-downing GAS5 promoted cell proliferation,
migration, and invasion [38]. These results suggested that
GAS5 was a promising marker for cervical cancer in future
(Fig. 1d). For another, the /ncRNA XLOC 010588 was also
named tumor suppressor candidate 8 (TUSCS), located in
13ql4.11, and belonged to lincRNA. The expression of
TUSCS was dramatically lowered in cervical cancer and
linked to FIGO stage, size of tumor, and squamous cell carci-
noma antigen [39]. Furthermore, it functioned pivotally in cell
proliferation through downregulating c-Myc level in cervical
cancer [39]. It implicated that TUSCS$ could predict indepen-
dently overall survival of cervical cancer (Fig. 1c). LncRNA
LET, a newly identified IncRNA, was found to be downregu-
lated in hepatocellular carcinomas [40], colorectal cancers
[40], squamous cell lung carcinomas [40], and cervical cancer
[41]. Decreased IncRNA LET expression was markedly asso-
ciated with FIGO stage, lymphatic metastasis, and invasive
depth in cervix; meanwhile, compared with cervical cancer
patients with higher IncRNA LET expression, those with lower
IncRNA LET owned dramatically worse overall survival [41],
suggesting that lncRNA LET has the potential to act as a prog-
nosis marker and treatment target of cervical cancer (Fig. 1b).

Invasion and metastasis

It is common knowledge that invasion and metastasis were a
root in poor clinical outcome and high relapse rate of cancer
patients [42], which part related to some characteristics of
cancer cell. LncRNAs have been displayed to be associated
with indispensable growth-enhancing capacities and their de-
regulation contributed to the survival of cancer cell. As a cen-
tral constituent of PCR2, enhancer of zeste homolog 2 (EZH?2)
was a key histone-modifying enzyme that functioned crucially
in the catalysis of H3K27me3, leading to transcription silence
of'target genes [43]. It was reported that EZH?2 expression was
increased in neoplasm tissues and displayed as a core point
with high-degree centrality [44, 45]. Sun discovered a new
IncRNA that was termed EZH2-binding IncRNA in cervical
cancer (IncRNA-EBIC), can enhance cell invasiveness by cor-
relation to EZH?2, and subsequently downregulating E-
cadherin level in cervical cancer [46], indicating that
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Fig. 1 Dysregulation and functional roles of IncRNAs in cervical cancer.
a HOTAIR could induce radio-resistance via inhibiting p2/ in HeLa cells;
increased cell migration and invasion and predicted recurrence and prog-
nosis via regulating the expression of VEGF, MMP-9 and EMT-related
genes through the regulation of (-catenin, VIM, Snail and Twist. b
LncRNA LET represented a prognostic marker. ¢ TUSCS predicted inde-
pendently for overall survival by cell proliferation via lowering c-Myc
expression level in cervical cancer. d GASS was correlated with advanced
tumor progression by promoting cell proliferation, and with vascular
invasion and lymph node metastasis through promoting cell motility
and invasiveness in cervical cancer. e LncRNA-EBIC promoted cervical
cancer cell invasiveness by relating to EZH2 and subsequently restraining

IncRNA-EBIC may serve as a enhancer in recruitment of
EZH? to target genes (Fig. le).

Another typical example was metastasis-associated lung
adenocarcinoma transcript 1 (MALATI), also called nucle-
ar-enriched transcript 2 (NEAT?2), which was found as a prog-
nosis biomarker for the metastasis in lung cancer and even
associated with some other solid tumors [47]. It was an inter-
esting target for anti-metastatic therapy in cancer. Our labora-
tory has declared that descending MALAT level reduced cell
migration ability and lessened the tumor growth of cervical
cancer in vivo, indicating that MALATI was related to the
metastasis process in cervical cancer [48]. Meanwhile,
MALAT! expression was memorably increased in tumorous
tissue in comparison with adjacent tissue and was associated
with the size, FIGO stage, vessel invasion, and lymphatic
diffusion acting independently as a predictive factor on prog-
nosis in cervical cancer [49]. MALATI promoted cellular mo-
tility partly via the MALATI/miR-124/RBG2 signaling [50].
Also, our laboratory found that MALATI may promote inva-
sion and metastasis by accelerating EMT process via
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E-cadherin expression. f MALAT1 promoted invasion and metastasis via
MALAT1/miR-124/RBG2 signaling or upregulation of Snail level, was
involved in radio-resistance through repressing reciprocally miR-145,
and was involved in cell apoptosis through influencing the level of
caspase-3, caspase-8, Bax, Bcl-2, and Bcl-xL in cervical cancer. g
LncRNA-ANRIL facilitated cell proliferation of HeLa cells via inhibiting
the expression of pI5. h LncRNA-CCHEI promoted proliferation of
cervical cancer cell by enhancing the level of PCNA. i MEG3 inhibited
cell growth via inducing G2/M cell cycle arrest and cell apoptosis in
cervical cancer as well as enhanced cell apoptosis via lowering the
miR-21-5p content in cervical cancer cells

upregulating the expression of Snail in cervical cancer (un-
published data) (Fig. 1f).

