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ABSTRACT

Glioblastoma (GB) is by far the most hostile type of malignant tumor that primarily affects the brain and spine,
derived from star-shaped glial cells that are astrocytes and oligodendrocytes. Despite of significant efforts in
recent years in glioblastoma research, the clinical efficacy of existing medical intervention is still limited and very
few potential diagnostic markers are available. Long non-coding RNAs (IncRNAs) that lacks protein-coding ca-
pabilities were previously thought to be “junk sequences” in mammalian genomes are quite indispensible
epigenetic regulators that can positively or negatively regulate gene expression and nuclear architecture, with
significant roles in the initiation and development of tumors. Nevertheless, the precise mechanism of these dis-
tortedly expressed IncRNAs in glioblastoma pathogenesis is not yet fully understood. Since the advent of high-
throughput sequencing technologies, more and more research have elucidated that IncRNAs are one of the
most promising prognostic biomarkers and therapeutic targets for glioblastoma. In this paper, I briefly outlined
the existing findings of IncRNAs. And also summarizes the profiles of different IncRNAs that have been broadly
classified in glioblastoma research, with emphasis on both their prognostic and therapeutic values.

SOX20T
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1. Introduction

In 2001, the main goal of the genome sequencing project is to sys-
tematically identify and characterize the complete map of human tran-
scriptome. In recent years, due to the advancement of several new
technologies, such as deep RNA sequencing and DNA tiling arrays,
catalyzed by improved epigenomic technology and computational pre-
diction techniques [1] increased our database of genetic elements with
massive RNA transcripts. Despite the fact that nearly 70% of the
mammalian genome is known to be transcribed, however, coding genes
account for just 2% of the total genome transcript [2]. Non-coding RNAs
(ncRNAs) previously thought to be “junk”, account for the vast majority
of genome transcripts. Non-coding RNA (ncRNA) is a term used to
describe a type of ribonucleic acid (RNA) molecule that does not encode
proteins that include long non-coding RNA (IncRNA), small interfering
RNA (siRNA), microRNA (miRNA), small nucleolar RNA (snoRNA)
among others (Table 1) [3]. Non-coding RNAs have been shown to have
sequence-specific recognition of another nucleic acid in several cases,
though not always. They mediate gene expression at both the gene
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transcriptional and post-transcriptional levels such as splicing, RNA
editing, translational inhibition, messenger RNA (mRNA) degradation,
and chromosome maintenance and segregation, serves as an essential
regulators of several genomic processes and diseases [4]. There is a
plethora of evidence which suggests that ncRNAs play a pivotal role in
multiple normal biological and disease processes. Therefore, identifica-
tion of ncRNAs is important for further understanding their function and
their presence in complex human diseases (Table 2)

Glioblastoma (GB), also referred as Grade IV astrocytoma, is an
extremely severe form of primary intracranial tumor that affects the brain
and spine, with a variety of malignancies and histological subtypes [5].
GB is an exceedingly fast growing glioma that can arise in the brain “de
novo” or evolves from lower grade oligodendrogliomas or astrocytomas.
In adults, GB occurs most frequently in the cerebral hemisphere region,
chiefly in the temporal and frontal lobes [6]. The median survival rate of
patients with GB was just 12-15 months, with less than 5% of patients
surviving more than 5 years after diagnosis despite the use of multiple
treatment strategies, such as chemotherapy and radiotherapy even after
maximal resection was performed [7]. Cancer is a multistage process
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encompassing the acquisition of several genetic and epigenetic changes.
In recent years, non-coding RNAs, especially miRNAs and IncRNAs, have
received a great deal of interest in cancer biology [8, 9, 10, 11]. Dysre-
gulation of IncRNA expression may lead to the instigation and progres-
sion of GB, and these changes may prompt the potential of IncRNA as
diagnostic, prognostic and predictive markers [12, 13]. However, it is
still in its initial phase to assess the apt ways to address such improve-
ments for therapeutic interventions. Therefore, future research should be
focused on further characterization of these IncRNAs, especially in terms
of structure and mechanism, prior to their implementation as drug tar-
gets. In this review, I summarized the existing knowledge of IncRNAs and
their role in glioblastoma research that has been under intensive inves-
tigation in recent years, with a focus on their prognostic and therapeutic
implications.

2. Long non-coding RNA (IncRNA)

Long non-coding RNAs (IncRNAs) exhibit the largest class of ncRNAs
with approximately 10,000 IncRNA genes. LncRNAs are linear mRNAs like
transcripts, the length of which ranges from 200 nucleotides (nt) to
approximately 100 kilobase (kb) lacking significant open reading frames
(ORFs) [48, 49]. However, some IncRNAs contain short ORFs and go
through translation, though only a limited percentage of such translation
procedures result in functional and stable peptides [50]. The majority of
eukaryotic IncRNAs are constructed by RNA polymerase II (RNAPII). There
have been few examples, however, such as B2-short interspersed elements
(B2-SINE) RNA synthesized through RNA polymerase III (RNAPIII).
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Since IncRNAs are more often found in the nucleus than mRNAs, they
are prone to improper splicing and polyadenylation, as well as resistance
to exosome-mediated chromatin degradation. However, once in the nu-
cleus they serve as effective regulators of the nuclear organization and
function [51, 52]. LncRNAs exhibits poor sequence conservation across
species. However, the structure of RNA is heavily conserved than its
sequence, which shows that alignment of conventional sequences across
species may truly not reveal the functionally conserved patterns of the
RNA. Thus, poorly conserved IncRNAs can still be functionally active [53,
54].

The number of IncRNA genes in the human genome is estimated to be
approximately 7000 to 23,000, suggesting that this class of ncRNAs
represents an enormous yet undiscovered portion of normal cellular
pathways that may be impaired in cancer [55]. H19 was the very first
eukaryotic IncRNA gene to be identified, and was soon accompanied by
the discovery of the silencing X-inactive-specific transcript (XIST)
IncRNA gene, which portrays a significant role in X-chromosome inac-
tivation [56, 57]. H19 expression in transgenic mice has been shown to
be lethal at the prenatal stage, suggesting that the dosage of the IncRNA is
tightly regulated and contributes in embryonic development [58].

2.1. Classification of long non-coding RNAs (IncRNAs)

LncRNAs represents the major class of non-coding RNAs and accounts
for a greater proportion of the transcribed genome. The traditional
classification of IncRNAs based on their locations, including five main
subtypes: (i) Antisense RNA refer to those RNA which have a

Table 1. List of small and long non-coding RNAs.

Type Subtype Signature roles References
Small non-coding Transfer RNA (tRNA) Decode mRNA sequence into a protein [14]
RNA (sncRNA) Micro RNA (miRNA) RNA silencing and post-transcriptional regulation [15, 16]
Ribosomal 5S and 5.8s RNA Translation of mRNA [17]
(rRNA)
Piwi interacting RNA (piRNA) RNA silencing, promote heterochromatin assembly and DNA methylation [18, 19]
Small interfering RNA (siRNA) RNA interference [20]
Small nuclear RNA (snRNA) Pre-mRNA splicing [21]
Small nucleolar RNA (snoRNA) Modification, maturation, and stabilization of rRNA [22, 23]
Vault RNA (vtRNA) Intracellular and nucleocytoplasmic transport [24]
Antisense termini associated short Increasing transcript copy numbers of their host gene [25, 26]
RNA (aTASR)
Promoter-associated short RNA Act as scaffolds for antisense transcripts, regulate gene expression [27, 28]
(PASR)
Tiny transcription initiation RNA Modulate local epigenetic structure, regulates CTCF localization [29, 30]
(tiRNA)
Human Y RNA (hY RNA) Initiation of chromosomal DNA replication [31]
Retrotransposon-derived RNA Act as a promoter for transcription initiation [32, 33]
(RE-RNA)
3’ UTR-derived RNA (UaRNA) Post-transcriptional regulation [34]
Long non-coding Large intergenic ncRNA (lincRNA) Chromatin remodeling, RNA stabilization, transcription regulation [35, 36, 37]
RNA (IncRNA) Transcribed ultraconserved Homeostatic maintenance of splicing factors, regulation of [38, 39]
regions (T-UCR) transcription, epigenetic modification
Long intronic ncRNA Regulation of alternative splicing, RNA stabilization [40, 41]
Antisense RNA (aRNA) Genomic imprinting and X-chromosome inactivation [42]
Promoter-associated long RNA Serve as scaffolds for antisense transcripts, regulate gene expression [2, 28]
(PALR)
Pseudogenes Regulators of multiple biological process, in cancer development [43, 44]
GAA-repeat containing RNA Maintenance of nuclear matrix and regulate gene expression [45]
(GRC-RNA)
Promoter upstream transcripts Regulation of gene expression [46]
(PROMPTs)
Ribosomal 18s and 28s RNA Translation of mRNA [17]
(rRNA)
Long stress-induced non-coding Stabilizing and promoting the oncogenic function [47]

