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Abstract: Glioma originates in the central nervous system and is classified based on both histological
features and molecular genetic characteristics. Long non-coding RNAs (IncRNAs) are longer than
200 nucleotides and are known to regulate tumorigenesis and tumor progression, and even confer
therapeutic resistance to glioma cells. Since oncogenic IncRNAs have been frequently upregulated to
promote cell proliferation, migration, and invasion in glioma cells, while tumor-suppressive IncRNAs
responsible for the inhibition of apoptosis and decrease in therapeutic sensitivity in glioma cells
have been generally downregulated, the dysregulation of IncRNAs affects many features of glioma
patients, and the expression profiles associated with these IncRNAs are needed to diagnose the
disease stage and to determine suitable therapeutic strategies. Accumulating studies show that
the orchestrations of oncogenic IncRNAs and tumor-suppressive IncRNAs in glioma cells result in
signaling pathways that influence the pathogenesis and progression of glioma. Furthermore, several
IncRNAs are related to the regulation of therapeutic sensitivity in existing anticancer therapies,
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Gliomas include several types of tumors originated from non-neoplastic glial cells
in the central nervous system. Gliomas are traditionally classified into four grades based
on specific features of the tumor, such as proliferative and differential potential, invasive-
ness, nuclear dysplasia, mitotic activity, necrosis and vascular hyperplasia [1]; however,
accumulated studies have shown molecular basis of tumorigenesis in gliomas and the
published maps and institutional affil- ~ VVOTld Health Organization (WHO) has updated the classification of gliomas according
{ations. to molecular characteristics, such as IDH status and 1p/19q codeletion [2-4]. High grade

gliomas are the most common primary malignant brain tumors in adults and account for

approximately 80% of brain tumors. These tumors are the most common and fatal form
of cancer in the central nervous system and include anaplastic astrocytoma, anaplastic
oligodendroglioma and glioblastoma [5,6]. As they have poorer survival rates than other
cancers [7-9], it is important to tailor the treatment to individual patients. Research on
the molecular profiling of cancer has intensified due to its clinical value for the diagno-
sis, prognosis, and treatment of gliomas. Complex genetic profile analysis of glioma has
conditions of the Creative Commons  Y€vealed alterations in the genes responsible for several signaling pathways, including
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40/). cell cycle checkpoints, aging and apoptosis pathways and lead to a failure to regulate cell
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death and in so doing enhance cell viability [12]. Various pieces of evidence have emerged
to suggest that IncRNAs cause cancer by altering these signaling pathways [13].

Approximately 98% of RNA in human DNA is not translated into protein, and thus,
is called non-coding RNA (ncRNA) [14]. These RNAs, which are classified as microR-
NAs (miRNAs) or long non-coding RNAs (IncRNAs), interfere with the transcription
and translation of genes without altering DNA sequences [15]. IncRNAs are longer than
200 nucleotides; dysfunctions of several IncRNAs have often been reported in different
tumors; and these dysfunctional IncRNAs are associated with the pathogenesis and reg-
ulation of glioma development, including cell proliferation, cell motility, angiogenesis,
drug resistance and radiation resistance [16—18]. Furthermore, the expression profiles of
abnormal IncRNAs in clinical glioma specimens have been shown to be correlated with
malignant grade and histological differentiation, which has important clinical implications
for glioma diagnosis and prognosis [19,20]. For example, the expression of homeobox A
transcript antisense RNA myeloid-specific 1 (HOTAIRM1) is positively correlated with
WHO grade as well as histopathologic classification according to both The Cancer Genome
Atlas (TCGA) and Chinese Glioma Genome Atlas (CGGA) sets [21]. In the results of the
genetic analysis of glioma patients, the dysregulation of functional IncRNAs was detected.
These expression levels of IncRNAs derived from blood or cerebrospinal fluid as well as
surgical tissues were clinically related to glioma diagnosis in several liquid biopsy stud-
ies [22,23]. On the one hand, IncRNAs that are sensitive to radiation therapy, chemotherapy
and immunotherapy are also being discovered [24-26]. Studies have shown that some
IncRNAs such as HOTAIRM1 and colon cancer-associated transcript 2 (CCAT?2), associated
with tumorigenesis and cancer development, were upregulated in glioma, while other
IncRNAs showing tumor-suppressive functions, such as RP11-838N2.4 and MALAT1, were
downregulated. From studies on the relationship between these IncRNAs and therapeutic
resistance, it would be expected that the efficient therapies can be achieved in glioma
patients. Thus, the investigation of IncRNAs and their signaling pathways at the molecular
level provides a great opportunity for developing novel therapeutic strategies. This review
addresses the functions of IncRNAs in glioma and provides an overview of the association
between IncRNAs and glioma therapeutic resistance.