In addition, aforementioned GASS5 and HOTAIR were also
involved in invasiveness and metastasis of cervical cancer cell
lines. Increased HOTAIR expression was significantly associ-
ated with lymphatic metastasis and depth of cervical invasion
[33]. Moreover, knockdown of HOTAIR could reduce cell
motility and invasiveness of cervical cancer in vitro. HOTAIR
managed the expression of VEGF, MMP-9, and EMT-related
genes, which were vital for cell migration and metastasis [35].
Further functional studies on VIM, a key protein involved in
EMT as a typical mesenchymal marker, revealed that HOTAIR
exerted its functions upon motility and invasion of HeLa cells,
at least in part, through the regulation of VIM expression [51].
Therefore, HOTAIR might strengthen tumor invasiveness via
upregulating the expression of VEGF, MMP-9, and EMT-
related genes (Fig. la). For another, downregulation of
GASS5 was memorably associated with vessel invasiveness
and lymphatic metastasis in cervical cancer patients and pro-
moted cell motility and aggressivity in vitro [38]. Briefly,
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IncRNAs worked crucially in invasion and metastasis of cer-
vical cancer (Fig. 1d).

Proliferation and apoptosis

Several studies have indicated that the involvement of
IncRNAs in cervical cancer were through affecting on the cell
proliferation and apoptosis. Recently, it was found that
IncRNA-antisense non-coding RNA in the INK4 locus
(ANRIL) facilitated cell proliferation of HeLa cells via
inhibiting the expression of p/5 [52]. In addition, cervical
carcinoma high-expressed IncRNA 1 (IncRNA-CCHEI) was
dramatically upregulated in cervical cancer tissue, which pro-
moted proliferation of cervical cancer cell by enhancing the
level of proliferating cell nuclear antigen (PCNA) [53]
(Fig. 1h). These prompted IncRNAs to act as inferior prog-
nostic biomarkers in cervical cancer.

As a maternally expressed imprinted gene, maternally
expressed gene 3 (MEG3) was a tumor-suppressor gene situ-
ated in chromosome 14q32 [54]. MEG3 was downregulated in
several cancer types, such as epithelial ovarian cancer [55],
colorectal cancer [56], and gastric cancer [57]. Qin revealed
that MEG3 was markedly lessened in human cervical cancer
tissues in comparison with matched non-neoplastic tissues,
also inhibited cell growth via inducing G2/M cell cycle arrest
and cell apoptosis in cervical cancer [58]. Meanwhile, Zhang
declared that /ncRNA-MEG3 inhibited cell proliferation as
well as enhanced cell apoptosis via lowering the miR-21-5p
content in cervical cancer cells [59]. These findings indicated
that MEG3 was a tumor suppressor and might be a potential
target for tumor therapy (Fig. 11). Furthermore, our laboratory
has reported that involvement of MALATI in cell apoptosis
was through influencing the expression of caspase-3, cas-
pase-8, Bax, Bcl-2, and Bcl-xL in cervical cancer, demonstrat-
ing that MALATI might be of crucial importance in the biol-
ogy of cervical cancer [48] (Fig. 11).

Radio-resistance

LncRNAs have also been reported to function on radio/
chemo-resistance by impairing the response via cell cycle ar-
rest, inhibition of apoptosis, and enhancement of DNA dam-
age repair [60, 61]. Here, we described the rapid emerging
roles of IncRNAs in cancer radio-resistance and highlighted
a prominent example: the IncRNA HOTAIR. As mentioned
above, the expression of HOTAIR was correlated with prog-
nosis and tumor progression. Here, Jing demonstrated that a
high level of HOTAIR could induce radio-resistance via
inhibiting p2/ in HeLa cells, while knockdown of HOTAIR
upregulated p2/ consequentially increased the radio-
sensitivity of C33A cells in vitro as well as sensitized cervical
cancer to radiotherapy in vivo [62]. It suggested HOTAIR
induce radiation resistance through suppressing the level of

p21 in cervical cancer cells. Moreover, MALAT! expression
was showed dramatically elevated in radio-resistant compared
with radio-sensitive patients, and it involved in radio-
resistance of cervical cancer through repressing reciprocally
miR-145 [63]. Those proposed us that targeting IncRNAs
(HOTAIR and MALATT) might be potent therapeutic options
in cervical cancer, especially in those patients who accepted
radiotherapy (Fig. la, f).

Molecular mechanisms of IncRNAs in cervical cancer
LncRNAs-proteins/mRNAs

Recently, increasing studies in IncRNAs molecular mecha-
nisms and regulatory networks were implicated that IncRNAs
were interrelated to tumorigenesis [64]. LncRNAs interacted
with the proteins, miRNAs, and mRNAs and were involved in
fundamental biological mechanisms, such as gene activating
or repressing, imprinting, transcription, and mRNA splicing,
all via modulating gene expression [65]. Comprehend
IncRNAs how to regulate the process of gene transcriptional
and post-transcriptional can expand vastly our knowledge of
cervical cancer. Cervical cancer-related IncRNAs have been
declared to direct bind to the target proteins or mRNAs to
conduct their post-transcription regulation. Reportedly,
IncRNA-EBIC could be specifically associated with EZH2
and inhibited E-cadherin expression [46]. Besides, IncRNA
HOXA11-AS was likely to involve in carcinogenesis and de-
velopment of cervix cancer via regulating the expression of
HOXA11 [66]. In addition, IncRNA-CCHE promoted prolif-
eration by physically associating with PCNA mRNA to in-
crease the expression of PCNA in cervical cancer [53]. These
studies illustrated that IncRNAs were pivotal in cervical can-
cer by interacting with mRNAs or proteins.

