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Abstract

and TSIX function and involvement in different cancers.

When an RNA does not code for a protein it will be nominated a non-coding RNA nevertheless this does not
reflect that such RNA doesn’t possess info or a certain role. Though claimed earlier to be evolutionary collected
waste or noise related transcription rising from the initial gathering of genes, current evidence proposes that roles
like physiology, pathology and cell development are played by non-coding RNAs which were claimed to be the
genome unknown material. LncRNAs play pivotal roles in disease prognosis and pathogenesis especially in
cancer. Epigenetic modifications do manipulate the gene function and hence contribute in cancer development.
Furthermore, IncRNA XIST and TSIX plays a central role in X chromosome inactivation and are involved in
countless diseases mainly cancer. In this review we summarize different epigenetic mechanisms, the different
classifications of ncRNAs, IncRNAs functions and involvement in carcinogenesis as well as the two INcRNAs XIST
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Introduction to Epigenetics

Epigenetics is defined as the change in phenotype not in genotype
which means the change in gene expression not in DNA sequence and
in simplified term, it is the study of biological mechanisms that switch
genes on and off [1]. Epigenetics is a natural and regular phenomenon
but can also be affected by several factors including age, diseases and
environmental factors. DNA is made up of approximately 3 billion
bases (Adenine, Guanine, Cytosine and Thymine), within the 3 billion
bases there are about 20,000 genes. So, cancer will be cured if we could
map the reasons and impacts of the different combinations and if we
could switch on or off the genes to keep the good and eliminate the
bad [2].

Epigenetic modification can be terminated as differentiated cells
or can result in disorders such as cancer and immune disorders [3].
Regarding immune disorders, there are several evidences showing
that change of epigenetic control contributes to autoimmune disease.
Recently, studies showed that DNA methylation contributed to
the pathogenesis of lupus whose T cells exhibit decreased DNA
methyltransferase activity and hypo-methylated DNA [4].

Dysregulation of this resulted in overexpression of methylation-
sensitive genes such as the leukocyte function-associated factor
(LFA-1) which causes lupus-like autoimmunity [5]. As for the mental
retardation disorders, epigenetic changes play an important role in
several disorders such as ATR-X, Fragile-X, Prader-willi and Angelman
syndromes. For example, Prader-willi and Angelman display an
abnormal phenotype as a result of the deletion of paternal or maternal
copy of gene, respectively [6]. The same gene on the corresponding
chromosome cannot compensate for the deletion because it has been
turned off by DNA methylation which is an epigenetic modification.
Additionally, epigenetic errors play a role in the causation of complex
adult neuropsychiatric disorders, several reports have associated
schizophreniaand mood disorders with DNA arrangements thatinclude
DNMT genes [7]. DNMT1 is selectively overexpressed in gamma-
aminobutyric acid (GABA)-ergic interneurons of schizophrenic brains,
whereas hyper-methylation has been shown to repress expression of
Reelin (a protein required for normal neurotransmission and memory
formation) in brain tissue from patients with schizophrenia, psychosis
and bipolar disorders. Finally, cancer was the first human disease to be
linked to epigenetics [8]. Epigenetics is a valuable science in the study of
human development. Epigenetic marks control the expression of genes

that function in embryonic development and other reprogramming
events [9]. These include re-establishment of DNA methylation, genetic
imprinting, X-chromosome inactivation, development of pluripotent
stem cells and differentiation of somatic cells. The epigenomic state is
dynamic, tightly regulated and any dysregulation of epigenetic patterns
is observed in many human diseases and multiple types of cancers [4].
Epigenetic marks are associated with specific diseases; tools can be
developed to diagnose patients and gauge the severity of disease. There
is also a great interest in therapeutic epigenetics. Several drugs such
as methyltransferase inhibitors and histone deacetylase inhibitors are
already used in cancer treatment [4]. There are issues with specificity
and efficacy of these drugs so further research into their mechanisms is
needed to develop better therapeutic agents.

Literature Review

Types of epigenetics

Epigenetics describe regulation at a level above or in addition
to those of genetic mechanisms. Among different types are DNA
methylation, hydroxy-methylation, histone modification, chromatin
remodeling and regulation of gene expression by a group of either
small or long non-coding RNAs [10]. At least three modifications are
currently needed to initiate and maintain epigenetic change to achieve
gene silencing [11]. The difference between Epigenetic and genetic
mechanisms is that epigenetic mechanisms do not involve a change
to DNA sequence whereas genetic mechanisms involve primary DNA
sequence and changes or mutations to these sequences. It involves the
modification of DNA which results in changes to the conformation of
DNA and accessibility of other factors to DNA.
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DNA methylation: First, the most studied and well characterized
epigenetic modification is DNA methylation. In this process, DNA
is modified at the fifth carbon by covalent methylation of cytosine
bases resulting in modifying the function of the genes and inhibit the
transcription by preventing transcription factors and lead to changes
in chromatin structure that restrict access of transcription factors to
the gene promoter. This process is carried out by a well-known group
of enzymes called DNA methyltransferases (DNMTs) [12]. In humans,
methylation of genome takes place under the control of DNMT3a
and DNMT3b during embryonic development, so they mediate the
methylation process. However, the maintenance of the established
patterns of DNA methylation is mediated by DNMT1 and DNMT 3b.
Methylated DNA attracts methyl cytosine binding proteins resulting
in chromatin condensation which leads to transcription and gene
expression repression [13]. Equally important and coupled with DNA
methylation is DNA demethylation, the removal of a methyl group.
The demethylation process is necessary for epigenetic reprogramming
of genes and is also directly involved in many important disease
mechanisms such as tumor progression. Demethylation of DNA can
either be active or passive, or combination of both [14]. Passive DNA
demethylation usually takes place on newly synthesized DNA strands
via DNMTI during replication rounds. Active DNA demethylation
mainly occurs by the removal of 5-methylcytosine through the
sequential modification of cytosine bases that have been converted
by ten-eleven translocation (TET) enzyme-mediated oxidation [11].
In mammals, only cytosines preceding guanines (CpG dinucleotides)
are known to be highly methylated are underrepresented relative to
other dinucleotide combinations and are widely dispersed throughout
the human genome. The majority of CpGs is in non-coding regions
and is typically methylated. However, many of the remaining CpG
dinucleotides are found in clusters upstream of a gene's coding sequence.
These CpG islands are typically unmethylated or hypomethylated to
allow for the expression of downstream genes. DNA regions near CpG
islands referred to as island "shores" are often methylated and may
serve to adjust the expression levels of nearby genes [11].

DNA hypomethylation is common in cancer cells. This may
cause carcinogenesis promotion by transcriptional activation of
proto-oncogenes and induction of chromosome instability whereas
hypermethylation of DNA results in tumor suppressor genes silencing
[15]. So, it is worth mentioning that accumulation of genetic and
epigenetic modifications may give rise for invasive or metastatic
transformed cells from normal cells [16].

Gain of CpG methylation can also be a feature of cancer cells and
as methylated cytosines are highly unstable bases this will predispose
gene mutation as the methylated cytosines are often deaminated
and converted to thymine which can lead to inactivation of tumor
suppressor genes [17]. Additionally, DNA methylation may cause
abnormal expression of "cancer-associated genes", subsequently
epigenetic changes can be used as biomarkers for molecular diagnosis
of early cancer. DNA methylation was first confirmed to occur in
human cancer in 1983 and has since been observed in many other
illnesses and health conditions [11].

Histone modification: Histone modification considered as a
covalent post-translational modification which include methylation,
acetylation, phosphorylation, ubiquitination and sumoylation [18]. The
combinations of histone modifications either by chromatin structure
alteration or recruitment of histone modifiers control gene expression.
They may achieve different effects based on the type and location of
the modification. Methylation and acetylation are the most common

and characterized histone modifications. First, Histone acetylation
takes place through addition of an acetyl group from acetyl coenzyme
A. Histone acetylation is engaged in numerous regulatory functions
of many cellular processes including chromatin transcription, gene
silencing, cell cycle progression, apoptosis, differentiation, replication,
and repair through the assistance of histone acetyltransferases
(HATSs) which control histone acetylation at lysine residues whereas
histone deacetylation is controlled by histone deacetylases (HDACs)
[19]. Acetylated histone residues can also act as pockets for other
histone-modifying enzymes or chromatin remodeling factors that
promote gene expression. Any disruption in the equilibrium process
of histone acetylation has been associated with tumor formation.
HDAC inhibitors are currently being developed to serve as anti-cancer
agents [20]. Second, in histone methylation process, methyl groups
from the S-adenosyl-L-methionine transferred to lysine or arginine
residues of histone proteins by histone methyl transferases (HMTs).
It may result in gene repression or activation according to the location
of the methylated residue, the methylation of lysine involves both
activation and repression of transcription, while arginine methylation
is implicated only in activation of transcription [21].

Histone demethylation is carried out by histone demethylases.
These demethylases have been found to have potential oncogenic
functions and involvement in other pathological processes. The
discovery of histone demethylases demonstrates that the histone
methylation is not a permanent process, but it is dynamic. Inhibition
of histone demethylases may lead to histone re-methylation at specific
residues important for chromatin dynamics and gene expression.
Furthermore, detection of the activity and inhibition of these
enzymes would be important in elucidating mechanisms of epigenetic
regulation of gene activation and silencing and may benefit cancer
diagnostics and therapeutics [22]. Finally, histone phosphorylation
is a post-translational modification that involves the addition of a
phosphoryl group to histone which play an important role in chromatin
remodeling. Histone phosphorylation participates in a well-known
function during the chromatin condensation while cell division, DNA
repair and transcriptional regulation are occurring [18,23,24].

Chromatin modification: Another significant epigenetic process
is chromatin modification. Chromatin is the complex of histone
proteins and DNA that is tightly bundled to fit into the nucleus. The
complex can be modified by substances such as acetyl groups, enzymes,
and some forms of RNA such as microRNAs and small interfering
RNAs. This modification alters chromatin structure to influence gene
expression. Chromatin remodeling proteins affect chromatin structure
in various ways. They can expose DNA wrapped in nucleosomes by
sliding histones along the DNA or detach the histone completely from
a DNA sequence. Additionally, they can substitute particular subunits
of the histone octamer by histone variants. Tightly folded chromatin
considered to be repressed whereas open chromatin considered being
functional [25,26].

