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  Glioma, the most common and aggressive type of brain tumor, has a poor prognosis. Glioma stem cells (GSCs) 
are thought to be responsible for glioma genesis, proliferation, resistance to chemoradiotherapy, and recur-
rence. Long non-coding RNAs (lncRNAs) have been viewed as a prospective novel target in glioma therapy in 
recent years due to their functional roles in GSC biological processes. However, how lncRNAs interact with GSCs 
and the underlining mechanisms associated with these interactions are not yet clear. In this review, we brief-
ly illustrate recent advancements in the functional roles of lncRNA and their potential mechanisms in GSCs.
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Background

Glioma is one of the most prevalent and aggressive primary 
malignant tumor in the central nervous system [1]. Despite 
treatment with a combination of surgery, chemotherapy and 
radiotherapy, patients typically have a poor prognosis [2]. 
Glioma stem cells (GSCs) are thought to be responsible for 
glioma genesis, proliferation, resistance to chemoradiother-
apy, and recurrence because of their stem-like properties [3]. 
Therefore, GSCs have gained increasing attention as target 
cells for glioma therapy.

Recent studies have reported that non-coding RNAs (ncRNAs) 
play a key role in glioma cell proliferation, apoptosis, and cell in-
vasion [4,5]. With the deepening and development of research, 
ncRNAs are expected to become a new biomarker for the diag-
nosis of glioma, and could also provide a more reliable theo-
retical basis for the prevention and targeted treatment of glio-
ma [6]. Studies in recent years have accumulated evidence that 
ncRNAs possess critical regulatory roles in GSC biological pro-
cesses. NcRNAs are usually classified into 2 categories accord-
ing nucleotide length: short ncRNAs, whose length is  < 200 nu-
cleotides, which include microRNAs (miRNAs, miRs) [7]; and long 
ncRNA (lncRNAs) whose length is >200 nucleotides long. In con-
trast to mRNA, lncRNA is not translated into protein because of 
the absence of uninterrupted open reading frames. Rather than 
being irrelevant transcriptional noise however, numerous studies 
have revealed that lncRNAs are associated with various biological 
roles such as oncogenesis, proliferation, differentiation, invasion, 
and metastasis in solid tumors [8]. Identifying regulatory roles of 
lncRNAs in GSC biological processes are therefore important for 
developing novel therapies for glioma. However, how lncRNAs 
interact with GSCs to affect glioma metastasis and recurrence 
is not yet clear. Therefore, this review highlights the functional 
roles of lncRNA and their potential mechanisms in GSCs.

Characteristics of GSC

GSCs are proposed to be a stem-like subpopulation within gli-
oma tissue [9] that actively divide in response to radiothera-
py and chemotherapy and thus limit the efficacy of these tra-
ditional therapies [10,11]. GSCs share many similar biological 
characteristics with neural stem cells (NSCs) and have the ca-
pacity to self-renew and differentiate into neural lineages. 
In addition, GSCs are able to form neurospheres in serum free 
medium and express specific NSCs markers such as nestin and 
CD133. Nestin is an intermediate filament protein specifically 
expressed in neuroepithelial stem cells while CD133 is a glyco-
protein also known as prominin 1. Moreover, GCSs also express 
transcription factors characteristic of NSCs that are essential 
for maintaining self-renewal and pluripotency, such as Sox2, 
Oct4, and Nanog [12,13]. GSCs exhibit high tumorigenicity; only 

100 GSCs (CD133-positive cells) were able to produce gliomas 
in immune deficient mice in vivo [14].

Despite previous in-depth research, many complexities exist 
in regard to the exact definition of a GSC and to the theory of 
GCS self-renewal; therefore, exact identification of these cells 
remains controversial [15,16]. Key properties that distinguish 
GSCs from other glioma cells include: their ability to self-re-
new and indefinitely proliferate; multipotent lineage differen-
tiation capability; expression of NSC markers including nes-
tin and CD133; ability to form neurosphere-like structures in 
vitro and to generate tumors when injected in vivo; and their 
chemoradiation resistance (Figure 1) [15–18].

