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Abstract

Long noncoding RNAs (IncRNAS) are a class of noncoding RNA, involved in regulation of diverse
physiological and pathological processes. Ovarian cancer is the leading cause of death among all
gynecological malignancies in the world and its underlying mechanism is still unclear. IncRNAs
exhibit multiple biological functions in various stages of ovarian cancer development. We will
discuss and summarize the new and important IncRNAs and their involvement in disease, which
might represent promising therapeutic targets. Therapeutic intervention based on silencing or
functional inhibition of target IncRNAs will be beneficial for ovarian cancer patients.
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Introduction

Humans were supposed to have many more genes than less complex organisms. However,
the number is not much different than the estimated number of genes (20 000) in roundworm
Caenorhabditis elegans or mice, indicating complexity does not correlate with the number of
protein-coding genes. However, the complexity definitely correlates with the percentage of
non-protein-coding sequences. Ninety-seven percent of the human genome is non-protein-
coding, consisting of introns, regulatory sequences and noncoding RNAs [1]. A type of
noncoding RNA, long noncoding RNA (IncRNA\) is longer than 200 nucleotide transcripts in
length, has a variety of biological functions and is closely associated with tumor
development. InNcRNAs provide a novel way of regulating the gene expression and function
at all levels of DNA, RNA or proteins. IncRNAs are at the epicenter of understanding how
the vast sequence in the genome regulates different pathways including cancer. They hold an
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enormous potential to understand the participation of the noncoding genome in different
processes and can help to bridge the vast gap that exists between cancer drug discovery and
treatment. There has been an exponential rise in the number of publications during the past
few years related to the role of InNcRNAs in cancer biology (Figure 1). Not many IncRNAs
have been functionally characterized, many of the IncRNAs have been identified by
revisiting the array datasets on the publicly available resources [2,3], making it necessary to
understand the mechanisms and biology of this new class of regulators, which is now at the
center of various physiological and pathological processes. This information will be very
useful in developing biomarker-driven cancer therapeutics.

Ovarian cancer

Ovarian cancer (OvCa) is the leading cause of death among gynecological malignancies in
the world, and recurrent OvCa is almost always incurable [4]. Its underlying mechanism is
still unclear. Several genetic and environmental factors have been shown to be implicated in
the development of this type of cancer. The International Federation of Gynecology and
Obstetrics (FIGO) Committee on Gynecologic Oncology has provided a staging system for
OvCa [5]. The lack of specific signs and symptoms and the deficiency in screening programs
have resulted in the late-stage diagnosis of OvCa, which in turn leads to the poor survival of
these patients. The overall 5-year survival rate is low for the advanced stages OvCa owing to
late diagnosis (because of its asymptomatic nature) and resistance to conventional
carboplatin plus Taxol chemotherapy or relapse.

Better understanding of OvCa biology is needed to improve its management and early
diagnosis. Such defects have necessitated the implementation of experimental approaches
and clinical studies to discover and assess biomarkers associated with early-stage disease
[6]. Compared with research on microRNAS, research on INcCRNAs is still in its infancy.
Studies in recent years have demonstrated that INcRNAs exhibit multiple biological
functions in various stages of OvCa development. InNcRNAs are closely involved in the
pathogenesis of OvCa. The expression of IncRNAs indicates the early diagnosis, prognosis
and response to chemotherapy of OvCa. Further research efforts are needed before fully
identifying, characterizing and elucidating the actual functions of IncRNAs in OvCa at the
molecular level and putting them into clinical practice [7]. Reports on INcRNAs associated
with OvCa are very disjointed, which makes it necessary for an effort to study and develop a
signature based on IncRNAs associated with OvCa recurrence to facilitate better OvCa
therapy [4].

