ONCOLOGY LETTERS 20: 83, 2020

Roles of long non-coding RNAs in the
hallmarks of glioma (Review)

BING-ZHOU XUE*, WEI XIANG*, QING ZHANG, YI-HAO WANG, HAO-FEI WANG,
DONG-YE YI, NAN-XTANG XIONG, XTAO-BING JIANG, HONG-YANG ZHAO and PENG FU

Department of Neurosurgery, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan, Hubei 430022, PR. China

Received October 25,2019; Accepted June 8, 2020

DOI: 10.3892/01.2020.11944

Abstract. Glioma is one of the most common types of tumor
of the central nervous system. Due to the aggressiveness
and invasiveness of high-level gliomas, the survival time of
patients with these tumors is short, at ~15 months, even after
combined treatment with surgery, radiotherapy and/or chemo-
therapy. Recently, a number of studies have demonstrated that
long non-coding RNA (IncRNAs) serve crucial roles in the
multistep development of human gliomas. Gliomas acquire
numerous biological abilities during multistep development
that collectively constitute the hallmarks of glioma. Thus,
in this review, the roles of IncRNAs associated with glioma
hallmarks and the current and future prospects for their devel-
opment are summarized.
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1. Introduction

Hallmarks of glioma. The eight hallmarks of cancer are also
hallmarks of gliomas (1) and are as follows: i) Maintenance
of growth signals; ii) resistance to growth inhibition signals;
iii) resistance to apoptosis; iv) ability to replicate indefinitely;
V) angiogenesis; vi) invasion; vii) reprogramming of energy
metabolism; and viii) evading immune cell attack (1,2). In
addition to these eight hallmarks, the tumor microenvironment
(TME) is another feature of gliomas (1-3). The composition
and role of the TME have been extensively studied, and it
has been demonstrated that the TME serves an important
role when tumors acquire the aforementioned hallmarks
during tumor progression (1-3). The blood-brain barrier
(BBB) provides the brain with immune resistance through
physical protection (3,4). Although gliomas usually change the
basal lamina of their internal blood vessels and destroy the
endothelial barrier, which increases endothelial permeability
through the high expression of vascular endothelial growth
factor (VEGF) (5-8), the BBB serves a specific role in immune
resistance in the early stage of glioma (5-8); thus, the TME in
gliomas is different from that in other parts of the body.

Functions of IncRNAs in cancer. Only ~2% of the genes in
the human genome encode proteins, whereas the remainder
constitute non-coding RNAs (ncRNAs) (9,10). ncRNAs can
be divided into two types: Long ncRNAs (IncRNAs, >200 nt)
and short nc RNAs (<200 nt) (11). IncRNAs account for ~80%
of all ncRNAs (12) and can be divided into three categories
according to their function: i) Functional IncRNAs, which
function through their own sequences; ii) non-functional
IncRNAs; and iii) IncRNAs that affect transcription inde-
pendently of their sequence (13,14). The human genome
encodes ~28,000 distinct IncRNAs, a number of which remain
to be explored (15). IncRNAs have been demonstrated to
serve important roles in the development of cancer, as the
expression of a number of IncRNAs is abnormal in various
cancer types (16-18). IncRNAs can be involved in cell cycle
changes, escape from apoptosis and invasion, and can cause
various types of cancer, such as glioma, and lung, liver, breast,
colorectal, ovarian and prostate cancer (12,19-22). In addition,
maternally expressed 3 (MEG?3), a class of tumor suppressor
IncRNA, was the first IncRNA group discovered to possess
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tumor suppressor functions (22). In conclusion, the roles of
IncRNAs in cancer are complex and diverse.

2. Roles of IncRNAs in the hallmarks of glioma

Increasing numbers of studies have demonstrated that IncRNAs
serve important roles in the hallmarks of glioma (23-25).
IncRNAs promote or inhibit the development of glioma
through a variety of pathways; IncRNAs serve a number of
roles, and multiple IncRNAs are involved in the hallmarks of
glioma (Table I; Fig. 1), which are described in this section.

