
Introduction

Cervical cancer is one of the most commonly diagnosed

malignancies which imperil women’s health worldwide,

which estimated approximately 529,800 new cases diag-

nosed annually [1-2]. Widespread implementation of Pap

smear screening programs in recent years has decreased the

incidence and mortality of cervical cancer in many coun-

tries [3]. Despite this, cervical cancer continues to be a

major public health problem. Therefore, major research ef-

forts have focused on the identification of tumor-specific

markers for predicting the biological behavior of cervical

cancers. However, the molecular mechanisms in its patho-

genesis and progression have not yet been fully elucidated.

Intensive investigations over the last few decades have

focused on the role of protein-coding genes in the patho-

genesis of cervical cancer. Nevertheless, only ~1% of the

human genome encodes proteins, leaving another ~4–9%

that is transcribed to yield many short or long RNAs with

limited protein coding capacity [4]. Long non-coding

RNAs (lncRNAs) are non-coding transcripts that are >200

nucleotides in length that have recently emerged as impor-

tant molecules in both normal development and tumorige-

nesis [5-6]. Although lncRNAs are not as well

characterized as small non-coding microRNAs, lncRNAs

play a critical role in the regulation of diverse cellular

processes, such as in stem cell pluripotency, cell growth,

cell cycle, apoptosis, metabolism, and cancer migration [7-

11]. Functional lncRNAs can be used for cancer diagnosis

and prognosis and serve as potential therapeutic targets,

which may be considered as a new cancer diagnostic and

therapeutic goldmine in the future [12], therefore, cervical

cancer can no longer be considered as a simple model of

malignancy.

In the present review, the authors summarize recent

progress in the genome-wide analysis of lncRNAs in cer-

vical cancer and the dysregulation of lncRNAs in cervical

cancer tissues or cells. They briefly delineate the regula-

tory network mediated by lncRNAs and the implication of

lncRNAs for diagnosis, assessment, and treatment of cer-

vical cancer. They suggest that lncRNAs add a novel, and

informative layer to our understanding of the complexity

of cervical cancer development.

Classification and characteristics of lncRNAs

LncRNAs are non-coding transcripts ranging from 200

to 100,000 nucleotides in length [13]. The estimated num-

ber of individual lncRNAs in the human genome sharply

increased from 7,000 to 23,000 and it is expected to exceed

the number of protein-coding genes [14]. LncRNAs are

transcribed at any region in the genome by RNA poly-

merase II/III and are either polyadenylated or non-

polyadenylated [15]. In order to gain greater insights into

the function of lncRNAs, it will be important to understand

the underlying structural features that allow lncRNAs to

mediate their biological effects. 

LncRNAs may undergo an alternative splicing procedure

like protein coding RNAs and they may mature into sec-

ondary and even tertiary structures [16]. Much like pro-

teins, whose structural features are quite conserved across
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evolution, it is likely that, while lncRNA primary nu-

cleotide sequences may have diverged, their structural ele-

ments have remained constant in higher eukaryotes [17].

From the genetic point of view lncRNAs can be classified

into the following categories: (a) Intergenic lncRNAs, also

termed large intervening non-coding RNAs or lincRNAs,

are lncRNAs with separate transcriptional units from pro-

tein-coding genes. One definition required lncRNAs to be

5kb away from protein-coding genes. (b) Intronic lncRNAs

are lncRNAs that initiate inside an intron of a protein-cod-

ing gene in either direction and terminate without overlap-

ping exons. (c) Bidirectional lncRNAs are transcripts that

initiate in a divergent fashion from the promoter of a pro-

tein-coding gene; the precise distance cutoff that constitutes

bidirectionality is not defined but is generally within a few

hundred base pairs. (d) Sense lncRNAs are lncRNAs whose

sequence overlaps with the sense strand of a protein-coding

gene. (e) Antisense lncRNAs, which initiate inside or 3′ of

a protein-coding gene, are transcribed in the opposite di-

rection of protein-coding genes and overlap at least one

coding exon. 