Non-coding RNAs

RNAs, especially non-coding RNAs (ncRNAs) affect chromatin
structure. Non-coding RNAs are transcribed from DNA then 5'
capped, polyadenylated but remain untranslated. Among important
ncRNAs that affect epigenetic regulatory process include microRNAs
(miRNA), short interfering RNAs (siRNA), piwi interacting RNAs
(piRNA) and long non-coding RNAs (IncRNA). Generally, ncRNAs
undergo numerous regulatory functions at the transcriptional and
post-transcriptional level. These ncRNAs can be classified into two
main groups; the short ncRNAs (less than 30 nucleotides) and the long
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ncRNAs (more than 200 nucleotides). miRNAs, siRNAs and piRNAs
considered as the major classes of short ncRNAs [27].

NcRNAs are demonstrating a pivotal role in heterochromatin
formation, histone modification, DNA methylation and gene silencing
[28]. First, miRNAs bind to a specific target with affinity in the 3'
UTR region on mRNA resulting in mRNA cleavage or translation
repression by activating miRNA-induced silencing complex (miRISC)
through which miRNAs act as post-transcriptional repressors of gene
expression. This process is catalyzed by the endoribonuclease Dicer,
which cleaves double stranded RNA (dsRNA), and is implicated in the
emerging of the endogenous siRNAs [29]. Second, siRNAs interpose
post-transcriptional gene silencing (PTGS) so they are believed to
function as miRNAs. Moreover, heterochromatin formation have been
also proved to be induced by siRNAs through binding together with
RNA-induced transcriptional silencing (RITS) complex which leads to
H3K9 methylation and chromatin condensation [30]. Finally, piRNAs
are named so due to their interaction with the piwi family of proteins.
The primary function of these RNA molecules involves chromatin
regulation and suppression of transposon activity in germ and somatic
cells. PiRNAs that are anti-sense to expressed transposons target and
cleave the transposon in complexes with PIWI-proteins resulting in
generation of piRNAs which target and cleave further transposons
till the production of considerable amounts of piRNAs to increase
transposon silencing and repression [31-34].

When an RNA doesn’t code for a protein its usually nominated a
non-coding RNA, nevertheless this does not denote that such RNAs
do not own information or execute a certain role [31]. Earlier it was
postulated that most of genetic info that defines the form and the
phenotype is in form of proteins that possess varied catalytic, structural
functions and controls the action of the individual in variable means.
This assumption can be correct in eukaryotes and prokaryotes
[35]. However, modern biology surprised us by the discovery that
the human genome encodes only 20,000 protein-coding genes,
representing less than 2% of the total genome sequence. Afterward, it

was determined that at least 90% of the genome is actively transcribed.
It was not just an assembly of genes that do encode for proteins and
their splice alternatives as the human transcriptome was proved to be
more composite in a way that the human transcriptome shows wide
overlying, antisense and ncRNA expression [36,37].

Although claimed earlier to be spurious transcriptional noise or
accumulated evolutionary debris arising from the early assembly of
genes and/or the insertion of mobile genetic elements, current evidence
suggests that the dark matter of the genome may play a major biological
role in cellular development, physiology, and pathologies. Generally,
the more complex an organism, the greater is its number of ncRNAs.
Non-coding RNAs are grouped into two major classes based on
transcript size; small ncRNAs and long ncRNAs.

Smallnon-codingRNAs: RNA interventionand posttranscriptional
RNA expression suppression represents the two main roles of small
non-coding RNAs. Small non-coding RNAs execute their roles
through the help of Argonaute proteins family and through helping
in the recognition of messenger RNAs or the genome of viruses or
antigenomic RNAs which are nominated as complementary single
stranded RNAs. Furthermore, Small non-coding RNAs helps in their
translational suppression and their breakdown. Argonaute protein
family are involved in pathways that will result into the silencing of
the genes, through the guidance of small non-coding RNAs. SncRNAs
being anchored into specific binding pockets, guides Argonaute
proteins to target mRNA molecules for silencing or destruction [37].
Besides, controlling chromatin modifications was identified as a role
of the small ncRNAs [38,39]. Small non-coding RNAs can be classified
into two groups based on whether their biogenesis is Dicer (Double
stranded RNA 3 ribonuclease) dependent or independent:

Dicer dependent: miRNAs, SiRNAs and in some cases Small
nucleolar RNA (soRNAs).

Dicer independent: PIWI-interacting RNAs (piRNAs) (Table 1) [40].

MicroRNAs (miRNAs) are from 18 to 25 nucleotides, represents 1 to 2% from the human genome, regulates 50% of
genes that do encodes for proteins; guide the repression of translation, they do depend on Drosha and Dicer, they

MicroRNAs cause initiation of various malignant diseases, Control many human development processes like differentiation, cell|[17,21-26]
death and growth.
Small interfering (siRNAs) 19-23 nt; are a result of Dicer action; guides the destruction of the targeted mRNA, involved [144-147]
Small interfering RNAs in the treatment of diseases and the silencing of genes post transcriptionally
Piwi interacting (piRNAs) 26—30 nt; bind Piwi proteins; Dicer independent; RNAs present in groups within genome,
A . the relation between piRNAs and diseases has not been revealed yet, they are elaborated in processes like stem self-
Piwi interacting RNAs [149]

renewal, retrotransposon silencing and germ cell development.

Small nucleolar RNAs

Small nucleolar (snoRNAs) 60—-300 nt; the nucleolus is their main location, bind snoRNP proteins, related to malignant
diseases development, responsible for other non-coding RNAs maturation.

[27,28,149-154]

Promoter associated small

Promoter associated (PASRs) 20-200 nt; possess modified ends which are 5' capped; coincide with small RNAs the

RNAs transcriptional start sites of protein- and non-coding genes, made from transcription of short capped transcripts. [29-32,155]
. Centromere repeat associated small interacting RNAs (crasiRNAs)34—-42 nt; processed from long dsRNAs. the
Centromere repeat associated ) . ) . .
: ) relationship between crasiRNAs and diseases has not yet been discovered. [156].
small interacting RNAs
Telomeric specific small RNA (tel-sRNAs) 24 nt; Dicer independent; 2'-O-methylated at the 3’ end. evolutionarily
Telomeric specific small RNA conserved from protozoa to mammals; have not been described in human up to now relationship between tel-sRNAs|[151].
and diseases has not yet been discovered / epigenetic regulation.
subset of patterns of variable length; form mosaics in untranslated and protein-coding regions; more frequently in
Pyknons 3'UTR, related to cancer development and elaborated in communication of the cells, transcription control, signaling, |[157-159]

transport.

Table 1: Classes of small non-coding RNAs.
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Family of sncRNAs

miRNAs, siRNAs, piwi interacting RNAs (piRNAs), Small
nucleolar RNA (snoRNAs), Promoter associated small RNAs (PASRs),
Transcription initiation RNAs (tiRNAs), Centromere repeat associated
small interacting RNAs (crasiRNAs), Telomere-specific small RNAs
(tel-sRNAs) and pyknons.

MicroRNAs: MicroRNAs are evolutionary conserved single
stranded RNA molecule formed of 18 to 25 nucleotides and involved in
specific gene regulation [17]. MicroRNAs controls the activity of 50%
of protein coding genes and represents 1% to 2% of human genome
[41-43].

The majority of miRNAs are located in intergenic regions however
minority of MicroRNAs are found in intronic regions either in the
sense or antisense orientation [43]. MiRNAs function resides in post
transcriptional repression of targeted genes through a miRISC complex.
The post transcriptional repression of target genes depends on base
pair complementarity between mRNA of target gene and miRNA, as
perfect complementarity allows Ago-catalysed cleavage of messenger
RNA strand whereas the central mismatch results in cleavage exclusion
of mRNA which is substituted by its translational repression. The
translational control mechanism mediated by miRNA results in the
reduction of the protein levels of target genes without affecting their
mRNA [44,45]. MicroRNAs functions resides in cellular development
processes like cell death, differentiation and growth in addition to their
role in carcinogenesis development [46,47].

Small interfering RNas: SiRNAs are two partly single stranded
RNA which do have sequence complementarity, called the guide strand
and the passenger strand and are considered as an additional group
of posttranscriptional RNA silencing. They are formed from dsRNAs
having an endogenous or exogenous source.

The dsRNAs are 19 to 23 nucleotides long and made by Dicer
processing like miRNAs. One of the resulting single strands will enter
into the RISC (RNA-induced silencing complex) in which it will direct
the destruction of precise sequence of complementary target mRNAs
rather than translational repression.

SiRNAs are used widely in trials involved in gene silencing and
do represents recently a specific and important tool of targeted genes
expression switch off as well as a hopeful instrument in molecular
oncology. SiRNAs are utilized in cancer treatment through several
strategies such as the suppression of upregulated cancer genes, delaying
division of the cell through the interference with cyclins or encouraging
cell death through hindering genes that interferes with apoptosis.

Piwi proteins associated RNAs

PiRNAs are long RNAs produced through a way that doesn’t
depend on dicer resulting in production of 24 to 32 nucleotides.
PiRNAs have been elaborated in germ cell expansion, stem cell self-
regeneration, retrotransposon silencing and in cancers development.

Small nucleolar RNAs

Small nucleolar RNAs length ranges from 60 to 300 nucleotides,
positioned in the nucleolus, where the formation and organisation of
ribosomal RNAs (rRNAs) which is located in the cytoplasm occurs
(48], Small nucleolar RNAs are situated inside introns originating
from genes that do encode for proteins and are the result of RNA
polymerase 2 transcription nevertheless, they can be produced from
introns belonging to longer ncRNA generators. Small nucleolar Rnas
can be categorized into two major classes:

First class: Comprises the box D (CUGA) and C (RUGAUGA)
motifs.

Second class: Characterized by presence of ACA elements and the
box H (ANANNA).

In both groups of snoRNAs, the structural core motifs of the
snoRNAs is formed through short stems that brings the conserved
boxes close to one another, which coordinate the binding of specific
proteins to form small nucleolar RNPs (snoRNPs) distinct for both
groups [48,49].