Roles of IncRNAs in the maintenance of growth signals.
The expression of the IncRNA X-inactive specific transcript
(XIST) is increased in glioma compared with that in normal
controls, and XIST can directly bind microRNA (miR)-29¢
to inhibit its expression (23,24). In glioma, the XIST/miR-29c
axis induces an increase in the protein levels of MutS
Homolog 6, transcription factor specificity protein 1 and O
-methylguanine-DNA methyltransferase through mutations in
the mismatch repair pathway, which promotes cell prolifera-
tion and reduces the temozolomide (TMZ)-induced inhibition
of cell proliferation (23). XIST also promotes angiogenesis in
glioma by targeting miR-137 (24).

The IncRNA HOXD cluster antisense RNA 1
(HOXD-ASI) acts as a miR-204 sponge to promote the
proliferation, migration and invasion of glioma cells, and to
confer cisplatin resistance (25). miR-204 directly inhibits
the expression of its target oncogenes high-mobility group
box-1 and RAB22A, a member of the Ras oncogene family,
in various malignancies, such as glioma, cervical cancer
and breast cancer (25).

In glioma, the expression of the IncRNA colon
cancer-associated transcript-1 (CCAT1) is increased, whereas
the expression of miR-181b is decreased compared with that in
normal brain tissues from patients with cerebral trauma (26).
Additionally, studies have demonstrated that the expression
of these two RNAs is negatively correlated in glioma, and
that miR-181b inhibits the expression of fibroblast growth
factor receptor 3 (FGFR3) and platelet-derived growth factor
receptor (PDGFR) by directly binding to the 3'-untranslated
regions (UTRs) of these genes (26). Thus, CCAT1 may be a
competitive endogenous RNA (ceRNA) of miR-181b, which
increases the expression of FGFR3 and PDGFR by regulating
miR-181b, thus increasing cell proliferation (26).

In glioma, the expression of the IncRNA LOC728196 is
increased, whereas the expression of miR-513c¢ is decreased
compared with adjacent normal tissues, demonstrating a nega-
tive correlation, and high expression of LOC728196 increases
the proliferation of glioma cells (27). A previous study has also
demonstrated that LOC728196 reduces the targeted inhibition
of transcription factor 7 (TCF7) by binding to miR-513c (27).
TCF7 is involved in the Wnt/B-catenin signaling pathway to
leads to excessive activation of the pathway, which leads to the
development of malignant tumors (28,29).

Another study demonstrated that cell proliferation is inhib-
ited in glioma U87 cells following small nucleolar RNA host
gene (SNHG)20-knockdown; in addition, a decrease in the
levels of cyclin Al and an increase in the levels of p21 were
observed in U87 cells of SNHG20 siRNA group compared

with the NC siRNA group (30). Overall, XIST, HOXD-ASI,
CCATI1, LOC728196 and SNHG20 increased expression in
glioma compared with normal brain tissue or brain tissue adja-
cent to the tumor and promoted the maintenance of growth
signals.

Roles of IncRNAs in resistance to growth inhibition signals.
The IncRNA placenta-specific protein 2 (PLAC2) is expressed
at lower levels in glioma compared with those in normal brain
tissue (31). The study also has demonstrated that PLAC?2 binds
to STAT1 and inhibits the expression of the ribosomal protein
L36 by binding to its promoter in the nucleus (31). In addi-
tion, cytoplasmic PLAC2 inhibits the nuclear translocation of
STATI1 and inhibits cell proliferation (31).

The IncRNA PTEN pseudogene 1 (PTENPI) is a tumor
suppressor, the expression of which is decreased in glioma; its
overexpression inhibits cell proliferation and invasion, which may
be achieved by promoting the expression of p21 and inhibiting
the p38 mitogen-activated protein kinase (MAPK) pathway (32).

The expression of the IncRNA homeobox All antisense
(HOXAI11-AS) in glioma tissues and cells, which has been
demonstrated to be significantly increased compared with
normal brain tissue (33), promotes proliferation by upregu-
lating cyclin-dependent kinase 2/4, cyclin D1 and cyclin E, and
promotes the downregulation of pl6, p21, p27 and retinoblas-
toma tumor suppressor protein (33).