IncRNA-based therapeutics, biogenesis and mode of action

IncRNAS are important for the activation or repression of genes relevant to a variety of
disorders. They work either as tumor suppressors or oncogenes or both. The INcCRNAs are
very difficult to identify from a suitable classification method. No unified mechanism of
classification of INcRNAs exists. The most common relatively convenient way to classify
IncRNAS depends on the genomic context, which is the position in the chromosome where
the INcCRNA is transcribed. The five major known classes are: natural antisense transcript,
pseudogenes, large intergenic noncoding RNA, long intronic ncRNAs and other
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uncharacterized and divergent transcripts [8]. Figure 2 depicts the INcCRNAs on the basis of
their genomic context or biogenesis [9]. On the basis of targeting mechanisms, IncRNAs can
be classified as: (i) Signal — show cell-type-specific expression and respond to diverse
stimuli; (ii) Decoy — bind and titrate away a protein target, but do not exert any additional
functions; (iii) Guide - bind proteins and then direct the localization of ribonucleoprotein
complex to specific targets; (iv) Scaffold — serve as central platforms to bring together
multiple proteins to form ribonucleoprotein complexes; and (v) Enhancer — loops
chromosomes to bring the effective proteins together [8,10,11]. Figure 3 describes different
modes of action of INCRNAs except signal mechanism. Based on different modes of action,
strategies based on silencing (siRNAs, antisense oligos, ribozymes, CRISPR, ZNFs and
TALENS) and functional inhibition (small molecules, nanobodies, aptamers and RNA
decoys) can be utilized for IncRNA therapeutics [12].

IncRNAs identified in ovarian cancer

H19

HOTAIR

IncRNAS are a new aspect to understanding OvCa — to diagnose and design new therapeutic
approaches. Because the information on IncRNAs and OvCa is very fragmented, we made a
comprehensive search for available information on IncRNAs related to OvCa on different
databases such as NIH, ENCODE, Lnc2cancer, LncRNA disease database (cuilab),
IncRNAdb and NONCODE. Transcription factor binding sites were analyzed using
QIAGEN (GeneCards.org) and the ChlPseq database on the UCSC genome browser
(ENCODE). In this review, we will summarize IncRNAs and their involvement in OvCa.
The potential translation of this knowledge to diagnose and design therapeutic approaches
for OvCa therapy will be very encouraging with the advent of cutting-edge translational
research. Table 1 summarizes all the INcCRNAs reported to date in relation to OvCa [4,13-
57].

H19 is a metastatic IncRNA that induces cell cycle arrest and apoptosis through certain cell-
cycle-related and apoptosis-related proteins, it was identified by profiling 70 pairs of OvCa
tissue [20,56]. H19 also showed relation to acquired drug resistance toward cisplatin
chemotherapy; and high-grade serous ovarian cancer (HGSC) tissues showed strong
correlation with cancer recurrence with H19 expression levels [54,58,59]. H19 RNA was
detected in 90% of patients with ovarian cancer ascites fluid (OCAF) so, in an effort to
develop targeted therapy for OvCa, the therapeutic potential of the toxin vector DTA-H19
was tested in ovarian carcinoma cell lines and in a heterotopic animal model for OvCa.
DTA-H19 is a plasmid expressing diphtheria toxin under the control of H19 regulatory
sequences [39].

Abnormal expression of HOX antisense intergenic RNA (HOTAIR) and common variants of
HOTAIR are associated with risk of epithelial ovarian cancer (EOC). HOTAIR was
significantly high in 44 OvCa tissues as compared with 14 normal ovary tissues [28].
Elevated HOTAIR expression leads to chemoresistance by activating the Wnt/p-catenin
pathway in human OvCa [35], also overexpression of HOTAIR predicts poor patient
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prognosis and promotes tumor metastasis in epithelial OvCa. HOTAIR levels were highly
positively correlated with the FIGO stage, the histological grade of the tumor, lymph node
metastasis and reduced overall survival (OS) and disease-free survival (DFS). The pro-
metastatic effects of HOTAIR were mediated by the regulation of the expression of a number
of genes involved in cell metastasis and EMT, including matrix metalloproteinase (MMP)3,
MMP9, E-cadherin, vimentin and Snail [43,58,59]. Upregulation of HOTAIR induced
platinum resistance in OvCa, and increased HOTAIR levels were observed in recurrent
platinum-resistant ovarian tumors vs primary ovarian tumors. The nuclear factor (NF)-xB-
HOTAIR axis links DNA damage response, chemoresistance and cellular senescence in
OvCa [40]. In a clinical study of serous ovarian cancer (SOC), HOTAIR overexpression was
correlated with an advanced FIGO stage and a high histological grade [44].