LncRNAs-miRNAs

Competing endogenous RNA (ceRNA) hypothesis was about
RNAs (containing mRNAs, pseudogenes, IncRNAs, and
circRNAs) “talk" to each other by miRNA response elements
(MREs) as letters of a new language, which can bind compet-
itively miRNAs [67, 68]. That is to say, IncRNAs may func-
tion as ceRNA in managing the activities and biological func-
tions of miRNAs, which acted as "miRNA sponges,” shared
generally MREs with the transcripts of multiple vital genes
and inhibited normal miRNAs targeting vitality on mRNAs
[69-71]. Recently, it was reported that IncRNA-MEG3 served
as a cancer suppressor via lessening the expression of miR-21-
5p in cervical cancer in vitro [59]. One side, MALATI in-
creased cell colony formation and cell cycle regulation while
suppressed cell apoptosis through sponging miR-145 in cervi-
cal cancer [63]. For another, MALATI accelerated prolifera-
tion and invasion partly via the MALATI/miR-124/RBG2
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signaling [50]. These findings could furnish certain evidence
on the IncRNA-miRNA interaction in carcinogenesis of cer-
vical cancer.

HPYV protein

Human papillomavirus (HPV) infection is the leading reason
of cervical cancer and an vital etiologic element in developing
cervical cancer [72, 73], which are associated with more than
20 HPV types, and most prevalent HPV type found is HPV
type 16 and 18 [74, 75]. However, 80 % of women were likely
to be infected with HPV in her life, with only 3 % cervical
cancer patients existed in these HPV positive women in their
subsequent 20-50 years [76]. Meanwhile, studies have shown
that HPV virus alone is not enough to develop cancer [77, 78].
These findings suggested that HPV protein was a prerequisite
but not the sole cause, and other molecules may interact with
HPV protein. In recent years, a great deal of research showed
that ncRNAs, such as IncRNAs and miRNAs, played a vital
role in the progression of cervical cancer. Sharma reported the
crosstalk between HPVI16 E7 oncoprotein and /ncRNA-
HOTAIR was concomitant with cellular proliferation and me-
tastasis in cervical cancer [79]. Thus, an intimate relationship
may exist between HPV protein and IncRNA in cervical
cancer.

Furthermore, IncRNAs usually functioned in cervical can-
cer through a ceRNA mechanism via competing miRNAs.
Mounting evidences suggested that miRNAs-HPV protein
functioned importantly in cervical cancer. HPV E6/E7 pro-
teins were a precondition for miR-135a as an oncomiR via
comparing the oncogenic vitalities of miR-135a in HPV E6/
E7"" cell lines, also in NC104-E6/E7 with presence or ab-
sence of E6/E7 deletion [80]. Alterations in expression pat-
terns of miR-146a, miR-203, and miR-324-5p were attributed
to HPV16 E5 oncogene that seems to involve in tumorigenesis
[73]. Reduction of miR-218 in human cervical cancer cells
was specifically attributed to the HPV16 E6 [81]. Also, un-
derexpression of tumor-suppressive miR-34a was ascribed to
the expression of oncogenic HPV 16 E6 [81]. Deregulation of
some other miRNAs and their interplay with HPV protein in
cervical cancer cell lines has also been studied. These indicat-
ed that interactions of HPV protein with miRNAs had done its
work in cervical cancer.

RNA m6A methylation of IncRNAs

RNA methylation played an irreplaceable role in biolog-
ical system, which not only regulated the expression of
genes, but also was responsible for regulation of various
biological processes. N-Methyladenosine (m6A) was one
of the most abundant and ubiquitous internal modifica-
tion on IncRNAs/mRNAs in higher living organisms
[82, 83]. Akin to DNA methylation modification, m6A
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modification on RNA was reversible, which was formed
catalytically by the methyltransferase compound
METTL3/METTL14/WTAP (Writer) [84] while was re-
sponsible for removal by demethylases F7TO [85] and
ALKBHS (Eraser) [86] (Fig. 2). One recently developed
a method that could determine accurately the m6A sta-
tus at any site in IncRNAs/mRNAs, termed SCARLET,
determined the precise location of the m6A residue and
its modification fraction [87]. The authors applied the
method to determine the m6A status at several sites in
IncRNA MALATI and found that m6A fraction varies
between 11 and 77 % in HeLa cell [87]. It suggested
that m6A modification of IncRNA MALATI may play a
role in cervical cancer. Further research in m6A modi-
fication may provide a new horizon into the functional
roles of InRNA in cervical cancer.