2. Dysregulated IncRNA in Glioma

IncRNAs can play crucial roles in various signaling pathways, including cell growth,
apoptosis and differentiation, by acting as a sponge for miRNAs, and thus regulating
mRNA expression [27-31]. RNAs competing with miRNA are defined as competing
endogenous RNAs (ceRNAs), and several IncRNAs are described as ceRNAs affecting
intracellular signaling pathways [32]. According to previous studies, dysregulations of
IncRNAs are critical in the pathogenesis, progression and malignancy of glioma [33,34].
It was well established that the activation of the PI3K/ Akt signaling pathway is highly
responsible for the facilitation of glioma tumor formation. IncRNA brain cytoplasmic RNA
1 (BCYRNT1) acts as a ceRNA that suppresses glioma progression accompanied by the inhi-
bition of Akt signaling [35]. BCYRN1 directly binds to and sponges miR-619-5p, leading
to the upregulation of the CUE domain containing protein 2 (CUEDC2), phosphatase and
tensin homolog deleted on chromosome ten (PTEN) and p21 with the inactivation of Akt.
In addition, IncRNA X-inactive specific transcript (XIST) can be associated with activation
of the PI3K/ Akt signaling by sponging miR-126, leading to a glucose metabolic switch, cell
proliferation, epithelial-mesenchymal transition (EMT) induction and apoptosis resistance,
which contribute to glioma progression and malignancy [36]. Profiling analysis results have
confirmed that patients suffering from glioma exhibit different IncRNA expression pat-
terns [33], and thus, IncRNAs have attracted considerable attention as potential biomarkers
of glioma diagnosis, prognosis and targeted therapy [37]. From this point of view, the
identification of glioma-specific IncRNAs is required for diagnosing disease stage and
identifying optimal treatment strategies.
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2.1. Upregulations of Oncogenic IncRNAs in Glioma

Several IncRNAs that function as oncogenes in tumor cells have been identified, and
it has been shown that some oncogenic IncRNAs are upregulated in glioma cells (Table 1).
IncRNA Hox transcript antisense intergenic RNA (HOTAIR) is involved in cell cycle pro-
gression in U87 and LN229 glioma cell lines and intracranial xenograft tumors of nude
mice due to their interaction with enhancer of zeste homolog 2 (EZH?2) [38] and also acts as
a ceRNA that promotes tumor progression by sponging miRNA responsible for producing
tumor microenvironments [33]. The elevated expression of HOTAIRML1 is positively associ-
ated with cell proliferative ability, EMT induction, and chemoresistance in glioma cells and
with poor overall survival rates in glioma patients [21,39]. Overexpressed IncRNA CCAT2
in human glioma cell lines might be released in an exosome-dependent manner, and this
release leads to the suppression of endothelial cell apoptosis via the downregulation of
Bax and caspase 3, which are responsible for angiogenesis induction, glioma develop-
ment and chemoresistance [40,41]. IncRNA colorectal neoplasia differentially expressed
(CRNDE) promotes the proliferation and invasion of U87 and U251 glioma cell lines and
patient-derived glioma tissues by acting as a ceRNA and sponging miR-136-5p, which
has been linked with poor prognosis in glioma patients [19,42]. In addition, IncRNA H19
induces the proliferation and EMT of several glioma cell lines and human glioma tissues
by sponging miRNAs including miR-152 and miR-130a-3p [43,44]. IncRNA plasmacytoma
variant translocation 1 (PVT1) is upregulated in human glioma tissues and cell lines and
functions as a miRNA sponge, binding to miR-128-3p [45]. The overexpression of PVT1
and downregulation of miR-128-3p provoke the upregulation of gremlin 1 (GREM1), pro-
moting cell proliferation, invasion and migration whilst inhibiting apoptosis in glioma cells.
LINCO00689 interacts with miR-338-3p, leading to the upregulation of pyruvate kinase M2
(PKM2) associated with the cell growth, metastasis and glycolytic switch of patient-derived
glioma tissues and glioma cell lines [46]. As a result, oncogenic IncRNAs tend to be overex-
pressed in glioma cells, and their upregulation is positively related to the pathogenesis and
progression of glioma via the regulation of intracellular tumorigenic responses.

Table 1. Oncogenic IncRNAs upregulated in glioma.

