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Objective: Advances in genomics and molecular biology have led to the discovery of a large group of uncharacterized long noncoding
RNAs (IncRNAs). Emerging evidence indicated that many IncRNAs function in multiple biological processes and its dysregulation often
causes diseases. Recent studies suggested that almost all regulatory IncRNAs interact with biological macromolecules such as DNA,
RNA, and protein. LncRNAs regulate gene expression mainly on three levels, including epigenetic modification, transcription, and
posttranscription, through DNA methylation, histone modification, and chromatin remodeling. LncRNAs can also affect the development
of diseases and therefore be used to diagnose and treat diseases. With new sequencing and microarray techniques, hundreds of IncRNAs
involved in reproductive disorders have been identified, but their functions in these disorders are undefined.

Data Sources: This review was based on articles published in PubMed databases up to July 10, 2017, with the following keywords: “long
noncoding RNAs”, “LncRNA”, “placentation”, and “reproductive diseases”.

Study Selection: Original articles and reviews on the topics were selected.

Results: LncRNAs widely participate in various physiological and pathological processes as a new class of important regulatory factors.
In spermatogenesis, spermatocytes divide and differentiate into mature spermatozoa. The whole process is elaborately regulated by the
expression of phase-specific genes that involve many strains of IncRNAs. Literature showed that IncRNA in reproductive cumulus cells
may contribute to the regulation of oocyte maturation, fertilization, and embryo development.

Conclusions: LncRNA has been found to play a role in the development of reproduction. Meanwhile, we reviewed the studies on how
IncRNAs participate in reproductive disorders, which provides a basis for the study of IncRNA in reproduction regulation.
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RNAs of about 21-25 nt, can degrade target messenger
RNAs (mRNAS) or inhibit their translation and thus regulate
the differentiation of target mRNAs.? piRNAs, a large class

INTRODUCTION
Longnoncoding RNAs (IncRNA), a class of nonprotein-coding

RNA molecules, regulate gene imprinting and embryonic
development. Although higher organisms transcribe lots
of RNAs, the proteins or polypeptides encoded through
this transcript only occupy 2% of the entire genomes. The
remaining are noncoding RNAs (ncRNAs). NcRNAs,
including small interfering RNA, micro-RNA (miRNA),
piwi-interacting RNA (piRNA), and IncRNA, play an
important role in spermatogenesis and female reproduction. !’
miRNAs, a class of endogenous noncoding single-stranded
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of small RNAs that are 2432 nt in length, can interact with
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piwi proteins without dicer enzyme.» NcRNAs have been
long thought as transcriptional noise because they lack
biological functions. LncRNAs regulate the expression
of target genes at transcriptional and posttranscriptional
levels.5 LncRNAs are polyadenylated and catalyzed by
RNA polymerase II and can perform various biological
functions in nuclei and cytoplasm.®*) With the introduction
of high-throughput sequencing, thousands of IncRNAs have
been identified, characterized, and categorized.

According to their origins, IncRNAs can be classified
into five categories:['” (1) tandem duplicates in adjacent
repeated units; (2) juxtaposed and restructured IncRNAs
in untranscribed and separated gene sequence during
chromosome recombination; (3) duplicates of nonencoding
genes in reverse transcription; (4) IncRNAs produced by
frame fracture of protein-coding genes; and (5) IncRNAs
produced by transposable element insertion. According to
its position with neighboring protein-coding genes, IncRNAs
can be classified as (1) intergenic IncRNA; (2) intronic
IncRNA; (3) sense IncRNA; and (4) antisense IncRNA.!!

Functions of general IncRNAs participate in the proliferation,
differentiation, and self-renewal of stem cells, including
embryonic stem cells, induced pluripotent stem (iPS) cells,
and spermatogonial stem cells (SSCs). Infertility has become
a global concern. Due to environmental deterioration, food
crisis, electromagnetic radiation, and even life stress, the
incidence of human infertility is on the rise,!'*"*] mainly in
the developed countries.

A complex disease can be defined when: first, it is related to
two different genomes (oocyte and sperm qualities are two
major factors determining reproductive success), it depends
on endometrium receptivity.'¥! The embryonic genesis,
fertilization, and implantation are regulated by complex
biological pathways involving many molecules (such as
mRNAs, ncRNAs, and proteins), which make the disease
more complicated. In female gametogenesis, oocyte
competence develops through complex processes beginning
with embryonic formation and ending with metaphase 11
oocyte ovulation.'> During ovulation, the oocyte is enclosed
into a lineage of ovarian somatic cells and pregranulosa
cells and then grows into a primordial follicle.l' The
primordial follicle pool, an embryonic product of the most
mammal species including human, represents the female’s
ovarian reserve.l'”? Hence, the embryo quality is mainly
decided by the competence of the oocyte selected for
fertilization. This competence is also affected by the oocyte’s
follicular environment.["! However, these IncRNAs have
a series of functions and participate in the development
of many diseases,!'*?! including cervical cancers and
neurodegenerative diseases. Recently, some IncRNAs have
been found associated with preeclampsia.??2%

In 2014, global transcriptome profiles of the samples compact
cumulus cells (CCs) were obtained using state-of-the-art
RNA sequencing techniques. Yerushalmi et a/.”* identified
1746 differently expressed genes of compact and expanded

CCs. Most of these genes were involved in cellular growth
and proliferation, movement, cycles. Out of the differentially
expressed (DE) genes, Yerushalmi ez al.* found 89 IncRNAs,
12 of which are encoded within introns of genes involved in
granulosa cell processes. Analysis of these genes helps identify
genes and ncRNAs potentially involved in cumulus-oocyte
complexes maturation and cumulus expansion.