Others

Recent years, several studies have showed the epigenetic
modifications of IncRNAs, containing DNA methylation, his-
tone modifications (including histone acetylation and methyl-
ation), and chromatin structure/remodeling [88-90]. Howev-
er, rare studies have examined these epigenetic regulations of
IncRNAs in cervical cancer. Furthermore, it was reported that
IncRNA MALATI could modulate alternative splicing of
mRNA by regulating SR splicing factor phosphorylation
[91]. In short, IncRNAs can come into play through a variety
of mechanisms in cervical cancer (Table 1).
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Fig. 2 A schematic diagram of the RNA m6A methylation cycle. N-
Methyladenosine (m6A) modification on RNA was reversible. It
formed catalytically by the methyltransferase compound METTL3/
METTL14/WTAP (Writer), while was responsible for removal by
demethylases F7O and ALKBHS (Eraser)
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Table 1 LncRNAs are associated with cervical cancer
LncRNA Dys-regulation Biological functions in cervical cancer Molecular mechanism Reference
GASS Down Predict the clinical outcome Inhibit cell proliferation, migration, and invasion. [38]

Down Promote cell migration and invasion (for further study) [38]
HOTAIR Up Predict recurrence and prognosis Upregulate VEGF, MMP-9 and EMT-related genes [32-35]

Up Increase cell migration and invasion Upregulate VEGF, MMP-9 and EMT-related [33-35, 38]

genes (eg. VIM)

Up Induce radio-resistance Inhibit p21 [62]
IncRNA-ANRIL Up Facilitate proliferation Inhibit p15 [52]
IncRNA-CCHE1 Up Promote proliferation Enhance PCNA [53]
IncRNA-EBIC ~ Up Promote tumor cell invasion Bind to EZH2 and repress E-cadherin [46]
IncRNA-LET Down Predict overall survival and (for further study) [43]

serve as a potential therapeutic target
MALATI Up Promote motility and invasion Increase snail expression; or via MALAT1/ [48, 50]
miR-124/RBG2 signaling

Up Inhibit cell apoptosis Regulate caspase-3, caspase-8, Bax, Bcl-2, and BelxL  [48]

Up Involve in radio-resistance Repress reciprocally miR-145 [63]
MEG3 Down Inhibit cell growth Induce G2/M cell cycle arrest and apoptosis [58]

Down Inhibit proliferation and enhance apoptosis Lower miR-21-5p content [59]
TUSC8 Down Predict overall survival Inhibit cell proliferation via decreasing [39]

c-Myc expression

GASS5 growth arrest-specific transcript 5, HOTAIR Hox transcript antisense intergenic IncRNA, /ncRNA-ANRIL IncRNA-antisense non-coding RNA in
the INK4 locus, IncRNA-CCHE]I cervical carcinoma high-expressed IncRNA 1, IncRNA-EBIC EZH2-binding IncRNA in cervical cancer, IncRNA-LET
long non-coding RNA low expression in tumor, MALAT] metastasis-associated lung adenocarcinoma transcript 1, MEG3 maternally expressed gene 3,

TUSC8 tumor suppressor candidate 8

Potential clinical application of IncRNAs in cervical
cancer

It is well-known that recurrence and metastasis are the maxi-
mal obstacles to the therapy of cervical cancer. Therefore,
hunting for the available markers of cervical cancer is essential
for improving the prognosis. LncRNAs have the potential to
be biomarkers of diagnosis and prognosis in cervical cancer.
Take HOTAIR in prognostic biomarkers as an example, ROC
curve analysis displayed that HOTAIR expression was a nice
candidate to distinguish neoplasm tissues from non-tumorous
tissues and the presence or absence of lymph node metastasis
(sensitivity 85.1 %, specificity 64.9 %). The areas under the
ROC curve (AUC) were 0.803 (95 % CI 0.762-0.839,
»<0.0001) and 0.802 (95 % CI 0.742-0.852, p<0.0001),
respectively [33] (Table 2). In addition, IncRNAs were usually
expressed in a disease, tissue, cell, or development phase-
specific manner [21], thus rendering these IncRNAs serve as

promising prognostic biomarkers or treatment targets in cer-
vical cancer.

Conclusion and prospective

To summarize, IncRNAs could be used as potential bio-
markers for cervical cancer prognosis (HOTAIR, GASS,
TUSCS8, and IncRNA-LET), invasion and metastasis
(IncRNA-EBIC, MALATI1, GAS5, and HOTAIR), be involved
in cervical cancer via acting on cell apoptosis (IncRNA-
ANRIL, IncRNA-CCHE1, and MEG3), and be used as a po-
tential marker for radio-resistance (MALATI and HOTAIR)
(Table 1). At the same time, the IncRNAs perform functions
in mechanisms of interaction with proteins/mRNAs in cervi-
cal cancer on the perspective of the current literatures. Fur-
thermore, these IncRNAs have the potential to serve as prom-
ising biomarkers for predicting prognosis and relapse, even

Table 2 Application index of

IncRNA in cervical cancer LncRNA Function AUR Sensitivity Specificity Reference
HOTAIR discriminate tumor tissues from 0.803 60.6 % 872 % [33]
non-tumorous tissues
discriminate presence or absence 0.802 85.1 % 64.9 % [33]

of lymph node metastasis
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novel attractive targets for clinical therapy of cervical cancer.
However, the exact molecular mechanisms of IncRNAs in
cervical cancer remain unclear, further exploration and valida-
tion studies are required for elucidating these complicated
mechanisms (especially in epigenetic modification of
IncRNAs) and the clinical applications of IncRNAs in cervical
cancer.