To date, although only a small number of functional

lncRNAs have been well characterized, a number of ex-

amples of biologically functional lncRNAs have already

been reported. In view of a large number of lncRNAs that

are peculiarly expressed in tissues and cell patterns, lncR-

NAs thus likely play critical roles in diseases progression,

such as carcinogenesis.

Roles of LncRNAs in cervical cancer

The carcinogenesis of cervical cancer is complex and in-

cludes multiple processing steps, involving numerous ge-

netic and epigenetic alterations. Unlike protein-coding

genes, the function of these lncRNAs and their relevance to

disease remain unclear. Although the functions of lncRNAs

will gradually be understood, dysregulation of lncRNAs is

becoming an ubiquitous component in the gene regulatory

networks of cancer development and progression. Chen et
al. [18] selected three cervical cancer and normal cervical

tissues separately, then performed lncRNA microarray to

detect the differentially expressed lncRNAs. Subsequently,

they explored the potential function of these dysregulated

lncRNAs through online bioinformatics databases. Finally,

quantitative real-time polymerase chain reaction (RT-PCR)

was carried out to confirm the expression levels of these

dysregulated lncRNAs in cervical cancer and normal tis-

sues. They uncovered the profiles of differentially ex-

pressed lncRNAs between normal and cervical carcinoma

tissues by using the microarray techniques, and found 1,622

upregulated and 3,026 downregulated lncRNAs (fold-

change > 2.0) in cervical carcinoma compared to the nor-

mal cervical tissue. Furthermore, they  found HOXA11-AS

might participate in cervical carcinogenesis by regulating

HOXA11, which is involved in regulating biological

processes of cervix cancer. This study afforded expression

profiles of lncRNAs between cervical carcinoma tissue and

normal cervical tissue, which could provide database for

further research about the function and mechanism of key-

lncRNAs in cervical carcinoma, and might be helpful to ex-

plore potential diagnosis factors and therapeutic targets for

cervix carcinoma. 

Here, the authors discuss aberrant expression of lncR-

NAs in cervical cancer. They summarize well-studied cer-

vical cancer-related lncRNAs in Table 1, and the list is

increasing, with many lncRNAs newly identified in cervi-

cal cancer.

HOTAIR: HOX transcript antisense intergenic RNA

(HOTAIR) is a 2158-bp lncRNA that was identified from a

custom tiling array of the HOXC gene cluster. Interaction

of HOTAIR with the polycomb repressive complex 2

(PRC2), which is composed of EZH2, SUZ12, and EED,

leads to the trimethylation of histone H3 lysine 27 and es-

tablishment of the repressive H3K27me3 chromatin mark

[19]. HOTAIR has been shown to inhibit tumor suppressor

genes such as HOXD10, PGR, and the proto-cadherin gene

family in breast cancer cells [9]. HOTAIR is a negative

prognostic factor for breast, liver, colon, and pancreatic

cancer [20-22]. Furthermore, increased HOTAIR expres-

Table 1. —  The expression of lncRNA in cervical cancer.
lncRNA Genome location Sample Expression change  Target Reference

HOTAIR 12q13.13 Antisense Upregulated VEGF, MMP-9, E-cadherin, 

β-catenin, Vimentin, Snail and Twist 

[23-27]

MALAT-1 11q13.1 Sense Upregulated miRNA-124;GRB2; miR-145,

caspase-3, -8, Bax, Bcl-2, and BclxL 

[36-40]

ANRIL 9p21.3 Antisense Upregulated p15 [44]

ZNRD1-AS1 6p21.3 Antisense Upregulated SNPs [48]  

LET 11p15.5 Antisense Downregulated - [53]  

GAS-5 1q25 Sense Downregulated - [58]

XLOC_010588 chr13 Antisense Downregulated c-Myc [62]  