Classical Oncogenic lncRNAs in GSCs

Aberrant expression of lncRNAs is thought to play a critical role 
in progression of various cancers. Several lncRNAs, which are 
upregulated in GSCs, may act as oncogenes to promote growth, 
migration, invasion, and chemo- and radio-resistance, while 
others may possess anti-tumor properties. Recently, numer-
ous studies revealed that certain kinds of lncRNAs are thought 
to be associated with GSCs (Table 1, Figure 2). These lncRNAs 
may have an oncogenic role, which is directly involved in ma-
lignant biological properties [19–21].

Radiotherapy

Chemotherapy Tumor cell

Solid tumor

Markers: cd133, nestin,
fabp7...

Self renew

GSC

Tumorigenicity

Proliferation Neurosphere
Formation

Figure 1.  Characteristics of glioma stem cells (GSCs). Key 
properties that distinguish GSCs from the rest of the 
glioma cells include their ability to: a) self-renew, 
b) indefinitely proliferate, c) multipotency, d) share 
common NSC markers such as CD133 and nestin, 
e) form neurosphere-like structures in vitro culture, 
f) ability to generate tumors when injected in vivo, 
g) chemoradiation resistance.
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LncRNA HOTAIR (HOX transcript antisense RNA) was the first 
trans-acting lncRNA gene to be discovered in a range of can-
cers [22,23], and its upregulation is predictive of decreased 
survival in a variety of tumor cells [24,25]. Lysine specific de-
methylase 1 (LSD1) and polycomb repressive complex 2 (PRC2) 
are functional targets of HOTAIR and it is thought that HOTAIR 
may serve as scaffold for LSD1 and PRC2. In glioma cells, upreg-
ulation of lncRNA HOTAIR accelerates the glioma cell cycle 
period through interactions with PRC2 while its knockdown 

suppresses malignant biological properties of glioma cells via 
regulation of miR-326 [26,27]. Enhancer of zeste homolog 2 
(EZH2) is the catalytic subunit of PRC2, which functions as a 
methyltransferase. In GSCs, HOTAIR downregulation reduces 
the recruitment of EZH2 and LSD1 proteins, thereby upregulat-
ing the expression of the tumor repressor gene, PDCD4, at the 
epigenetic level [28]. PDCD4 upregulation has been shown to 
inhibit the proliferation, invasion and tumorigenicity of hu-
man GSCs in vivo [28].

LncRNA Functions Mechanisms

HOTAIR
Promoting the proliferation, invasion and in vivo 
tumorigenicity of GSCs

Si-HOTAIR reduced the recruitment of the EZH2 and 
LSD1 proteins, thereby upregulating the expression 
of PDCD4 at the epigenetic level

TALNEC2

Silencing of TALNEC2 decreased the self-renewal 
and mesenchymal transformation, increased 
sensitivity of these cells to radiation and prolonged 
survival of mice bearing GSC-derived xenografts

Two of the downregulated miRNAs, miR-21 and 
miR-191, mediated some of TALNEC2 effects on the 
stemness and mesenchymal transformation of GSCs.

H19

The expression of H19 was signifcantly higher 
in CD133+ glioblastoma cells than CD133- 
glioblastoma cells, H19 overexpressed GSCs 
exhibited greater ability of neurosphere formation

NEAT1

Knockdown of NEAT1 inhibited GSCs proliferation, 
migration and invasion and promoted GSC 
apoptosis

By upregulating miR let-7e expression,let-7e 
functioned as a tumor suppressor

NEAT1 knockdown in the CD133+ U87 cells resulted 
in decreased colony formation, increased G1 cell 
cycle arrest and apoptosis

By miR-107 activation and inactivation of 
CDK6 protein

MALAT1

MALAT1 enhanced GSCs viability and proliferation 
abilities and promoted glioma tumorigenesis