transcripts (LSINCTs)
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complementary sequence to another RNA transcript. This group com-
prises natural antisense transcripts (NATs), which may occur in cis-NATs
(affects the expression level of the corresponding sense transcript) or in
trans-NATs (regulate expression level of non-paired genes from other
genomic locations); (ii) long or large intergenic non-coding RNA
(lincRNA) located between protein-coding genes, but it can also be found
in introns; (iii) overlapping sense RNA, encompassing exons or whole
protein coding genes (PCGs) within their introns and without any sense
exon overlapping, they are transcribed in the same sense direction; (iv)
sense intronic RNA, an RNA transcript that is encoded within the intron
of the coding gene but does not overlap with other exons on the same
strand; (v) bidirectional IncRNAs, transcribed on the opposite strand
from the nearest PCG (Figure 1) [36,41,49]. Moreover, as various new
types of IncRNAs were progressively being investigated, the standard
classification of IncRNA did not encompass the entire domain and needed
to be explained in greater detail. Sandre et al., categorized IncRNAs into
eight groups: (i) intronic, transcribed from an intron of another gene; (ii)
divergent (pancRNA), derived from the opposite strand of the same
promoter region of protein coding gene; (ii) convergent, encoded on the
opposite strands; (iv) intergenic, located distant from other genes; (v)
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overlapping sense, overlapped with other genes on the same strand; (vi)
overlapping antisense, overlapped with other genes on the opposite
strand; (vii) miRNA host gene; (viii) enhancer RNA, expressed as uni- or
bi-directional transcripts [59].

To date, IncRNAs primarily act as mRNA decay mediators, structural
scaffolds, signaling molecules, histone modification and chromatin
remodeling regulators and as miRNA sponges. They also have been
involved in pluripotency, cell reprogramming and recruiting RNA poly-
merase to promoter regions [60, 61, 62]. Nevertheless, the functional
roles of the majority of IncRNAs still lack strong supporting evidence
compared to other ncRNAs for instance miRNAs, which offers numerous
opportunities for understanding and analyzing the functions of IncRNAs
in cancer.

3. Overview of long non-coding RNAs in glioblastoma
3.1. MALATI (Metastasis Associated Lung Adenocarcinoma Transcript 1)

LncRNA MALAT1 (Metastasis Associated Lung Adenocarcinoma
Transcript 1) is also known as NEAT2 (Non-coding Nuclear Enriched

Table 2. Functional characteristics of various long non-coding RNAs in glioblastoma.

Role in GB

Mechanism/Targets

References

Tumor suppression

Promote proliferation and
tumorigenesis potential of GB cells

Promote tumorigenesis of GB cells

Promote glioblastoma
pathogenesis

Inhibit GSC proliferation,
migration and invasion

Promote glioma cell proliferation
and migration and tumorigenesis

Inhibit cell proliferation and
promote apoptosis

Promotes growth, migration,
invasion, and tumorigenesis of

Promote tumorigenicity and
angiogenesis

Promote angiogenesis, invasion,
stemness and tumorigenicity of GB

Maintains stemness and
tumorigenic properties of GSCs;
modulates BTB; and increases
glioma-induced angiogenesis

IncRNA Type Biological activity Expression in GB

MALAT1 Proliferation, migration, invasion Downregulated
and apoptosis

HOTAIR Proliferation, migration, invasion, Overexpressed
apoptosis and angiogenesis

HOXA11-AS Proliferation, migration, invasion Overexpressed
and apoptosis

NEAT1 Proliferation, migration, invasion Overexpressed
and apoptosis

GAS5 Proliferation, migration, invasion Downregulated
and apoptosis

CRNDE Proliferation, migration, invasion Overexpressed
and apoptosis

HOTTIP Proliferation, cell-cycle Downregulated
progression, invasion and
apoptosis

SOX20T Proliferation, migration, invasion Overexpressed
and apoptosis

GSCs

XIST Proliferation, migration, invasion Overexpressed
and angiogenesis

H19 Proliferation, angiogenesis and Overexpressed
temozolomide resistance

cell
TUG1 Proliferation, apoptosis Overexpressed
ZFAS1 Proliferation, migration, invasion, Overexpressed

disease prognosis

Promote cell proliferation,
invasion and tumorigenicity of
glioma

Inactivation of ERK/MAPK
pathway; enhance expression of
FBXW7

Interact with PRC2, regulate Wnt/
B-catenin signaling; Interact with
miR-148-3p and miR-326/FGF1
pathway

Interact with miR-214-3p/EZH2
axis; sponge miR-124-3p and miR-
140-5p

Interact with miR-let-7e, miR-
132/S0X2 and miR-449b-5p/c-
Met axis; associate with EGFR/
NEAT1/EZH2/f-catenin

Interact with miR-196a-5p/
FOXO1 feedback loop; reduce
miR-222 and increase bmf and
plexin C1; repress miR-18a-5p
Interact with P70S6K-mediated
mTOR signaling; attenuate miR-
384/PIWIL4/STAT3 axis;
negatively regulate miR-186 and
miR-136-5p

Down-regulate BRE expression;
critical factor in the HIF-1a/miR-
101/ZEB1 axis

Interact with SOX20T/miR-194-
5p/miR-122/SOX3/TDGF-1 axis;
regulate CDK2, CDK2AP2, ACTR3,
INCENP, SMC4 and GNL3L
CeRNA for miR-152, miR-429,
miR-29¢, miR-92b and miR-137;
regulate miR-133a/S0X4 axis and
miR-137/Racl axis

Interact with miR-675/CDK6,
miR-29a/VASH2 and miR-140/
iASPP (inhibitor of apoptosis
stimulating protein of p53) axis;
reduce miR-152

CeRNAs for miR-26a, miR-144,
miR-299, and miR-145; interact
with PRC2 and YY1

Activates the Notch signaling
pathway; regulating miR-150-5p/
PLP2 axis

[69, 70, 71, 216]

[217, 218, 219, 220]

[96, 98]

[105, 108, 114, 221]

[116, 121, 222]

[129, 132, 133, 134]

[139, 143]

[150, 151, 152]

[156, 157, 158, 160]

[179, 180, 182]

[193, 196, 197, 199]

[206, 215]
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Figure 1. Classification of long non-coding RNAs. LncRNAs can be grouped into the following groups based on their location in the genome: (A) Overlapping sense;
(B) Overlapping antisense; (C) Intronic; (D) Intergenic; (E) Divergent; (F) Convergent; (G) Bidirectional enhancer RNA; (H) miRNA host gene. Protein coding genes are
represented by purple color, while long non-coding genes are represented by orange color.

Abundant Transcript 2), and is dominantly expressed in the nucleus of
the cell. It is about 7 kb in length and spliced and polyadenylated long
non-coding RNA at chromosome 11q13.1 (Chrl1q13.1) locus [63].
MALAT1 is majorly enriched in the paraspeckle, an integral nuclear
structure that contains large quantities of various different proteins and
regulates the pre-mRNA alternative splicing mechanism by controlling
the amounts of serine and arginine nuclear factors, and also performs
the transport and storage of RNA [63, 64]. MALAT1 is one the most
abundant IncRNA in benign tissues and acts as a decoy, functioning as a
link in ribonucleoprotein (RNP) complexes [65, 66].