Acknowledgments This work was supported by the Fundamental Re-
search Funds for the Central Universities of Central South University
(20152zts096), the Science and Technology Department Research Foun-
dation of Hunan province (12JJ2052), and the Open-End Fund for the
Valuable and Precision Instruments of Central South University
(CSU2C2013048). Also, we thank Doctor Hui Xie and Junsong Chen
for critical reading and reviewing the manuscript.

Authors’ contributions LP collected the references and drafted the
manuscript. GCL and XQY participated in the design of the review and
helped to draft the manuscript. BYJ and ZLT revised critically the man-
uscript. All authors read and approved the final manuscript.

Compliance with ethical standards

Conlflicts of interest None.

References

1. MaMZ, ChuBF, Zhang Y, Weng MZ, Qin YY, Gong W, et al. Long
non-coding rna ccatl promotes gallbladder cancer development via
negative modulation of mirna-218-5p. Cell Death Dis. 2015;6:
e1583.

2. ENCODE Project Consortium. An integrated encyclopedia of
DNA elements in the human genome. Nature. 2012;489:57-74.

3. Zhao Y, Wang J, Chen X, Luo H, Xiao Y, Chen R. Large-scale
study of long non-coding rna functions based on structure and ex-
pression features. Sci China Life Sci. 2013;56:953-9.

4. He JH, Han ZP, Li YG. Association between long non-coding rna
and human rare diseases. Biomed Rep. 2014;2:19-23.

5. Ernst C, Morton CC. Identification and function of long non-coding
ma. Front Cell Neurosci. 2013;7:168.

6. Ip JY, Nakagawa S. Long non-coding rnas in nuclear bodies. Dev
Growth Differ. 2012;54:44-54.

7. Ye N, Wang B, Quan ZF, Cao SJ, Wen XT, Huang Y, et al.
Functional roles of long non-coding rma in human breast cancer.
Asian Pac J Cancer Prev. 2014;15:5993-7.

8. Mercer TR, Dinger ME, Mattick JS. LONG Non-coding rnas: in-
sights into functions. Nat Rev Genet. 2009;10:155-9.

9. DiGesualdo F, Capaccioli S, Lulli M. A pathophysiological view of
the long non-coding rna world. Oncotarget. 2014;5:10976-96.

10.  SunL, Luo H, Liao Q, Bu D, Zhao G, Liu C, et al. Systematic study
of human long intergenic non-coding rnas and their impact on can-
cer. Sci China Life Sci. 2013;56:324-34.

11. Ling H, Vincent K, Pichler M, Fodde R, Berindan-Neagoe I, Slack
FJ, Calin GA. Junk DNA and the long non-coding rna twist in
cancer genetics. Oncogene. 2015;34:5003—11

12. Liu S, Zhang P, Chen Z, Liu M, Li X, Tang H. Microrna-7
downregulates xiap expression to suppress cell growth and promote
apoptosis in cervical cancer cells. FEBS Lett. 2013;587:2247-53.

@ Springer

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

3s.

Forouzanfar MH, Foreman KJ, Delossantos AM, Lozano R, Lopez
AD, Murray CJ, et al. Breast and cervical cancer in 187 countries
between 1980 and 2010: a systematic analysis. Lancet. 2011;378:
1461-84.

Ojesina Al, Lichtenstein L, Freeman SS, Pedamallu CS, Imaz-
Rosshandler I, Pugh TJ, et al. Landscape of genomic alterations
in cervical carcinomas. Nature. 2014;506:371-5.

Wang IT, Chou SC, Lin YC. Zoledronic acid induces apoptosis and
autophagy in cervical cancer cells. Tumour Biol 2014;35:11913—
20.

Kulkarni PR, Rani H, Vimalambike MG, Ravishankar S.
Opportunistic screening for cervical cancer in a tertiary hospital
in karnataka, india. Asian Pac J Cancer Prev. 2013;14:5101-5.

El Mhamdi S, Bouanene I, Mhirsi A, Bouden W, Soussi Soltani M.
Cervical cancer screening: Women's knowledge, attitudes, and
practices in the region of monastir (tunisia). Rev Epidemiol Sante
Publique. 2012;60:431-6.

Sun M, Kraus WL. Minireview: long noncoding rnas: new "links"
between gene expression and cellular outcomes in endocrinology.
Mol Endocrinol. 2013;27:1390-402.

Ponting CP, Oliver PL, Reik W. Evolution and functions of long
noncoding rnas. Cell. 2009;136:629-41.

Ma L, Bajic VB, Zhang Z. On the classification of long non-coding
rnas. RNA Biol. 2013;10:925-33.

Gutschner T, Diederichs S. The hallmarks of cancer: a long non-
coding rna point of view. RNA Biol. 2012;9:703-19.

He Y, Meng XM, Huang C, Wu BM, Zhang L, Lv XW, et al. Long
noncoding rnas: novel insights into hepatocellular carcinoma.
Cancer Lett. 2014;344:20-7.

Clark MB, Mattick JS. Long noncoding rnas in cell biology. Semin
Cell Dev Biol. 2011;22:366-76.

Fang XY, Pan HF, Leng RX, Ye DQ. Long noncoding rnas: novel
insights into gastric cancer. Cancer Lett. 2015;356:357-66.

Wang KC, Chang HY. Molecular mechanisms of long noncoding
rnas. Mol Cell. 2011;43:904—-14.