SnoRNAs have diverse roles like the development of other
non-coding RNAs, managing alteration of rRNA and snRNA post
transcriptionally through 2-O-methylation and pseudo uridylation,
miRNA-like function, cellular targeting of mRNA as well as their
involvement in cancer development.

Promotor associated RNAs: Promotor associated RNAs are
coming from eukaryotic promoters and their length varies from 18 - 200
nucleotides, present in proximity to the start site of the transcription or
the promoter however they are not linked with genes that do encode
for proteins and they own the ability to control the transcription of
genes encoding for proteins through directing complexes responsible
for epigenetic silencing [50-52].

Human PASRs are lowly expressed, their number is related to their
mRNA expression level and their promotor activity [53]. when they are
deregulated this will result into cancer formation as they are linked to
transcription regulation.

Centromere repeat associated small interacting RNAs:
Centromere repeat associated small interacting RNAs (crasiRNAs)
are small RNA ranging from 34 to 42 nucleotides, elaborated in the
employment of heterochromatin or proteins related to centromere and
with no functional activity in cancer activity to date.

Telomere specific small RNA: Tel-sRNAs are Dicer-independent,
their 3'end is 2-O methylated, 24 nucleotides long RNAs. Tel-sRNAs
are postulated to be subjected to epigenetic regulations as they
are found overexpressed in cells that have null mutation of H3K4
methyltransferase MLL and under expressed in cells that have null
mutations of histone H3K9 methyltransferase SUV39H. Tel-sRNAs
execute a pivotal role in cancer development and underwrite to
limitless replicative potential of tumour cells.

Pyknons: Pyknons are a subcategory of sequences with variable
length, found in the 3'UTR of genes instead of further areas of the
human genome. Pyknons are located in genes which are elaborated
in exact processes like transcription, cell communication, signalling,
regulation of transcription and transport. Pyknons includes 40% of
the recognised miRNA orders, signifying conceivable connection with
posttranscriptional gene quietening and RNA interfering as well as
their associated with cancer biology.

Long non-coding RNAs: They are non-protein coding transcripts
longer than 200 nucleotides that have been recently found as regulators
in various biological processes and involvement in the pathogenesis of
many diseases including cancers. They are poorly conserved between
species and expressed in very low to moderate level. They are extremely
varied in structure and function; therefore, sequence length and absence
of protein coding capability are their only defining characteristics [53].

LncRNAs are processed in a similar way to mRNA. Moreover,
nuclear or cytosolic fractions are sites where they can be found. They are
often transcribed from protein coding loci, however, several IncRNA
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subclasses have been described with different origins (Table 2). Some
of them which are composed of transposable genomic elements belong
to introns or form a sense-antisense pair called a" natural antisense
transcript (NAT) " [54].

One particular subgroup of IncRNAs, the large intergenic non-
coding RNAs (lincRNAs), has been associated with chromatin
modifying complexes which can target specific genome loci to promote
epigenetic states. The majority of characterized IncRNAs are generated
by the same transcriptional machinery as other mRNAs, as evidenced
by RNA polymerase IT occupancy and histone modifications associated
with transcription initiation and elongation. These IncRNAs have a 5'
terminal methyl guanosine cap and often spliced and polyadenylated
[55]. Alternate pathways also contribute to the generation of
IncRNAs which include a poorly characterized contingent of non-
polyadenylated IncRNAs likely expressed from RNA polymerase III
promotors and IncRNAs that are excised during splicing and small
nuclear RNA production. LncRNAs were firstly thought to be a
transcription noise without a biological function. In the past decades,
however accumulating evidences have indicated that IncRNAs
involve a wide range of biological functions such as; X-chromosome
inactivation, reprogramming stem cell pluripotency, precursor for
siRNAs, regulation of immune response and carcinogenesis, direct
transcriptional regulation, modulation of microRNA regulation and
regulation of genomic imprinting [56]. LncRNAs have been suggested
to modulate gene expression by guiding chromatin modifying
complexes to specific sites in the genome, thereby influencing gene
expression. One widely known example of this is the role of XIST in
X-chromosome inactivation (XCI), this process involves two IncRNAs;
XIST and its anti- sense transcript TSIX, a negative regulator of XIST.
Prior to differentiation, XIST and TSIX are actively transcribed due to
H3K4 di-methylation of the XIST gene. In this state XCI is a random
event. Upon differentiation, XIST expression is elevated resulting in
XIST RNA coating the future inactive X-chromosome which triggers
extensive histone methylation and chromosome inactivation [57].
They are key players in the development of human cancers as abnormal
expression of IncRNAs contributes to unrestricted growth and invasion
of cancer cells and their dysregulation potentially play an oncogenic
or tumor suppressive roles. LncRNAs have been also found to be
differentially expressed in various types of cancers including leukemia,
hepatocellular carcinoma and breast cancer [58].

They are biomarkers that can be used for current and future clinical
diagnosis, therapeutics and prognosis. Continued investigation of
IncRNAs will likely prove to be exceeding valuable as they may provide
novel therapeutic targets for cancer [59-61].

Unique features for IncRNA biogenesis

a) Chromatin state: At the level of chromatin state, IncRNA genes

have a higher enrichment of H3K27ac and are more strongly repressed
by certain chromatin remodeling complexes such as Swrl and Rsc [56].

b) Transcription initiation and direction: IncRNA transcription
is enriched for H3K56ac and phosphorylation of RNA polymerase II.
Transcription in the divergent direction is further enhanced by the
SWI/SNF proteins and repressed by CAF-1.

c) Transcriptional elongation: They are more regulated strongly
by DICER1 and MYC.

d) Splicing versus polyadenylation: Favored in the anti-sense
direction.

e) Localization: Certain IncRNAs can occupy the chromatin,
subnuclear domains, the nucleoplasm or the cytoplasm.

f) Degradation: Many unstable IncRNA transcripts are subject to
the nuclear exosome or to cytosolic nonsense-mediated decay (NMD).

LncRNA in different cancers

IncRNAs have been involved in development of different cancers
(Table 3).

HCC: LNCRNA AF113014 was reported to act as a tumour
suppressor IncRNA that is down regulated in HCC. The tumour
suppressor effect of AF113014 relies in regulation of EGR2 expression
through regulation of oncogenic miRNA 20a. EGR2 belongs to EGR
family and its responsible for regulation of cellular apoptosis. Oncogenic
miRNA 20a acts on 3UTR of EGR2 interfering with its expression
resulting in low expression of EGR2 and so inhibition of apoptosis.
In HCC low level of LNCRNA AF113014 results in upregulation of
oncogenic miRNA 20a which results in low expression of EGR2 and
enhancement of HCC cells proliferation and invasiveness [62,63].

TP73-AS1 was found to be an oncogenic LNCRNA that is
upregulated in HCC tissues and cell lines. High TP73-AS1 expression
was correlated with worse clinicopathological features, poorer
prognosis and shorter survival. Knockdown of TP73-AS1 inhibited the
HCC proliferation, the expression levels of HMGB1, RAGE and NF-
kB in HCC cells and resulted an increase in expression of mir-200a.
High-mobility group box 1 protein (HMGBI1) is an evolutionarily
ancient and critical manager of cell death and survival. According to
previous studies, the ability of proliferation, migration and invasion of
HCC cells was reinforced when the expression endogenous HMGB1
was enhanced using HMGB1 DNA. HMGBI activates RAGE signalling
pathways and induces NF-xB activation to encourage cellular
proliferation, invasion, and metastasis, in HCC cell lines. Mir 200a is an
antioncogenic miRNA that is found to be downregulated in HCC Cells.
Mirna- 200a expression induces inhibition of HCC cell proliferation
by binding to 3’UTR of HMGBI resulting in its downregulation and
so inhibition of HMGB1 RAGE signaling pathway and induction of

genomic locus

IncRNA subtype origin Function References
Cis-NAT: sequence complementarity to a coding RNA at the same . .
. Regulates expression of sense partner transcript
Natural Antisense locus Likely regulates expression of sense partner transcript [59]
Transcript (NAT) Trans-NAT: sequence complementarity to a coding RNA at a distal Y reg p P pL

may have other functions

Long Intergenic Noncoding
RNA (lincRNA)

Encoded between known protein coding genes or within introns.
macroRNA or vlincRNA=very long intergenic RNA

Functions not fully characterized, likely include
regulation of transcription, RNA stability, recruitment of [59]
protein complexes and other subcellular elements

Sense overlapping

Transcribed from same strand of DNA as another transcript - [59]

Sense intronic

Originate from introns of coding genes; do not overlap with exons -- [59]

Processed Transcript

RNA transcript that is spliced or polyadenylated

- [59]

Table 2: Classification of IncRNAs.
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Cancer |IncRNA Expression Function
AF113014 Downregulated Regulate ERG2 expression through Regulation of oncogenic mir 20a [38]
Hee TP73-AS1 Upregulated Affects cell proliferation through Mir-200a dependent HMGB1/RAGE regulation [41]
UB32CP3 Upregulated Sponge for miRNA miR-138-5p [117]
UC-134 Downregulated Inhibits HCC by inhibiting CUL4A- mediated ubiquitination of LATS1 [42]
HOXA11-AS Upregulated Inhibits antioncogenic mir -200b [43]
linc00673 Upregulated Silences HOXA5 expression by recruiting EZH2 to its promotor [44]
NSLC XLOC_008466 Upregulated ceRNA that interacts with mir-874 [47]
SNHG1 Upregulated Targets antioncogenic mir-101-3p [48]
BCAR4 Upregulated Promotes cell invasion by enhancing EMT [49]
MRCCAT1 Upregulated Negatively regulates NPR3 expression [52]
CcRc NEAT1 Upregulated Endogenous sponge for mirna 34a [160]
PANDAR Upregulated Regulates G1/S phase transition and promotes tumor invasion [53]
AFAP1-AS1 Upregulated Enhances cell proliferation and invasion [54]
CCC 'I&EZR:;‘L'JALE‘IQ Upregulated Regulators of downstream inflammatory genes that initiate and sustain CCA [56]
PANDAR Upregulated Enhances cell invasion & inhibits apoptosis [58]
CCAT2 Upregulated Activates TGF Beta signaling [59]
LINC00052 Upregulated Increases HERS3 expression and HERS3 signaling. [60]
Breast HOXA-AS2 Upregulated Endogenous sponge for mir 520c-3p [62]
cancer |HIMT Downregulated Suppress invasiveness of cells and cell proliferation [63]
LINC00628 Downregulated Regulates Bcl2/Bax/Caspase-3 signal pathway [64]
SNHG12 Upregulated Upregulates MMP13 [65]

Table 3: IncRNAs in different cancers.