Prostate cancer-upregulated IncRNA 1 (PIncRNA-1)
promotes cancer progression by regulating androgen receptors
and activating transforming growth factor-f1 (34-36). Recent
a study reported that PIncRNA-1 is significantly upregu-
lated in glioma and indicates a poor survival prognosis (37).
PIncRNA-1 has also been demonstrated to promote the
proliferation and invasiveness of glioma, which is achieved
by upregulating the notch pathway-related proteins Notch-1,
Jagged-1 and Hes family bhlh transcription factor 1 (37).

ThelncRNA ADAMTS9-antisense RNA2(ADAMTS9-AS2)
is a tumor suppressor that inhibits the migration of glioma cells
and is negatively regulated by DNA methyltransferase-1, which
results in its decreased expression in glioma (38).

The IncRNA cancer susceptibility 2 (CASC2) exerts tumor
inhibitory effects and is significantly decreased in glioma
compared with normal brain tissue (39). CASC2 can directly
bind miR-181a to upregulate PTEN, inhibit tumor proliferation
and increase the sensitivity of glioma cells to TMZ (39).

In summary, PLAC2, PTENP1, ADAMTS9-AS2 and
CASC?2 inhibits resistance to growth inhibition signals
and are decreased in glioma. Increased HOXA11-AS and
PIncRNA-1 expression in glioma and promotes resistance to
growth inhibition signals.

Roles of IncRNAs in the resistance to apoptosis. In glioma,
the expression of IncRNA antisense non-coding RNA in
the INK4 locus (ANRIL) is negatively associated with the
expression of the anticancer gene miR-203a (40). Studies
have demonstrated that ANRIL promotes carcinogenesis by
affecting the expression of miR-203a, and that knockdown of
ANRIL inhibits twist-related protein 1 and c-jun transcrip-
tion by inhibiting the phosphorylation of the AKT signaling
pathway components, which promotes apoptosis (40-42).
c-myc is an oncogene that inhibits the expression of p21 (40);
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Table I. Continued.
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l

MAPKAPKS5-AS1
HCG18

(83)

1, increased expression; |, decreased expression; +, promoting effect; -, inhibitory effect; IncRNA, long non-coding RNA.

p21 is a tumor suppressor gene that can promote stagnation of
the tumor cell cycle and inhibit the expression of bcl-2 (41,42),
an anti-apoptotic gene that inhibits apoptosis by inhibiting the
activity of apoptosis-related caspase proteins (43). A number
of studies have reported that ANRIL can inhibit the expres-
sion of c-myc, thereby promoting cell cycle arrest in tumor
cells and increasing caspase-3/8/9 activity, which promotes
apoptosis (40-44).

The IncRNAs SNHG3/6/16/20 are primarily expressed in
the nucleus and are increased in glioma compared with normal
brain tissue (45-50). SNHG3 recruits enhancer of zeste homo-
logue 2 (EZH?2) to the promoter region of Kruppel-like factor 2
(KLF2) and p21 through sponging EZH2 (45). EZH2 binds to
the KLF2 and p21 promoters to inhibit their expression (45,46),
which inhibits apoptosis and increases cell proliferation (47). In
transfected normal astrocytes with an SNHG6 overexpression
vector, the development of malignant phenotypes is observed,
which indicates that SNHG6 induces the transformation of cells
with a normal phenotype to those with a malignant phenotype.
In addition, knockdown of SNHG6 promotes cell proliferation
by enhancing the mRNA and protein levels of p21 in glioma
cells compared with negative control-transfected glioma
cells (48). Additionally, in SNHG6-knockdown glioma cells,
the apoptosis-related proteins caspase-3 and caspase-9 are
activated, promoting apoptosis (48). SNHG16 upregulates the
expression of protein arginine methyltransferase 5 (PRMTS)
through sponging miR-4518 to promote the relevant functions of
PRMTS in glioma (49). In addition, SNHG16 inhibits apoptosis
by regulating the expression of p21, bcl-2 and the components
of the PI3K/AKT pathway (49). In SNHG20-knockout glioma
cells, inhibition of the PTEN/PI3K/AKT signaling pathway
and increased apoptosis were observed compared with negative
control-transfected glioma cells, suggesting that SNHG20 may
regulate apoptosis through the PTEN/PI3K/AKT signaling
pathway (50).