IncRNA Interacting Molecules Effects of IncRNA in Glioma Cells Ref.
HOTAIRM1 miR-495-3p and miR-129-5p Promoting cell proliferation, EMT and TMZ resistance [21]
CCAT2 - Suppressing endothelial cell apoptosis leading to angiogenesis [40]

CRNDE miR-136-5p Promoting cell proliferation and invasion [19,42]

H19 miR-152 and miR-130a-3p Promoting cell proliferation and EMT [43,44]
PVT1 miR-128-3p Promoting cell proliferation, invasion and migration and inhibiting apoptosis [45]
LINC00689 miR-338-3p Promoting cell growth, metastasis and glucose metabolism [46]
XIST miR-329-3p Promoting cell proliferation, invasion and inhibiting cell apoptosis [18]
circATP8B4 miR-766-5p Promoting cell proliferation and radioresistance [47]

. . Suppressing cell apoptosis and growth inhibition induced by TMZ, and

SBF2-AS1 miR-151a-3p and miR-338-3p stim}:ﬁating fell Via}}:ili}?y, migratiogn and tube formation of enc{othelial cells (48,491

MIR155HG - Promoting cell growth and expression of immune checkpoint inhibitors [50]

2.2. Downregulation of Tumor-Suppressive IncRNAs in Glioma

In addition to oncogenic IncRNAs, some IncRNAs have tumor-suppressive activities
in glioma cells (Table 2). IncRNA RP11-838N2.4 is downregulated in glioblastoma cell
lines, and this downregulation is associated with temozolomide (TMZ) resistance and
poor prognosis in glioblastoma patients [51]. Another IncRNA metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) inhibits cell proliferation and invasion through the
downregulation of extracellular signal-regulated kinase (ERK), matrix metalloproteinase
2 (MMP2) and MMP9 in U87 and U251 glioma cells and glioma nude mice models [52].
Moreover, MALAT1 plays a tumor-suppressive role in glioma cells by sponging miR-155,
which leads to F-box/WD repeat-containing protein 7 (FBXW?7) expression, and its down-
regulation in glioma tissues is associated with poor survival [53]. Taurine upregulated
gene 1 (TUG1) is a IncRNA upregulated by taurine treatment [54], and reportedly, TUG1 is
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downregulated in glioma tissues; this downregulation is associated with the inhibition of
caspase 3/9 activation and the induction of Bcl2, which are considered to be responsible for
indicators of poor prognosis in glioma patients [55]. A study performed to identify prog-
nostic IncRNAs using TCGA datasets reported that high expressions of five IncRNAs, that
is, prostate androgen-regulated transcript 1 (PART1), MGC21881, myocardial infarction-
associated transcript (MIAT), growth arrest specific 5 (GAS5) and Prader Willi/ Angelman
region RNA 5 (PAR5), were correlated with prolonged survival in glioblastomas [56].
IncRNA PART1 was reported to be significantly downregulated in glioma tissues and cell
lines, and in the same study, PART1 promoted apoptosis and inhibited the proliferation of
glioma cells by sponging miR-190a-3p, and subsequently upregulating PTEN and inactivat-
ing Akt signaling [57]. In addition, IncRNA MIAT upregulation is associated with increased
blood—-tumor barrier permeability, which is an important requirement for drug delivery
to brain tumors, and this increase in blood—tumor barrier permeability was attributed
to the sponging of miR-140-3p by MIAT and subsequent activation of ZO-1-associated
kinase (ZAK) and nuclear factor kappa B (NF-«B) [58]. Additionally, the upregulation
of IncRNA PARS5 resulted in its binding to EZH2 and the inhibition of cell proliferation,
invasion, and migration in U87 and U251 human glioma cells; notably, PAR5 expression
is positively related to prognosis in glioma patients [59]. As shown in the above reports,
tumor-suppressive IncRNAs tend to be downregulated in glioma and inhibit major cellular
responses commonly observed in glioma cells.

Table 2. Tumor-suppressive IncRNAs downregulated in glioma.

IncRNA Interacting Molecules Effects of IncRNA in Glioma Cells Ref.
RP11-838N2.4 miR-10a Enhancing sensitivity of TMZ [51]
MALAT1 miR-155 Inhibiting cell viability and proliferation and invasion [52]
TUG1 caspase3, caspase 9, and BCL-2 Inhibiting cell proliferation and promoting cell apoptosis [55]
PART1 miR-190a-3p Inhibiting cell proliferation and promoting cell apoptosis [57]
MIAT miR-140-3p Increasing blood—tumor barrier permeability [58]
PARS5 EZH2 Inhibiting cell proliferation, invasion and migration [59]
TPTEP1 miR-106a-5p Inhibiting cell stemness and radioresistance [60]
DGCR5 miR-21-3p and miR-23a-5p Inhibiting Wnt/ 3-catenin signaing pathway and [61,62]