Smolle M, Uranitsch S, Gerger A, Pichler M, Haybaeck J. Current
status of long non-coding rnas in human cancer with specific focus
on colorectal cancer. Int J Mol Sci. 2014;15:13993-4013.

Tong YS, Wang XW, Zhou XL, Liu ZH, Yang TX, Shi WH, et al.
Identification of the long non-coding rma pou3f3 in plasma as a
novel biomarker for diagnosis of esophageal squamous cell carci-
noma. Mol Cancer. 2015;14:3.

Kunej T, Obsteter J, Pogacar Z, Horvat S, Calin GA. The decalog of
long non-coding ma involvement in cancer diagnosis and monitor-
ing. Crit Rev Clin Lab Sci. 2014;51:344-57.

Hu Y, Chen HY, Yu CY, Xu J, Wang JL, Qian J, et al. A long non-
coding rna signature to improve prognosis prediction of colorectal
cancer. Oncotarget. 2014;5:2230-42.

Xu MD, Qi P, Weng WW, Shen XH, Ni SJ, Dong L, et al. Long
non-coding rna lIsinct5 predicts negative prognosis and exhibits
oncogenic activity in gastric cancer. Medicine (Baltimore).
2014;93:¢303.

Hauptman N, Glavac D. Long non-coding ma in cancer. Int J Mol
Sci. 2013;14:4655-69.

WuY, Zhang L, Wang Y, Li H, Ren X, Wei F, et al. Long noncoding
rna hotair involvement in cancer. Tumour Biol. 2014;35:9531-8.
Huang L, Liao LM, Liu AW, Wu JB, Cheng XL, Lin JX, et al.
Overexpression of long noncoding ma hotair predicts a poor prog-
nosis in patients with cervical cancer. Arch Gynecol Obstet.
2014;290:717-23.

Li J, Wang Y, Yu J, Dong R, Qiu H. A high level of circulating
hotair is associated with progression and poor prognosis of cervical
cancer. Tumour Biol. 2015;36:1661-5.

Kim HJ, Lee DW, Yim GW, Nam EJ, Kim S, Kim SW, et al. Long
non-coding rna hotair is associated with human cervical cancer
progression. Int J Oncol. 2015;46:521-30.



Tumor Biol. (2016) 37:2779-2788

2787

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Schneider C, King RM, Philipson L. Genes specifically expressed
at growth arrest of mammalian cells. Cell. 1988;54:787-93.
Nakamura Y, Takahashi N, Kakegawa E, Yoshida K, Ito Y, Kayano
H, et al. The gas5 (growth arrest-specific transcript 5) gene fuses to
bel6 as a result of t(1;3)(q25;q27) in a patient with b-cell lympho-
ma. Cancer Genet Cytogenet. 2008;182:144-9.

Cao S, Liu W, Li F, Zhao W, Qin C. Decreased expression of Incrna
gas5 predicts a poor prognosis in cervical cancer. Int J Clin Exp
Pathol. 2014;7:6776-83.

Liao LM, Sun XY, Liu AW, Wu JB, Cheng XL, Lin JX, et al. Low
expression of long noncoding xloc_010588 indicates a poor prog-
nosis and promotes proliferation through upregulation of c-myc in
cervical cancer. Gynecol Oncol. 2014;133:616-23.

Yang F, Huo XS, Yuan SX, Zhang L, Zhou WP, Wang F, et al.
Repression of the long noncoding rna-let by histone deacetylase 3
contributes to hypoxia-mediated metastasis. Mol Cell. 2013;49:
1083-96.

Jiang S, Wang HL, Yang J. Low expression of long non-coding rna
let inhibits carcinogenesis of cervical cancer. Int J Clin Exp Pathol.
2015;8:806—-11.

Malek E, Jagannathan S, Driscoll JJ. Correlation of long non-
coding rna expression with metastasis, drug resistance and clinical
outcome in cancer. Oncotarget. 2014;5:8027-38.

Cao R, Zhang Y. The functions of e(z)/ezh2-mediated methylation
of lysine 27 in histone h3. Curr Opin Genet Dev. 2004;14:155-64.
Fang J, Zhang M, Li Q. Enhancer of zeste homolog 2 expression is
associated with tumor cell proliferation and invasion in cervical
cancer. Am J Med Sci. 2011;342:198-204.

Liu Y, Liu T, Bao X, He M, Li L, Yang X. Increased ezh2 expres-
sion is associated with proliferation and progression of cervical
cancer and indicates a poor prognosis. Int J Gynecol Pathol.
2014;33:218-24.

Sun NX, Ye C, Zhao Q, Zhang Q, Xu C, Wang SB, et al. Long
noncoding rna-ebic promotes tumor cell invasion by binding to
ezh2 and repressing e-cadherin in cervical cancer. PLoS One.
2014;9:¢100340.

Gutschner T, Hammerle M, Diederichs S. Malatl—a paradigm for
long noncoding rna function in cancer. J Mol Med (Berl). 2013;91:
791-801.

Guo F, Li Y, Liu Y, Wang J, Li G. Inhibition of metastasis-
associated lung adenocarcinoma transcript 1 in caski human cervi-
cal cancer cells suppresses cell proliferation and invasion. Acta
Biochim Biophys Sin (Shanghai). 2010;42:224-9.