The IncRNA taurine upregulated 1 (TUGI) is a tumor-
inhibiting IncRNA, the expression of which is decreased
in glioma. TUGI activates caspase-3/9 and inhibits the
bcl-2-mediated anti-apoptosis pathway to promote apoptosis
in glioma cells (51). Notably, another study has reported that
TUGTI is upregulated in glioblastoma, that it induces the
expression of vascular endothelial growth factor A (VEGFA)
and that it promotes tumor angiogenesis through sponging
miR-299 (52).

In glioma, the expression of IncRNA CASC7 is signifi-
cantly decreased compared with normal brain tissues (53).
A previous study demonstrated that CASC7 inhibits glioma
progression, promotes apoptosis and inhibits cell proliferation
by inactivating the Wnt/B-catenin signaling pathway (53).
Additionally, increased caspase-3 activity was also observed
in glioma cell lines that overexpressed CASC7 (53).

The expression of the IncRNA gastric carcinoma prolifera-
tion enhancing transcript 1 (GHET]) is increased in glioma
compared with normal brain tissues, and may inhibit apoptosis
by downregulating the Numb protein, which in turn downreg-
ulates p53 and upregulates matrix metalloproteinase 2/9 (54).

The expression of the IncRNA urothelial cancer-associated
1 (UCAD) is increased in glioma compared with normal brain
tissues, where it inhibits miR-182 expression (55). Notably,
apoptosis-stimulating protein inhibitor of p53 (iASPP) and its
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Figure 1. IncRNAs with different glioma hallmarks. IncRNAs with different glioma hallmarks have been reported. A number of these RNAs have been
reported to have multiple glioma hallmarks, such as H19 and CCAT1. XIST and PLAC?2 have been reported only one hallmark function. Others have been
reported in other tumors and may serve a role in gliomas, such as MALAT1 and FOXD2-ASI.

3'-UTR are inhibited by binding miR-182; thus, UCA1 may
increase the expression of iASPP and inhibit apoptosis (55).
In summary, ANRIL, SNHG3/6/16/20 and GHET1 increased
expression in glioma compared with normal brain tissue and
promoted the resistance to apoptosis. TUGI and CASC7
decreased expression in glioma and promoted apoptosis.

Roles of IncRNAs in indefinite replication. Telomerase reverse
transcriptase (TERT) is a catalytic subunit of telomerase that
serves an important role in the replication of telomeres (56).
A previous study has demonstrated that in BRL-3A cells,
metastasis-associated lung adenocarcinoma transcript 1
(MALATI) regulates telomerase activity by regulating
TERT (57). In glioma, MALAT1 expression is increased and
promotes glioma cell proliferation compared with normal
brain tissues (58); thus, MALATI is likely to have a positive
effect on telomerase levels in glioma cells, although no relevant
studies have been published to date.

A previous study has demonstrated that FOXD2 adja-
cent opposite strand RNA 1 (FOXD2-AS1) upregulates
TERT expression in thyroid cancer (59). FOXD2-ASI is
also expressed in glioma, and its expression level is higher
compared with that in normal brain tissue. Additionally,
FOXD2-AS1 promotes glioma cell proliferation and migra-
tion, and inhibit apoptosis (60,61). In summary, MALAT1 and
FOXD2-ASI increased expression in glioma compared with
normal brain tissue or brain tissue adjacent to the tumor and
promotes indefinite replication.

Roles of IncRNAs in angiogenesis. In glioma cells, TUGI
expression is increased compared with normal astrocytes, and
knockdown of TUGI reduces the expression of VEGFA (52).
The study also demonstrated that TUGI can be used as a
ceRNA of miR-299 (52). Notably, miR-299 inhibits VEGFA
expression by targeting its 3'-UTR; thus, TUGI may promote
angiogenesis by inhibiting miR-299 and increasing VEGF

expression in glioma cells (52). Another study has demon-
strated that overexpression of H19 in glioma cells also has an
angiogenic effect similar to that of TUGI (62).