MEG-3 14q32.2 Antisense Downregulated - [69]  
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sion has been correlated with enhanced breast and colon

cancer metastasis. Huang et al. [23] examined the expres-

sion of HOTAIR in 218 cervical cancer tissues and matched

218 adjacent normal tissues using quantitative RT-PCR and

analyzed its correlation with the clinical parameters, and

HOTAIR expression in cervical cancer tissues was signif-

icantly upregulated compared with the matched non-tu-

morous tissues. Increased HOTAIR expression was

significantly correlated with FIGO stage, lymph node

metastasis, depth of cervical invasion, tumor size and age,

but with no other clinical characteristics. Moreover, cervi-

cal cancer patients with HOTAIR higher expression have

shown significantly poorer overall and disease-free survival

than those with lower HOTAIR expression. Kim et al. [24]

found that HOTAIR expression was higher in cervical can-

cer tissues than in corresponding non-cancerous tissues and

that it was associated with recurrence in cervical cancer pa-

tients. Knockdown of HOTAIR expression decreased cell

growth, migration, and invasion in cervical cancer cells.

The pro-metastatic effects of HOTAIR are likely partially

mediated by the regulation of the expression of a number of

genes involved in cell migration, invasion, and EMT, in-

cluding VEGF, MMP-9, E-cadherin, β-catenin, Vimentin,

Snail, and Twist. Jing et al. [25] found in cervical cancer,

upregulation of HOTAIR inhibited apoptosis and promoted

cellular proliferation, cell cycle progression, migration, and

invasion; on the contrast, downregulation of HOTAIR in-

duced more apoptosis, suppressed cellular proliferation,

cell cycle, migration, and invasion. Moreover, a high level

of HOTAIR was notably associated with radio-resistance

and downregulation of p21 in the primary cultured cervical

cancer cells, and demonstrated that elevated HOTAIR

could induce radio-resistance via inhibiting p21 in HeLa

cells, while knockdown of HOTAIR upregulated p21 and

consequentially increased the radio-sensitivity of C33A

cells. Consistently, stable knockdown of HOTAIR signifi-

cantly suppressed tumor growth and sensitized cervical

cancer to radiotherapy in vivo. Sharma et al. [26] depicts

one of the causal mechanisms of cervical carcinogenesis

by HPV16 E7, through modulation of HOTAIR expression

and function. Li et al. [27] found the expression of HO-

TAIR was significantly upregulated in the sera of cervical

cancer patients. In addition, elevated HOTAIR was associ-

ated with advanced tumor stages, adenocarcinoma, lym-

phatic vascular space invasion, and lymphatic node

metastasis. In addition, their follow-up data showed that

high HOTAIR was notably correlated with tumor recur-

rence and short overall survival. Circulating HOTAIR was

commonly upregulated and a potent prognostic marker in

cervical cancer. 

MALAT-1: Metastasis-associated lung adenocarcinoma

transcript 1 (MALAT1), also known as nuclear-enriched

abundant transcript 2, is a highly evolutionary conserved

lncRNA with a full length of 8708nt [28]. MALAT1 is a

highly abundant nucleus-retained RNA that localizes to nu-

clear speckles, a sub-nuclear domain enriched in pre-

mRNA splicing factors and affects alternative splicing of

pre-mRNAs through modulating the cellular distribution

and activity of serine arginine dipeptide-containing SR

splicing factors [29-30]. Several recent studies have

demonstrated that lncRNA MALAT1 is upregulated in sev-

eral solid tumor types and contributes to tumor cell prolif-

eration, apoptosis, migration, and invasion [31-35]. Yang

et al. [36] found that MALAT1 expression is significantly

increased in cervical cancer than in normal tissues. Its ex-

pression in the cancerous tissues is also significantly higher

than in adjacent normal tissues. MALAT1 expression is

correlated with tumor size, FIGO stage, vascular invasion,

and lymph nodes metastasis, and is an independent predic-

tor for overall survival of cervical cancer. When endoge-

nous MALAT1 was knocked down, the cancer cells had

significantly reduced proliferation and invasion and in-

creased apoptosis. Jiang et al. [37] found MALAT1 ex-

pression was upregulated in cervical cancer cell lines

compared with normal cervical squamous cell samples.