According to Liao et al. MALAT1 knockdown prevents the spread of
GB proliferation and its progression in vitro, as well as reducing tumor
volume in an orthotopic GB murine model. They also showed a novel
regulatory mechanism between MALAT1 and ZHX1 (Zinc-fingers and
homeoboxes 1), whereby MALAT1 functions as a competitive endoge-
nous RNA (ceRNA) against miR-199a. Blockage of the MALAT1/ZHX1/
miR-199a axis inhibited GB proliferation and progression [67]. This
suggested that MALAT1 plays an oncogenic role in the growth of glioma
tumors. Xiong et al. reported that ablation of MALAT1 suppressed the
proliferation of glioma stem cells by increasing miR-129, resulting in
decreased glioma stem cell development by blocking SRY-box tran-
scription factor 2 (SOX2) expression [68].

Han et al., on the other hand, ascertained that knockdown of MALAT1
facilitates glioma invasion and proliferation via the downstream effects
on ERK/MAPK (extracellular signal-regulated kinase/mitogen-activated
protein kinase) signaling pathway and expression of matrix metal-
loproteinase 2 (MMP2) [69].

Additionally, Fu et al. also detected increased MALAT1 expression
and autophagic activity in glial tumor tissues. They reported an inverse
correlation exists between miR-101 expression and MALAT1 in GB tis-
sues. MALAT1 has been shown to stimulate cell proliferation and auto-
phagy; as well as target miR-101, which, in turn, regulates the expression
of stathmin 1 (STMN1), Ras-related protein Rab-5A (RAB5A) and auto-
phagy related 4D cysteine peptidase (ATG4D). The expression of auto-
phagy genes is decreased when miR-101 is overexpressed or MALAT1 is
underexpressed [70].

In another study, MALAT1 appeared as a tumor suppressor in glio-
blastoma. Cao et al. demonstrated that MALAT1 negatively regulates
miR-155 expression. MiR-155 is located on chromosome location 21q-
21.3 (Chr21g-21.3). And it suppresses the tumor suppressor genes such

as adenomatous polyposis coli (APC) and suppressor of cytokine
signaling 1 (SOCS1), and the tyrosine kinase WEE1, which initially in-
hibits Cdc2 (cell division cycle protein 2) and hinders their entry into
mitosis phase. MiR-155-induced oncogenesis is linked with the down-
regulation of FBXW7 (F-box and WD repeat domain containing 7) pro-
tein. FBXW7 acts as a substrate adapter for the SCF (SKP1-Cullin1-F-box
protein)-type ubiquitin (E3) ligases complex and suppresses various types
of oncoproteins. Based on their results, they stated that MALAT1 sup-
presses the growth of glioma cells via the down-regulation of miR-155
expression and promotes the activity of FBXW7 protein [71].

Though mutations in isocitrate dehydrogenase (IDH) genes take place
much frequently in secondary glioblastoma (>80%) and are associated
with better prognosis outcomes, the impact of IDH gene mutations on the
prognosis of primary glioblastoma (<5%) remains uncertain [72, 73]. In
a recent study, Argadal et al. determined the prognostic importance of
MALAT1 expression in primary glioblastoma in general and in relation to
IDH1/2 mutation profile. In their study, they found that upregulation of
MALAT1 expression was associated with shorter survival rate in IDH1/2
wild-type primary glioblastoma patients, and overexpressed MALAT1
was associated with younger age and left-sided glioblastoma localization.
In addition, they also reported that MALAT1 expression substantially
increased in the insular lobe relative to other lobes [74]. This indicates
that MALAT1 might be regard as a potential biomarker and therapeutic
target in primary glioblastoma patients. However, the prognostic
magnitude of MALAT1 in primary glioblastoma is far from certain.
Further clinical studies are therefore needed to determine the functional
role of MALAT1 in primary GB.

Temozolomide is a first-line chemotherapeutic drug commonly used
for the management of glioblastoma. However, a large number of glio-
blastoma cells have inherent or developed resistance towards
temozolomide-based therapy, which adversely affects therapeutic out-
comes [75, 76]. As a result, a comprehensive analysis of the molecular
characteristic that strengthens temozolomide resistance is needed. The
study revealed that expression of MALAT1 was increased in patients with
glioblastoma and promoted telozolomide resistance by suppressing
miR-203 signaling and stimulating the expression of thymidylate syn-
thase (TS) [77]. It was also revealed that knockdown of MALAT1 can
significantly reduce temozolomide resistance in GB cells and influence
cell cycle progression via enhancing miR-203 and disrupting TS expres-
sion. This suggest that overexpression of MALAT1 exerts a poor
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chemotherapeutic efficiency [77]. Cai and his colleagues have also
confirmed that the upregulation of MALAT1 has been substantially
associated with temozolomide resistance in GB cells while knockdown of
MALAT1 resulted in decreased resistance of temozolomide in GB cells
both in vitro and in vivo by inhibiting proliferation and promoting
apoptosis [78]. They further demonstrated that MALAT1 promotes
temozolomide resistance by repressing miR-101 through direct binding
of it in GB cells. Conversely, the overexpression of miR-101 decreased the
temozolomide resistance of GB cells and acted as an antagonist.
Furthermore, their study also found that MALAT1 knockdown and
overexpression of miR-101 inhibited several enzymes, such as
methyl-guanine transferase (MGMT) and glycogen synthase kinase 3
(GSK3p), which are involved in chemotherapy and apoptotic resistance
of GB cells [78].

All these different findings implied that MALAT1 may be either act as
a positive regulator or a negative regulator in glioma tumorigenesis
which all depends on different cellular context. At present, all these data
in regard to MALAT1 actions seems to be quite conflicting. Therefore, a
precise analysis of glioma specimens at the molecular level needed to
obtain which may possibly resolve this controversy.

3.2. HOTAIR (HOX Transcript Antisense Intergenic RNA)

HOTAIR (HOX Transcript Antisense Intergenic RNA) is a trans-acting
IncRNA involved in chromatin modulation and regulation. It is a spliced
and polyadenylated RNA comprising 6 exons and 2,158 nucleotides.
HOTAIR results from the transcription of the antisense strand of HoxC
gene, which is located between HoxC 11 and HoxC 12 on chromosome
location 12q13.13 (Chr12q13.13) [79]. HOTAIR acts as a cellular scaf-
fold and chromatin regulator by binding, with its 5’ terminal, the Poly-
comb Repressor Complex 2 (PRC2), and with its 3’ terminal, the lysine
specific demethylase 1/REST corepressor/RE-1 silencing transcription
factor (LSD1/CoREST/REST) complex [62, 79].

Alves et al. explored the characteristics of HOTAIR in the epithelial-
mesenchymal transition (EMT) and its function in the development and
management of cancer stem cells (CSCs). They discovered that HOTAIR
plays a critical role in the tumorigenic process by activating EMT and
acquiring stemness properties [80]. As a result, researchers can diagnose
the stage of cancer progression and predict the patient's chances of sur-
vival by measuring the level of HOTAIR expression.

Aberrant HOTAIR expression has been associated to cancer metastasis
and has been described as a negative prognosis factor. Expression of
HOTAIR in glioblastoma was reported to be substantially higher than
normal brain tissues and involved in cell proliferation, metastasis, and
invasion [81, 82, 83, 84].

Gupta et al. first found that the loss of HOTAIR decreases the invasive
properties of cancer cells, adding to the growing body of evidence that
HOTAIR plays a key role in a number of cancers, including glioblastoma
[85].

Wang et al. have shown that HOTAIR promotes malignancy-related
factors whereas miR-148-3p suppresses those malignant factors. They
demonstrated that miR-148-3P has a tumor suppressive role by down-
regulating the regulation of HOTAIR in glioma. Their data also showed
that miR-148-3p inhibits cell proliferation, blocks cell cycle regulation
and reduces cell invasion [86].