Through suppressing miR-129 and facilitating SOX2 
expressions

Maintains the stemness and regulated the 
proliferation of GSCs

The underlying mechanism was related to regulating 
the expression of Sox2 and Nestin and ERK/MAPK 
signaling activation

SOX2OT
Knockdown of SOX2OT inhibited the proliferation, 
migration and invasion of GSCs, and promoted GSCs 
apoptosis

 SOX2OT-miR-194-5p/miR-122-SOX3-TDGF-1 
pathway

CRNDE
Overexpression of CRNDE could promote the cellular 
proliferation, migration, invasion and inhibit the 
apoptosis in GSCs

Through the negative regulation of miR-186

lincRNAs p21

MiR-146b-5p overexpression increased apoptosis 
and radiosensitivity, and decreased cell viability, 
neurosphere formation capacity and stem 
cell marker expression in GSCs. knock-down 
lincRNA-p21 could rescue the phenotypic changes 
resulting from miR-146b-5p overexpression in GSCs

MiR-146b-5p/HuR/lincRNA-p21/b-catenin signaling 
pathway

GAS5 Overexpression could suppressed GSCs proliferation, 
migration and invasion

By binding to miR-196a-5p and upregulating the 
downstream FOXO1

lincRNAs 00152
Knockdown of linc00152 inhibited cell 
proliferation, migration and invasion, while 
promoted GSC apoptosis

Linc00152 regulated the malignant behavior 
of GSCs by binding to miR-103a-3p, which functions 
as a tumor suppressor

Table 1. Functions and mechanisms of lncRNA in glioma stem cells.
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E2F transcription factor 1 (E2F-1) belongs to the E2F family of 
transcription factors, and coordinates the expression of key 
genes involved in cell cycle regulation and progression. LncRNA 
H19 is a maternally expressed gene, which is regulated by the 
transcription factor E2F-1 [29]. The aberrant expression of H19 
leads to the proliferation, migration, and molecular targeted 
drug resistance of various cancers [30,31]. The level of H19 
expression is also known to be associated with glioma recur-
rence and poor patient prognosis [32,33]. Glioblastoma mul-
tiforme (GBM) cells with H19 knockdown displayed decreased 
cellular proliferation and a higher apoptosis rate when in-
duced by temozolomide chemotherapy [34]. In addition, H19 
knockdown suppressed the expression of the 4 stemness-re-
lated markers (CD133, NANOG, Oct4, and Sox2) in the U87MG 
and U251 cell lines [34]. In addition, overexpression of H19 
promotes glioblastoma cell invasion and angiogenesis in vi-
tro. Furthermore, the expression of H19 was found to be sig-
nificantly higher in GSCs than in CD133 negative glioblasto-
ma cells, and overexpression of H19 in GSCs induced greater 
neurosphere formation ability [35].

Recent studies have shown that lncRNA MALAT1 (metasta-
sis-associated lung adenocarcinoma transcript 1) is a crucial 
factor in colorectal cancer. MALAT1 promoted colorectal can-
cer cells metastasis, proliferation, and invasion. In contrast, 

silencing of MALAT1 was shown to inhibit the growth and me-
tastasis and to promote drug sensitivity of colorectal cancer 
cells [36,37]. Significant upregulation of MALAT1 expression 
was observed in GSCs compared with non-stem glioma cells. 
MALAT1 was shown to maintain the stemness of GSCs by reg-
ulating the expression of Sox2 and nestin. Downregulation of 
MALAT1 also promoted the proliferation of the SHG139S GSC 
line, with results indicating that the underlying mechanism of 
proliferation was related to ERK/MAPK signaling activation [38]. 
The ERK/MAPK pathway is one of the most important signal 
transduction pathways involved in a variety of fundamental 
cellular processes such as proliferation, differentiation, mo-
tility, stress response, apoptosis, and survival. Another study 
showed that MALAT1 enhanced GSC viability and proliferation 
and promoted glioma tumorigenesis through suppressing miR-
129 and facilitating SOX2 expression [39].