NF-KB. TP73-AS1 executes its oncogenic function by affecting cell
proliferation through miR-200a-dependent HMGB1/RAGE regulation
through competing with HMGBI1 for miR-200a binding resulting in
inhibition of miR-200a expression, subsequently upregulated HMGB1/
RAGE expression and promotion of HCC cell proliferation [63].

LncRNA UB32CP3 acts as an oncogenic IncRNA that is highly
expressed in HCC. High level of LncRNA UB32CP3 in HCC is
correlated with reduced overall survival and poor prognosis. Up-
regulation of IncRNA UBE2CP3 significantly enhances the invasion
and metastasis of HCC cells. LncRNA UBE2CP3 promotes HCC cells
invasion and metastasis by inducing EMT. Furthermore, High level
of UB32CP3 was correlated with decreased expression of epithelial
protein marker E-cadherin, and elevated expression of mesenchymal
markers N-cadherin. LncRNA UBE2CP3 was found to be located
mainly in cytoplasm and it may act as a sponge for miRNA miR-
138-5p. LncRNA UBE2CP3 has a binding site to mir -138-5p but the
relation between IncRNA UBE2CP3 and mir-138-5p is still unknown.

LncRNA uc.134 is another LncRNA mainly reported to act as
antioncogenic LncRNA that is down regulated in HCC. Low expression
of IncRNA uc.134 in HCC is related with poor survival of HCC
patients. The antioncogenic function of LncRNA uc.134 is mediated
through binding of IncRNA uc.134 to a protein called CUL4A resulting
in the inhibition of its translocation from nucleus to cytoplasm, thus
inhibiting cytoplasmic CUL4A mediated ubiquitination of a protein
called LATS1. Ubiquitination of LATSlcauses its deactivation
and degradation. Unubiquitinated LATS1 in turns results in
phosphorylation and inactivation of YAP a component of Hippo
signalling pathway. This Phosphorylated YAP is unable to translocate
from cytoplasm to nucleus, so it cannot target its downstream genes
and Hippo signalling pathway becomes disrupted. Hippo signalling
pathway is an evolutionary conserved pathway that controls organ size
by regulating cell proliferation, apoptosis and stem cell self- renewal.
Dysregulation of hippo pathway contributes to cancer development
and causes promotion of cell proliferation and inhibition of cell

apoptosis. Low level of uc.134 results in Hippo signalling pathway
activation so enhancement of HCC cell proliferation and inhibition of
apoptosis take place [64].

NSLC: The IncRNA HOXA11-AS was identified as an oncogenic
IncRNA involved in NSLC. The IncRNA HOXA11-AS expression was
significantly higher in NSCLC tissues compared with adjacent normal
tissue. High level of IncRNA HOXA11-AS was related to poor prognosis
in NSCLC patients. Furthermore, knockdown of IncRNA HOXA11-AS
in NSLC cell lines resulted in inhibition of cell invasive abilities and
decreased the expression of EMT related transcription factors as ZEB1,
ZEB2, Snaill, Snail2 and EMT marker N-cadherin, and caused increased
expression of E-cadherin. Oncogenic HOXA11-AS mechanism of
action relies in promoting NSLC cell invasiveness through promoting
EMT and this is mediated by inhibition of antioncogenic mir-200b.
HOXAL11-AS interacts with EZH2 and DNMT1 to suppress mir-200b
activity. EZH2 is a gene suppressor when it becomes overexpressed,
many tumor suppressor genes that are normally turned on, are
turned off. DNMTI causes hypo or hypermethylation to the genes
thus altering their activity. By interacting with EZH2 and DNMT]I,
LncRNA HOXA11-AS mediates their recruitment to the miR-200b
promoter regions which results in repression of miR-200b expression
in NSCLC cells, thus promoting NSLC cell EMT and invasiveness
[65]. Linc00673 is an oncogenic LncRNA that is highly expressed in
NSLC. Additionally, Linc00673 was reported to be highly expressed in
NSLC. High level of 1inc00673 promoted NSCLC cells proliferation.
Linc00673 expression was positively correlated with advanced TNM
stages and lymph node metastasis. Knocking -down of1inc00673 results
in inhibition of cancer cell migration and invasion, both in vitro and
in vivo. Oncogenic LncRNA linc00673 mechanism relies in silencing
of HOXAS5 expression by recruiting epigenetic repressor EZH2 at its
promoter regions resulting in increased metastasis of NSLC. HOXA5
is a tumour suppressor gene functioning as a transcription factor that
results in inhibition of NSCLC cell metastasis by regulating cytoskeletal
remodeling.
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Another LncRNA that was reported to be related to NSLC is
XLOC008466. LncRNA XLOC008466 is an oncogenic LncRNA
that was reported to be upregulated in NSLC. High level of LncRNA
XLOC_008466 was related to lymph node metastasis and TNM stage.
In vitro, down-regulation of XLOC_008466 resulted in inhibition
of cell proliferation and invasion of NSLC cells and promoted cell
apoptosis. LncRNA XLOC_008466 exhibits its oncogenic function
through acting as a ceRNA that interacts with mir-874 and results in
its inhibition. LncRNA XLOC_008466 results in downregulation of
mir-874 and thus affecting mir 874 downstream targets as MMP2 and
XIAP. MMP2 was found to play an important role during the invasion
and metastasis of various cancers, including NSCLC XIAP can regulate
the apoptosis related pathway and induces cell apoptosis in NSCLC
[66,67]. Downregulated mir-874 in NSLC enhances upregulation of
MMP2 and XIAP and so enhanced cell proliferation and invasiveness
[68]. SNHGI is another oncogenic LncRNA that was reported to be
up-regulated in NSCLC tissues and cell lines. NSCLC patients with
high SNHG1 expression were significantly correlated with larger
tumour size, advanced TNM stage, lymph node metastasis and poor
overall survival compared to patients with low SNHGI expression.
Inhibition of SNHG1 expression in NSCLC resulted in suppression
of NSCLC cell proliferation both in vitro and in vivo. SNHGI acts
as a tumour oncogene in NSCLC by directly targeting antioncogenic
mir-101-3p resulting in a decrease in its expression level. Mir-101-3p
has an inhibitory effect on SOX9 gene thus abolishing role of SOX9
protein in activation of WNT/B Catenin pathway responsible for cell
proliferation. In NSCLC SNHGI directly inhibits mir-101-3p resulting
in upregulation of SOX9 expression and so activation of WNT/B
catenin pathway that results in cell proliferation [69]. As for BCAR4
role in NSLC, it was reported that BCAR4 is an oncogenic LncRNA that
was found to be higher in NSCLC tissues than that in cancer-adjacent
tissues. High level of BCAR4 was positively correlated with tumour
size, clinical stage, and distant metastasis in patients with NSCLC.
BCAR4 knockdown resulted in inhibition of tumour cell invasion,
metastasis, proliferation, induced cell cycle arrest and increase cell
apoptosis. BCAR4 oncogenic function is mediated through promoting
cell invasion by enhancing EMT in NSCLC and this occurs through
regulation of level of EMT molecular markers: Vimentin, N-cadherin
and E-cadherin [70].

Clear cell renal carcinoma

MRCCAT1 was reported be an oncogenic LncRNA that is highly
expressed in metastatic ccRCC tissues and it is associated with the
metastatic properties of ccRCC. Overexpression of MRCCAT1 was
correlated with promotion of ccRCC cells proliferation, migration, and
invasion. Depletion of MRCCAT1 inhibited ccRCC cells proliferation,
invasiveness and in vitro and in vivo migration. MRCCAT1 promotes
ccRCC metastasis by negatively regulating NPR3 expression. NPR3
by being negatively joined to adenylyl cyclase and MAPK signalling
pathways was previously shown to execute an important role in
proliferation and metastasis of the tumor [71-73]. Adenylyl cyclase can
cause stimulation of mitogen-activated protein kinase MAPK signal
pathways. MRCCAT1 causes suppression of NPR3 expression by
getting polycomb repressive complex 2 toward NPR3 promoter which
results in repression of NPR3 gene transcription through induction
of trimethylation of H3K27. This will result in activation of MAPK
signalling pathway and ccRCC metastasis [74].

NEAT!1 is another oncogenic LncRNA that is highly expressed in
renal cell carcinoma. High level of expression of NEATI1 correlates
with advanced stage, metastasis and shorter overall survival in renal

cell carcinoma. Knockdown of NEAT1 suppressed RC cell growth by
inhibiting cell cycle progression, invasion and migration by inhibiting
EMT. Also knockdown of NEAT1 enhanced RC cells sensitivity
towards chemotherapy. NEAT1 exerts its oncogenic function through
acting as an endogenous sponge for antioncogenic miRNA34a resulting
in decrease in its expression and enhanced expression of C-MET.

PANDAR acts as a tumour initiating gene in CCRC. PANDAR was
reported to act as an oncogene in CCRC. It was reported that PANDAR
is highly expressed in CCRC compared to normal tissue. Increased
PANDAR was positively correlated with an advanced TNM stage.
PANDAR acts as an oncogene in CCRC through regulation of G1/S
phase transition and through promoting tumor invasion. Furthermore,
Knockdown of PANDAR affected apoptotic protein levels the levels of
Bcl-2 and Mcl-1 were downregulated, while Bax was upregulated after
the silencing of PANDAR. Also knockdown of PANDAR inhibited of
PI3K/AKT/mtor pathway: Phosphorylated AKT level decreased and
mTOR level decreased in presence of Knocked down PANDAR [75].