As per research, inhibition of HOTAIR expression provokes apoptotic
pathways. Pastori et al. showed that BET (Bromodomain and extra-
terminal) family protein BRD4 (Bromodomain containing 4) controls the
HOTAIR expression. In their study, they successfully demonstrated that
the treatment of GB cells with the BET bromodomain inhibitor I-BET151
reduced levels of HOTAIR expression and thus effectively downregulated
the proliferation of GB cells in vivo and in vitro. This suggests that BET
proteins may also directly control the regulation and expression of
HOTAIR [87].

Recently, Magalhaes et al. have demonstrated that HOTAIR is over-
expressed in glioblastoma. In their study, they found that the co-
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expression of HOTAIR and HOXA9 (Homeobox A9) occurs frequently
in glioblastoma condition that is regulated by the Phosphoinositide 3-ki-
nases (PI3K) signaling pathway via inhibition of EZH2 (enhancer of zeste
homolog 2)-mediated H3K27 trimethylation. In sum, they concluded that
HOXA9 was a novel direct regulator of HOTAIR and established HOTAIR
as an independent prognostic marker [88]. All of these findings suggest
that HOTAIR expression initiates and facilitates GB growth and devel-
opment via a variety of regulatory signals. However, the underlying
molecular mechanism of HOTAIR and its aberrant activation in glio-
blastoma are still awaiting additional studies to specifically identify their
regulatory roles.

3.3. HOXA11-AS (HOXA11 antisense RNA)

The homeobox (HOX) gene family is a strongly conserved homeo-
domain that allows HOX to contract with particular DNA regions and
govern gene transcription during the embryonic and tumorigenic
development. In humans, HOX genes are categorized into four different
clusters (A, B, C and D) which are clustered at four different chromosome
locations (7p15, 17921, 12q13 and 2q31, respectively) [89, 90]. There
are 39 HOX genes in the HOX gene family, based on their position within
the cluster and the homeobox sequence similarity they are assigned into
13 paralog groups. And each cluster contains 9 to 11 genes. There are
three IncRNAs (i) HOXA11-AS; (ii) HOX10-AS and (iii) HOXA, tran-
scribed from the 5’ region of the HOXA transcript [91]. To date, few
studies have documented interaction between HOXA11-AS and
glioblastoma.

Long non-coding RNA HOXA11-Antisense RNA (HOXA11-AS) is also
known as NCRNA00076, which was originally discovered in a mouse
embryonic cDNA library [92]. The HOXA11-AS is about 3,885 nucleo-
tides long and is mapped to the chromosome 7p15.2 locus [93].

HOXA11-AS was greatly overexpressed in surgically excised and also
in glioma cell lines, such as U251 and SHG44 relative to normal human
astrocytes. This elevated HOXA11-AS level suggests a low survival rate
and poor prognosis in glioma patients [94].

Wang et al. first defined the prognostic importance of HOXA11-AS in
gliomas. They found that the HOXA11-AS is closely associated with cell
cycle progression and facilitates cell proliferation [95]. In glioma cell
lines, overexpression of HOXA11-AS culminated in increased S-phase
rate, colony formation and expression of proteins needed for G1/S
transition for example cyclin D1, CDK2, CDK4, and cyclin E. In addition,
the up-regulation in HOXA11-AS expression reduced the expression of
cyclin-dependent kinase (CDK) inhibitors such as p16, p21, and p27 and
the expression of retinoblastoma (Rb) protein [96]. Furthermore,
HOXA11-AS also facilitates tumorigenesis by sponging miR-140-5p,
miR-124-3p and miR-214-3p [96-98]. Sun et al. found that
miR-124-3p mimics significantly suppressed expression of HOXA11-AS
in glioma cells, which resulted in increased proliferation, invasion and
decreased apoptosis in glioma cells [97].

C. Xu et al. recently discovered that HOXA11-AS acts as a ceRNA for
miR-214-3p, which specifically influences the enhancer of zeste 2 poly-
comb repressive complex 2 subunit (EZH2). In glioblastoma, expression
of EZH2 is significantly correlated with HOXA11-AS expression and
inversely associated with miR-214-3P expression. Their findings indi-
cated that HOXA11-AS knockdown prevented the proliferation, migra-
tion and invasion of glioma cells via targeting miR-214-3p axis [98].
Even so, the specific fundamental mechanism has not yet been eluci-
dated. Nonetheless, all the above studies and results propose that
HOXA11-AS may serve as a potential prognostic marker for the evalua-
tion of glioblastoma pathogenesis and also as a possible therapeutic
approach in the future.

3.4. NEAT-1 (Nuclear Enriched Abundant Transcript 1)

NEAT-1 (Nuclear Enriched Abundant Transcript 1) is an intranuclear,
4 kb long IncRNA, enriched in the nucleus and also present in cytoplasm
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of the cell. It is a crucial structural constituent for the development of
paraspeckles. Paraspeckles are located in the interchromatin region of
the nucleus and participates in gene regulation by a number of mecha-
nisms, such as mRNA retention, mRNA breakage and protein seizing
[99]. NEAT-1 is transcribed from the familial tumor syndrome multiple
endocrine neoplasia (MEN) type 1 location on chromosome 11q13.1,
which encodes the two most abundant isoforms; (i) NEAT1-S (short
NEAT1), 3735 base pairs (bp) long and (ii) NEAT1-L (long NEAT1), 22,
743 bp [100]. NEAT1-L is required for the development of paraspeckles.
Although its expression levels are much lower in most tissues relative to
other isoforms [101, 102, 103].

West et al. have shown that NEAT1 binds to various genomic sites in
cells, primarily near active transcription sites [104]. This postulated that
NEAT1 is a regulatory factor for several genes and signaling pathways.

Expression of NEAT1 was found to be elevated in several solid tumors,
including glioblastoma [105], osteosarcoma [106], colorectal cancer
[107] and many more, supporting NEAT1 as a potential prognostic
biomarker.

Zhen et al. discovered that NEAT1 was upregulated in glioma tissues.
Via the regulation of the miR-449b-5p/c-Met axis, NEAT1 acts as an
oncogene, facilitating cell proliferation, migration, and invasion while
also deregulating apoptotic activities [105].

In another study, the expression of NEAT1 and miR-let-7e were found
to be negatively correlated. NEAT1 was first discovered to be highly
expressed in glioma stem cells (GSCs) by Gong et al. MiR-let-7e expres-
sion, conversely, decreased in glioma tissues and GSCs. The findings
showed that NEAT1 knockdown or the restitution of miR-let-7e sup-
pressed the cellular proliferation, migration and invasion, promoted
apoptosis and dysregulated the malignant characteristics of GSCs [108].
Therefore, therapies that target the NEAT1/miR-let-7e/NRAS axis may
be a promising therapeutic approach for glioma treatment. MiR-92b has
also been shown to inhibit glioma cell apoptosis by downregulating the
expression of Dickkopf Homolog 3 (DKK3) [109]. Liu et al. discovered
that overexpression of NEAT1 prevents glioma cell proliferation and
stimulates apoptosis by downregulating miR-92b and then upregulating
DKK3, implying that the NEAT1/miR-92b/DKK3 axis may have been a
potential target in glioma [110]. Previous studies indicated that knock-
down of DKK3 expression facilitated the migration capabilities of glioma
cells [111] and that overexpression of DKK3 improved temozolomide
sensitivity in glioma [112]. However, it remains to be determined if
NEAT1 influences migration and chemosensitivity properties via the
miR-92b/DKK3 pathway.