Metastasis-specific lung adenocarcinoma transcript (MALAT)1 is a potential biomarker for
tumor growth and metastasis, as well as a promising therapeutic target in OvCa. Differential
RNA analysis of SKOV3 (parental) and SKOV3.ip1 (metastatic) cells identified it as a
metastatic specific INcRNA, and overexpressed MALAT1 in SKOV3 cells promoted cell
proliferation, migration and invasion [20,55]. MALAT1 expression was associated with the
FIGO stage. Knockdown of MALAT1 expression in OVCAR3 cells inhibited cell
proliferation, migration and invasion, leading to GO/G1 cell cycle arrest and apoptosis.
Transforming growth factor (TGF)B1 has been shown to induce MALAT1 expression and
subsequent phosphorylation of MEK1, ERK1, p38 and JNK1 suggested MALAT1 promoted
OvcCa cell proliferation, migration and invasion, and that mitogen-activated protein kinase
(MAPK) pathways might be one of the regulatory mechanisms of MALAT1 [57]. MALAT1
also promotes proliferation and metastasis in EOC via the PI3/AKT pathway [33,59].
Plasma MALAT1 could act as a valuable biomarker for the diagnosis of metastasis. Plasma
MALAT1 was significantly increased in the EOC/distant metastasis group compared with
the EOC/NDM. Multivariate analysis indicated that overexpression of MALATL,
differentiation (poor), tumor-node-metastasis stage 1V, lymph node metastasis (N3),
peritoneal invasion (present) and higher serum carbohydrate antigen 125 levels were
independent predictors of survival in patients with EOC. Survival analysis revealed that
patients with increased MALAT1 expression had a poorer disease-free survival time [27].
MALAT1 also functions as a sponge for miR-200c and regulates miR-506 by targeting
iASPP [60]. MALAT1 accumulates to high levels in the nucleus, where it has crucial roles in
cancer progression and the formation of nuclear paraspeckles [61].

PVT1 and Myc contribute independently to ovarian and breast pathogenesis when
overexpressed because of genomic abnormalities. PVT1-mediated inhibition of apoptosis
might explain why amplification of 8q24 is associated with reduced survival duration in
patients treated with agents that act through apoptotic mechanisms. Amplification of PVT1
contributes to the pathophysiology of ovarian and breast cancer [31,58,59]. Overexpression
of IncRNA PVT1 in OvCa cells promotes cisplatin resistance by regulating apoptotic
pathways. The level of PVT1 was significantly higher in OvCa tissues of cisplatin-resistant
patients and cisplatin-resistant cells. The mRNA levels and protein expression of TGFB1, p-
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Smad4 and caspase-3 were much higher in cisplatin-resistant cells transfected with siPVT1
[38]. Carboplatin and docetaxel have been developed as the first-line drug treatment for
ovarian carcinoma. INCRNA PVT1 could be a central downstream target of carboplatin plus
docetaxel because expression of PVT1 positively correlates with anticancer action of
carboplatin plus docetaxel. p53 and tissue inhibitor of matrix metalloproteinase (TIMP)1
were mediated by IncRNA PVT1, which could explain partially the anticancer activity of
INcRNA PVT1 [37].

Urothelial carcinoma associated (UCA)1 functions as an oncogene, which promotes cancer
cell proliferation, invasion and metastasis, and is responsible for drug resistance. UCA1
overexpression predicts clinical outcome of patients with OvCa receiving adjuvant
chemotherapy. High UCA1 expression was an independent prognostic marker of poor
outcome. UCA1 could serve as an indicator of response to chemotherapy and prognosis of
OvCa and plays an important part in the progression of OvCa. Differential RNA analysis of
SKOV3 (parental) and SKOV3.ipl (metastatic) cells also identified UCAL as a metastatic
specific INCRNA [20]. UCAL is related to serine/threonine protein kinase (SRPK)1 in
cisplatin resistance in human OvCa cells. UCA1 can improve cell migration, invasion and
induce cisplatin resistance. SRPK1 and the apoptosis pathway proteins could be involved in
the effect of UCA1 [50,59]. UCA1 expression has been correlated to metastasis in EOC.
UCAZ1 was not only aberrantly upregulated in EOC tissues and cells but also correlated with
status of lymph node metastasis and the FIGO stage. UCAL was a prognostic factor for
overall survival in EOC patients. UCAL could also function as an endogenous sponge by
directly binding to miR-485-5p. Depletion of UCA1 was involved in the downregulation of
MMP14 expression, a target gene of miR-485-5p. UCA1 can be utilized as a prognostic
biomarker and is connected to miR-485-5p and MMP14 in EOC metastasis [52].