promoting cell apoptosis, migration and invasion

3. IncRNAs Associated with Therapeutic Resistance in Glioma

Radiation therapy, chemotherapy and immunotherapy in addition to surgical resec-
tion have been suggested for glioma treatment [63-65]. Unfortunately, however, there are
cases of patients who are resistant to combinational therapies [66]. As previously stated,
several IncRNAs act as miRNA sponges, which are significant features for the regulation of
therapeutic resistance in glioma therapy, since miRNAs play crucial roles in intracellular
signaling and cell-cell communication for cancer development. Additionally, from this
point of view, IncRNAs as well as miRNAs deeply involved in resistance and sensitization
to cancer therapies have attracted a large amount of attention as potential diagnostic and
prognostic biomarkers for glioma [67-70]. For example, miR-21 is related to various cellular
responses regulating radio- and/or chemosensitivity [71], and miR-301a promotes radia-
tion resistance to glioma cells by downregulating a tumor suppressor gene, transcription
elongation factor A-like 7 (TCEAL?) [72]. Accumulating evidence indicates that IncRNAs
can interact with these miRNAs and regulate their expressions, which suggests IncRNAs
play important roles in the formation of tumor microenvironments and the acquisition
of therapeutic resistance [73,74]. IncRNA NCK1 antisense RNA 1 (NCK1-AS1) directly
interacts with miR-22-3p, resulting in the depletion of miR-22-3p and promotion of cell
proliferation, radioresistance and chemoresistance in glioma [75]. LINC00470 is reported
to promote cell proliferation, invasion and TMZ resistance through sponging miR-134 [76].
Thus, studies are required on the molecular networks linking IncRNAs and miRNAs to
gain an improved understanding of the mechanism of therapeutic resistance, as this would
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provide an opportunity to establish therapeutic strategies and improve treatment efficacy
for glioma.

3.1. Roles of IncRNAs in Glioma Radiotherapy

Radiotherapy is commonly used to treat glioma and is frequently accompanied by
TMZ administration after surgical resection [77]. Radiotherapy has evolved, and intensity-
modulated radiotherapy, proton beam therapy and radioimmunotherapy have recently
been shown to improve treatment efficacy with the alleviation of adverse effects [78].
However, radioresistant glioma patients face the possibility of experiencing adverse effects,
especially after adjustments of irradiation strategies [79,80]. Thus, the assessment of
radiosensitivity would make it possible to increase treatment efficacy and mitigate harmful
adverse effects.

IncRNAs affect radioresistance by regulating various cellular responses, including
DNA damage, apoptosis, EMT and several signaling pathways [81]. For example, IncRNA
XIST inhibits the expression of miR-329-3p, and miR-329-3p downregulation provokes cell
proliferation and invasiveness and the upregulation of cAMP responsive element binding
protein 1 (CREB1) expression, thus inducing radioresistance in glioma patients [18]. The ex-
pression of IncRNA HLA complex P5 (HCP5) was positively correlated with glioma malig-
nancy and HCP5 knockdown promoted cellular senescence and sensitivity to radiation and
inhibited cell proliferation by sponging miR-128 [82]. IncRNA transmembrane phosphatase
with tensin homology pseudogene 1 (TPTEP1) has been demonstrated to act as a tumor
suppressor in glioma cells, and the upregulation of TPTEP1 in glioma patients has shown
an improvement in overall survival probability [60]. TPTEP1 attenuates miR-106a-5p, and
the depletion of miR-106a-5p leads to cell stemness and radioresistance in glioma cells [83].
A meta-analysis of 167 low-grade glioma patients after radiotherapy found that 8 IncRNAs
(LINCO01447, AC004832.1, AC020659.1, AC087241.4, AC092343.1, AL157831.2, DISC1FP1
and FAM30A) were highly correlated with the regulation of radiosensitivity in an mRNA-
dependent manner [79]. In addition, several IncRNAs were identified as prognostic candi-
dates of overall survival (LINC01447, AC023796.1, AC000061.1, AL078605.1, LINC01163,
LINCO02237, AC073324.2, AC023905.1, AL133415.1 and AC106786.1) or progression-free
survival (LINC01447, LINC02237, AC106786.1, KC6, GS1-24F4.2, LINC01163, AC000061.1,
AL133415.1, AL137005.1 and AC046168.2) after radiotherapy in low-grade glioma patients.
Furthermore, the authors suggested that in low-grade glioma, AL133415.1, LINC01447
and AC106786.1 are associated with poor prognoses but that AC000061.1, LINC01163 and
LINCO02237 are associated with good prognoses for radiotherapy in low-grade glioma.

Circular RNAs (circRNAs) are another class of non-coding RNAs and reportedly play
crucial roles in gene regulation by acting as ceRNNAs and sponging miRNAs such as IncR-
NAs [84,85]. In a recent study, altered circRNA expression patterns were observed in glioma
cells; these included 10 upregulated (circATP8B4, circCCDC134, circMARCHS, circLRRK1,
circANAPCI, circNSD2, circUBAP2, circSEPT9 and circTBC1D1) and 10 downregulated
(circRNF216, circMTCL1, circNR2C1, circATAD2, circCSPP1, circUBQLNT1, circZDHHC21,
circDLG1, circOSBPL10 and circSNX2) circRNAs [47]. It was suggested that circATP8B4
promotes radioresistance by sponging miR-766-5p in glioma cells and that circATP8B4 in
extracellular vesicles, such as exosomes released by radioresistant glioma cells, contributes
to the acquisition of radioresistant properties by glioma cells.