Cholangiocarcinoma: AFAP1-ASlwas proved to act as an
oncogene in Cholangiocarcinoma and it is highly expressed in
cholangiocarcinoma cells compared to normal cells. Higher
AFAP1-AS1 expression was correlated with shorter overall survival.
Knockdown of AFAP1-AS1 knockdown resulted in a smaller part of
S phase cells and an enhanced proportion of GO- Glphase cells. Also,
suppression of AFAP1-ASI impaired the expression of c-Myc and
Cyclin D1. Furthermore, knockdown of AFAP1-ASI resulted also in
decreased expression of MMP-2 and MMP-9. So AFAP1-AS1 exerts
its oncogenic function through enhancement of cholangiocarcinoma
cell proliferation and invasion [76]. LncRNA h19 and HULC are
two oncogenic LncRNA involved in cholangiocarcinoma. These
two IncRNAs are expressed under oxidative stress conditions and
promotes chronic inflammation of CCA cells through long term
exposure of cells to oxidative stress. Interestingly, HULC and H19
exerts their oncogenic function by controlling downstream genes
related to inflammation which initiate and maintain CCA. This occurs
through being competing endogenous RNAs (ceRNAs) that sponge
let-7a/let-7b and miR-372/miR-373 respectively. By sponging let-
7a/let-7b and miR-372/miR-373 this will result in decrease in their
expression level and increases expression of two targets for let-7a/
let-7b and miR-372/miR-373: inflammatory cytokine IL6 IL6 (one of
the most vital inflammatory factors involved in the growth, migration
and pathogenesis of CCA [34]. CXCR4 a chemokine receptor related
to the development and metastasis of CCA respectively [77,78].
PANDAR is another oncogenic IncRNA in cholangiocarcinoma,
high level of PANDAR in cholangiocarcinoma was correlated with
lymph node metastasis, TNM stage and postoperative relapse.
PANDAR exerts its oncogenic function in cholangiocarcinoma
through facilitating cholangiocarcinoma cell invasion and inhibition
of cholangiocarcinoma cell apoptosis. PANDAR facilitates invasion
potential partly by upregulating MMP-9 expression and by enhancing
EMT process. PANDAR acts as a defender against cancer apoptosis,
and apoptosis-related factors (caspase-3 and caspase-9). Furthermore,
knockdown of PANDAR increased expression of caspase 3 and caspase
9 and causes decrease in expression of BCL2 (anti apoptotic protein)
[78].

Breast cancer: CCAT2 was identified to act as s an oncogenic
IncRNA that is upregulated in BC tissue compared to normal tissue.
CCAT?2 level was higher in BC tissues showing metastasis than tissues
with no metastasis. Knocking down of CCAT2 in BC cell lines resulted
in inhibition of proliferation, migration and invasiveness of BC cells,
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caused BC cell cycle arrest in GO/G1 phase and induced apoptosis.
In addition to a marked decrease of TGFB expression in BC cell lines
compared to BC cells having high level of CCAT2. CCAT?2 executes its
oncogenic role through promoting BC cell proliferation, invasiveness
and metastasis through induction and activation of TGFB signalling
pathway [79].

LINCO00052 was reported to be an oncogenic IncRNA highly
expressed in BC tissue compared to normal tissue. Level of LINC00052
in BC tissue was correlated with HER3 level in BC tissue. Increased
level of LINC00052 expression in BC promotes not only cell growth
and survival, but also cell adhesion, spreading, and transformation of
breast cancer cells. Furthermore, oncogenic function of LINC00052
in BC relies on increasing BC growth, spreading and survival and this
is maintained through upregulation of HER3 expression and HER3
signalling. Also, high LINC00052 levels in BC was found to predict
an increased sensitivity of breast cancer cells to HER3 neutralizing
antibody treatment [80]. HOXA-AS2 is another LncRNA that is
involved in BC carcinogenesis, HOXA-AS2 level is upregulated in
BC tissues compared to normal tissue. high level of HOXA-AS2
in BC is correlated with clinico-pathological features. Silencing of
HOXA-AS2 inhibited progression of BC cells in vivo and in vitro.
Interestingly, HOXA-AS2 exerts its oncogenic function in BC by acting
as an endogenous sponge for antioncogenic mir-520c-3p resulting in
a decrease of mir-520c-3p expression and increase in expression of
mir-520c-3p target genes or proteins. TGF-p2 is a member of TGF-f
family and promotes tumor metastasis. RELA is a member of the
transcription factor nuclear factor kappa B (NF-«B) family. RELA was
proved in involvement of regulation of the growth and malignancy
of various tumors by regulating pro-inflammatory and pro-survival
genes [81]. By acting as an endogenous sponge for mir 520c-3p, level
of mir-520c-3p target proteins like TGFB2 and RELA increases in
BC and BC cell invasion and growth is maintained [82]. LIMT is an
antioncogenic IncRNA that was reported to be lowly expressed in BC
tissues compared to normal tissues. Decrease in LIMT expression in
BC tissues enhanced BC cells invasion, metastasis and is correlated
with poorer prognosis. EGF which is highly expressed in aggressive
tumors causes downregulation of LIMT expression by enhancing
histone deacetylation of LIMT promoter. And so enhanced BC cells
invasion and metastasis [83]. LINC00628 was also reported to be an
antioncogenic LNCRNA whose level is downregulated in BC tissues
compared with normal tissues. BC patients with low expressed
LINC00628 had poorer prognosis and lower overall survival. The
overexpression of LINC00628 resulted in suppressed breast cancer
cells proliferation, invasion and migration. Also, cell cycle was arrested
in GO/G1 phase in breast cancer cells and cell apoptosis was promoted
as a result of LINC00628 overexpression. The expression of apoptotic
proteins Caspase-3 and Bax protein were significantly increased and
the relative expression of anti- apoptotic protein Bcl-2 protein was
significantly decreased after transfection BC cell lines with LINC00628.
LINCO00628 exerts its anti-oncogenic function by suppressing the
proliferation, invasion and migration of breast cancer cells and
promotion of BC cell apoptosis through the regulation of Bcl2/Bax/
Caspase-3 signal Pathway [84]. SNHGI2 is an oncogenic LncRNA
highly upregulated in TNBC patients. SNHG12 was reported to be is
an oncogenic LncRNA that is highly upregulated in TNBC patients.
High expression of SNHG12 was positively correlated with lymph node
metastasis and tumour size in TNBC patients. Additionally, SNHG12
was found to be upregulated in TNBC patients through action of
C-MYC. C-MYC is considered an “amplifier” of transcription on a
global scale and is always overexpressed or amplified in breast cancer

[85,86]. C-MYC directly interacts with SNHG12 promotor and results
in upregulation of SNHG12 in TNBC tissues. MMP13 forms a part of
a cluster of matrix metallo-proteinases (MMPs), and it was originally
identified in breast cancer. Through degrading the extracellular matrix,
MMP13 promotes tumor invasion and metastasis. A higher expression
level of MMP13 is always associated with more aggressive behaviours
and poorer outcome in cancers. SNHG12 was found to target directly
MMP13 in TNBC and causes its upregulation in TNBC. The oncogenic
role of SNHGI12 relies in upregulation of MMP13 and controlling
its expression level post transcriptionally in TNBC and high level of
SNHGI12 is maintained through C-MYC [87].

XIST and TSIX

X-inactive specific transcript (XIST) belongs to a class of RNA
molecules known as non-coding transcripts (NCT), which also
includes non-coding RNAs. These ncRNAs are sometimes transcribed
from DNA genes that have exons and introns; therefore, they can
have various splicing isoforms and polyadenylated. It is also known as
DXS399E, DXS1089, SXI1 and NCRNA00001.

The cytogenetic location is Xq13.2, which is the long (q) arm of
the X-chromosome at position 13.2 whereas the molecular location:
base pairs 73,820,651 to 73,852,753 on the X-chromosome. XIST is
located on chromosome 7. It was determined that XIST contains at
least 8 exons. XIST size is 32,103 bases. XIST does not undergo post-
translational modifications. It contains repeated sequence motifs
that are critical for the function [88]. Antagonizing XIST function
is Tsix RNA, which is transcribed in the antisense orientation from
XIST and fully overlaps with the XIST gene. Tsix is a 40-kb RNA
originating 15 kb downstream of Xist and transcribed across the Xist
locus. Tsix sequence is conserved at the human XIC. Tsix RNA is seen
exclusively in the nucleus and is localized at Xic. Before the onset of
X inactivation, Tsix is expressed from both X chromosomes [89]. At
the onset of X inactivation, Tsix expression becomes monoallelic, is
associated with the future active X and persists until Xist is turned off.
Tsix is present on Xq13.2 and the exons count is 1. Tsix is co-expressed
with XIST only from the inactive X-chromosome [90]. Mammalian
XX females equalize gene dosage relative to XY males by inactivation
of one of their X-chromosomes in each cell. X inactivation is an early
developmental process that transcriptionally silences one of the pair
of X chromosomes, thus providing dosage equivalence between males
and females [91]. The process is regulated by several factors, including
a region of chromosome X called the X inactivation center (XIC). The
XIC comprises several non-coding and protein-coding genes, and
XIST was the first non-coding gene identified within the XIC. This gene
is expressed exclusively from the XIC of the inactive X chromosome
and is essential for the initiation and spread of X-inactivation [91].
Initiation of X-inactivation requires cis accumulation of large non-
translated XIST RNA, which coats the X-chromosome, followed by
epigenetic changes in the future inactive chromosome. The transcript
is a spliced RNA. Alternatively, spliced transcript variants have been
identified, but their full-length sequences have not been determined.
Mutations in the XIST promoter cause familial skewed X inactivation.
Diseases associated with XIST include testicular cancer [92]. The exact
molecular mechanisms by which XIST initiates X in activation are
still under investigation whereas there are evidences that XIST plays
other important roles in the differentiation, proliferation, and genome
maintenance of human cells. Specifically, it has been suggested that
dysfunctional expression of XIST might have a pathologic role in
cancer, possibly related to changes in gene expression from alterations
in the stability of heterochromatin. Although XIST typically is expressed
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by all female somatic cells, XIST expression has been found to be lost
in female breast, ovarian, and cervical cancer cell lines. Meanwhile,
in cell lines where XIST expression is lost, analysis of methylation of
X-linked genes reveals a loss of X inactivation as well. A much-debated
aspect of XCI is the link between XIST spreading and recruitment of
polycomb protein. The most widely accepted hypothesis predicts a
direct recruitment of polycomb by XIST RNA. This interaction has
been reported to be mediated by the structurally conserved XIST
RepA domain, which would interact directly with polycomb repressive
complex 2 (PRC2) [93]. ATRX unexpectedly functions as a high-
affinity RNA-binding protein that directly interacts with RepA/Xist
RNA to promote loading of PRC2. Without ATRX, PRC2 cannot load
onto Xist RNA nor spread in cis along the X chromosome.