Roles of IncRNA in invasion. The IncRNA plasmacytoma
variant translocation 1 (PVT1) is highly expressed in glioma
and can sponge miR-128-3p to inhibit its activity. miR-128-3p
inhibits gremlin 1 (GREM1) protein expression by binding to
the 3'-UTR of GREM1 mRNA (63). Studies have demonstrated
that PVTI regulates the bone morphogenetic protein (BMP)
signaling pathway through the miR-128-3p/GREMI1 axis, and
can upregulate BMP2 and BMP4 (63), promote cell prolif-
eration and invasion, and inhibit apoptosis in glioma (64). In
addition, knockdown of PVT1 negatively regulates miR-424 to
inhibit cell activity and the invasiveness of glioma (65). PVT1
also promotes connective tissue growth factor and angiopoi-
etin 2 expression by sponging and degrading miR-26b (66).

The IncRNA ABO073614 is highly expressed in glioma
and is used as an independent indicator of poor prognosis
for patients with glioma (67). AB073614 promotes the
epithelial-mesenchymal transition (EMT), proliferation and
migration of glioma cells (68).

The IncRNA TSLCI1-AS1 exerts an antitumor effect, and
its expression is decreased in glioma compared with normal
brain tissues (69). TSLC1-AS1 is the antisense transcript of
the tumor suppressor TSLCI, and their expression levels are
positively correlated in glioma (69). TSLC1-AS1 overexpres-
sion inhibits the proliferation, migration and invasiveness of
glioma U87 cells (69). In contrast, knockdown of TSLC1-AS1
exerts the opposite effect; for example, in knockdown experi-
ments, double-stranded TSLC1-AS1 small interfering (si)
RNA significantly reduces the expression of TSLCI-AS1
and TSLC1 and promotes the proliferation, migration and
invasiveness of glioma U87 cells compared with negative
control-transfected glioma cells (69). Additionally, in a study
where the sense and antisense strand of TSLC1-AS1 siRNA
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were transfected into glioma cells, it was demonstrated that the
expression levels of TSLC1-AS1 and TSLC1 were decreased
in glioma cells transfected with the sense strand, but not the
antisense strand (69). The aforementioned study also demon-
strated that increased TSLC1-ASI1 expression upregulated the
tumor suppressors neurofibromin 1, von Hippel-Lindau and
phosphoinositide-3-kinase regulatory subunit 1, and inhibited
the expression of the oncogene B-Raf proto-oncogene (69).

CCND2-antisense RNA 1 (CCND2-AS1), H19 and differ-
entiation antagonizing non-protein coding RNA (DANCR)
can activate the Wnt/B-catenin signaling pathway to promote
EMT, further increase the resistance of glioma cells to TMZ,
and promote cell proliferation and migration (70-72). The
activation of H19 may be mediated by miR-675 (73). In addi-
tion, H19 reduces the inhibition of miR-140 on iASPP through
sponging miR-140, upregulating iASPP expression, and
promoting tumor proliferation and invasion (74). Additionally,
previous studies have demonstrated that in osteosarcoma and
hepatocellular carcinoma, DANCR binds miR-33a-5p and
miR-15b-5p to promote tumor growth (75,76).

HOXAI11-AS promotes the invasiveness of glioma by
binding miR-130a-5p to reduce the inhibition of miR-130a-5p
on high-mobility group protein B2 (77).

Another study has demonstrated that UCAI reduces the
inhibitory effect of miR-204-5p on zinc finger E-box binding
homeobox 1 (ZEBI) through sponging miR-204-5p, which
upregulates ZEB1 and further increases the invasiveness of
glioma and EMT (78).

In summary, increased expression of PVT1, AB073614,
CCND2-ASI1, H19, DANCR, HOXA11-AS and UCALI in
glioma compared with normal brain tissue promotes inva-
sion. TSLCI1-ASI1 decreased expression in glioma and inhibits
invasion.