Other IncRNAs related to ovarian cancer etiology

ZNF-300P1 could play a part in promoting metastasis in OvCa cells [30]. TC0100223,
TC0101686 and TC0101441 are aberrantly expressed in estrogen receptor (ER)a-positive
EOC tissues, showing correlations with advanced FIGO stage and/or high histological grade
and lymph node metastasis. Multivariate analysis indicated that TC0101441 was also an
independent prognostic factor for overall survival. Knowledge of these E2-regulated
IncRNASs could aid in the future understanding of the estrogenic effect on EOC progression
and could assist in the clinical design of new target therapies based on a perspective of
IncRNA [45]. CCAT1, LOC645249, LOC100128881 and LOC100292680 were identified as
metastasis-specific INCRNAs, in a cluster of seven IncRNAs, in a model comparing the
parental SKOV3 and metastatic variant SKOV3.ip1 cells by microarray [20].

ABO073614 promotes development of OvCa via targeting ERK1/2 and the AKT-mediated
signaling pathway and is a poor prognostic marker for overall survival [13]. Major
transcription factors binding on the AB073614 promoter are RUNX3, MTA3, EBF1, NF1C
and ATF2 (as per ENCODE). MR22HG is a potential prognostic marker and functions as an
oncogene in OvCa, its repression impaired migration, invasion, viability and downregulated
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the pro-metastatic gene, MYC, at the mRNA and protein level [36]. NEAT1 is upregulated
in OvCa patients and cell lines, and its expression is associated with the FIGO stage and
lymph node metastasis. NEAT1 is suppressed by miR-124-3p and could serve as a potential
target for antineoplastic therapies [26]. NEAT1 expression level was an independent factor
in predicting the overall survival of OvCa patients. NEAT1 also contributes to paclitaxel
resistance of OvCa cells by regulating ZEB1 expression via miR-194 [8]. IncRNA
AC104699.1.1 and RP11-284N8.3.1 are immune-associated, and were identified after co-
expression network construction using molecular profiles of 399 OvCa patients. These were
differentially expressed, were independently predictive of the survival of patients with
different stages and have their predictive roles in immune system activation and other
antitumor processes in the OvCa microenvironment [14]. Antisense noncoding RNA in the
INK4 locus (ANRIL) overexpression correlated with advanced FIGO stage and high
histological grade, indicative of independent prognostic factor for overall survival, lymph
node metastasis and poor prognosis. The proliferative effect (cell cycle progression,
inhibition of apoptosis and senescence) of ANRIL was linked to downregulation of
P15INK4B and upregulation of Bcl-2 [15]. Colon-cancer-associated transcript (CCAT)2 is
involved in several cancers, including OvCa. High CCAT2 expression levels are associated
with a shorter overall survival and disease-free survival in OvCa patients. CCAT2 expression
positively correlates with the FIGO stage, tumor grade and distant metastasis [19]. Elevated
levels of two different CRNDE transcripts were a negative prognostic factor; they increased
the risk of death and recurrence in the group of patients treated with taxanes but not
cyclophosphamide (DNA-damaging agents only) [21].

AL132709.8, HOTAIRM1, LOC100190986 and RUNX1-IT1 were identified as the OvCa
recurrence signature to improve patient quality with personalized OvCa therapy [4]. Major
transcription factors binding on the LOC100190986 promoter are Nkx3-1, HNF-1A, HNF-1,
aMEF-2 and MEF-2A,; and major transcription factors binding on the HOTAIRM1 promoter
are PKNOX1, ARNT, SIN3A, FEZF1 and ZNF2 (as per ENCODE). Analyzed in 266 fresh
frozen tumor samples of EOC, ASAP1-1T1, FAM215A and LINC00472 are associated with
patient survival. They were more frequently highly expressed in low-grade tumors and early-
stage disease compared with high-grade tumors and late-stage disease [16].