The experimental results demonstrated that many IncRNAs participate in the regu-
lation of radioresistance, which is intricately connected to irradiation-induced cell death.
These results indicate that profiling the expressions of IncRNAs in glioma patients could
provide critical information useful for predicting disease progression and for determining
a means of increasing the efficacy of radiotherapy.

3.2. Roles of IncRNAs in Glioma Chemotherapy

TMZ is a universal DNA-alkylating agent and used as a first-line chemotherapeutic
agent in glioma. TMZ induces DNA damage in glioma cells and overwhelms DNA repair
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system activity, leading to cytotoxicity and apoptosis [86-89]. However, O®-methylguanine
DNA methyltransferase (MGMT) is capable of repairing cytotoxic groups and is the preva-
lent reason for TMZ resistance in glioma patients [90-92]. In addition, several molecular
mechanisms affecting signaling pathways contributing to the expression and activation of
MGMT are highly responsible for the poor outcomes of TMZ-resistant glioma patients [70].
IncRNA FoxD2 adjacent opposite strand RNA 1 (FoxD2-AS1) shows high expression in
glioma patients, correlated with poor patient outcomes, especially with drug responses
induced by TMZ administration [93]. FoxD2-AS1 inhibits the methylation of the MGMT
promoter, thus promoting TMZ resistance [94]. Additionally, temozolomide-associated
IncRNA in glioblastoma recurrence (Inc-TALC) is reported to act as a ceRNA for miR-
20b-3p and provokes the upregulation of MGMT through regulating the c-Met signaling
pathway, resulting in TMZ resistance, tumor development and progression [95].

According to Zhang et al., the expression of IncRNA SET-binding factor 2 antisense
RNA 1 (SBF2-AS1) is upregulated in TMZ-resistant glioma tissues as compared with TMZ-
sensitive tissues, indicating that SBF2-AS1 is associated with chemoresistance to TMZ [48].
The authors also suggested that exosomal SBF2-AS1 secreted by TMZ-resistant cells might
spread TMZ resistance to nearby glioma cells and that SBF2-AS1 might downregulate
miR-151a-3p in a ceRNA network manner, upregulate X-ray repair cross-complementing
protein 4 (XRCC4) and promote the repair of TMZ-induced DNA damage [49]. Another
study showed that the expression of IncRNA urothelial carcinoma associated 1 (UCA1)
was upregulated in several glioma cell lines as compared with normal astrocytes, and
that UCA1 overexpression increased the IC50 values of cisplatin and TMZ in glioma
cell lines, indicating that UCA1 is associated with the promotion of chemoresistance to
several antitumor agents [96]. Furthermore, it has been reported that the expression of
miR-10a might contribute to the induction of TMZ resistance in glioma cells [97]. In
another study, miR-10a was sponged by IncRNA RP11-838N2.4, and the overexpression
of RP11-838N2.4 increased TMZ sensitivity in GBM cells [51]. IncRNA AC003092.1 also
acts as ceRNA for miR-195, leading to the increased expression of tissue factor pathway
inhibitor 2 (TFPI2) [98]. TPFI2 provokes cell apoptosis induced by TMZ treatment; therefore,
the overexpression of AC003092.1 inhibits cell proliferation and promotes cell apoptosis,
enhancing TMZ sensitivity in glioblastoma.

Recently, IncRNA P73 antisense RNA 1T (TP73-AS1) has attracted attention for report-
edly playing a pivotal role in the epigenetic regulation of gene expression in glioblastoma
and for its relevance to stemness in glioblastoma cancer stem cells [99]. TP73-AS1 is pos-
itively correlated with the metabolisms of nucleosides and proteins, and high levels of
TP73-AS1 expression promote TMZ resistance by inducing the expression of aldehyde de-
hydrogenase 1 family member Al (ALDH1A1), which is known to maintain stemness and
promote chemoresistance in several solid tumors. IncRNA Sex-determining region Y-box 2
(SOX2) overlapping transcript (SOX20T) is also an epigenetic regulator in glioblastoma
and binds to RNA demethylase called AlkB homolog 5 (ALKBHS5), which demethylates
SOX2 transcripts and results in the expression of oncogenic SOX2, which is deeply related
to cell viability and apoptosis [100]. SOX20T escalates TMZ resistance by inducing the
expression of SOX2, which is in line with the poorer overall survival and prognosis of
glioblastoma patients expressing high levels of SOX20T.