Long Noncoping RNA DataBases

Biological characteristics of IncRNAs (e.g., gene organization
characteristics, sequence conservation, expression profiles,
molecular interactions, epigenetic modifications, and
functional annotation) have become much clearer. Some
investigators have established the databases about the basic
information of IncRNAs (e.g., primary sequence and genome
seat). DeepBase database identifies IncRNAs based on
RNA-Seq datasets. LncRNA expression profiles from 478
data sets of 14 species, their functions, and evolutionary
conservation can be understood.? DIANA-LncBase
database is a collection of experimental evidence and
miRNA-IncRNA target relationships predicted by the
DIANA-microT algorithm.?”? ChIPBase database provides
information on how transcription factors regulate IncRNAs
and miRNAs.?® LncRNA database (LncRNAdD) is a
professional database including comprehensive annotation
of IncRNAs in eukaryotic organisms.?” LncRNA DISEASE
is a Chinese database of IncRNAs and human diseases,
containing multiple IncRNAs and their relevance to human
diseases.B%

LNCipedia provides the primary sequence and secondary
structure of human IncRNAs and evaluates the protein-coding
potential of IncRNA with bioinformatic tools and
ribosome sequencing data.’!! LncRNA single-nucleotide
polymorphism (SNP) includes information on SNPs in
human and mouse IncRNAs, data from the genome-wide
association study, and their impact on IncRNA structure and
IncRNA-miRNA combination.*?! LncRNome is developed
by the Indian Institution of Council of Scientific and
Industrial Research Genome and Integrative Biology, which
provides stable annotations, cross-references, and biological
significance of IncRNAs.53

NONCODE organizes the information of IncRNAs in
16 species, including the location, sequence, expression
profile, evolutionary conservation, functional annotation, and
relevant diseases.** An miRNA target database, supported
by high-throughput experimental data (CLIP-Seq, aka,
PAR-CLIP, and iCLIP) and mRNA degradome sequencing
data, describes the regulatory interaction between miRNA
and mRNA, miRNA and IncRNA, miRNA and circular
RNA, miRNA and competing endogenous RNA, and RNA
and protein. This database integrates the data from popular
target prediction platforms.>”

LncRNAtor collects data from TCGA, GEO, ENCODE,
and modENCODE and compiles IncRNA expression
profiles for cancer samples, as well as provides
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protein-coding gene coexpression analysis and gene
ontology enrichment analysis of coexpressed genes. 6]
It provides information on the differential expression
of IncRNAs, identifies tissue or cellular expression
with specific microarray, and confirms the results by
quantitative polymerase chain reaction (qQPCR). The
interference and overexpression of RNA can be used to
study specific IncRNA functions. The characteristics of
IncRNA databases are listed in Table 1.

Long Noncoping RNA Expression IN MALE
ReprobucTiON

SSCs differentiate into sperms through spermatogenesis that
involves genes such as B-cell CLL/lymphoma 6/member
B, Ets-variant 5, kit ligand, and epithelial cell adhesion
molecule. Nuclear paraspeckle assembly transcript 1 (Neatl),

a 3.2 kb IncRNA, forms paraspeckles and, along with other
RNA complexes, modifies the transcript of coding genes.[*"]
In 2012, Nakagawa et al."*!! found that metastasis-associated
lung adenocarcinoma transcript (MALATI; a type of
IncRNA) was embedded in the subnuclei of mouse
embryonic fibroblasts. Pre-mRNA regulated many
biological processes, such as the growth of synapses and
change of cellular cycles.*'? In 2014, Hu et al.™ found
that Neatl was expressed in rat testicular tissues and GC-1
cell lines. After the injection of lentiviruses, testicular
indexes (testicular weight/experimental weight x 100%)
in the experimental group rose, but not significantly. At the
same time, the proportion of seminiferous tubules harboring
sperms dropped to 86%, indicating that Neat1 regulated rat
spermatogenesis.

With a length of 2.4 kb, miotic recombination hot spot
locus (Mrhl) is a type of single-axon IncRNA encoded by

Table 1: Characteristics of IncRNAs databases

Databases Characteristics

Linking

ENCODE-LncBael®!

known ncRNAs
LNCipedia 2.05"

The ENCODE project helped map over 8800 small RNAs and
9600 IncRNAs and is still widely cited as a central database of

In addition to basic transcript information and structure, several

http://www.nature.com/authors/editorial
policies/license.html#terms

http://www.ncipedia.org/

statistics are calculated for each entry in the database (such as
secondary structure information, protein-coding potential, and

miRNA binding sites)
IncRNAdb>!

IncRNAdb containing a comprehensive list of IncRNAs that

http://www.Lncrnadb.org/

have been shown to have, or to be associated with, biological
functions in eukaryotes, as well as messenger RNAs that have

regulatory roles
IncRNA Diseasel”

This website provides both experimentally supported and predicted

http://www.Cuilab.cn/Incrnadisease

IncRNA-human disease relationships, based on hundreds of

publications
IncRNASNPE2I

This website identified SNPs in IncRNAs and analyzed their

http://bioinfo.Life.hust.edu.cn/Inc RNASNP/

potential impacts on IncRNA structure and function

IncRNAtor3!

Gene expression data of 208 RNA-Seq studies, collected from

http://Incrnator.ewha.ac.kr/index.Htm

GEO, ENCODE, modENCODE, and TCGA databases, were
used to provide expression profiles in various tissues, diseases,

and developmental stages
IncRNomel*!

The resource hosts information on over 17000 IncRNAs in human

http://genome.igib.res.in/IncRNome

and provides information on the types, chromosomal locations,
description on the biological functions and disease associations

of IncRNAs

IncRNome
NONCODEB
species in NONCODE

IncstarBasel®!

NONCODE is an integrated knowledge database dedicated to
ncRNAs (excluding tRNAs and rRNAs). Now, there are 16

http://www.noncode.org/

ChIPBase!?®!

DeepBase!?”!

DIANA-LncBasel?”

StarBase v2.0 has been updated to provide the most comprehensive
ChIP-Seq experimentally supported miRNA-mRNA and
miRNA-IncRNA interaction networks to date

The chip base have developed to facilitate the comprehensive
annotation and discovery of transcription factor binding maps
and transcriptional regulatory relationships of IncRNAs and
miRNAs from ChIP-Seq data

DeepBase is a platform, to decode evolution, expression patterns
and functions of diverse ncRNAs across 19 species

The experimental module contains detailed information for >5000
interactions, ranging from miRNA and IncRNA related facts
to information specific to their interaction, the experimental
validation methodologies and their outcomes

http://starbase.sysu.edu.cn/

http://deepbase.sysu.edu.cn/chipbase/index.
php

http://biocenter.sysu.cu.cn/deepBase/index.
Php

http://diana.imis.athena-innovation.gr/
DianaTools/index.php?r=IncBase/index

MiRNAs: Micro-RNAs; NcRNAs: Noncoding RNAs; LncRNAs: Long noncoding RNAs; SNPs: Single-nucleotide polymorphisms; ChIP-seq: Chromatin
immnoprecipitation-sequencing.
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the nuclear genome and expressed in testes.'**! In 2008, the
studies found that Mrhl regulated spermatogenesis through
two molecular mechanisms. First, Mrhl is divided by Drosha
into a midbody of 80 nt. These RNAs are located in the
nuclei of GC1 spermatogonial lines, probably interacting
with chromatin.[*! Second, Wnt is critical to mammalian
spermatogenesis.*®! Cooperating with p68, Mrhl showed
its negative regulation in Wnt signal. Knockdown of Mrhl
expression in GC-1 SPg cell line could disrupt the expression
of genes that are responsible for cell signal transduction
and development. Most of these genes are members of
the Wnt-signaling pathway promoting cell differentiation
and inhibiting cell growth. Therefore, Mrhl is crucial for
spermatogonial division and differentiation.*”? Further
studies are needed in gene-knocked-out mice to define the
regulation of Mrhl in spermatogenesis.