Yang L, Bai HS, Deng Y, Fan L. High malat] expression predicts a
poor prognosis of cervical cancer and promotes cancer cell growth
and invasion. Eur Rev Med Pharmacol Sci. 2015;19:3187-93.
Liu S, Song L, Zeng S, Zhang L. Malat]-mir-124-rbg2 axis is
involved in growth and invasion of hr-hpv-positive cervical cancer
cells. Tumour Biol. 2015. doi:10.1007/513277-015-3732-4.
Zheng P, Xiong Q, Wu Y, Chen Y, Chen Z, Fleming J, et al.
Quantitative proteomics analysis reveals novel insights into mech-
anisms of action of long noncoding rna hotair in hela cells. Mol Cell
Proteomics. 2015;14:1447-1463.

Naemura M, Murasaki C, Inoue Y, Okamoto H, Kotake Y. Long
noncoding rna anril regulates proliferation of non-small cell lung
cancer and cervical cancer cells. Anticancer Res. 2015;35:5377-82.
Yang M, Zhai X, Xia B, Wang Y, Lou G. Long noncoding rna cchel
promotes cervical cancer cell proliferation via upregulating pcna.
Tumour Biol. 2015;36:7615-22.

Benetatos L, Vartholomatos G, Hatzimichael E. Meg3 imprinted
gene contribution in tumorigenesis. Int J Cancer. 2011;129:773-9.
Sheng X, Li J, Yang L, Chen Z, Zhao Q, Tan L, et al. Promoter
hypermethylation influences the suppressive role of maternally
expressed 3, a long non-coding rna, in the development of epithelial
ovarian cancer. Oncol Rep. 2014;32:277-85.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Yin DD, Liu ZJ, Zhang E, Kong R, Zhang ZH, Guo RH. Decreased
expression of long noncoding rna meg3 affects cell proliferation
and predicts a poor prognosis in patients with colorectal cancer.
Tumour Biol. 2015;36:4851-59.

Sun M, Xia R, Jin F, Xu T, Liu Z, De W, et al. Downregulated long
noncoding rna meg3 is associated with poor prognosis and pro-
motes cell proliferation in gastric cancer. Tumour Biol. 2014;35:
1065-73.

Qin R, Chen Z, Ding Y, Hao J, Hu J, Guo F. Long non-coding rna
meg3 inhibits the proliferation of cervical carcinoma cells through
the induction of cell cycle arrest and apoptosis. Neoplasma.
2013;60:486-92.

Zhang J, Yao T, Wang Y, Yu J, Liu Y, Lin Z. Long noncoding rna
meg3 is downregulated in cervical cancer and affects cell prolifer-
ation and apoptosis by regulating mir-21. Cancer Biol Ther. 2015.
doi:10.1080/15384047.2015.1108496.

Harries LW. Long non-coding rnas and human disease. Biochem
Soc Trans. 2012;40:902-6.

Lipovich L, Johnson R, Lin CY. Macrorma underdogs in a microrna
world: evolutionary, regulatory, and biomedical significance of
mammalian long non-protein-coding rna. Biochim Biophys Acta.
1799;2010:597-615.

Jing L, Yuan W, Ruofan D, Jinjin Y, Haifeng Q. Hotair enhanced
aggressive biological behaviors and induced radio-resistance via
inhibiting p21 in cervical cancer. Tumour Biol. 2015;36:3611—
3619.

LuH,HeY,LinL,QiZ, MalL,LiL, SuY. Long non-coding rna
malat]l modulates radiosensitivity of hr-hpv + cervical cancer via
sponging mir-145. Tumour Biol. 2015. doi:10.1007/s13277-015-
3946-5.

Wang GY, Zhu YY, Zhang YQ. The functional role of long non-
coding ma in digestive system carcinomas. Bull Cancer. 2014;101:
E27-31.

Maass PG, Luft FC, Bahring S. Long non-coding rna in health and
disease. ] Mol Med (Berl). 2014;92:337-46.

Chen J, Fu Z, Ji C, Gu P, Xu P, Yu N, et al. Systematic gene
microarray analysis of the Incrna expression profiles in human uter-
ine cervix carcinoma. Biomed Pharmacother. 2015;72:83-90.
Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A cerna hy-
pothesis: the Rosetta stone of a hidden rna language? Cell.
2011;146:353-8.

Peng L, Yuan XQ, Li GC. The emerging landscape of circular rna
cirs-7 in cancer. Oncol Rep. 2015;33:2669-74.

Liu XH, Sun M, Nie FQ, Ge YB, Zhang EB, Yin DD, et al. Lnc rna
hotair functions as a competing endogenous rna to regulate her2
expression by sponging mir-331-3p in gastric cancer. Mol Cancer.
2014;13:92.

Yan B, LiuJ, Yao J, Li X, Wang X, Li Y, et al. Lncrna-miat regulates
microvascular dysfunction by functioning as a competing endoge-
nous rna. Circ Res. 2015;116:1143-56.

Yuan JH, Yang F, Wang F, Ma JZ, Guo YJ, Tao QF, et al. A long
noncoding rna activated by tgf-beta promotes the invasion-
metastasis cascade in hepatocellular carcinoma. Cancer Cell.
2014;25:666-81.