As stated above, regulations of miRNA expression by IncRNAs modulate resistance to
chemotherapeutic drugs. Selecting proper drug types and titers is critical for chemotherapy,
and thus, knowledge of the concentrations of specific IncRNAs would be helpful during
treatment planning. Furthermore, establishing strategies targeting those IncRNAs can
provide alternative options for TMZ-resistant glioma patients.

3.3. Roles of IncRNAs in Glioma Immunotherapy

Accumulating evidence shows that IncRNAs play fundamental roles in aspects of
immune responses such as inflammation, cell differentiation and immune cell maturation
and infiltration [101-103]. Additionally, some immune-related IncRNAs can be used for
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cancer type classification as their expressions are correlated with immunologic molecules
such as cytokines and chemokines [104,105]. Thus, it is important that immune-related
IncRNAs affecting glioma-associated immune cells are identified, as this would aid the
development of immunotherapies. In a study that analyzed immune-related IncRNAs
across cancer types including breast, lung, colon, skin and brain cancers, immune-related
IncRNA levels were highly correlated with immune cell infiltration in many of the examined
cancers, and the proportion of immune-related IncRNAs in glioblastoma was higher than
that in low-grade glioma [103].

In addition, it was shown that 10 IncRNAs, namely, LINC00944, MIR3142HG, LINC01871,
LINC01281, RP11-32F22.2, CTA-384D8.35, LINC01934, LINC00996, CTB-61M7.2 and SMIM25,
were responsible for regulating immune pathways. Others have reported that IncRNAs,
including the non-coding repressor of the nuclear factor of activated T cells (NRON), long
intergenic non-coding RNA for kinase activation (LINK-A), PVT1, MIAT and ITGB2 Anti-
sense RNA 1 (ITGB2-AS1), are involved in cancer-associated immune responses, including
T-cell activation, cancer cell antigen presentation and CD8 T-cell infiltration [103,106-108];
it has also been reported that the IncRNA MIR155 host gene (MIR155HG) is upregulated in
glioblastoma tissues versus their normal counterparts and that its expression is positively
correlated with those of immune checkpoint inhibitors, including programmed cell death 1
ligand (PD-L1) and T cell immunoglobulin and mucin domain 3 (TIM-3) in glioblastoma,
and related to poor prognosis [50]. According to another study, the expression of IncRNA
DiGeorge syndrome critical region gene 5 (DGCR5) was decreased in low-grade glioma and
GBM tissues, and DGCR5 is deeply related to the regulation of several immune responses
proven by TCGA and CGGA datasets [61,62]. Specifically, DGCR5 showed a negative
correlation with immunoregulatory factors, such as programmed cell death 1 (PD-1), PD-
L1, LAG3, TIM-3 and B7-H3, and the infiltration capacity of immune cells. In addition,
the downregulation of DGCR5 was mainly responsible for the poor prognosis of glioma
patients. A recent study reported that, among glioma patients classified according to
immunity levels (low, medium or high), those in the high immunity group had the poorest
prognosis and lowest survival rate [109]. Five IncRNAs (AP001007.1, LBX-AS1, MIR155HG,
MAPT-AS1 and LINC00515) have been suggested to be associated with immune-related
genes, including human leukocyte antigen (HLA), PD-L1, TIM-3, B7-H3 and cytotoxic
T lymphocyte-associated antigen 4 (CTLA4), and these five IncRNAs were further cat-
egorized into risk factor (AP001007.1, LBX-AS1 and MIR155HG) and protective factor
(MAPT-AS1 and LINC00515) groups based on their relationships with patient risk, survival
time and overall death rate. Moreover, the results of univariate Cox regression and the Least
Absolute Shrinkage and Selection Operator (LASSO) regression based on TCGA datasets
showed that 11 immune-related IncRNAs, namely, AL391422.4, AC012558.1, AC074286.1,
DGCR9, AC126407.1, AL645608.6, FLJ16779, AL355916.1, LINC00641, AC021739.2 and
AC124016.2, are associated with the prognosis of low-grade glioma, with 10 of them acting
as risk factors and only AL391422.4 acting as a protecting factor [110].

As demonstrated by the abovementioned studies, IncRNAs are receiving a large
amount of attention as immunotherapy targets in glioma. Since the expression of immune-
related IncRNAs tends to be perturbed in glioma, and the clinical features of glioma patients
under immunotherapy are dependent on the expression of IncRNA, accumulating studies
on immune-related IncRNAs are valuable for optimizing the efficacy of immunotherapy.