Moreover, in another study it was found that NEAT1 enhanced
tumorigenesis and growth of glioma, partially via miR-152-3p and
chaperonin containing TCP1 subunit 6A (CCT6A) pathway. In this study,
the authors revealed that levels of NEAT1 and CCT6A were highly
expressed, but miR-152-3p was reduced and NEAT1 modulated the
CCT6A expression to accelerate the progression of glioma by sponging
miR-152-3p [113]. Conversely, they also discovered that overexpression
of miR-152-3p suppressed cell viability, migratory, and invasive abilities
whereas enhancing apoptotic mechanism in glioma cells (A172 and
U251) [113]. This demonstrated that NEAT1 interacted negatively with
miR-152-3p. The MiR-152-3p/CC6TA axis was thus represented as an
explicit target of NEAT1 and could provide beneficial approach for gli-
oma patients.

It was also found that NEAT1 could also be up-regulated by the
oncogenic epidermal growth factor receptor (EGFR) pathway, which
then promotes progression and invasion of GB cells by working as a
molecular scaffold for the recruitment of the histone modification
enzyme EZH2, leading to the stimulation of the Wnt/f-catenin cellular
pathway. Therefore, the EGFR/NEAT1/EZH2/-catenin axis is a key
player in the development and progression of glioma tumors [114].

Furthermore, Yang and colleagues hypothesized that NEAT1 is
essential for the stemness of GSCs to be preserved. In their study, they
discovered that NEAT1 increased expression of CDK6 via regulating miR-
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107 in the U87 cell line that ultimately mediated the cell cycle of GSCs
[115].

3.5. GAS5 (Growth arrest-specific 5)

A snoRNA host gene, growth arrest-specific 5 (GAS5), encodes the
IncRNA GASS. It belongs to the 5’ terminal oligopyrimidine (5'TOP) gene
family [116, 117]. GASS5 is a tumor suppressive gene, located at chro-
mosome location 1g25.11 and comprised of total 12 exons, which con-
stitutes a short ORFs that does not transcribe any protein [116]. GAS5
regulates proliferation, invasion and metastasis and apoptosis of cancer
cells which may have diagnostic and prognostic significance in a multi-
tude of interventional settings. GAS5 expression has been shown to be
downregulated in a variety of cancers, including glioblastoma [116, 118,
119].

Kino et al. found that GAS5 functions as a decoy for glucocorticoid
receptor (GR). They demonstrated that GAS5 attaches to the DNA-
binding domain of ligand activated GR via the decoy RNA glucocorti-
coid response element (GRE) and suppressed GR-mediated transcrip-
tional activity of endogenous glucocorticoid-responsive genes by
inhibiting binding of GRs to target genes [120].

GASS also functions as a ceRNA. And like every other IncRNA, it also
acts to sequester miRNAs. Zhao et al. reported that GAS5 would suppress
the tumor by down-regulating the miR-222-3p. The researchers discov-
ered that plasmid transfection of GAS5 increased the expression of the
tumor suppressor Bcl-2 modifying factor (bmf) and plexin C1 by specif-
ically targeting miR-222-3p and reducing its expression. Downregulated
miR-222-3p expression resulted in decreased proliferation and invasion,
and also promoted apoptosis in glioma [116]. MiR-196a-5p is another
GASS target. MiR-196a-5p is an oncogenic miRNA that promotes GSCs
proliferation, migration and invasion while suppressing apoptosis by
down-regulating the expression of Forkhead box protein O1 (FOXO1).
According to Zhao et al., up-regulation of FOXO1 intensified the
expression of the phophotyrosine interaction domain containing 1 (PID1)
and the migration and invasion inhibitory proteins (MIIP) which even-
tually resulted in the inhibition of GSCs tumorigenicity and development.
They also found that FOXO1 facilitates the transcriptional activity of
GASS5. Thus, forming a miR-196a-5p/FOXO01 positive regulatory feed-
back loop which inhibited GSCs proliferation, migration and invasion
and induces apoptosis [121]. In a recent study, Li et al. have investigated
the effects of GAS5 on the proliferation, migration, invasion and
apoptosis of glioma cell lines (U251 and U87) by targeting the expression
of glutathione-S-transferase M3 (GSTM3), a significant member of the
glutathione-S-transferase (GST) family. Their study discovered that GAS5
overexpression exerts tumor suppressive roles via downregulating the
expression of GSTM3 [122]. In addition, previous studies have also
shown that knockdown of GSTM3 expression affected the apoptosis
pathway and significantly inhibited the growth of cervical cancer cells
[123]. Therefore, this new finding of the GAS5/GSTM3 axis might
contribute in the advancement of alternative potential therapeutic tar-
gets for glioma. The detailed function of the GAS5 and GSTM3 regulatory
pathways and their underlying mechanisms, however, still required to be
addressed in a significant length.

All of the above studies thus concluded that considerably higher
GASS levels were linked to a relatively low risk of mortality, relapse, and
advancement rates in GB patients. Therefore, it could be used as a
prognostic marker for both survival and disease progression in GB.

3.6. CRNDE (Colorectal Neoplasia Differentially Expressed)

The CRNDE (Colorectal Neoplasia Differentially Expressed) gene ex-
presses multiple splice variants and exhibits tissue-specific expression. It
is located on chromosome location 16q12.2 and about 84,001 bp in
length [124]. CRNDE gene expression was initially identified as sub-
stantially higher in colorectal cancer [125, 126]. However, it is also



R. Chaudhary

found up-regulated in various other solid tumors, such as astrocytomas
and glioblastomas [127, 128]. A significant number of research have
exhibited that CRNDE works through multiple epigenetic mechanisms to
regulate cell differentiation and pluripotency [129]. By influencing
multiple target genes and signaling pathways, CRNDE, as an oncogene,
assists in a myriad of cancer-related cellular mechanisms, like cell
growth, invasion, and metastasis, triggers EMT, regulates the tumor's
immune microenvironment, and inhibits apoptosis. This aberrant up-
surge of CRNDE directs the poor prognosis and a lower survival rate. In
addition, an elevated level of CRNDE is also capable of making cancerous
cells particularly robust to multiple anti-cancer agents and sabotaging the
active chemotherapeutic strategies. A detailed overview of the specific
biological functions of CRNDE and its diverse molecular mechanisms in
cancers has been published by Lu et al. [130].

Zhang et al. analyzed microarray data of glioma samples and
confirmed that CRNDE was highly upregulated by up to 32-fold in glioma
tissues [131]. CRNDE function as an oncogene through the negative
regulation of miR-186 expression. Zheng et al. reported that the
expression of CRNDE was up-regulated whereas the expression of
miR-186 was downregulated in GSCs. Overexpression of CRNDE cur-
tailed the expression of XIAP (X-linked inhibitor of apoptosis protein)
and PAK7 (p21 protein (Cdc42/Rac)-activated kinase 7) by binding to
miR-186 and negatively regulating it [132]. Additionally, both miR-384
and miR-136-5p have been identified as potential CRNDE targets [129,
133]. In their study, Zheng et al. determined the expressions of CRNDE,
miR-384 and PIWIL4 (piwi like RNA-mediated gene silencing 4) in cell
lines and glioma tissues. CRNDE facilitates the development of malignant
gliomas by inhibiting the miR-384/PIWIL4/STAT3 signaling pathway. In
glioma cell lines, miR-384 has been shown to function as a tumor sup-
pressor by reducing the protein PIWIL4. Furthermore, they reported that
knockdown of CRNDE along with the overexpression of miR-384
contributed to suppression of tumors in vivo [129].

CRNDE may also function as a ceRNA, which can facilitate glioma
malignancy by mitigating the expression of Bcl-2 and Wnt2 from being
downregulated by miR-136-5p [133]. This represents an essential role of
the CRNDE/miR-136-5p/Bcl2/Wnt regulatory pathway in the progres-
sion and growth of glioma.

In another study, Wang et al. reported that upregulation of CRNDE is
also regulated via P70S6K facilitated mammalian Target of Rapamycin
(mTOR) signaling pathway. In their study, they blocked the mTOR
pathway with rapamycin, which reduced the rate of proliferation and
development of glioma cells. In addition, the expression of other cell
proliferation genes, including c-Myc and cyclin D1, has been down-
regulated in rapamycin treated cells, whereas tumor suppressor genes
such as PTEN (Phosphatase and tensin homolog) and p53 have been up-
regulated [134].