XIST IncRNA correlates with levels and disease-free periods of OvCa patients with Taxol in
the therapeutic regimens. XIST expression could be a potential marker for chemotherapeutic
responses in OvCa [32]. Taurine upregulated gene (TUG)1 is upregulated in OvCa and
positively correlates with tumor grade and the FIGO stage [34]. OVAAL IncRNA was
identified by genomic analysis of GENCODE IncRNAs in high-grade serous ovarian
adenocarcinoma. It is a potent regulator of cell physiology and tumor development [24].
NRCP is highly upregulated in ovarian tumors, and has a role in cancer metabolism,
promotes cancer growth by altering glycolysis and elucidates functional effects leading to
increased tumor progression as a binding partner of signal transducer and activator of
transcription (STAT)1 [47]. Maternally expressed gene (MEG)3 IncRNA is epigenetically
silenced in EOC owing to promoter hypermethylation, which could contribute to the
development of EOC, it also activates p53 [48]. MEG3 regulates ATG3 and induces
autophagy [51]. As a therapeutic approach, curcumin suppresses cisplatin resistance
development partly via modulating extracellular vesicle-mediated transfer of MEG3 and
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miR-214 in OvCa [53]. INcRNA-HOST2 (human ovarian cancer-specific transcript 2)
promotes tumor cell migration, invasion and proliferation in EOC through a mechanism
involving miR-let-7b. HOST2 harbors a let-7b binding site and modulates let-7b availability
by acting as a molecular sponge [29]. HGSC shows primary and acquired drug resistance
toward cisplatin chemotherapy. Lin-RECK-3, H19, LUCAT1, LINC00961 and linc-
CARS2-2 showed significantly increased expression levels in cisplatin-resistant A2780-DR
cells, whereas Linc-TNFRSF19-1 and LINC00515 showed significantly decreased
expression levels [54]. LSINCT5 is a 2.6 Kb polyadenylated, long stress-induced noncoding
transcript, localized in the nucleus and potentially transcribed by RNA polymerase I11.
Overexpressed in OvCa, it regulates cellular proliferation. INcRNA NEAT-1 and a protein-
coding gene PSPC1 were significantly affected by knockdown of LSINCTS5 [49]. B-site
APP-cleaving enzyme 1 antisense strand (BACE1-AS) identified as a novel target for
anisomycin is responsible for OvCa stem cell (OCSC) proliferation and invasion [17].
Focally amplified IncRNA on chromosome 1 (FAL1) promotes its oncogenic activity (cancer
cell growth) via repression of p21, and regulates the transcription of CDKN1A via
stabilization of epigenetic repressor BMI1. It was identified in a genome-wide survey on
somatic copy-number alterations (SCNAS) of IncRNA in 2394 tumor specimens from 12
cancer types. FAL1 is an oncogene, whose copy number and expression are correlated with
outcomes in OvCa [18].

Growth-arrest-specific (GAS)5 INcRNA acts as a tumor suppressor in OvCa. When GAS5
has decreased expression, this indicates poor prognosis in OvCa [62]. Lower GAS5
expression in 60 EOC patients was closely related to lymph node metastasis and tumor node
metastasis. GAS5 also disrupts mitochondrial membrane potential, signifying its role in cell
apoptosis through the mitochondria-mediated apoptosis pathway. It also promotes BAX,
BAK, cleaved-caspase 3 and cleaved-caspase 9 expression. Overall, GAS5 can serve as a
novel therapeutic target in patients with EOC [63]. The homeobox A (HOXA) region of
protein-coding genes impacts the female reproductive system embryogenesis and ovarian
carcinogenesis. The 5” end of HOXA includes three INcRNAs: HOXA10-AS, HOXA11-AS
and HOTTIP. GWAS data from 1201 serous EOC cases and 2009 controls identified
HOXAL1-AS, rs17427875 (A>T), which was marginally associated with reduced serous
EOC risk. A functional variant of HOXA11-AS: HOXA11-AS minor allele-T, inhibits the
oncogenic phenotype of EOC, compared with common allele-A expression in EOC.
HOXAL11-AS expression levels were significantly lower in human EOC tumors than normal
ovarian tissues, suggesting a tumor suppressor function enhanced by the T allele [46].
BCYRNA or BC200 RNA downregulation leads to cancer cell proliferation and
chemoresistance to carboplatin in SKOV3 and A2780 cells, it appears to have a role in the
mediation of carboplatin-induced OvCa cell death [22].