Moreover, epigenomic profiling reveals that genome-wide
targeting of PRC2 depends on ATRX, as loss of ATRX leads to spatial
redistribution of PRC2 and de-repression of Polycomb responsive
genes. Thus, ATRX is a required specificity determinant for PRC2
targeting and function [94]. Moreover, studies demonstrated that
the PRC2 cofactor Jarid2 is an important mediator of Xist-induced
PRC2 targeting. The region containing the conserved B and F repeats
of Xist is critical for Jarid2 recruitment via its unique N-terminal
domain. Xist-induced Jarid2 recruitment occurs chromosome-wide
independently of a functional PRC2 complex, unlike at other parts
of the genome, such as CG-rich regions, where Jarid2 and PRC2
binding are interdependent. Conversely, we show that Jarid2 loss
prevents efficient PRC2 and H3K27me3 enrichment to Xist-coated
chromatin. Jarid2 thus represents an important intermediate between
PRC2 and Xist RNA for the initial targeting of the PRC2 complex
to the X chromosome during onset of XCI [93]. Additionally, a
functional relationship between pluripotency and lack of XCI has
been suggested, whereby pluripotency transcription factors repress
the master regulator of XCI, the noncoding transcript Xist, by binding
to its first intron (intron 1) [95]. Moreover, these epigenetic contexts
are maintained in cancer progenitors in which SATB1 has been
identified as a factor related to Xist-mediated chromosome silencing
[96,97]. Studies showed that a matrix protein hnRNP U/SP120/SAF-A
is required for the accumulation of Xist RNA on the Xi. Xist RNA
and hnRNP U interact and upon depletion of hnRNP U, Xist RNA
is detached from the Xi and diffusely localized into the nucleoplasm
[98]. In addition, cells lacking hnRNP U expression fail to form the
Xi so it was proposed that the association with matrix proteins is an
essential step in the epigenetic regulation of gene expression by Xist
RNA [98]. In mammals, loss of pluripotency and differentiation are
closely linked with the onset of dosage compensation. Pluripotency
factors negatively regulate Xist (the non-coding RNA that triggers X
chromosome inactivation) and positively regulate Tsix, a repressor of
Xist, to inhibit dosage compensation [99]. Interestingly, decreased Xist
expression in breast cancer samples was associated with reduced levels
of Jpx RNA, an IncRNA that positively regulates Xist promoter activity
[100]. Rett syndrome is a neurological disorder affecting mostly girls
with heterozygous mutations in the gene encoding the methyl-CpG-
binding protein (MeCP2) on the X-chromosome. To identify genes
involved in MeCP2 silencing to reverse the neurologic deficits, library
of 60,000 short hair pin RNAs (shRNAs) was screened using a cell line
with MeCP2 reporter on the Xi whereas six genes were identified in
BMP/TGE-B pathway. shRNAs directed against each of these genes
down-regulated XIST [101]. BRCAL, the breast and ovarian tumor
suppressor was reported to regulate XIST expression, as well as co-
localizes with XIST in the nucleus of female cells. Examining XIST
staining in a human breast cancer cell line lacking normal BRCA1

expression showed that the loss of BRCA1 was associated with a lack
of XIST staining on X inactive chromosome (Xi). When BRCA1 was
reintroduced via recombinant retroviral infection, XIST staining was
restored. These results suggested that BRCA1 localizes to the Xi, where
it interacts with XIST RNA [102]. Conversely, it was determined that
BRCA1 may overlap in two dimensions, they actually did not co-localize
with XIST when viewed in three dimensions and there was no change in
XIST staining when BRCA1 was silenced using siRNAs. Moreover, the
significant higher levels of XIST-RNA detected in BRCA1-associated
respect to sporadic basal-like cancers, opens the possibility to use XIST
expression as a marker to discriminate between the two groups of
tumors. The Rnfl2 gene is located approximately 500 kb upstream of
XIST and the encoded protein stimulates XIST expression in a dose-
dependent manner. RNFI2 expression from a single X chromosome
in males is insufficient to activate Xist, whereas the double dose in
females is sufficient to initiate XCI. In contrast to Xist and Tsix, RNF12
acts in Trans and activates Xist on both X chromosomes. Once the
inactivation process is started on one X and silencing spreads over the
chromosome, Rnf12 will also become silenced in cis. Studies indicate
that Xist is the major downstream target of RNF12. XIST is regulated
as well by miRNAs as miR-29a, miR-130a and miR-181c [103]. Loss of
XIST expression is strongly correlated with up-regulation of X-linked
oncogenes, accelerated growth rate in vitro, and poorer differentiation
in vivo.

It was found that TSIX was overexpressed in systemic sclerosis
(SSc) dermal fibroblasts both in vivo and in vitro, which was inhibited
by the transfection of transforming growth factor (TGF)-B1 siRNA.
TSIX siRNA reduced the mRNA expression of type I collagen in
normal and SSc dermal fibroblasts, but not the levels of major disease-
related cytokines. In addition, TSIX siRNA significantly reduced type
I collagen mRNA stability, but not protein half-lives. Furthermore,
they first investigated serum IncRNA levels in patients with SSc, and
serum TSIX levels were significantly increased in SSc patients. TSIX
is a new regulator of collagen expression which stabilizes the collagen
mRNA. The upregulation of TSIX seen in SSc fibroblasts may result
from activated endogenous TGF-f signaling and may play a role in the
constitutive upregulation of collagen in these cells [104].

Histone acetyl transferases (HATs) play distinct roles in many
cellular processes and are frequently mis regulated in cancers. Studies
revealed that the regulatory potential of MYST1-(MOF)-containing
MSL and NSL complexes in mouse embryonic stem cells (ESCs)
and neuronal progenitors [105]. The MSL complex is not exclusively
enriched on the X chromosome, yet it is crucial for mammalian X
chromosome regulation as it specifically regulates Tsix, the major
repressor of Xist IncRNA.

MSL depletion leads to decreased Tsix expression, reduced
REX1 recruitment, and consequently, enhanced accumulation of
Xist and variable numbers of inactivated X chromosomes during
early differentiation [105]. The NSL complex provides additional,
Tsix-independent repression of Xist by maintaining pluripotency
[106]. MSL and NSL complexes therefore act synergistically by using
distinct pathways to ensure a fail-safe mechanism for the repression
of X inactivation. In the absence of Tsix, PRC2-mediated histone
H3 lysine 27 trimethylation (H3K27me3) is established over the
Xist promoter. Simultaneous disruption of Tsix and PRC2 leads to
derepression of Xist and in turn silencing of the single X chromosome
in male embryonic stem cells. Histone H3 lysine 36 trimethylation
(H3K36me3) was identified as a modification that is recruited by
Tsix co-transcriptionally and extends over the Xist promoter [107].
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Reduction of H3K36me3 by expression of a mutated histone H3.3
with a substitution of methionine for lysine at position 36 causes a
significant derepression of Xist. Moreover, depletion of the H3K36
methylase Setd2 leads to upregulation of Xist, suggesting H3K36me3
as a modification that contributes to the mechanism of Tsix function
in regulating XCI.

Furthermore, it was found that reduction of H3K36me3 does not
facilitate an increase in H3K27me3 over the Xist promoter, indicating
that additional mechanisms exist by which Tsix blocks PRC2
recruitment to the Xist promoter. The differentially methylated DNase
hypersensitive site within XIST marks the location of an alternative
promoter, P2, that generates a transcript of unknown function as it
lacks the A repeats that are critical for silencing. In addition, this region
binds YY1 on the unmethylated inactive X chromosome, and depletion
of YY1 untethers the XIST RNA as well as decreasing transcription of
XIST [108]. Many other positive regulators of Xist can be found in the
Xic region and include the non-coding RNAs Ftx and Jpx, and the
pairing element Xpr. The region of the Xic upstream of Xist including
Ftx, Jpx and Xpr has been shown to be enriched for H3K9 and H3K27
di- and trimethylation, respectively. These epigenetic marks may
contribute to transcriptional regulation of one or more genes in the
region, including Xist itself, and may result from ongoing bidirectional
transcription in this region as well as from immediate recruitment of
PRC2 by nascent Xist transcripts. The Xpr region is involved in pairing
of the two X chromosomes at the onset of XCI. Deletion of Ftx in male
mouse ES cells is associated with reduced transcription of Xist, Tsix
and Jpx.

These findings could indicate a direct role for Ftx in Xist activation
but may also be explained by Ftx-mediated global activation of the
Xic region [109]. A similar role may be attributed to Jpx/Enox, which
encodes another non-coding long RNA, and is located just upstream
of Xist. Jpx/Enox has been shown to activate Xist in Trans, possibly
by interfering with Tsix. Jpx is developmentally regulated and
accumulates during XCI. Deleting Jpx blocks XCI and is female lethal.
It was concluded that Xist is controlled by two RNA-based switches:
Tsix for Xa and Jpx for Xi.