Roles of IncRNAs in the reprogramming of energy metabolism.
The expression of TP53 target 1 (TP53TG]) is significantly
higher in human glioma compared with that in normal brain
tissue, and the expression of TP53TGl is also increased in
the conditions of glucose deprivation (79). Under low glucose
conditions, the increased expression of TP53TG1 upregulates
the expression of glucose-regulated protein 78 and isocitrate
dehydrogenase (IDH)1, and downregulates the expression
of pyruvate kinase 2 (PKM?2) (79). Glucose deprivation
promotes the production of reactive oxygen species (ROS)
and ROS-mediated cell death. The pentose phosphate pathway
(PPP) produces NADPH, which detoxifies ROS (80). IDH
promotes NADPH production, whereas PKM?2 inhibits the
PPP (80,81). Therefore, TP53TG1 may increase the tolerance
of glioma cells to glucose deprivation by changing the energy
metabolism pathway of the tumor.

Roles of IncRNAs in evading immune cell attack. LINC00152
has been demonstrated to serve an immune-related role in
glioma, although the specific mechanism has not yet been
determined (82). Additionally, another study reported nine
immunologically related IncRNAs in anaplastic glioma:
Phosphoglucomutases 5-antisense RNA 1 (PGM5-AS1),
ST20-antisense RNA 1 (ST20-AS1), ankyrin repeat and PH
domain 2-antisense RNA 1 (AGAP2-AS1), MIR155 host gene
(MIR155HG), SNHGS, LINC00937, TUGI1, MAPK activated

protein kinase 5-antisense RNA 1 (MAPKAPKS5-ASI)
and HLA complex group 18 (HCG18). The former four are
risk-related genes, and the latter four are protective genes (83).
Notably, a number of studies have demonstrated that TUGI,
an IncRNA, is increased in glioma and that it promotes
glioma-associated angiogenesis, although other studies have
reported that its expression is decreased and that it regulates
immune functions and reduces apoptosis (51,52,83). In addi-
tion, TUGI has been demonstrated to be upregulated in
certain types of tumors, such as oesophageal squamous cell
carcinoma, but downregulated in others, such as non-small
cell lung cancer (84,85).

3. Roles of IncRNAs in glioma subpopulations

Roles of IncRNAs in glioma stem cells (GSCs). The expres-
sion of the IncRNA nuclear paraspeckle assembly transcript
1 (NEAT1) is increased in GSCs compared with astrocytes,
and it has been demonstrated that NEAT1 exerts an effect
of mutual inhibition with miR let-7e (86). let-7e is a tumor
suppressor that can target and downregulate neuroblastoma
ras (NRAS) to inhibit the malignant behavior of GSCs;
thus, NEAT1 upregulates NRAS to promote the prolifera-
tion, invasion and apoptosis inhibition of GSCs by sponging
let-7e (86). Additionally, another study has demonstrated that
NEATI enhances the effects of GSCs on glioma through the
miR-107/CDK6 pathway (87).

The expression of the IncRNA hypoxia-inducible factor
1-a-antisense RNA 2 (HIF1A-AS2) is upregulated in GSCs
and has been demonstrated to be beneficial to the resistance of
GSCs to hypoxia (88). HIF1A-AS2 interacts with insulin-like
growth factor 2 mRNA-binding protein 2 and ATP-dependent
RNA helicase A to enhance the expression of these two
proteins and to promote the adaptation of GSCs to a hypoxic
environment (88).

The expression of IncRNA 1inc00152 is upregulated in
GSCs compared with astrocytes and can negatively regulate
the levels of miR-103a-3p by sponging it (89). miR-103a-3p
targets and upregulates FEZ family zinc finger protein 1,
promoting the expression of cell division cycle 25A, which is
an oncogene that promotes malignant behavior of GSCs by
activating the PI3K/AKT pathway (89).