Male infertility is often caused by maturation arrest (MA).
HongrES2 is a 1588-nt-long IncRNA co-transcribed
by rats’ chromosome 5 and 9 and expressed in testes;
its expression in rates increases at the end of the first
phase of spermatogenesis and reached a plateau at
around day 450. Space-time specificity of this expression
is manifested in the spermatogenesis. HongrES2 is
a 1.6 kb mRNA-like precursor that gives rise to a
new microRNA such as HongrES2 (Mil-HongrES2).
Mil-HongrES?2, the spliced HongrES2, can downregulate
the expression of CES7, the products of which affects
capacitation.”® Nuclei weakly express mil-HongrES2
but strongly express HongrES2, indicating a splicing
mechanism exists. Therefore, HongrES2 can regulate
the maturation of sperms. Besides, the overexpression
of mil-HongrES2 can weaken spermatic capacitation,
indicating lowly expressed endogenic HongrES2 promotes
spermatic development.® Narcolepsy candidate-region
1 gene (NLCI1-C) is a cytoplasmic IncRNA expressed in
spermatogonia and ecarly-stage spermatocytes. NLC1-C

overexpression promotes cell growth, whereas its low
expression inhibits cell growth and accelerates apoptosis.
Microarray analysis found that NLC1-C expression in MA
patients was lower than normal persons. NLC1-C was also
bound to the RNA-binding domain of nucleolin, which
inhibited the transcription of miR-320a and miR-383 and
induced the proliferation of spermatogonia and early-stage
spermatocytes in MA patients.[*”! Results from a study of
Liu et al. B provided a catalog of chicken testis IncRNAs.
In total, 2597 IncRNAs were identified in the chicken
testis, including 1267 lincRNAs, 975 anti-sense IncRNAs,
and 355 intronic IncRNAs. They shared similar features
with previous studies. Of these IncRNAs, 124 were DE.
Among 17,690 mRNAs detected in this study, 544 were
DE, including a bunch of genes affecting sperm motility.
Integrating analysis of IncRNA and mRNA and IncRNA
expression in spermatogenesis are listed in Table 2 and
Figure 1.

Long Noncoping RNAs ExPressioN IN FEMALE
ReprobucTiON

Long noncoding RNA GtI2

Recent studies revealed that IncRNAs (including Gtl2)
from DIlk1-Dio3 region were positively correlated
with the pluripotency of iPS cells. To uncover the
spatiotemporal expression patterns and changes of
IncRNA Gtl2, Wei et al.P" analyzed the mechanism of
Gtl2 epigenetic regulation. No changes of IG-DMR and
Gtl2-DMR expression were found before and after IncRNA
Gtl2 expression, which suggested that its activation was not
regulated by two DMRs’ DNA methylation. Hence, Wei
et al.BPY checked the histone modifications in the promoter
regions. They chose H3k9me3, H3K27me3, H3K4me3, and
H3ac to perform the micro-ChIP assay with a micro-ChIP
method published on nature protocols and found that IncRNA

Table 2: LncRNAs expression in reproductive diseases

LncRNA Length Chromosomal location  Functions

Neatl 3.2kb 11q13.1 Corpus luteum formation and pregnancy maintenancet®"

Mrhl 2.4 kb Chromosome 8 Wnt signaling regulation in spermatogonial cells; spermatogonial division and
differentiation!*®!

Mil-HongrES2 1.6 kb Chromosome 5 and 9 Space-time specificity in spermatogenesis; sperm maturation!*]

RNAsGtI2 1.6 kb 14q32.2 Human early-stage embryonic development; oocyte maturation; zygotic genome
activation®"

Neat AK124742 6078 bp 3pl4 Oocyte maturation and embryo development®!

LncRNA274 - - Cytoskeletal organization and oocyte polarity in Xenopus™

XIST 19,296 nt  Xql3.2 X-chromosome inactivation’®*!

HI19 2322 nt 11p15.5 Upregulation in most ovarian cancer tissues compared with adjacent nontumor
samples with a significantly positive correlation between its expression and tumor
stages and tumor sizel+!

MALAT1 8708 nt 11q13.1 Tumor pathogenesis,”” high levels of MALAT1 in endometrioid endometrial cancer®®

HOTAIR 2377 nt 12q13.13 Tumorigenic factor and biomarker in various cancer types; the most investigated

IncRNA in cervical cancer™-¢!

NEAT1: Nuclear paraspeckle assembly transcript 1; Mrhl: Miotic recombination hot spot locus; XIST: X-chromosome inactive-specific transcript;
H19: Imprinted maternally expressed transcript; MALAT 1: Metastasis-associated lung adenocarcinoma transcript 1; HOTAIR: HOX transcript antisense
RNA; Mil-HongrES2: Micro RNA-like HongrES2; —: Not retrieved; LncRNAs: Long noncoding RNAs.
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Figure 1: Different expressions of /ncRNA build up a regulatory
system in reproductive diseases. NEAT1: Nuclear paraspeckle
assembly transcript 1; Mrhl: Miotic recombination hot spot locus;
XIST: X-chromosome inactive-specific transcript; H19: Imprinted
maternally expressed transcript; MALAT1: Metastasis-associated lung
adenocarcinoma transcript 1; HOTAIR: HOX transcript antisense RNA;
Mil-HongrES2: microRNA-like HongrES2.

expression rose as H3K4me3 increased and developed from
8-cell stage to blastocyst.

Wei et al.B1 also studied the functions of IncRNA GtI2
in preimplantation development. They knocked down
IncRNA Gtl2 by shRNA lentiviral particle microinjection.
Although about 60% of Gt/2 was knocked down, the
blastocyst formation rate did not change compared to the
control group. However, interference of G#/2 compromised
the outgrowth of both trophoblast cell (trophectoderm)
and inner cell mass and downregulated the adjacent
genes from DIkI-Dio3 imprinted region and some stem
cell pluripotency factors. Expression profile analysis
revealed that IncRNAs expression was changed in different
stages of human embryos and different time of mouse
embryos. Weighted gene coexpression network analysis
suggested that IncRNAs involved in human early-stage
embryonic development were associated with oocyte
maturation, zygotic genome activation, and mitochondrial
functions. Results from a study of Qiu et al.® showed
that the network of IncRNAs involved in zygotic genome
activation was highly preserved in human and mouse
embryos, whereas in other stages, no strong correlation
was observed.