4. Clinical Applications of IncRNAs in Glioma

As IncRNAs influence the expression of oncogenic and tumor-suppressive miRNAs
that regulate intracellular pathways, IncRNAs directly affect resistance or sensitivity to
several different types of therapies. Some glioma patients struggle with therapeutic resis-
tance, and their abilities to overcome therapeutic resistance are critical. As IncRNAs such as
AC000061.1, RP11-838N2.4 and DGCRS are known to increase therapeutic sensitivity, they
can be defined as beneficial factors in anticancer therapies (Figure 1). On the other hand,
IncRNAs including XIST, SBF2-AS1 and MIR155HG, known for increasing therapeutic
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resistance, can be described as risk factors, and it might be helpful to downregulate these
IncRNAs to improve the effects of anticancer therapies. Interestingly, several authors have
suggested means of modulating therapeutic resistance using IncRNAs. Applications of
RNAI techniques targeting specific IncRNAs offer a potentially effective route forward.
For example, glioma cells treated with LINC01447-specific siRNAs or AC106786.1-specific
siRNAs exhibited higher apoptosis rates 48 h after irradiation than controls [79]. Knock-
down of SOX20T by SOX20T-specific short hairpin RNA (shRNA) significantly enhanced
TMZ sensitivity, resulting in a decrease in tumor growth in xenograft mice models us-
ing glioma cell lines [100], and LINCO01116 knockdown mediated by LINCO01116-specific
shRNA inhibits cell proliferation, migration and invasion in glioma cell lines, and the
cultured medium obtained from glioma cells treated with LINC01116-specific ShRNA
suppressed the ability of tubule formation in human umbilical vein endothelial cells [111].
Additionally, CRISPR systems might be useful to achieve the stable knockdown of IncR-
NAs. TP73-AS1 depletion in a CRISPR/Cas9 dependent manner attenuated stemness
capacity in terms of self-renewal and sphere formation and enhanced the sensitivity of
glioblastoma cancer stem cells to TMZ [99]. The upregulation of IncRNAs may also provide
a means of enhancing sensitivity to anticancer therapy. RP11-838N2.4 overexpression by
transfection caused glioblastoma cells to become highly sensitive to TMZ [51]. Xenograft
animal models transplanted with IncRNA AC003092.1-overexpressing glioma cells using
the lentiviral system showed a decrease in tumor size after TMZ treatment compared to
animals transplanted with negative control cells [98]. Furthermore, exosomes, including
IncRNA PTENP1, secreted by human umbilical cord mesenchymal stem cells inhibited
glioma cell growth, which indicates that exosomes might be useful for introducing IncR-
NAs in glioma [112]. Thus, studies have demonstrated that various methods might be
employed to adjust the expression of IncRNAs and enhance therapeutic efficacies.

XIST

Radiation LINC01447
Response AC106786.1
circATP8B4

AC000061.1
LINCO1163
LINC02237

SBF2-AS1
RP11-838N2.4 Drug UCA1

AC003092.1 Response TP73-AS1
SOX20T

MIR155HG

Immune AP001007.1
Response LBX-AS1
LINK-A

DGCR5
MAPT-AS1
LINC00515

Figure 1. IncRNAs can regulate sensitivity or resistance to different types of anticancer therapies,
including radiotherapy, chemotherapy and immunotherapy. IncRNAs associated with increasing
therapeutic sensitivity act as beneficial factors and must be upregulated to improve efficacy of glioma
treatments. On the other hand, IncRNAs associated with increasing therapeutic resistance act as risk
factors and must be downregulated.

5. Conclusions

In this review, we summarize the IncRNAs regulated in glioma and their relationships
with different therapies. IncRNAs could be used as promising biomarkers and regulators
of signaling pathways associated with therapeutic resistance, and thus are helpful for
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determining individualized treatment. More importantly, we believe that an improved
understanding of the functions and molecular inter-relationships of IncRNAs could lead
to promising developments in the glioma treatment field, and further study of molecular
mechanisms of therapeutic-resistance-associated IncRNAs is required.

Author Contributions: Conceptualization, Y.C. and W.K,; investigation, Y.C. and WK; data curation,
Y.C., J.R. and WK.; writing—original draft preparation, Y.C., ].R. and W.K,; visualization, Y.C., J.R.
and W.K; supervision, WK.; project administration, W.K. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, WK_; Burger, P.C.; Jouvet, A.; Scheithauer, B.W.; Kleihues, P. The 2007 WHO
classification of tumours of the central nervous system. Acta Neuropathol. 2007, 114, 97-109. [CrossRef] [PubMed]

2. Kristensen, B.; Priesterbach-Ackley, L.; Petersen, J.; Wesseling, P. Molecular pathology of tumors of the central nervous system.
Ann. Oncol. 2019, 30, 1265-1278. [CrossRef]

3.  Louis, D.N,; Perry, A.; Reifenberger, G.; von Deimling, A.; Figarella-Branger, D.; Cavenee, W.K.; Ohgaki, H.; Wiestler, O.D.;
Kleihues, P; Ellison, D.W. The 2016 World Health Organization Classification of Tumors of the Central Nervous System: A
summary. Acta Neuropathol. 2016, 131, 803-820. [CrossRef]

4. Louis, D.N.; Ohgaki, H.; Wiestler, O.D.; Cavenee, WK. WHO Classification of Tumours of the Central Nervous System, 4th ed.;
International Agency for Research on Cancer (IARC): Lyon, France, 2016.