Concluding remarks and future directions

OvcCa is the leading cause of death among all gynecological malignancies. INcRNA has
given a new facet to OvCa, to date not many IncRNAs reported have been functionally
characterized in the OvCa disease process. Many of the InCRNAs have been identified by
revisiting the array datasets on the publicly available resources, making it necessary to
understand the mechanisms and biology of this new class of regulators, which is now at the
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center of various physiological and pathological processes. The information regarding
OvCa-specific INCRNAs either alone or in combination with other types of markers
(miRNAs, mRNAs, proteins) could prove useful to predict outcome or treatment follow-up
to improve the therapeutic care of ovarian carcinoma patients. At present, more research is
needed to elucidate the biological mechanisms [64] and clinical implications in tumor
characterization as well as disease prognosis and treatment at the molecular level, putting
them into clinical practice.

The field of precision medicine is getting traction and it would need analysis and
identification of novel factors responsible for complex diseases like OvCa. The information
about the current state of new IncRNAS reported in OvCa will help to identify new
approaches to develop new therapies based on INcCRNA status. IncRNAs are an attractive
biomarker considering their expression pattern, tissue specificity and detectability using a
small amount of sample. This comprehensive review summarizes the current state of new
IncRNAs reported in OvCa along with the accessible information on their genomic locus
and regulating transcription factors. This crucial information can be used to design
therapeutics based on ‘silencing’ using siRNAs, antisense oligos, ribozymes, CRISPR, ZNFs
and TALENSs or “functional inhibition’ using small molecules, nanobodies, aptamers and
RNA decoys for IncRNA therapeutics.
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Highlights
. New roles of InNcRNAs in ovarian cancer biology
. IncRNA as new prognostic biomarkers for ovarian cancer patients
. Role of INcRNA in metastasis, recurrence and drug-resistance pathways
. Novel IncRNA as targets for personalized therapy in ovarian cancer
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Increasing number of articles about InNcRNA and cancer, and IncRNA specific to ovarian
cancer. PubMed was searched with keywords ‘IncRNA cancer’ or ‘IncRNA Ovarian Cancer’

(https://www.ncbi.nlm.nih.gov/pubmed).
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Figure 2.

Five classes of IncRNAs based on biogenesis. Sense IncRNAs overlap with coding genes on
the same strand. Antisense IncRNAs overlap with protein-coding genes on the opposite
strand. Intronic INcRNAs occur completely within an intron. Intergenic IncCRNAs occur
between two genes. Pseudogene IncRNAs are the product of reverse transcribed mRNA and
inserted into genome. Adapted, with permission from [9].

Drug Discov Today. Author manuscript; available in PMC 2019 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Tripathi et al.

Page 15

(a) Decoy

o

$ \

Transcription Factor

Long non-coding RNA

7]/ (e) Enhancer

Transcription
Factor

Nl
-
\ N
4 &\ NNy

Protein-A

cRNA

rotein-B

(b) Guide/Adapter

Protein-A

g !r tein-B

Protein-D
% Protein-C (d) Scaffold

Figure 3.

Targeting mechanisms of IncRNA. (a) Decoy, titrate away DNA-binding proteins, such as
transcription factors; (b) Guide/Adapter, chromatin modification enzymes, to DNA, RNA-
DNA interactions, RNA interaction with a DNA-binding protein; (¢) Enhancer, chromosome
looping in an enhancer-like model, where looping defines the c¢/s nature and spread of the
IncRNA effect. (d) Scaffolds, bring two or more proteins into a complex or spatial
proximity. Modified, with permission, from [11].
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