IncRNA growth arrest-specific 5 (GASS) is decreased in
GSCs, where it exerts an antitumor effect (90). GASS5 promotes
the expression of the transcription factor forkhead box Ol
(FOXOL1) through sponging miR-196a-5p; FOXOI1 subse-
quently inhibits the malignant biological behavior of GSCs by
upregulating phosphotyrosine interaction domain containing 1
and migration and invasion inhibitory protein (91).

Roles of IncRNAs in glioma endothelial cells (GECs). The
expression of IncRNA H19 is significantly increased in GECs
compared with astrocytes, where it upregulates vasohibin 2 to
promote GEC proliferation, migration and tubule formation by
sponging miR-29a (92).

The expression of the IncRNA PVTI is significantly
increased in GECs compared with astrocytes, where it interacts
with miR-186 and reduces the expression of autophagy-related
7 (Atg7) and beclinl by binding to their mRNAs (93); thus,
PVTI may enhance the expression of the autophagy-related
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proteins Atg7 and beclinl through sponging miR-186. Atg7
and beclinl induce protective autophagy; therefore, PVT1
may promote the proliferation, migration and angiogenesis of
GECs by inducing protective autophagy (93).

Expression of the IncRNA SNHGIS5 is increased in GEC,
where it sponges miR-153 to inhibit its expression (94).
miR-153 inhibits the expression of VEGFA and CDC42 and
in turn inhibits their ability to promote angiogenesis; thus,
SNHGI15 may upregulate VEGFA and CDC42 to promote
GEC proliferation, migration and tubule formation (94).

For other cell subpopulations in glioma, such as immune
cells, pericytes, fibroblasts and mesenchymal stem cells, no
specific studies on IncRNAs have been published to date.

4. Conclusions and future perspectives

Numerous studies have demonstrated that IncRNAs serve an
important role in human tumorigenesis. Overall, IncRNAs are
involved in the acquisition of all eight markers of glioma. Some
IncRNAs promote upregulation of hallmarker biomarkers
in glioma, for example XIST, whereas others can inhibit
biomarkers, for example PLAC2, leading to glioma gaining
hallmark characteristics. Some IncRNAs can promote prolif-
eration and migration in GSCs and GECs. GECs is a part of
tumor microenvironment; however, there are no reports about
the effect of IncRNA on other parts of tumor microenviron-
ment except GECs, to the best of our knowledge.

The TME is composed of a variety of extracellular compo-
nents, such as the extracellular matrix, various hormones,
cytokines and growth factors, and a variety of cell types,
including endothelial cells, stem cells (including mesenchymal
stem cells), immune cells and fibroblasts (95). The TME
serves an important role in the occurrence and development
of tumors as it not only promotes the occurrence, progression
and metastasis of tumors, and maintains the characterization
of tumors in favor of various types of the cells and extracel-
lular components contained in the tumor microenvironment,
but also serves an important role in the formation of tumor
resistance to chemotherapy (95-97). The TME promotes the
formation of tumor drug resistance in a variety of ways, such
as secreting soluble factors, cell adhesion and participating in
the immune response (95). Therefore, TME intervention may
serve an important role in the treatment of tumors. In recent
years, increased attention has been paid to the role of the TME
in glioma; it has been demonstrated that the TME serves an
important role in glioma progression and treatment effects (3),
but only a few studies on IncRNAs in GECs have been
published, and no studies have been published on the function
of IncRNAss in fibroblasts, immune cells and pericytes. Studies
of glioma-associated mesenchymal stem cells (gbMSCs) are
also receiving increasing attention; these cells may be divided
into two subgroups (CD90 gbMSCs and CD90 gbMSCs), the
proportion of which in glioma is associated with the survival
rate of patients (98). Our previous studies demonstrated that
CD90 gbMSCs can differentiate into pericytes, and that
CD90 gbMSCs promote the growth of glioma cells, whereas
CD90 gbMSCs promote angiogenesis (99-101). In addition,
our previous study also identified specific IncRNAs in the two
subgroups (99), but at present, no related studies on IncRNAs
in gbMSCs have been reported. Therefore, based on the

important role of the TME and gbMSCs in the development
and treatment of glioma, future studies should focus on how
IncRNAs affect these components of glioma.
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