Nuclear paraspeckle assembly transcript 1

Neatl is a nonprotein-coding RNA. Nakagawa et al.’?
found that Neat1-knocked-out mice with normal ovulation
were stochastically infertile and unilateral transplantation of
wild-type ovaries or progesterone changed the phenotype,
suggesting that corpus luteum dysfunction and low-level
progesterone were the primary causes of decreased fertility.

Despite faint expression in most adult tissues, Neatl was
highly expressed in corpus luteum. However, luteal tissues
were severely impaired in nearly half Neatl-knocked-out
mice. These observations suggested that Neatl is essential
for corpus luteum formation and the pregnancy under a
suboptimal condition.

AK124742 and long noncoding RNA274

Another study found that AK7124742 and PSMD6
expression levels in CCs of high-quality embryo group
were significantly higher than those in poor-quality group,
which might affect oocyte maturation and embryonic
development. The expression of mRNA PSMD6 was
positively correlated with that of IncRNA 4K124742 in
CCs, indicating that AK 124742 may regulate the expression
of PSMD6. Therefore, the expression levels of AK124742
and PSMD6 in human CCs may be biomarkers to predict
pregnancy outcome.[®?]

Ovary is a major female reproductive organ and has functions
in two ways: first, it produces oocytes and provides them
a base to develop and mature; second, it secretes ovarian
steroid hormones to regulate follicular development and
reproductive cycle. Ovary development is regulated by
multiple factors, such as gonadotropins, cytokines, and
small nucleic acids. A study of Li**! found that nine
IncRNAs were relatively highly expressed in multiple
mouse tissues by qPCR, and IncRNA647, IncR147, and
IncRNA274 were specifically highly expressed in ovary
at 8 weeks and metestrus. The expression of IncRNA274
and genes for follicular development were elevated and the
number of ovulation increased after in vivo transfection.
Transgenic mice with /ncRNA274 as target gene were
established. According the phenotype analysis, the number of
offsprings significantly increased. These experimental results
demonstrated that /ncRNA274 could promote ovulation.
Rosalia et al.'*¥ found that 41 IncRNAs could interact with
oocyte miRNAs and may regulate folliculogenesis. These
findings are important in both basic reproductive research
and clinical application.

H19

A study analyzed the overexpression of H19 in human
trophoblasts and detected the cell proliferation with
CCK-8 technology. Then, the invasive ability of H19 in
human trophoblasts was examined with matrix reagent
through transwell method. Reverse transcription PCR
showed IncRNA-HI19 was highly expressed in human
villous tissues from early spontaneous abortion patients and
in human villous tissues from induced-abortion patients.
Further, upregulation of IncRNA-H19 inhibited the cell
proliferation in HTR8/SV neo-trophoblasts overexpression
of IncRNA-H19 showed decreased motility in HTR8/SVneo
trophoblasts. LncRNA-H19 inhibited early placenta growth
and early vegetative layer cells, which could lead to early
spontaneous abortion.’*! LncRNAs expression in female
reproductive diseases is shown in Table 2 and Figure 1.
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Long Noncoping RNAs ExPressioN IN FEMALE
RepropucTive TumoRs

For their roles in cell proliferation, differentiation, and
apoptosis, IncRNAs are focused in the research on genesis
of cancers or cancer subtypes. Furthermore, their differential
expressions show difference in different tumor stages.>*¢°!

Long noncoding RNA X-chromosome inactive specific
transcript

Engreitz et al.® found that mouse IncRNA inactive
specific transcript (XIST) inactivating X-chromosome was
transferred from its transcription site to distant region on the
X-chromosome. XIST, initially in the periphery of active
genes on the X-chromosome, gradually spreads across the
genes with its a-repeat domain, to be bound with inactive
X-chromosome in differentiated female cells. XIST encodes
a spliced IncRNA with a unique characteristic from an
inactive X-chromosome. A study compared the total RNA
expression profiles of primary and recurrent ovarian tumors
from the same patient. The results showed that XIST was the
most DE gene and downregulated in the recurrent tumor. In
addition, in vitro studies showed that the expression of XIST
was correlated with Taxol sensitivity. The loss of inactive
X-chromosome led to the loss of XIST transcripts in ovarian
cancer cell lines. The downregulation of XIST caused the
upregulation of X-linked apoptotic inhibitor, a mechanism
that prevented drug-induced apoptosis and brought resistant
phenotypes of cancer cells.™

H19

A recent in vivo study has shown the coexpression between
oncogenes and H19 in both primary human ovarian
and endometrial cancers, confirming the existence of
H19/let-7-dependent regulation. The antidiabetic drug,
metformin, can suppress the tumor cell migration and
invasion, partly by epigenetic downregulation of H19.57
The loss of H19 imprinting has been detected in malignant
serous cystadenocarcinomas. H19 is also upregulated in most
ovarian cancer tissues compared with adjacent nontumor
samples, which indicates a significantly positive correlation
between its expression and tumor development. Cooperated
with histone H1.3 overexpression, H79 knockdown inhibits
the growth and clonogenicity of epithelial ovarian cancer
cells.[ Literature has revealed that the silencing of H19
induces cell apoptosis and cell cycle arrest at the G2/M
phase. H19 RNA has been detected in a majority of patients
with ovarian cancer ascites fluid.l®) H19 was overexpressed
in ovarian carcinomas, a result of expressed prometastatic
genes.®] In ovarian cancer cells, H19 overexpression
enhanced their migration and invasion.’ In addition, H19
sequestering of let-7 was required for H19 to function in
epithelial-mesenchymal-transition (EMT) processes such
as cell invasion and migration in ovarian cancer and uterine
serous carcinoma cell lines.’" The levels of H19 expression
increased throughout endometrial epithelium tumorigenesis.
Level of H19 expression was low in normal endometrial
epithelium but high in hyperplastic endometrium, especially

in endometrial carcinoma and tumor tissue-dedifferentiated
tumor tissues. Furthermore, in cervical cancer, markedly
increased levels of IGF2 expression and decreased levels
of H19 expression were reported. However, the mechanism
promoting this dysregulation is still unclear and needs to be
further investigated.”*”!