LncRNA NEAT1 (nuclear enriched abundant transcript 1) has 
been shown to be important mediator in a wide variety of 
tumors. NEAT1, as a downstream target of EGFR (epidermal 
growth factor receptor) pathway activity, has been shown 

Figure 2.  Representative figures of lncRNA 
interaction with key molecules or 
cellular processes in glioma stem cells 
(GSCs). (A) Si-HOTAIR reduced the 
recruitment of the EZH2 and LSD1 
proteins, thereby upregulating the 
expression of PDCD4 at the epigenetic 
level. MALAT1 regulates the expression 
of SOX2 and Nestin and ERK/MAPK 
signaling activation. (B) SOX2OT 
can downregulate the expression of 
SOX3 by regulating miR-194-5p and 
miR-122. CRNDE could promote the 
proliferation, migration, and invasion, 
and inhibit the apoptosis in GSCs 
through the negative regulation of 
miR-186. (C) Knockdown of NEAT1 
inhibited GSCs proliferation, migration, 
and invasion by upregulating miR let-
7e expression. NEAT1 knockdown also 
resulted in decreased colony formation 
by miR-107 activation and inactivation 
of CDK6 protein. GAS5 overexpression 
could suppressed GSCs proliferation, 
migration, and invasion by binding 
to miR-196a-5p and upregulating the 
downstream FOXO1. (D) Silencing 
of TALNEC2 downregulated miR-
21 and miR-191 mediated some of 
TALNEC2 effects on the stemness and 
mesenchymal transformation of GSCs. 
Linc00152 regulated the malignant 
behavior of GSCs by binding to miR-
103a-3p, which functions as a tumor 
suppressor.
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to participate in glioma cell invasion and growth via the 
WNT/b-catenin pathway which involved in early embryonic 
patterning and regulation of stem cell self-renewal and dif-
ferentiation [40]. A study showed that NEAT1 expression was 
upregulated in GSCs where it was found to promote the pro-
liferation, migration and invasion of GSCs via regulating let-7e 
expression [41]. Another separate study also indicated that 
NEAT1 knockdown resulted in decreased colony formation and 
increased G1 cell cycle arrest and apoptosis. Moreover, these 
effects were accompanied by miR-107 activation and inacti-
vation of CDK6 protein [42].

Novel LncRNAs in GSCs

Emerging evidence suggests that lncRNA TALNEC2 (tumor as-
sociated long non-coding RNA expressed on chromosome 2), 
is highly expressed in GBM with poor prognosis and plays 
a vital role in GSCs. TALNEC2 silencing attenuates mesenchy-
mal transformation and self-renewal, increases radio-resis-
tance and prolongs survival of mice bearing GSC-derived xe-
nografts [43]. LncRNA SOX2OT (SOX overlapping transcript) is 
highly expressed in GSCs and glioma tissues. Silencing SOX2OT 
can inhibit the growth and invasion of GSCs by targeting the 
SOX2OT-miR-194-5p/miR-122-SOX3-TDGF-1 pathway [44]. 
In glioma cells, lncRNA CRNDE (colorectal neoplasia differen-
tially expressed) was shown to regulate the proliferation and 
migration of GSCs by inhibiting the expression of miR-384 [45]. 
In GSCs, overexpression of CRNDE also facilitated malignant 
biological behavior by negatively regulating miR-186 [46].

Anti-Oncogenic LncRNAs in GSCs

LncRNAs have also been found to have a tumor suppressor 
role in GSCs. LncRNA GAS5 (growth arrest specific 5) exhib-
ited significant anti-oncogenic capabilities in a variety of tu-
mors. GAS5 has a relatively low expression in GSCs, and its 
overexpression suppressed GSC malignant biological behavior 
through upregulation of the downstream forkhead box pro-
tein (FOXO1) [47]. FOXO1 is a member of forkhead family of 
transcription factors that regulate a large number of genes in-
volved in apoptosis, stress, angiogenesis and cell cycle arrest. 
Increased expression of FOXO1 was shown to inhibit GSC tu-
morigenicity, growth, migration and invasion.