Other important regulators of XCI are the key pluripotency factors
NANOG, OCT4, KLF4, REX1, and SOX2, and the reprogramming
factor ctMYC, acting as inhibitors of XCI. Binding of different
combinations of these pluripotency factors at different locations in the
locus can either result in repression of XIST or in activation of Tsix
or Xite. NANOG, OCT4 and SOX2 bind the intron 1 region of XIST
and binding of these factors has been implicated in direct repression
of XIST. OCT4 is also recruited to the Tsix regulatory region and
binds the Xite promoter region together with SOX2. Recruitment
of these factors has been implicated in X chromosome pairing and
in activation of Tsix, although binding of OCT4 and SOX2 to these
specific regions has been disputed by others. OCT4 directly binds Xite
and Tsix that suppress the silencer IncRNA, Xist [110]. To controls
its activity as a master regulator in pluripotency and XCI, OCT4
must have chromatin protein partners. Studies showed that BRD4, a
member of the BET protein subfamily, interacts with OCT4. BRD4
occupies the regulatory regions of pluripotent genes and the IncRNAs
of XCI. BET inhibition or depletion of BRD4 reduces the expression
of many pluripotent genes. EX1, KLF4, and cMYC are recruited to the
DXPas34 region, a regulatory region in Tsix, and are involved in Tsix
activation, together with YY1 and CTCF [111]. The repression of Xist
is released upon differentiation, as the concentration of pluripotency
factors drops, linking XCI to the pluripotent state and differentiation.

Evidence from epigenetic processes indicates that CTCF associates
functionally and directly with Tsix, Xite, and Xist RNAs [112]. RS14,
a conserved element that presents a strong binding site CTCF protein
was investigated. Knocking out RS14 results in compromised Xist
induction and aberrant XCI in female cells. Interestingly, a deletion
encompassing the Xist intron 1 region that recruits OCT4, SOX2 and
NANOG, only has a mild effect on XCI, leading to skewed XCI. Tsix
inhibits XIST expression by several mechanisms. First, inhibition may
occur by transcriptional interference [113]. Second, XIST/Tsix duplex
RNA formation and processing by the RNA interference pathway may
play a role by siRNA-mediated deposition of chromatin remodeling
complexes. Also, recruitment of chromatin remodeling complexes by
the Tsix RNA to the XIST promotor has been postulated as a possible
mechanism for Tsix-mediated repression of XIST [114]. Finally, Tsix
is involved in pairing of the two X-chromosomes, a process which
has been implicated in initiation of XCI. Deletion of Tsix leads to up-
regulation of XIST and skewed XCI with preferential inactivation.
Impaired transcription of Tsix has also been reported to lead to ectopic
XCI in male cells so that Xist and Tsix are the master regulatory switch
genes in XCI. Interestingly, in female cells with a deletion in Xite, a
positive regulator of Tsix located upstream of Tsix, XCI is still initiated
on the X-chromosome [115]. This suggests that activation of XIST is
regulated by other factors. The dynamic relationship between Xist and
Tsix in female cells is as follows: (i) before the onset of X inactivation,
Xist and Tsix are biallelically co-expressed; (ii) at the onset of X
inactivation (differentiation), Tsix becomes monoallelic, preceding
upregulation of Xist RNA on the future inactive X (species 2); (iii) in
the monoallelic form, Tsix RNA associates only with the future active
X; and (iv) once X inactivation is established, Tsix is repressed.

Tsix expression is specific to undifferentiated cells regardless of
sex, persists briefly at the onset of X inactivation, appears to associate
only with the future active X and disappears after X inactivation is
established. This profile suggests that Tsix may regulate events at the
onset of X inactivation. Its antisense nature raises the possibility that
Tsix directly blocks Xist RNA action on the X chromosome [116].

XIST regulation and oncotherapy: Recently, there is a growing
interest towards understanding the relation between IncRNAs and the
therapeutic outcomes of cancer patients including chemotherapeutic
resistance, disease-free periods and survival rates. A study suggested
that overexpression of XIST in NSCLC resulted in poor prognosis
due to the development of Cisplatin resistance [117]. Another study
demonstrated that high levels of XIST in cervical squamous cell
carcinoma is associated with high survival rates while treatment
with chemo and radiotherapy [118]. In BRCAI Breast cancer,
overexpression of XIST resulted in poor outcome after treatment with
high dose-alkylating agent [119].

Another study revealed that XIST levels correlated significantly
with taxol sensitivity, however, XIST showed no significance
correlation with Carboplatin in ovarian cancer [120]. Although XIST
responsible for Cisplatin resistance in human lung adenocarcinoma
which leads to worse prognosis [121]. Moreover, knockdown of XIST
increase sensitivity to temozolomide alkylating agent in glioma cells
[122]. Finally, XIST knockdown resulted in increase the sensitivity of
nasopharangeal carcinoma cells to radiotherapy through manipulation
of miR-29c¢ [123].

Role of XIST in cancer

XIST is involved in development of many cancers as well as its
ability to act as a biomarker (Tables 4 and 5).
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Cancer type XIST expression Function References
Colorectal cancer Overexpressed Promotes cell proliferation through the inhibition of mirna1323p [92]
Esophegal cancer Overexpressed Acts as molecular sponge for mir-101 & increases  EZH2 exp. [119]
Lung cancer Overexpressed Promotes cell growth through regulating mir -140 [93]
. Inhibits mir-186-5p. [94]
Non-small lung cancer Overexpressed . ceRNA that attenuates function of mir -449a. [96]
. Interacts with EZH2 & supress the expression of KFL2 [97]
Osteosarcoma Overexpressed Acts as an endogenous sponge of mir-320b [98]
Low expressed due to inhibitory effect of mir-181 [99]
Low expressed o -
HCC Low Expressed due to inhibitory effect of mir-92 [100]
Overexpressed Acts as an endogenous sponge for mir-139-5p [101]
Pancreatic cancer Overexpressed Acts as endogenous sponge for mir -133a [102] [103]
. Acts as an endogenous sponge for antioncogenic mir-497 [105]
Gastric cancer Overexpressed -
Acts as An endogenous sponge for mir-101 [106]
Nasopharyngeal cancer Overexpressed Acts as endogenous sponge for antioncogenic miR-34a-5p [109]
Breast cancer Low expressed Its downregulation enhances AKT pathway activation [110]
Glioblastoma Overexpressed Inhibits mirna 152 [114]
Table 4: XIST role in different cancers.
Cancer Type XIST as biomarker References
. Reduction of the expression of XIST can decrease the sensitivity of OC cells to paclitaxel Suggesting that XIST can act as
Ovarian cancer . . ) [108]
biomarker for ovarian cancer prognosis
XIST expression can be used as a biomarker in BRCA1 mutated BC patients to Determine if they will benefit from HD [111]
Breast cancer therapy than conventional therapy
XIST can be used as a biomarker to predict response of BC patients towards Abexinostat [121]
Testicular cancer Presence of unmethylated XIST can act as biomarker for testicular cancer [115]
Prostate cancer Hypomethylated XIST can acts as a biomarker for aggressive prostate cancers. [116]

Table 5: XIST as biomarker in different cancers.

Colorectal cancer: XIST was found to act as an oncogene in human
colorectal cancer. The expression level of XIST was significantly high in
CRC tissues sample and cells. XIST promoted CRC cell proliferation
by affecting the cell cycle, through direct Inhibition of mir-132-3p
resulting in MAPK1 activation. Mir -132-3p in turn acts as an anti-
oncogene through inhibition of MAPK1 as MAPKI is a direct target
spot of miR-132-3p [124].

Oesophageal cancer: XIST was proved to have an oncogene role
in oesophageal cancer. XIST was overexpressed in tumour tissues
compared with that in normal counterparts. Additionally, High level of
XIST was correlated with poor prognosis. Silencing of XIST expression
resulted in inhibition of proliferation, migration and invasion
capacity of ESCC cells in vitro and suppressed tumour growth in vivo.
Furthermore, XIST is an oncogene in oesophageal cancer by acting
as a molecular sponge for mir-101 and increasing EZH2 expression.
XIST competes with mir-101 on its 3’ UTR binding site present on
EZH2 resulting in an increase in EZH2 expression. EZH2 expression
increases and becomes overexpressed in ESCC compared to normal
tissue and its overexpression is correlated with poorer prognosis.

Lung cancer: In lung cancer XIST plays indeed an important
oncogenic role. XIST was found to be upregulated in lung cancer tissue
and cell lines. High level of XIST expression promoted lung cancer cell
growth. Knockdown of XIST inhibited the proliferation and promoted
cell apoptosis of human LCC and suppressed metastasis in vitro and
in vivo.

Interestingly, XIST acts as an oncogene in lung cancer through
promotion of lung cancer cell growth by targeting miR-140 and
regulating miR-140-dependent inhibitor of apoptosis-stimulating
protein of p53 (iASPP) [125].

Non-small lung cancer: XIST was found to be upregulated in
NSCLC tissues compared to normal tissue. XIST acts as an oncogene
in NSCLC through inhibition of expression of mir-186-5p. Mir-186-5p
acts as tumor suppressor miRNA in NSCLC, as mir 186-5p inhibition
enhances cell proliferation and invasiveness. Furthermore, miR-186-
5p overexpression has been shown to block the oncogenic effects of
XIST on cell proliferation and invasion [126].

High XIST level in NSLC was also reported to be linked to shorter
survival and poorer prognosis. It was reported in a study that XIST
can act as an oncogene through interacting with EZH2 to suppress
transcription of its potential target KLF2. XIST oncogenic functions
partly depend on silencing KLF2 expression. And the high level of XIST
expression is corelated with a poor NSLC patient prognosis [127].

XIST was also proved to be uses as a biomarker in NSCLC patient’s
serum. It was reported in a study that XIST and another LncRNA called
HIF1A-ASI levels were upregulated in NSCLC tissues compared to
normal tissues. Also, their level was high in serum of NSCLC patients
than in healthy serums. There was a correlation between levels of
XIST and HIF1A in tissues and their level in serum. Additionally, Pre-
operative level of XIST and HIF1A level in NSCLC serums was different
than post-operative level. ROC curves for level of XIST and HIF1A in
serum showed strong separation between the NSCLC patients and
control group. Furthermore, combining measurement of XIST HIF1A-
AS1 in NSCLC patients serum yielded an AUC of 0.931 (95% CI:
0.869-0.990; P<0.001), which was significantly improved as compared
to XIST (AUC =0.834) or HIF1A-AS1 (AUC=0.876) alone [128].

Osteosarcoma: XIST was reported to be upregulated in
osteosarcoma cells compared to normal cells. High level of XIST
increased OS cell proliferation and invasiveness. XIST acts as an
oncogene in osteosarcoma by acting as an endogenous sponge of mir-
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320b resulting in repression of mir-320b expression and increased
expression of one of mir-320b target proteins: RAP2B which results in
promotion of OS cells proliferation and migration [129].