Bosch FX, Manos MM, Munoz N, Sherman M, Jansen AM, Peto J,
et al. Prevalence of human papillomavirus in cervical cancer: a
worldwide perspective. International biological study on cervical
cancer (ibscc) study group. J Natl Cancer Inst. 1995;87:796-802.
Greco D, Kivi N, Qian K, Leivonen SK, Auvinen P, Auvinen E.
Human papillomavirus 16 e5 modulates the expression of host
micrornas. PLoS One. 2011;6. e21646.

Sasagawa T, Takagi H, Makinoda S. Immune responses against
human papillomavirus (hpv) infection and evasion of host defense
in cervical cancer. J Infect Chemother. 2012;18:807—-15.
Khorasanizadeh F, Hassanloo J, Khaksar N, Mohammad Taheri S,
Marzaban M, HR B, et al. Epidemiology of cervical cancer and

@ Springer


http://dx.doi.org/10.1007/s13277-015-3732-4
http://dx.doi.org/10.1080/15384047.2015.1108496
http://dx.doi.org/10.1007/s13277-015-3946-5
http://dx.doi.org/10.1007/s13277-015-3946-5

2788

Tumor Biol. (2016) 37:2779-2788

76.

71.

78.

79.

80.

82.

human papilloma virus infection among iranian women - analyses
of national data and systematic review of the literature. Gynecol
Oncol. 2013;128:277-81.

Slomovitz BM, Sun CC, Frumovitz M, Soliman PT, Schmeler KM,
Pearson HC, et al. Are women ready for the hpv vaccine? Gynecol
Oncol. 2006;103:151-4.

zur Hausen H. Human papillomaviruses in the pathogenesis of
anogenital cancer. Virology. 1991;184:9-13.

Burd EM. Human papillomavirus and cervical cancer. Clin
Microbiol Rev. 2003;16:1-17.

Sharma S, Mandal P, Sadhukhan T, Roy Chowdhury R, Ranjan
Mondal N, Chakravarty B, et al. Bridging links between long non-
coding rna hotair and hpv oncoprotein €7 in cervical cancer patho-
genesis. Sci Rep. 2015;5:11724.

Leung CO, Deng W, Ye TM, Ngan HY, Tsao SW, Cheung AN, et
al. Mir-135a leads to cervical cancer cell transformation through
regulation of beta-catenin via a siahl-dependent ubiquitin
proteosomal pathway. Carcinogenesis. 2014;35:1931-40.
Martinez I, Gardiner AS, Board KF, Monzon FA, Edwards RP,
Khan SA. Human papillomavirus type 16 reduces the expression
of microrna-218 in cervical carcinoma cells. Oncogene. 2008;27:
2575-82.

Nilsen TW. Molecular biology. Internal mra methylation finally
finds functions. Science. 2014;343:1207-8.

@ Springer

83.
84.

85.

86.

87.

88.

89.

90.

91.

Liu N, Pan T. Rna epigenetics. Transl Res. 2015;165:28-35.

Ping XL, Sun BF, Wang L, Xiao W, Yang X, Wang W], et al.
Mammalian wtap is a regulatory subunit of the rna né6-
methyladenosine methyltransferase. Cell Res. 2014;24:177-89.
Jia G, Fu Y, Zhao X, Dai Q, Zheng G, Yang Y, et al. N6-
methyladenosine in nuclear rna is a major substrate of the
obesity-associated fto. Nat Chem Biol. 2011;7:885-7.

Zheng G, Dahl JA, Niu Y, Fedorcsak P, Huang CM, Li CJ, et al.
Alkbh5 is a mammalian rna demethylase that impacts rna metabo-
lism and mouse fertility. Mol Cell. 2013;49:18-29.

Liu N, Parisien M, Dai Q, Zheng G, He C, Pan T. Probing n6-
methyladenosine ma modification status at single nucleotide reso-
lution in mrna and long noncoding rma. RNA. 2013;19:1848-56.
Lee JT. Epigenetic regulation by long noncoding rnas. Science.
2012;338:1435-9.

Morlando M, Ballarino M, Fatica A, Bozzoni 1. The role of long
noncoding rnas in the epigenetic control of gene expression.
ChemMedChem. 2014;9:505-10.

Mercer TR, Mattick JS. Structure and function of long noncoding
rnas in epigenetic regulation. Nat Struct Mol Biol. 2013;20:300-7.
Tripathi V, Ellis JD, Shen Z, Song DY, Pan Q, Watt AT, et al. The
nuclear-retained noncoding rna malat1 regulates alternative splicing
by modulating sr splicing factor phosphorylation. Mol Cell.
2010;39:925-38.



	LncRNAs: key players and novel insights into cervical cancer
	Abstract
	Introduction
	Literature search and selection
	Origin of lncRNAs
	Overview function of lncRNAs
	Dysregulation and roles of lncRNAs in cervical cancer
	Prognosis and tumor progression

	Invasion and metastasis
	Proliferation and apoptosis
	Radio-resistance
	Molecular mechanisms of lncRNAs in cervical cancer
	LncRNAs-proteins/mRNAs

	LncRNAs-miRNAs
	HPV protein
	RNA m6A methylation of lncRNAs
	Others
	Potential clinical application of lncRNAs in cervical cancer

	Conclusion and prospective
	References