Further study into the effect of MALAT1 on cellular phe-

notype revealed that MALAT1 was able to promote cell mi-

gration and proliferation. Of note, it was revealed that the

expression of MALAT1 was decreased with the knock-

down of HPV16 E6/E7 in CaSki cells. Furthermore, the in-

vestigations in clinical samples also revealed that MALAT1

was expressed in HPV-positive cervical squamous cells, but

not in HPV-negative normal cervical squamous cells. Liu et
al. [38] found higher MALAT1 expression in HR-HPV (+)

cervical cancer. Knockdown of endogenous MALAT1 sig-

nificantly reduced cell growth rate and invasion and in-

creased cell apoptosis of Hela and siHa cells. Furthermore,

knockdown of MALAT1 increased the expression of

miRNA-124, while ectopic expression of miR-124 de-

creased MALAT1 expression. In addition, they also veri-

fied a direct interaction between miR-124 and 3’UTR of

GRB2. MALAT1 can indirectly modulate GRB2 expres-

sion via competing miR-124. Knockdown of GRB2 re-

duced cell invasion and increased cell apoptosis. Lu et
al. [39] found that MALAT1 expression was significantly

higher in radioresistant than in radiosensitive cancer cases.

In addition, MALAT1 and miR-145 expression inversely

changed in response to irradiation in HR-HPV+ cervical

cancer cells. By using clonogenic assay and flow cytome-

try analysis of cell cycle distribution and apoptosis, they

found CaSki and Hela cells with knockdown of MALAT1

had significantly lower colony formation, higher ratio of

G2/M phase block, and higher ratio of cell apoptosis. By

performing RNA-binding protein immunoprecipitation

(RIP) assay and RNA pull-down assay, they confirmed that

miR-145 and MALAT1 were in the same Ago2 complex

and there was a reciprocal repression between them. Then,

they explored the function of MALAT1-miR-145 in ra-

diosensitivity of cervical cancers cells and demonstrated
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that si-MALAT1 and miR-145 had some level of synergic

effect in reducing cancer cell colony formation, cell cycle

regulation, and inducing apoptosis. These findings provide

an important clue about microRNA-lncRNA interaction in

the mechanism of radioresistance of cervical cancer. Guo et
al. [40] demonstrated that MALAT1 was involved in cer-

vical cancer cell growth, cell cycle progression, and inva-

sion through the regulation of gene expression, such as

caspase-3, -8, Bax, Bcl-2, and BclxL, suggesting that

MALAT1 could have important implications in cervical

cancer biology. 

H19: H19 is a paternally imprinted, maternally expressed

gene that encodes RNA that having no protein product [41].

Feigenberg et al. [42] investigated H19 expression in clin-

ical samples of CIN3 as an initial step in determining the

potential of H19-DTA or other H19 targeting approaches

in the medical treatment of these lesions. Since premalig-

nant human-derived cell lines or valid animal models for

premalignant cervical lesions are not currently available,

they examined the ability of the H19-DTA construct to in-

hibit cell growth of available cervical cancer cell lines.

ANRIL: Long noncoding RNA ANRIL (antisense non-

coding RNA in the INK4 locus) represses p15 and p16,

which induce cell-cycle arrest at G1 phase, leading to en-

hanced cell proliferation of normal fibroblasts [43]. Nae-

mura et al. [44] found depletion of ANRIL increased p15

expression, with no impact on p16 or alternative reading

frame (ARF) expression, and caused cell-cycle arrest at the

G2/M phase, leading to inhibition of proliferation of cervi-

cal cancer HeLa cells. They suggested that ANRIL posi-

tively regulates the proliferation of cancer cells, such as

HeLa cells, through regulation of p15 and other genes re-

lated to G2/M phase control. 