Metastasis-associated lung adenocarcinoma
transcript 1

As one of the first identified cancer-associated IncRNAs,
MALAT1 acts in the pathogenesis of different tumors,
including hepatocellular carcinoma, cervical cancer, breast
cancer, and colorectal cancer.* MALAT1 knockdown
could suppress the proliferation, invasion, and metastasis of
human osteosarcoma cells. MALAT 1 was mediated through
PI3K/AKT signaling pathway. In addition, the expression of
MALATT increased in primary metastatic bladder tumors
but not in nonmetastasized tumors. Its silencing could result
in a decrease in the EMT-associated zinc finger E-box
binding 1 and 2 and Slug levels, as well as an increase in
the E-cadherin levels in bladder cancer cells. MALATI in
EMT enhancement activated the Wnt signaling.!®! Although
its mechanism in ovarian cancer is unclear, it is differently
expressed in cells of metastatic ovarian cancers.[*® It was
found that lowering the expression of MALAT1 in Hela cells
could effectively reduce cell proliferation and migration.[’”

MALAT1 was also overexpressed in SKOV3ip, an ovarian
cancer cell line derived from SKOV3 with a more metastatic
phenotype.[® Furthermore, MALAT1 inhibition markedly
suppressed tumorigenicity in SKOV3 ovarian cancer cells
and changed the expression of several genes that were
involved in cell proliferation, metastasis, and apoptosis.
However, the mechanism in this situation is still unclear
and requires more detailed evaluation. In addition, high
levels of MALAT1 have been reported in endometrioid
endometrial cancer,! in relation with aberrant activation
of the Wnt/beta-catenin pathway where the Wnt-effector
transcription factor TCF4 interacts with the MALAT1
promoter region. This Wnt/beta-catenin aberrant activation
was caused by the expression loss of the tumor suppressor
PCDH10 which repressed Wnt/beta-catenin activation."! In
addition, higher levels of MALAT1 were found in cervical
cancer tissues and associated with a poor prognosis.
MALAT1 was overexpressed in the cervical cancer CaSki
cell line, which promoted the cell growth and invasion and
decreased its apoptosis.!”>7¢

Hox transcript antisense RNA

Hox transcript antisense RNA (HOTAIR), a long intervening
ncRNA (lincRNA) transcribed from HOXC, is involved
in epigenetic regulation, cooperative with polycomb
repressive complex 2 and required for histone H3 lysine-27
trimethylation of the HOXD. The expression of HOTAIR
was associated with cancer cell invasion and metastasis.[’”
Furthermore, its expression was higher in ovarian cancer
stem cells (CSCs) than non-CSCs."8 Hazard ratios (HRs) of
IncRNAs in cervical cancer patients showed that HOTAIR

.Chinese Medical Journal | January 20, 2018 | Volume 131 | Issue 2

231




generated the highest HR of 5.28. HOTAIR increased in a
variety of human cancers.””? Meanwhile, HOTAIR was a
tumorigenic factor and could be adopted as a diagnosing or
predictive biomarker in various cancer types.”*% HOTAIR is
the most investigated IncRNA in cervical cancer. Hopefully,
it can be used as a new biomarker in diagnosing and treating
cervical cancer.

Moreover, in several ovarian cancer cell lines, the expression
of HOTAIR caused resistance to cisplatin through Wnt/
[-catenin pathway activation.® In cervical cancer, vascular
endothelial growth factor and matrix metalloproteinase-9
expression were upregulated by HOTAIR. These two
factors increased the migration and invasion of the tumor.
HOTAIR was also correlated with recurrence of cervical
cancer.®>8 LncRNAs expressed female reproductive tumor
disease [Table 2 and Figure 1].

ConcLusioN AND FuTure PERSPECTIVES

More and more IncRNAs have been proved to be involved
in reproductive diseases. Compared with miRNAs, IncRNAs
are less conservative with overlapped functional domains.
They act differently as decoy molecules, guide molecules,
and scaffold molecules are all engaged in expression.

As a form of epigenetic regulation, IncRNAs may function in
female reproductive processes through histone modification
and chromatin reconstruction. Different expression of
IncRNA124742, IncRNA Gtl2, IncRNA-H19 and IncRNA
ENST00000502521, Neat1, Mrhl, and HongrES2 builds up
aregulatory system in reproductive diseases, providing us a
new way into the reproductive disorders.

LncRNA expression profiling should be assessed in each
cancer type as the most altered IncRNAs are different in
cancers. In addition, they may facilitate differentiation
between different cancer histologic subtypes due to
difference in expression pattern among different subtypes.

Further studies are needed to understand the roles of
IncRNAs in reproductive diseases. With new technologies
and searchable databases, such as bioinformatics tools and
ontology databases, IncRNAs may serve as biomarkers
and/or targets to diagnose and/or treat reproductive disorders.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Suh N, Blelloch R. Small RNAs in early mammalian development:
From gametes to gastrulation. Development 2011;138:1653-61. doi:
10.1242/dev.056234.

2. Denli AM, Tops BB, Plasterk RH, Ketting RF, Hannon GJ. Processing
of primary microRNAs by the microprocessor complex. Nature
2004;432:231-5. doi: 10.1038/nature03049.

3. Carmell MA, Girard A, van de Kant HJ, Bourc’his D, Bestor TH,
de Rooij DG, et al. MIWI2 is essential for spermatogenesis and
repression of transposons in the mouse male germline. Dev Cell

20.

21.

22.

23.

24.

25.

. Hart RJ. Physiological

2007;12:503-14. doi: 10.1016/j.devcel.2007.03.001.

Wapinski O, Chang HY. Long noncoding RNAs and human disease.
Trends Cell Biol 2011;21:354-61. doi: 10.1016/j.tcb.2011.04.001.
Ponting CP, Belgard TG. Transcribed dark matter: Meaning or myth?
Hum Mol Genet 2010;19:R162-8. doi: 10.1093/hmg/ddq362.

Li L, Liu Y. Diverse small non-coding RNAs in RNA
interference pathways. Methods Mol Biol 2011;764:169-82. doi:
10.1007/978-1-61779-188-8 11.

Simon SA, Meyers BC. Small RNA-mediated epigenetic
modifications in plants. Curr Opin Plant Biol 2011;14:148-55. doi:
10.1016/§.pbi.2010.11.007.

Okamura K. Diversity of animal small RNA pathways and their
biological utility. Wiley Interdiscip Rev RNA 2012;3:351-68. doi:
10.1002/wrna.113.

Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Mol Cell 2011;43:904-14. doi: 10.1016/j.molcel.2011.08.018.

. Gong C, Maquat LE. LncRNAs transactivate STAUI-mediated

mRNA decay by duplexing with 3° UTRs via Alu elements. Nature
2011;470:284-8. doi: 10.1038/nature09701.