According to the National Center for Biotechnology Information
(NCBI), a total of five CRNDE transcript variants (TV1-5) with possibly
different functional roles have been identified [135]. Data suggest that
these different transcript isoforms might vary in expression levels and
functions in glioblastoma [136]. In preliminary studies of glioblastoma
specimens and cell lines, the expression levels of both transcript variants,
TV-1 and TV-5, were found strongly upregulated compared to normal
astrocytes. Conversely, transcript variants TV-2, TV-3 and TV-4 were
found to be expressed only in small amounts in both healthy and
cancerous brain tissues [135]. Kiang et al. further assessed the thera-
peutic significance of these CRNDE transcripts in glioblastoma through
the Kaplan-Meier survival test. Their preliminary results revealed that a
low TV-1:TV-5 ratio was correlated with a more resilient disease result,
suggesting that the oncogenic characteristics of TV-1 and TV-5 contradict
each other [135]. In that regard, this finding indicates a potential use of
CRNDE transcripts expression in predicting patient's survival outcomes.
Therefore, further investigation needed of these differentially expressed
CRNDE transcript isoforms, which may provide evidence on how it can
be used as potential prognostic markers in glioblastoma.
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3.7. HOTTIP (HOXA transcript at the Distal Tip)

The IncRNA HOTTIP (HOXA Transcript at the Distal Tip) is also
known as HOXA-AS6 and HOXA13-AS1. It is about 3,764 nucleotide
long, situated at the 5'end of the HOXA gene cluster on chromosome
location 7p15.2 [137]. A plethora of studies have revealed that HOTTIP
is associated with polycomb repressive complex 2 (PRC2) and
WDR5/MLL1 chromatin-modifying complexes and is directly binds to
WDRS5 (WD repeat domain 5). Thus, direct binding of HOTTIP with the
WDRS5 protein and the subsequent recruitment of the WDR5/MLL com-
plexes across HOXA locus leads to H3K4 methylation and initiation of
transcription of the HOXA gene [137]. HOTTIP exhibited tissue-specific
expression patterns in hepatocellular carcinoma (HCC) and Hirschsprun
(HSCR) disease. However, HOTTIP expression levels and their underly-
ing mechanism remain unclear in glioma tissues. Moreover, HOTTIP
functions as an independent biomarker in various types of cancers [93,
95, 138]. HOTTIP has been seen to play a significant role in a number of
conditions, such as differentiation, proliferation, cell-cycle transition and
invasion, and apoptosis. In high-grade glioma tissue samples and GB cell
lines, HOTTIP expression is significantly down-regulated [139]. Over-
expression of HOTTIP, on the other hand, prevents cell proliferation, cell
cycle progression, and apoptosis processes.

Brain and reproductive expression (BRE) gene (one of the BRCA1-A
complex subunits) is expressed in various types of tissues, such as
brain, testis, ovary, adrenal glands and kidneys [140]. It is strongly
expressed in the nervous and reproductive systems. And it also modulates
the activity of various hormones and cytokines in response to stress, cell
survival and in cancer-like pathologies [141]. Overexpression of BRE
stimulates cell growth and attenuates apoptotic cell death [142]. Xu et al.
showed that HOTTIP act as a tumor suppressor in glioma cells in vivo and
in vitro. Mechanistic study has shown that overexpression of HOTTIP
inhibited the expression of CDK2 and cyclin A proteins and subsequent
enhancement via downregulation of BRE gene [139].

In another study, Zhang et al. showed a significant association be-
tween HOTTIP and hypoxia inducible factor 1-a (HIF-la) in glioma
metastasis and poor prognosis. They found that in hypoxia-treated gli-
oma cells HOTTIP is significantly up-regulated leading to EMT and gli-
oma metastasis through modulation of miR-101/ZEB1 (zinc finger E box
binding homeobox 1) axis. Furthermore, they found that decreased
HOTTIP levels inhibited hypoxia-induced ZEB1 expression in glioma
[143].

3.8. SOX20T (SOX2 Overlapping Transcript)

LncRNA SOX20T (SOX2 Overlapping Transcript) is mapped to the
chromosome 3q26.3 locus in humans, contains at least eight transcript
variants and is abundantly expressed in embryonic stem cells [144, 145].
SOX2 is embedded in the intronic region of the SOX20T [146]. The
SOX20T gene is comprised of ten exons and more than two transcription
start sites that exhibited complicated transcriptional activities. Some
SOX20T transcript variants are related to cancer and stem cell related
pathways [147]. SOX20T is a transcription factor that is essential for the
development and maintenance of the pluripotency of CSCs [148]. Recent
research has shown that SOX20T is up- or down-regulated in different
cancer cell lines and tissues, affecting the development and growth of
tumors. Dysregulation of SOX20T is seen in a multitude of cancers,
including glioblastoma, osteosarcoma, lung cancer, breast cancer, gastric
cancer, and many others, where it typically act as an oncogene and likely
as a tumor suppressor [149]. SOX20T regulates the expression of SOX2
to influence glioblastoma cell proliferation, migration and invasion in
addition to the expression of some CSCs markers, like miR-194-5p,
miR-122, SOX-3, TDGF1 (teratocarcinoma-derived growth factor 1),
JAK/STAT (Janus kinase-signal transducer and activator of transcrip-
tion), NSPcl (nervous system polycomb 1), CDK2, INCENP (Inner
centromere protein), GNL3L (G Protein Nucleolar 3 Like), SMC-4
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(Structural maintenance of chromosomes protein 4), CDK2AP2 (cyclin
dependent kinase 2 associated protein 2) [150-152].

Su et al. reported that silencing of SOX20T increased miR194-5p and
miR-122 expression, reduced SOX3 expression and decreased TDGF-1
expression, and also inhibited the JAK/STAT signaling pathway. It
consequently prevented GSCs from proliferation, migration, and inva-
sion, as well as prompted the death of GSCs [150]. This suggested that
the SOX20T/miR-194-5p/miR-122/SOX3/TDGF-1 pathway establishes
a positive feedback loop that regulates the biological activities of GSCs.

Saghaeian et al. have also validated that knockdown of SOX20T has
an effect on cellular proliferation and growth processes. Particularly,
SOX20T controls the expression of cell cycle and activity of mitotic
regulatory genes, such as CDK2, CDK2AP2, and ACTR3 (actin related
protein 3), as well as the chromosome structure of certain genes like
INCENP (inner centromere protein), GNL3L (guanine nucleotide-binding
protein-like 3) and SMC4 (structural maintenance of chromosomes pro-
tein 4). Altogether, the findings revealed that knockdown of SOX20T can
significantly alter the gene expression of cancer cell lines targeting the
cell cycle proliferation and cytoskeleton-related genes [152]. These re-
sults indicate that SOX20T is a possible diagnostic and prognostic pre-
diction marker for glioblastoma. However, its chemical stability and
expression in body fluids are not clear. Therefore, additional study is
warranted before it can be used as a viable prognostic marker.

3.9. XIST (X — Inactive Specific Target)

The IncRNA XIST (X — Inactive Specific Target) is a key modulator for
the X-chromosome inactivation (XCI) process in mammals during em-
bryonic development. XCI mechanism ensures dosage compensation
between male (XY) and female (XX) individuals by random inactivation
of one of the X-chromosomes [153, 154]. Long non-coding RNA XIST is
transcribed from the XIST gene, located on the chromosome location
Xq13 [155]. It plays a critical role in cell differentiation, proliferation and
genomic maintenance. Several studies have shown that the IncRNA XIST
is up-regulated in glioma tissues and GSCs, and that it facilitates
tumorigenicity and angiogenesis processes [156].