Data suggests that lncRNA-p21 is a novel regulator of cell cy-
cle, apoptosis and DNA repair. LncRNA-p2 has a relatively low 
expression in GBM tissues and GSCs but can negatively regu-
late b-catenin expression and activity. Indeed, knock-down of 
lncRNA-p21 rescued the decreased stemness and radio-resis-
tance resulting from miR-146b-5p overexpression in GSCs [48].

Regulatory Mechanisms

The diverse mechanisms underlying the regulatory roles of 
lncRNAs include genome activity regulation, posttranscrip-
tional regulation, protein modification, and anchoring and en-
coding functional micropeptides [49]. LncRNAs may function 
through interactions with their molecular partners including 
transcription factors [43]. It is thought that lncRNAs affect the 
transcription of genes and play a regulatory role in signaling, 
decoy, guidance, and scaffolding [8,50,51]. LncRNAs are also 
recognized as molecular signaling pathway regulators, modu-
lating the expression of tumor related genes and their corre-
sponding signaling pathways [38,40].

Recently, miRNAs have been definitively linked to glioma de-
velopment. MiRNAs are thought to act as inhibitors by bind-
ing to specific region of their target mRNAs and by degrad-
ing them [52], thus modulating the expression of oncogenes 
or tumor suppressor-related miRNAs [44–46]. GSC-associated 
lncRNAs were shown to negatively regulate miRNA expression 
through their ability to act as “miRNA sponges”. Long inter-
genic non-coding RNAs (lincRNAs) 00152 acts as a competing 
endogenous RNA, which affects expression of miR-103a-3p 
and positively modulates forebrain embryonic zinc finger pro-
tein 1 expression, a direct target of the GSC expressed onco-
gene, miR-103a-3p [53].

Conclusions and Perspectives

Research regarding the functional roles and underlying mecha-
nisms of lncRNA and GSCs is still in the initial stages. Numerous 
studies have indicated that lncRNA signatures correlate with 
glioma malignancy grade, histological differentiation and prog-
nosis [33]. Several GSC-associated lncRNAs have also been as-
sociated with the poor survival of patients with malignancies, 
such as the lncRNAs, MALAT1, H19, and HOTAIR [42,54,55]. 
These lncRNAs are significantly increased in GSCs and have 
direct correlation with tumor malignant status and are in-
versely proportional with overall survival in glioma patients. 
Studies have suggested that stemness-related lncRNAs in 
GSCs might serve as an independent prognostic factor in gli-
oma, with their expression closely associated with grade and 
prognosis of glioma.

Several GSC-associated lncRNAs with oncogenic properties 
were observed in various cancer cell lines, with aberrant ex-
pression exhibiting different mechanisms in different cancer 
types. The underlying mechanisms of lncRNA expression in 
glioma remains elusive, and needs further study. Current re-
search has been focused on the stemness of aberrant lncRNA 
expression in GSCs, but few studies have explored differenti-
ation-related lncRNAs. Differentiation of GSCs might lead to 
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the inhibition of their selfrenewing ability and tumorigenic po-
tential, as well as increasing their sensitivity to treatment [56]. 
A recent study, using a highthroughput microarray, identified 
a profile of 1545 lncRNAs and 2729 mRNAs that differed be-
tween GSCs and their non-differentiated counterparts [56]; 
therefore differentiation-related lncRNAs might become prom-
ising novel targets to eradicate GSCs.

A multitude of lncRNAs play regulatory roles in gene networks 
involved in NSC lineage specification and terminal differentia-
tion, such as RMST, TUNA, and Malat1, among others [57,58]. 
Because of similar cell characteristics between NSCs and GSCs, 
these specification related lncRNAs in NSCs might also play 
important roles in GSC differentiation.
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