. Ponting CP, Oliver PL, Reik W. Evolution and functions of

long noncoding RNAs. Cell 2009;136:629-41. doi:
¢ell.2009.02.006.

10.1016/j.

. Hillier SG. Research challenge: What is the best non-invasive test

of oocyte/embryo competence? Mol Hum Reprod 2008;14:665. doi:
10.1093/molehr/gan068.

. Inhorn MC, Patrizio P. Infertility around the globe: New thinking

on gender, reproductive technologies and global movements in the
21% century. Hum Reprod Update 2015;21:411-26. doi: 10.1093/
humupd/dmv016.

aspects of female fertility: Role of
the environment, modern lifestyle, and genetics. Physiol Rev
2016;96:873-909. doi: 10.1152/physrev.00023.2015.

. Hutt KJ, Albertini DF. An oocentric view of folliculogenesis and

embryogenesis. Reprod Biomed Online 2007;14:758-64. doi:
10.1016/S1472-6483(10)60679-7.

. Zuccotti M, Merico V, Cecconi S, Redi CA, Garagna S. What does

it take to make a developmentally competent mammalian egg? Hum
Reprod Update 2011;17:525-40. doi: 10.1093/humupd/dmr009.

. Manolio TA, Collins FS, Cox NJ, Goldstein DB, Hindorff LA,

Hunter DJ, et al. Finding the missing heritability of complex diseases.
Nature 2009;461:747-53. doi: 10.1038/naturc08494.

. Bromer JG, Seli E. Assessment of embryo viability in assisted

reproductive technology: Shortcomings of current approaches and
the emerging role of metabolomics. Curr Opin Obstet Gynecol
2008;20:234-41. doi: 10.1097/GCO.0b013e3282fe723d.

. Liu D, Yu X, Wang S, Dai E, Jiang L, Wang J, et al. The gain and loss

of long noncoding RNA associated-competing endogenous RNAs
in prostate cancer. Oncotarget 2016;7:57228-38. doi: 10.18632/
oncotarget.11128.

Wang YN, Shan K, Yao MD, Yao J, Wang JJ, Li X, ef al. Long
noncoding RNA-GASS: A Novel regulator of hypertension-induced
vascular remodeling. Hypertension 2016;68:736-48. doi: 10.1161/
HYPERTENSIONAHA.116.07259.

Jiang Q, Shan K, Qun-Wang X, Zhou RM, Yang H, Liu C, et al.
Long non-coding RNA-MIAT promotes neurovascular remodeling
in the eye and brain. Oncotarget 2016;7:49688-98. doi: 10.18632/
oncotarget.10434.

Cui X, Jing X, Wu X. The prognostic value of long non coding RNAs
in cervical cancer: A meta-analysis. Oncotarget 2017;8:62470-7. doi:
10.1016/j.cca.2017.03.003.

Chen H, Meng T, Liu X, Sun M, Tong C, LiuJ, et al. Long non-coding
RNA MALAT-1 is downregulated in preeclampsia and regulates
proliferation, apoptosis, migration and invasion of JEG-3 trophoblast
cells. Int J Clin Exp Pathol 2015;8:12718-27.

Zhang Y, Zou Y, Wang W, Zuo Q, Jiang Z, Sun M, et al.
Down-regulated long non-coding RNA MEG3 and its effect on
promoting apoptosis and suppressing migration of trophoblast cells.
J Cell Biochem 2015;116:542-50. doi: 10.1002/jcb.25004.
Yerushalmi GM, Salmon-Divon M, Yung Y, Maman E, Kedem A,
Ophir L, et al. Characterization of the human cumulus cell
transcriptome during final follicular maturation and ovulation. Mol
Hum Reprod 2014;20:719-35. doi: 10.1093/molehr/gau031.

Chinese Medical Journal | January 20,2018 | Volume 131 | Issue 2 -




26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.

40.

41.

42.

43.

44.

45.
46.

.Chinese Medical Journal | January 20, 2018 | Volume 131 | Issue 2

Zheng LL, Li JH, Wu J, Sun WJ, Liu S, Wang ZL, et al. DeepBase
v2.0: Identification, expression, evolution and function of small
RNAs, IncRNAs and circular RNAs from deep-sequencing data.
Nucleic Acids Res 2016;44:D196-202. doi: 10.1093/nar/gkv1273.
Paraskevopoulou MD, Vlachos IS, Karagkouni D, Georgakilas G,
Kanellos I, Vergoulis T, et al. DIANA-IncBase v2: Indexing
microRNA targets on non-coding transcripts. Nucleic Acids Res
2016;44:D231-8. doi: 10.1093/nar/gkv1270.

Yang JH, Li JH, Jiang S, Zhou H, Qu LH. ChIPBase: A database
for decoding the transcriptional regulation of long non-coding
RNA and microRNA genes from ChIP-Seq data. Nucleic Acids Res
2013;41:D177-87. doi: 10.1093/nar/gks1060.

Quek XC, Thomson DW, Maag JL, Bartonicek N, Signal B,
Clark MB, et al. LncRNAdb v2.0: Expanding the reference
database for functional long noncoding RNAs. Nucleic Acids Res
2015;43:D168-73. doi: 10.1093/nar/gku98s.

Chen G, Wang Z, Wang D, Qiu C, Liu M, Chen X, ef al
LncRNADisease: A database for long-non-coding RNA-associated
diseases. Nucleic Acids Res 2013;41:D983-6. doi: 10.1093/nar/
gks1099.

Volders PJ, Helsens K, Wang X, Menten B, Martens L, Gevaert K,
et al. LNCipedia: A database for annotated human IncRNA transcript
sequences and structures. Nucleic Acids Res 2013;41:D246-51. doi:
10.1093/nar/gks915.

Gong J, Liu W, Zhang J, Miao X, Guo AY. LncRNASNP: A database of
SNPs in IncRNAs and their potential functions in human and mouse.
Nucleic Acids Res 2015;43:D181-6. doi: 10.1093/nar/gku1000.
Bhartiya D, Pal K, Ghosh S, Kapoor S, Jalali S, Panwar B, et al.
LncRNome: A comprehensive knowledgebase of human long
noncoding RNAs. Database (Oxford) 2013;2013:bat034. doi:
10.1093/database/bat034.

Zhao'Y, Li H, Fang S, Kang Y, Wu W, Hao Y, ef a/. NONCODE 2016:
An informative and valuable data source of long non-coding RNAs.
Nucleic Acids Res 2016;44:D203-8. doi: 10.1093/nar/gkv1252.