HCC: XIST role in HCC remains elusive as studies done to discover
its role in HCC are contradicting. A study has reported that: XIST acts as
anti-oncogenic LncRNA in HCC. XIST expression in HCC tissues and
cells is downregulated compared to normal tissues. XIST expression is
abolished in HCC due to oncogenic effect of mir-181a. Mir-181a acts as
oncogenic miRNA in HCC that inhibits XIST expression by acting on
its multiple binding sites present on XIST LncRNA. Mir-181a results
in a decrease of XIST expression in HCC and also inhibits PTEN
expression. The loss of the PTEN will result in activation of PI3K/AKT
signalling pathway and promotion of HCC metastasis [130].

Another study has also proved XIST role as antioncogenic in HCC.
The study results have proved that Mir-92b is an oncogenic miRNA
that was found to be upregulated in HCC. MiR-92b expression was
significantly correlated with gender and microvascular invasion of
HCC. Also, plasma level of mir-92b was high in HCC patients than
in normal patients. Mir-92b oncogenic function resides in induction
of B catenin signalling pathway and promotion of HCC proliferation
and metastasis and this is mediated by inhibition of SMAD?7 protein.
Smad?7 is a potential inhibitor of TGF-p/B-catenin signalling pathway
and it is downregulated in HCC tissues compared to normal tissue.
Furthermore, Mir-92b inhibits XIST expression in HCC patients.
Knocking down of XIST induced upregulation of miR-92b and
promotion of HCC cell proliferation and metastasis [131].

However, another study has denied XIST function as an oncogene
in HCC. The study reported that XIST was overexpressed in HCC
tissues compared to normal tissue. XIST expression was correlated
with tumour size, knocking down of XIST decreased HCC cells
proliferation both in vivo and in vitro. Additionally, XIST promoted
cell cycle progression from G1 to S phase and protected HCC cells from
apoptosis. XIST exerts its oncogenic function in HCC through acting
as an endogenous sponge for anti-oncogenic mir-139-5p. XIST supress
mir-139-5p expression in HCC and increases expression of a potential
target for mir-139-5p: PDKI1. PDK1 can activate AKT kinase on the
activation loop at T308, which results in promotion of full activation of
AKT. Activation of PDKI results in upregulation of cyclin D1 during
cell cycle progression from GO-Gl1 to S phase. PDKI1 is a transducer
of PI3K signalling and activates multiple downstream effectors. XIST
positively regulates PDK1 expression through miR-139-5p inhibition
and promotes HCC cell growth by regulating the AKT signalling
through miR-139-5p/PDK1 axis [132].

Pancreatic cancer: XIST was reported to be an oncogenic IncRNA
that is upregulated in PC tissues than in normal tissues. Higher XIST
expression was observed more often in patients with larger tumour size
and advanced TNM stage. XIST exerts its oncogenic property in PC
by enhancing PC cells proliferation through acting as an endogenous
sponge for anti-oncogenic mir -133a and by competing with EGFR
for mir-133a binding. EGFR is a transmembrane glycoprotein
overexpressed in PC (1) The phosphorylation of EGFR activates
downstream signalling cascade, like MAPK, PI3 K/Akt, and Src
pathways, which have been involved in carcinogenesis by affecting cell
proliferation, survival, invasion, and metastasis (2) Additionally, EGFR
over-expression is related to poor survival, correlating with a more
advanced stage, and the presence of metastases in PC. XIST by acting
as an endogenous sponge for mir-133a results in decrease expression
of mir-133a and through competing with EGFR for mir-133a results in
inability of mir-133a to inhibit EGFR expression and so higher level of
EGFR and promotion of PC Cell proliferation [133-135].

Gastric cancer: XIST was reported to act as an oncogene in gastric
cancer and which level was up-regulated in GC patient tissues and
cell lines compared to normal tissues. High XIST expression was
significantly correlated with tumour size, lymph node metastasis and
late TNM stage. XIST knockdown decreased GC cells proliferation
and invasiveness both in vivo and in vitro. XIST promoted GC cell
cycle progression from the GI phase to the S phase. Additionally,
XIST may protect GC cells from apoptosis. Interestingly, XIST exerts
its oncogenic property through acting as an endogenous sponge for
anti-oncogenic mir-497 resulting in inhibition of mir-497 in GC cells
and increases MACCI expression. MACCI is a regulator of HGF/c-
Met signalling, that triggers various malignant behaviours in GC [27].
Its expression correlates positively with GC progression, and it is
considered to be an oncogene. Deregulation of MACC1 was reported
to promote cell proliferation and invasion in GC cells. By increasing
MACCI expression and decreasing mir-497 expression XIST succeeds
in enhancement of GC cell proliferation [136].

In another study, it reported that XIST can exerts its oncogenic
function through enhancement of GC cell proliferation and this
is mediated by acting as endogenous sponge for anti-oncogenic
miRNA-101 resulting in a decrease in mir-101 expression in GC
patients and increase in one of mir-101 targets EZH2 expression [137].

Ovarian cancer: It was reported in a study that, XIST was not
detected in more than half of the OC cells with Barr body staining
compared with normal ovarian cells. Other studies also showed that
reduction of the expression of XIST can decrease the sensitivity of OC
cells to paclitaxel, suggesting that XIST can serve as a biomarker of the
prognosis of OC [138].

Nasopharyngeal cancer: XIST was reported to be an oncogenic
IncRNA that is up-regulated in NPC tissues High expression of
XIST contributed to a poorer survival time. Additionally, XIST
over-expression enhanced nasopharyngeal carcinoma cell growth.
Furthermore, XIST exerts its oncogenic function through acting as
a competitive endogenous sponge for anti-oncogenic miR-34a-5p
resulting in decreased expression of mir-34a-5p and up regulation of
the expression of miR-34a-5p targeted gene E2F3 [139].

Breast cancer: XIST in breast cancer was reported to act as a tumor
suppressor IncRNA as well as acting as a biomarker in BC patients to
determine their response to high dose alkylating chemotherapy and the
histone deacetylase inhibitor Abexinostat.

XIST was proved to act as a tumour suppressor IncRNA in BC,
whose level was downregulated in BC tissues. XIST downregulation in
BC resulted in enhancement of BC cell viability through enhancement
of AKT phosphorylation which will result in activation of AKT
pathway. AKT phosphorylation was a consequence of downregulated
SPEN. SPEN is a protein important in the maintenance of XCI and XIST
function. Upon XIST downregulation, SPEN is also downregulated.
Downregulated SPEN results in inability of sequestering of HDAC3
(histone deacetylase 3) near X chromosome and so enhancement of
HDACS3 binding to PHPPL1 whose function is to act as a phosphatase
that dephosphorylates AKT. By binding to PHPPL1, HDAC3 causes
deacetylation in promoter of PHPPLI resulting in decrease of PHPPL1
expression and inability to dephosphorylate AKT and so high level of
phosphorylated AKT, activated AKT pathway and enhanced BC cell
viability [58].

As for XIST function as a biomarker for BC patients response to
different therapies, it was reported in a study that measuring level of
XIST and 53BP1 can be used as a biomarker in BRCAL1 like breast
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cancer patients in prediction of BC patient outcome and resistance
or responsiveness to high dose alkylating chemotherapy. It was found
that patients with BRCA1 mutation having low XIST and high 53BP1
showed better response to HD chemotherapy rather than conventional
therapy. On the contrary patients with BRCA1 mutation having high
XIST and low 53BP1 showed bad response to HD chemotherapy rather
than conventional therapy [119].

Another Study has reported that XIST level can be used as a
biomarker to predict response of BC patients towards treatment with
histone deacetylase inhibitor: Abexinostat. It was proved in this study
that breast cancer cell lines having low expression of XIST can benefit
from Abexinostat and displayed low population of Cancer Stem Cells.
On the contrary cancer cell lines having high level of XIST did not
benefit from Abexinostat treatment and CSC population increases
[121,140].

Glioblastoma: XIST was reported to act as an oncogene in human
glioblastoma cells. XIST level is upregulated in Human glioblastoma
compared to normal cells. Furthermore, Knockdown of XIST decreased
human glioblastoma cell proliferation, invasiveness and cell growth.
XIST exerts its oncogenic function through inhibition of mir-152 in
Human glioblastoma [141].

Testicular cancer: It was proved in a study that unmethylated XIST
can serve as a biomarker for presence of testicular cancer. The study
reported that in normal somatic male cells XIST showed complete
methylation through the CpG sites, including the minimum promoter
and XIST-conserved repeats However in testicular cancer cells. The 5'
end of the XIST gene is mainly hypomethylated [142].

Prostate cancer: XIST was found to be partially hypomethylated
in prostate cancer tissues than in normal tissues. Furthermore, level of
XIST in prostate cancer tissues was slightly increased than in normal
tissues. Hypomethylated XIST was able to act as a biomarker for
aggressive prostate cancers [143].

TSIX in cancers: As for TSIX which antagonises XIST function, its
contribution and involvement in carcinogenesis is barely revealed. A
single study has stated that level of TSIX in BC was found to be down
regulated however its role in BC is still unrevealed [144-173].

Conclusion

This review has been based on summarizing the definition of
epigenetics and it’s types including DNA methylation, histone
modification, chromatin modification and most importantly non-
coding RNAs which are a recent group of RNAs that contribute in
various regulatory processes. LncRNAs are ncRNAs which undergo
numerous functions including disease progression. They are believed
to play a pivotal role in carcinogenesis and pathogenesis of different
diseases. Among important IncRNAs are XIST which play a profound
role in a process known as X-chromosome inactivation in females
to achieve dosage compensation between males and females during
embryonic development. TSIX is the anti-sense of XIST that had no
definite role in cancers; nevertheless, being the anti-sense of XIST
raised the urge to review about it. Interestingly, several studies included
suggesting the strong correlation between XIST expression levels and
chemotherapeutic responses. Most importantly, IncRNAs were proved
to serve as a prognostic biomarker for chemotherapeutic agents in
many cancers.
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