Yao et al. have demonstrated that expression of XIST has been up-
regulated in glioma tissues and GSCs. They observed that suppression
of XIST had tumor-suppressive properties. Furthermore, a reciprocal
suppression feedback loop between miR-152 and XIST was discovered by
mechanistic analysis. They confirmed that the repression of XIST
expression prevented the GSCs proliferation, migration and invasion and
prompted apoptosis via the up-regulation of miR-152 [157].

Wang et al. further reported that XIST was an oncogenic IncRNA that
facilitated glioma tumorigenesis by up-regulating the expression of miR-
137 targeted gene Racl (ras-related C3 botulinum toxin substrate 1). In
addition, overexpression of miR-137 or inhibition of Rac1 has been found
to prevent the rate of proliferation, migration and invasion of glioma cells
[156].

In another study, Peng et al. demonstrated that XIST/miR-29c regu-
lates the chemo-resistance activities of glioma cells to temozolomide by
regulating the function of DNA repair protein O6-methylguanine-DNA
methyltransferase and transcription factor specificity protein 1 (SP1)
expression. Moreover, they found that knocking down XIST alone was
enough to inhibit glioma cell proliferation and improve temozolomide-
mediated cell proliferation inhibition [158].

Recently, Luo et al. ascertained that XIST up-regulates proliferation
and migration of glioma cells by regulating the miR-133a/SOX4 axis.
They observed negative regulation between XIST and miR-133a in gli-
oma cell lines. Their study reported that overexpression of miR-133a
prevented glioma cell proliferation, metastasis and EMT by reducing
the expression of SOX4 [159]. Consistently, other miRNAs, such as
miR-429 [160], miR-210 [161], miR-92b [162] and miR-204-5p [163]
may also modulates the expression of XIST in gliomas.

These findings have shown that XIST acts as an oncogene in glioma
tumorigenesis; however, the concrete cellular mechanisms are still not
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quite clear. Therefore, in glioblastoma research, more consideration
should be given to the XIST-miRNA axis.

3.10. CASC2 (Cancer Susceptibility Candidate 2)

LncRNA CASC2 (Cancer Susceptibility Candidate 2; formerly
C10o0rf5) is first transcribed from an allelic loss region at chromosome
location 10g26.11 in endometrial cancer [164]. Genomic and cDNA
sequence analysis inferred the occurrence of three alternatively spliced
CASC2 transcripts, CASC2a, CASC2b and CASC2c. Despite the fact that
they all originate from CASC2, they only share the first three exons but
comprised of different downstream exons [164]. In multiple cancers, the
IncRNA CASC2a acted as a tumor suppressor [165], including in glioma
[166] and inhibited proliferation, migration and invasion as well as the
development of the cellular colonies. Conversely, CASC2c functions as an
oncogenic RNA. In glioblastoma, expression of CASC2c was found
upregulated and promotes tumorigenesis [167].

Wang et al. confirmed that overexpression of CASC2a suppressed the
glioma cells malignancy, including proliferation, migration and invasion
and mediated apoptosis via negative regulation of miR-21. They stated
that miR-21 act as an oncogene in glioma cells. It was also discovered that
CASC2 and miR-21 had a reciprocal suppression in an argonaute 2-
dependent manner [166]. Liao et al. have also showed that CASC2
negatively regulates glioma. Their data indicate that overexpression of
CASC2 could sensitize temozolomide by up-regulating PTEN protein and
down-regulating p-AKT protein via miR-181a regulation, while knock-
down of CASC2 has had opposite effects [168]. In another study, Liu et al.
used a miR-101 sponge, which act as a decoy, to demonstrate that a high
degree of CASC2c was positively associated with astrocytoma tumori-
genesis. Their study confirmed that CASC2c is regulated directly by
miR-101. Thus, knockdown of CASC2c negatively regulates the expres-
sion of miR-101 [167]. This suggested that miR-101 would act as a tumor
suppressor. Therefore, combination of CASC2 and miR-101 represents a
novel approach for the prognosis and treatment strategies.

Wnt/p-catenin signaling pathway is a highly conserved pathway that
has been reported to be aberrantly activated in glioblastoma due to the
accumulation of different mutations and/or deregulation of several
proteins [169]. Activation of Wnt signaling in tumors is associated with
perturbations of key components of this pathway, such as p-catenin, APC,
and TCF-4 (Transcription factor 4) [170]. In a recent study, it was
exhibited that overexpression of CASC2 extensively repressed the rate of
proliferation, migration, and invasion of glioma cells by suppressing the
Wnt/p-catenin signaling pathway. Thus, in order to investigate the
interaction between Wnt/p-catenin pathway and CASC2, authors
measured the mRNA level of p-catenin, cyclin D1 and c-Myc in glioma
tissues and found that their levels were elevated relative to adjacent
normal brain tissue. This indicated a reciprocal relationship between the
CASC2 and Wnt/B-catenin pathway. Furthermore, they stated that the
overexpression of CASC2 reduced nuclear p-catenin levels and its
downstream targets [171]. By using the Cox regression analysis, they also
reported that CASC2 could be reflected as an independent indicator of
poor prognosis [171]. Taken together, this implies that CASC2 may
possibly assist as an effective diagnostic marker as well as a promising
therapeutic target in glioblastoma.

To assess the function of CASC2 in chemo-resistant glioma cells, Jiang
et al. have established two temozolomide-resistant glioma cell lines
(U257TR and U87TR). After treatment of glioma cells with temozolo-
mide, the expression levels of CASC2, miR-193a-5p and mTOR were
assessed. Their results revealed that CASC2 negatively controls miR-
193a-5p expression through direct interaction in glioma cells [172]. In-
hibition of miR-193a-5p or overexpression of CASC2 made glioma cells
sensitive to temozolomide treatment by reducing autophagy via regu-
lating mTOR expression. In addition, they found that the reduction of
autophagy was due to the miR-193a-5p which directly binds to the 3’
untranslated region (UTR) of the mTOR and inhibited its expression
[172]. Taken together, they came to the conclusion that restricting
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autophagy might help to improve the efficiency of temozolomide. This
suggests that the combination of autophagy inhibitor and temozolomide
drug can advance the prognosis of cancer patients and might be helpful in
the management of glioblastoma patients who are resistant to temozo-
lomide therapy.

3.11. H19 (H19 Imprinted Maternally Expressed Transcript)

H19 (H19 Imprinted Maternally Expressed Transcript) is a paternally
imprinted gene, located on chromosome 11p15.5 in humans and on
chromosome 7 in the mouse and is only transcribed from the maternally
inherited allele [173]. The H19 gene constructs a 2.3 kb of spliced,
capped and polyadenylated IncRNA. It also directs the expression of
several genes within the imprinted gene network (IGN) and plays a
notable role in embryonic development [58]. Several studies have re-
ported up-regulation of H19 levels in various cancer tissue samples and
cell lines, including glioblastoma. In addition, functional studies have
verified that H19 could potentially serve as an oncogenic IncRNA [127,
174]. Mechanistically, the overexpression of H19 promotes cancer by
triggering autophagy, inhibiting apoptosis, and enhancing EMT process,
which in turn facilitates invasion, angiogenesis and other invasive
properties of cancer cells [175, 176, 177].

Barsyte — Lovejoy et al. have first demonstrated that the product of
MYC oncogene, c-Myc targets the expression of H19 in an allele-specific
manner, thereby potentiating glioma tumorigenesis. This suggests that
the c-Myc activation of the H19 gene plays a critical role in the trans-
formation process [178]. Furthermore, H19 also acts as a precursor of
miRNA and modulates the progression of glioma by generating miR-675.
MiR-675/H19 regulates proliferation and migration of glioma cells via
CDK6 and promotes glioma cell invasion by targeting the expression of
cancer — associated cadherin 13 (CDH13), a particular target of miR-675
[175,179]. Various other miRNAs, such as miR-152 [180], miR-29a
[181], miR-140 [182], miR-130a-3p [183], miR-326 [184] and
miR-200a [185] were also shown to regulate the expression of H19 in
glioma tumorigenesis.