Li JH, Liu S, Zhou H, Qu LH, Yang JH. StarBase v2.0: Decoding
miRNA-ceRNA, miRNA-ncRNA and protein-RNA interaction
networks from large-scale CLIP-Seq data. Nucleic Acids Res
2014;42:D92-7. doi: 10.1093/nar/gkt1248.

Park C, Yu N, Choi I, Kim W, Lee S. LncRNAtor: A comprehensive
resource for functional investigation of long non-coding RNAs.
Bioinformatics 2014;30:2480-5. doi: 10.1093/bioinformatics/btu325.
Changwei Y. Research on Expression, Regulation, and Function of
LncRNA Gtl2 During Pre-Implantation Embryonic Development in
Mice. Harbin Institute of Technology China; 2015.

Qiu JJ, Ren ZR, Yan JB. Identification and functional analysis of
long non-coding RNAs in human and mouse early embryos based
on single-cell transcriptome data. Oncotarget 2017;38:61215-28. doi:
10.18632/oncotarget.11304.

Birney E. An integrated encyclopedia of DNA elements in the human
genome. Nature 2012;489:57-74. doi: 10.1038/nature11247.

Fox AH, Lamond Al. Paraspeckles. Cold Spring Harb Perspect Biol
2010;2:a000687. doi: 10.1101/cshperspect.a000687.

Nakagawa S, Ip JY, Shioi G, Tripathi V, Zong X, Hirose T, et al.
Malatl is not an essential component of nuclear speckles in mice.
RNA 2012;18:1487-99. doi: 10.1261/rna.033217.112.

Zhang B, Mao YS, Diermeier SD, Novikova IV, Nawrocki EP,
Jones TA, et al. Identification and characterization of a class of
MALATI-like genomic loci. Cell Rep 2017;19:1723-38. doi:
10.1016/j.celrep.2017.05.006.

Hu Y, Zeng WX. Effect of long Noncoding RNA NEAT1 on
Spermatogenesis in mice. Acta Ecologae Anim Domastici
2014;35:12-15. doi: 10.3969/j.issn.1673-1182.2014.12.003.

Nishant KT, Ravishankar H, Rao MR. Characterization of a mouse
recombination hot spot locus encoding a novel non-protein-coding
RNA. Mol Cell Biol2004;24:5620-34. doi: 10.1128/MCB.24.12.5620-
5634.2004.

Ganesan G, Rao SM. A novel noncoding RNA processed by Drosha is
restricted to nucleus in mouse. RNA 2008;14:1399-410. doi: 10.1261/
rna.838308.

Kerr GE, Young JC, Horvay K, Abud HE, Loveland KL. Regulated
Wnt/beta-catenin signaling sustains adult spermatogenesis in mice.

47.

48.

49.

50.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Biol Reprod 2014;90:3. doi: 10.1095/biolreprod.112.105809.

Yeh JR, Zhang X, Nagano MC. Wnt5a is a cell-extrinsic factor that
supports self-renewal of mouse spermatogonial stem cells. J Cell Sci
2011;124(Pt 14):2357-66. doi: 10.1242/jcs.080903.

NiMJ, Hu ZH, Liu Q, Liu MF, Lu MH, Zhang JS, et al. Identification
and characterization of a novel non-coding RNA involved in
sperm maturation. PLoS One 2011;6:¢26053. doi: 10.1371/journal.
pone.0026053.

Li M, Tian H, Cao YX, He X, Chen L, Song X, et al. Downregulation of
miR-320a/383-sponge-like long non-coding RNANLC1-C (narcolepsy
candidate-region 1 genes) is associated with male infertility and
promotes testicular embryonal carcinoma cell proliferation. Cell Death
Dis 2015;6:¢1960. doi: 10.1038/cddis.2015.267.

Liu YF, Sun YY, Li YL, Hao B, Xue FG, Xu SS, ef al. Analyses of
long non-coding RNA and mRNA profling using RNA sequencing in
chicken testis with extreme sperm motility. Sci Rep 2017;7:1-8. doi:
10.1038/s41598-017-08738-9.

. Wei YC. Research on Expression, Regulation, and Function of

LncRNA Gtl2 During Pre-Implantation Embryonic Development in
Mice. Harbin Institute of Technology China; 2015.

Nakagawa S, Shimada M, Yanaka K, Mito M, Arai T, Takahashi E,
et al. The IncRNA neatl is required for corpus luteum formation
and the establishment of pregnancy in a subpopulation of mice.
Development 2014;141:4618-27. doi: 10.1242/dev.110544.

Wang S, Wu X, Liu Y, Yuan J, Yang F, Huang J, ef al. Long
noncoding RNA H19 inhibits the proliferation of fetal liver cells
and the Wnt signaling pathway. FEBS Lett 2016;590:559-70. doi:
10.1002/1873-3468.12078.

Gov E, Kori M, Arga KY. RNA-based ovarian cancer research from
‘a gene to systems biomedicine’ perspective. Syst Biol Reprod Med
2017;63:219-38. doi: 10.1080/19396368.2017.1330368.

Engreitz JM, Pandya-Jones A, Mcdonel P, Shishkin A, Sirokman K,
Surka C, et al. The Xist LncRNA exploits three-dimensional
genome architecture to spread across the X chromosome. Science
2013;341:1237973. doi: 10.1126/science.1237973.

Huang KC, Rao PH, Lau CC, Heard E, Ng SK, Brown C, et al.
Relationship of XIST expression and responses of ovarian cancer to
chemotherapy. Mol Cancer Ther 2002;1:769-76.

Yan L, Zhou J, Gao Y, Ghazal S, Lu L, Bellone S, et al. Regulation
of tumor cell migration and invasion by the H19/let-7 axis is
antagonized by metformin-induced DNA methylation. Oncogene
2015;34:3076-84. doi: 10.1038/0onc.2014.236.

Zhao Y, Yang Y, Trovik J, Sun K, Zhou L, Jiang P, et al. A novel
wnt regulatory axis in endometrioid endometrial cancer. Cancer Res
2014;74:5103-17. doi: 10.1158/0008-5472.CAN-14-0427.

Lee C, Kim SJ, Na JY, Park CS, Lee SY, Kim IH, ef al. Alterations in
promoter usage and expression levels of insulin-like growth factor-11
and H19 genes in cervical and endometrial cancer. Cancer Res Treat
2003;35:314-22. doi: 10.4143/crt.2003.35.4.314.