ZNRD1-AS1: ZNRD1 is located on chromosome 6p21.3

and cloned from the HLA region. In the upstream region of

the ZNRD1, there is a lncRNA gene, coding the ZNRD1

gene antisense RNA, known as ZNRD1-AS1. The long an-

tisense transcripts are able to hybridize to their correspon-

ding spliced mRNAs and result in the formation of dsRNAs

that are cleaved by Dicer to endogenous siRNAs (endo-siR-

NAs). The coding mRNA is thus consumed to generate

endo-siRNAs that may direct RNA-induced silencing com-

plex to cleave additional copies of the mRNA transcript,

resulting in further down-regulation of the protein-coding

gene [45-47]. Guo et al. [48] investigated the associations

between ZNRD1 eQTLs SNPs in ZNRD1-AS1 and the risk

of cervical cancer. They found that all the three SNPs

(rs3757328, rs6940552, and rs9261204) in ZNRD1-AS1

were related to the susceptibility of cervical cancer and this

is the first study to explore the association between e-QTL

SNPs in lncRNA and the risk of cancer.

LET: lncRNA LET, a newly identified lncRNA, was

found to be downregulated in hepatocellular carcinomas,

colorectal cancers, and gallbladder cancer [49-51]. Yang et
al. showed that downregulation of lncRNA-LET was found

to be a key step in the stabilization of nuclear factor 90 pro-

tein, which leads to hypoxia induced cancer cell invasion

[52]. Jiang et al. examined the expression of lncRNA LET

in 94 cervical cancer tissues and matched adjacent non-

tumor tissues using quantitative RT-PCR and analyzed its

correlation with the clinicopathological features. The re-

sults showed that lncRNA LET expression in cervical can-

cer tissues was significantly downregulated compared with

the adjacent non-tumor tissues. Decreased lncRNA LET

expression was significantly correlated with FIGO stage,

lymph node metastasis, and depth of cervical invasion, but

not other clinical characteristics. Moreover, cervical can-

cer patients with lncRNA LET lower expression have

shown significantly poorer overall survival than those with

higher lncRNA LET expression. Univariate and multivari-

ate analyses suggested that lncRNA LET expression served

as an independent predictor for overall survival [53]. 

GAS5: GAS5 (growth arrest-specific transcript 5) is orig-

inally isolated from NIH 3T3 cells using subtraction hy-

bridization. This gene is encoded at 1q25, a chromosomal

locus which has been associated with lymphoma [54]. Re-

cent studies indicated that GAS5 was a tumor-suppressor

lncRNA [55-57]. Cao et al. [58] found that GAS5 expres-

sion was markedly downregulated in cervical cancer tis-

sues than in corresponding adjacent normal tissues.

Decreased GAS5 expression was significantly correlated

with FIGO stage, vascular invasion, and lymph node metas-

tasis. Moreover, cervical cancer patients with GAS5 lower

expression have shown significantly poorer overall survival

than those with higher GAS5 expression and GAS5 ex-

pression was an independent prognostic marker of overall

survival in a multivariate analysis. In vitro assays of the

present data indicated that knockdown of GAS5 promoted

cell proliferation, migration, and invasion.

XLOC_010588: The lncRNA LOC285194 is 1950nt in

length, located in chr13, consisting of three exons,

LOC285194 located on the downstream side of TGFb-stim-

ulated clone-22 (TSC-22) gene and is transcripted from the

antisense direction of it [59]. Recent studies indicated that

LOC285194 was a carcinogenic lncRNA [60-61]. Dong et
al. [62] found that XLOC_010588 expression in cervi-

cal cancer was significantly downregulated. Decreased

XLOC_010588 expression was correlated with FIGO

stage, tumor size, and SCC-Ag. Moreover, cervical cancer

patients with XLOC_010588 lower expression have shown

poorer prognosis. Multivariate Cox regression analyses

showed that XLOC_010588 expression served as an inde-

pendent predictor for overall survival. Ectopic expression

of XLOC_010588 inhibited the proliferation of HeLa and
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SiHa cells. By contrast, knockdown of XLOC_010588 pro-

moted the growth of HCC94 cells. Western blot assays con-

firmed that XLOC_010588 physically associates with

c-Myc, consequently decreasing the expression of c-Myc.

The expression of XLOC_010588 and c-Myc is strongly

correlated in cervical cancer tissues.