Recently, according to Barbara et al. expression of H19 is inversely
related to NKD1 (naked cuticle homolog 1), a negative regulator of the
Wnt pathway, indicating that H19 may regulate the transcription of
NKD1 via EZH2 - induced H3K27 trimethylation of its promoter.
Moreover, it has also been showed that the knockdown of H19 impaired
the H19 binding to EZH2 and EZH2 binding to NKD1 and other pro-
moters in glioblastoma cells [186].

Furthermore, Li W et al. stated that H19 overexpression could also
maintain the stemness properties of GB cells. CSC markers including
CD133, Oct4 (octamer-binding transcription factor 4), NANOG (Nanog
homeobox) and SOX2 were found to be substantially down-regulated in
H19 deficient cells [187]. This was further validated by Jiang et al. who
showed that the concentration of H19 was extensively higher in
CD133-positive GB cells, and that increased expression of H19 facilitated
invasion, migration, angiogenesis and stemness of GB cells [188].

3.12. TUGI (Taurine Upregulated Gene 1)

Taurine Upregulated Gene 1 (TUG1), with a length of 7,598 nucleo-
tides, is located at chromosome location 22q12.2 [189]. TUG1 was first
acknowledged as a transcript regulated by taurine in mouse retinal cells,
where it participates in retinal growth and photoreceptor formation
[190]. Recent studies have shown that TUG1 can regulate the expression
of genes through a number of mechanisms, such as by functioning as a
miRNA sponge and via interacting with the PRC2 or the PRC1. The
binding of TUG1 to PRC2 results in epigenetic silencing [191, 192].
TUGL has also been reported to act as ceRNA to target miRNAs, thereby
inhibiting their biological functions [193, 194, 195]. In GB tissues, TUG1
is ubiquitously expressed than in healthy brain tissues [196].

Keisuke et al. revealed that activation of Notch 1 signaling in GSCs
explicitly stimulates the expression of TUG1. TUGI initially maintains
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the tumorigenic and stemness characteristics of GSCs via sponging of
miR-145 in the cytoplasm, maintaining stemness associated genes such as
SOX2 and Myc, and by recruiting PRC2 to suppress differentiation genes
by methylation of histone H32K7 via YY1 (Yin Yang 1) binding activity.
This study emphasizes the important roles of the Notch/TUG1 axis in the
regulation of the self-renewal of glioma cells [197].

Li et al. revealed that TUG1 regulated the apoptosis of glioma cells by
up-regulating PTEN, partly sponging miR-26a leading to proliferation
and promotion of apoptosis. It was found that TUG1 acts as a tumor
suppressor in glioma cells, and that decreased TUG1 expression is linked
to miR-26a up-regulation [196]. This was further confirmed by another
study which showed that up-regulation of TUG1 prompts apoptosis of
glioma cells by triggering caspase-3 and 9 mediated anti-apoptotic
pathway, acting as a tumor suppressor in glioma cells [198]. In addi-
tion, serving as ceRNA for miR-144 in gastric epithelial cells (GECs) and
miR-299 in GSCs, TUGI is also able to modulate blood tumor barrier
(BTB) and enhance glioma-induced angiogenesis, respectively [193,
199]. Cai et al. showed that knockdown of TUG1 expression decreased
the expression of tight endothelial junction proteins via down-regulating
heat shock transcription factor 2 (HSF2), and promoting therapeutic
agents BTB permeability. Therefore, there may be a possible role of TUG1
in BTB function and in glioma therapy [193].

3.13. ZFAS1 (Zinc finger nuclear transcription factor, X-box binding 1-
type containing 1 antisense RNA 1)

The ZFAS1 (Zinc finger nuclear transcription factor, X-box binding 1-
type containing 1 antisense RNA 1) gene is located on chromosome
location 20q13.13 and is transcribed from the antisense strand near the
5’ terminal of the protein-encoding gene ZNFX1 (Zinc Finger NFX1-Type
Containing 1) and the hosts three C/D box snoRNAs (Snord 12, -12b and
-12¢) [200]. It was originally identified in the mammary gland as a
regulator of epithelial cell differentiation and alveolar growth [200].
Previous findings have shown that ZFAS1 has been overexpressed in
various cancers and acts as a cancerous oncogene, including in glioma,
ovarian cancer, gastric cancer, colorectal cancer, melanoma and in many
more [201, 202, 203, 204]. However, Lee et al. observed a
down-expression of ZFAS1 in HER-2 (human epidermal growth factor
receptor 2) positive breast cancer cells. According to Fan et al., over-
expression of ZFAS1 significantly repressed the proliferation, migration
and invasion [205].

ZFAS1 was shown to be up-regulated in glioma tissues and cell lines.
Gao et al. stated that ZFAS1 exhibited an oncogenic role in the growth of
glioma by regulating the EMT process and Notch signaling pathways.
They also discovered that knocking down ZFAS1 in glioma cells blocked
EMT and notch signaling, as well as cell proliferation, migration, and
invasion [206]. The EMT process has been shown to play a potential role
in the cancer metastasis [207]. Lv et al. have confirmed that the
expression of ZFAS1 promotes EMT process. In their study, it was
discovered that knocking down ZFAS1 reduced the expression of MMP2,
MMP9, N-cadherin, Integrin pl, ZEB1, and markedly up-regulated the
level of E-cadherin in glioma cells [208]. Moreover, Notch is the induc-
tion signal of EMT and the chief regulator of GSCs [209]. Upon activation
by binding to the ligands, Notch produces an active fragment, termed
Notch intracellular fragment (NIC), which translocate to the nucleus to
replace the repressor and to recruit co-activators. Many genes which are
involved in survival and differentiation activities, for example cyclin D1,
Hes and c-Myc are then activated [210]. By means of activating the notch
signaling pathway, ZFAS1 facilitates EMT of glioma cells.

The levels of the proteolipid protein 2 (PLP2) have also increased in
glioma tissues and cell lines. It has also been implicated in the growth of
various tumors [211, 212, 213]. PLP2 is an endoplasmic reticulum
omentum protein with four membrane-spanning domains that are pre-
sent mainly on the surface of the cells [214]. Li et al. reported that ZFAS1
functions as a sponge of miR-150-5p to regulate PLP2 and promotes the
progression of glioma both in vivo and in vitro [215]. In sum, all of these
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findings suggested that ZFAS1 could serve as a useful marker and
possible treatment option for glioblastoma. However, limited amount of
research has been conducted on the detailed mechanism of ZFAS1 in
glioma development.

4. Concluding remarks

Glioblastoma remains one of the most aggressive primary brain tu-
mors, despite advancements in radiotherapy, chemotherapy, and surgical
treatments. Finding both new therapeutic targets and prognostic bio-
markers could supplement to unravel the mystery of glioblastoma
mechanism at the molecular level. Previously considered “junk se-
quences” in human genomes, IncRNAs have now been shown to be an
important cellular regulatory network for various types of cancers,
including glioblastoma. A significant proportion of IncRNAs have been
identified with dysregulated gene expression and imbalanced biological
processes, including proliferation, metastasis, migration, invasion,
angiogenesis, stemness and EMT in all facets of GB cells. LncRNAs are
likely to allow researchers to discover molecular signatures that help to
fine-tune prognosis and discern between from one type of cancer to
another. Focusing on lineage and disease-specific IncRNAs appears to be
the best approach for investigating possible biomarkers or therapeutic
targets. Since IncRNAs are often expressed at lower levels than protein-
coding genes, it is critical to find certain candidates that can be easily
identified. Thus, it appears that expression levels are also a pivotal factor
in the production of IncRNA-based therapeutics and diagnostics. How-
ever, only a hand full of IncRNAs was identified in glioblastoma research
so far, and our understanding of the domain of IncRNA biology is still
limited and lacks understanding of the dynamic mechanism of these
regulatory molecules. It is also inappropriate to use IncRNAs for diag-
nostic or therapeutic purposes without a thorough understanding of their
functions. A significant number of studies and basic experimental work
are therefore needed to fully assess their potential in cancer biology.
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