Dong Y, Liang G, Yuan B, Yang C, Gao R, Zhou X, et al. MALAT1
promotes the proliferation and metastasis osteosarcoma cells by
activating the PI3K/Akt pathway. Tumor Biol 2014;36:1477-86. doi:
10.1007/s13277-014-2631-4.

Ying L, Chen Q, Wang Y, Zhou Z, Huang Y, Qiu F, et al. Upregulated
MALAT-1 contributes to bladder cancer cell migration by inducing
epithelial-to-mesenchymal transition. Mol Biosyst 2012;8:2289-94.
doi: 10.1039/c2mb25070e.

Xu XF, LiJ, Cao YX, Chen DW, Zhang ZG, He XJ, et al. Differential
expression of long noncoding RNAs in human cumulus cells related
to embryo developmental potential: A Microarray analysis. Reprod
Sci 2015;22:672-8. doi: 10.1177/1933719114561562.

LiJY. Fundamental Researches of Long Non-Coding RNA Regulating
Ovarian Development in Mice. South China Agricultural University;
2016.

Rosalia BA, Maria E, Placido BR, Marco R, Davide B, Desirée A, et al.
Non-coding RNAs in the ovarian follicle. Front Genet 2017;8:1-11.
doi: 10.3389/fgene.2017.00057.

Cruciat CM, Dolde C, de Groot RE, Ohkawara B, Reinhard C,
Korswagen HC, et al. RNA helicase DDX3 is a regulatory
subunit of casein kinase 1 in Wnt-f-catenin signaling. Science
2013;339:1436-41. doi: 10.1126/science.1231499.

Liu SP, Yang JX, Cao DY, Shen K. Identification of differentially

233




67.

68.

69.

70.

71.

72.

73.

74.

75.

expressed long non-coding RNAs in human ovarian cancer cells with
different metastatic potentials. Cancer Biol Med 2013;10:138-41.
doi: 10.7497/.issn.2095-3941.2013.03.003.

Medrzycki M, Zhang Y, Zhang W, Cao K, Pan C, Lailler N, et al.
Histone hl.3 suppresses h19 noncoding RNA expression and cell
growth of ovarian cancer cells. Cancer Res 2014;74:6463-73. doi:
10.1158/0008-5472.CAN-13-2922.

Zhu Z, Song L, He J, Sun Y, Liu X, Zou X, et al. Ectopic expressed
long non-coding RNA H19 contributes to malignant cell behavior of
ovarian cancer. Int J Clin Exp Pathol 2015;8:10082-91.

Hosseini ES, Meryet-Figuiere M, Sabzalipoor H, Kashani HH,
Nikzad H, Asemi Z, et al. Dysregulated expression of long noncoding
RNAs in gynecologic cancers. Mol Cancer 2017;16:1-13. doi:
10.1186/s12943-017-0671-2.

Matouk 1J, Raveh E, Abu-Lail R, Mezan S, Gilon M, Gershtain E,
et al. Oncofetal H19 RNA promotes tumor metastasis.
Biochim Biophys Acta 2014;1843:1414-26. doi: 10.1016/j.
bbamer.2014.03.023.

Marsh DJ, Shah JS, Cole AJ. Histones and their modifications in
ovarian cancer — Drivers of disease and therapeutic targets. Front
Oncol 2014;4:144. doi: 10.3389/fonc.2014.00144.

QI WC, Li Q, Wu CF. Lower expression IncRNA MALAT1 effect
on the proliferation and migration of HeLa cells in vitro. J Sichuan
Univ (Natural science Edition) 2015;52:1-6. doi: 103969/j.issn.0490-
6756.2015.07.034.

Liu S, Jiang X, Li W, Cao D, Shen K, Yang J, ef al. Inhibition of
the long non-coding RNA MALAT1 suppresses tumorigenicity and
induces apoptosis in the human ovarian cancer SKOV3 cell line.
Oncol Lett 2016;11:3686-92. doi: 10.3892/01.2016.4435.

Zhong X, ZhuY,MaoJ, Zhang J, Zheng S. Frequent epigenetic silencing
of PCDH10 by methylation in human colorectal cancer. J Cancer Res
Clin Oncol 2013;139:485-90. doi: 10.1007/s00432-012-1353-5.
Yang L, Bai HS, Deng Y, Fan L. High MALAT1 expression predicts

76.

77.

78.

79.

80.

81.

83.

a poor prognosis of cervical cancer and promotes cancer cell growth
and invasion. Eur Rev Med Pharmacol Sci 2015;19:3187-93.

Zhang Y, Wang T, Huang HQ, Li W, Cheng XL, Yang J, ef a/. Human
MALAT-1 long non-coding RNA is overexpressed in cervical cancer
metastasis and promotes cell proliferation, invasion and migration.
JBUON 2015;20:1497-503.

Gupta RA, Shah N, Wang KC, Kim J, Horlings HM, Wong DJ, ef al.
Long non-coding RNA HOTAIR reprograms chromatin state to
promote cancer metastasis. Nature 2010;464:1071-6. doi: 10.1038/
nature08975.

Teschendorff AE, Lee SH, Jones A, Fiegl H, Kalwa M, Wagner W,
et al. HOTAIR and its surrogate DNA methylation signature indicate
carboplatin resistance in ovarian cancer. Genome Med 2015;7:108.
doi: 10.1186/s13073-015-0233-4.

Ma MZ, Li CX, Zhang Y, Weng MZ, Zhang MD, Qin YY, et al. Long
non-coding RNA HOTAIR, a c-Myec activated driver of malignancy,
negatively regulates miRNA-130a in gallbladder cancer. Mol Cancer
2014;13:156. doi: 10.1186/1476-4598-13-156.

Hajjari M, Salavaty A. HOTAIR: An oncogenic long non-coding RNA
in different cancers. Cancer Biol Med 2015;12:1-9. doi: 10.7497/j.
issn.2095-3941.2015.0006.

LiJ, Yang S, SuN, Wang Y, Yu J, Qiu H, et al. Overexpression of long
non-coding RNA HOTAIR leads to chemoresistance by activating
the Wnt/B-catenin pathway in human ovarian cancer. Tumour Biol
2016;37:2057-65. doi: 10.1007/s13277-015-3998-6.

. 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. doi: 10.3892/
ijo.2014.2758.

Kim HJ, Lee DW, Yim GW, Nam EJ, Kim SH, Kim SW, et al.
Long noncoding RNA HOTAIR is associated with human cervical
cancer progression. Gynecol Oncol 2014;133:5. doi: 10.3892/
ijo.2014.2758.

Chinese Medical Journal | January 20,2018 | Volume 131 | Issue 2 -