MEG3: Maternally expressed gene 3 (MEG3), an im-

printed gene, is a tumor suppressor gene located in chro-

mosome 14q32 [63]. The potential functions of MEG3

have been studied in a number of cancer types [64-70]. Qin

et al. [69] examined MEG3 expression in 18 pairs of cer-

vical cancer and matched adjacent non-neoplastic tissues.

Quantitative RT-PCR  results showed high expression lev-

els of MEG3 in non-neoplastic tissues, but markedly lower

levels in cancer tissues. They further investigated whether

the restoration of MEG3 expression might affect the pro-

liferation of cervical carcinoma cells. Ectopic expression

of MEG3 inhibited the proliferation of human cervical car-

cinoma cells HeLa and C-33A in vitro. On the other hand,

knockdown of MEG3 promoted the growth of well-differ-

entiated cervical carcinoma HCC94 cells. Further investi-

gation into the mechanisms responsible for the growth

inhibitory effects revealed that overexpression of MEG3

resulted in the induction of G2/M cell cycle arrest and

apoptosis. These results identified an important role of

MEG3 in the molecular etiology of cervical cancer and im-

plicated the potential application of MEG3 in cervical can-

cer therapy.

Potential clinical application of lncRNAs in CC

Cervical cancer is the third most common cancer in

women worldwide and is one of the main causes of cancer-

related death in the developing countries [1]. Cervical can-

cer accounts for approximately 12% of all cancers in

women. Annually, approximately 500,000 women develop

cervical cancer worldwide, and approximately 200,000 die

of the disease [71]. The clinical stage is very important in

relation to the prognosis for patients with cervical cancer.

The prognosis depends on the stage of the disease at the

time of diagnosis, and the five-year survival rate for all

stages of cervical cancer combined is approximately 70%,

however, patients with lymph node metastasis is only 20%

to 30% [72]. Therefore, it is still urgent for us to find new

and effective biomarkers for early stage diagnosis and po-

tential targets for cervical cancer.

LncRNAs are emerging from the “desert region” of the

genome as a new source of biomarkers to characterize dis-

ease recurrence and progression, for the reason that many

lncRNAs have restricted species-specific and cancer-spe-

cific expression patterns. Furthermore, a significant in-

creased or decreased expression level for lncRNA is often

detected in tumors compared with normal tissues. More-

over, some types of lncRNAs are demonstrated to be pres-

ent in body fluid, like urine and plasma, and this may shed

light on the role of circulating or secretory lncRNAs on di-

agnosis. For example, Svoboda et al. [73] demonstrated

that CRC patients had higher HOTAIR expression in blood

than healthy controls. HOTAIR levels positively correlated

between blood and tumor, indicating HOTAIR blood levels

may serve as a potential prognostic marker in sporadic

CRC. Similar results were found for the existence of

lncRNA PCA3 in prostate cancer patient urine samples [74]

and HULC in HCC patient blood [75]. However the exact

mechanism for the release of lncRNAs into body fluid is

still not well defined. Exosomes are nanovesicles secreted

into the extracellular environment containing proteins, mes-

senger RNAs, and microRNAs, suggesting that they play a

role as mediators in cell-to-cell communication [76]. Some

studies suggested lncRNAs may be packaged into micro

particles, including exosomes, micro vesicles, and apop-

totic bodies. Specifically, Gezer et al. [77] have shown the

presence and differential abundance of lncRNA molecules

in secreted exosome. They found that some oncogenic

lncRNAs with low expression levels were rich in secreted

exosomes in MCF7 and Hela cells, such as HOTAIR,

CCND1-ncRNA, and lincRNA-p21. Given this specificity

and good accessibility, lncRNAs may be superior bio-

markers to many protein-coding biomarkers. Accumulat-

ing evidence has demonstrated that lncRNA variants might

be associated with risk of disease, including cancer. 

Taken together, although the research of lncRNAs is

presently at its infancy and only a small number of lncR-

NAs have been characterized, dysregulated lncRNAs in

cervical cancer could still become an important factor for

both the diagnosis and prognosis of cervical cancer.
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