5. Schwartzbaum, J.A; Fisher, ].L.; Aldape, K.D.; Wrensch, M. Epidemiology and molecular pathology of glioma. Nat. Clin. Pract.
Neurol. 2006, 2, 494-503. [CrossRef]

6.  Alifieris, C.; Trafalis, D.T. Glioblastoma multiforme: Pathogenesis and treatment. Pharmacol. Ther. 2015, 152, 63-82. [CrossRef]

7. Lim, M.,; Xia, Y.; Bettegowda, C.; Weller, M. Current state of immunotherapy for glioblastoma. Nat. Rev. Clin. Oncol. 2018,
15, 422442, [CrossRef] [PubMed]

8. Wiedmann, M.K;; Brunborg, C.; Di Ieva, A.; Lindemann, K.; Johannesen, T.B.; Vatten, L.; Helseth, E.; Zwart, J.A. The impact
of body mass index and height on the risk for glioblastoma and other glioma subgroups: A large prospective cohort study.
Neuro-Oncology 2016, 19, 976-985. [CrossRef] [PubMed]

9.  Van Meir, E.G.; Hadjipanayis, C.G.; Norden, A.D.; Shu, H.-K.; Wen, P.Y.; Olson, ].J. Exciting New Advances in Neuro-Oncology:
The Avenue to a Cure for Malignant Glioma. CA A Cancer ]. Clin. 2010, 60, 166-193. [CrossRef]

10. Parsons, D.W.; Jones, S.; Zhang, X.; Lin, ].C.-H.; Leary, R.J.; Angenendt, P.; Mankoo, P.; Carter, H.; Siu, I.-M.; Gallia, G.L.; et al. An
Integrated Genomic Analysis of Human Glioblastoma Multiforme. Science 2008, 321, 1807-1812. [CrossRef]

11. Davis, M.E. Glioblastoma: Overview of Disease and Treatment. Clin. . Oncol. Nurs. 2016, 20, S2-S8. [CrossRef]

12.  Chen, J.; McKay, R.M.; Parada, L.F. Malignant Glioma: Lessons from Genomics, Mouse Models, and Stem Cells. Cell 2012,
149, 36-47. [CrossRef] [PubMed]

13. Peng, W.X; Koirala, P.; Mo, Y.Y. IncRNA-mediated regulation of cell signaling in cancer. Oncogene 2017, 36, 5661-5667. [CrossRef]
[PubMed]

14. Qian, X,; Zhao, J.; Yeung, P.Y.; Zhang, Q.C.; Kwok, C.K. Revealing IncRNA Structures and Interactions by Sequencing-Based
Approaches. Trends Biochem. Sci. 2019, 44, 33-52. [CrossRef]

15. Banellj, B.; Forlani, A.; Allemanni, G.; Morabito, A.; Pistillo, M.P.; Romani, M. MicroRNA in Glioblastoma: An Overview. Int. J.
Genom. 2017, 2017, 7639084. [CrossRef]

16. Liu, Z.Z,; Tian, Y.F; Wu, H.; Ouyang, S.Y.; Kuang, W.L. IncRNA H19 promotes glioma angiogenesis through miR-138/HIF-
1/ VEGEF axis. Neoplasma 2020, 67, 111-118. [CrossRef]

17.  Gu, N.; Wang, X.; Di, Z.; Xiong, J.; Ma, Y,; Yan, Y,; Qian, Y.; Zhang, Q.; Yu, J. Silencing IncRNA FOXD2-AS1 inhibits prolifer-ation,
migration, invasion and drug resistance of drug-resistant glioma cells and promotes their apoptosis via mi-croRNA-98-5p/CPEB4
axis. Aging 2019, 11, 10266-10283. [CrossRef] [PubMed]

18. Wang, Y.-P; Li, H.-Q.; Chen, J.-X,; Kong, E-G.; Mo, Z.-H.; Wang, ].-Z.; Huang, K.-M.; Li, X.-N.; Yan, Y. Overexpression of
XIST facilitates cell proliferation, invasion and suppresses cell apoptosis by reducing radio-sensitivity of glioma cells via
miR-329-3p/CREBI axis. Eur. Rev. Med. Pharmacol. Sci. 2020, 24, 3190-3203.

19. Jing, S.-Y; Lu, Y.-Y,; Yang, ].-K.; Deng, W.-Y.; Zhou, Q.; Jiao, B.-H. Expression of long non-coding RNA CRNDE in glioma and its
correlation with tumor progression and patient survival. Eur. Rev. Med. Pharmacol. Sci. 2016, 20, 3992-3996.

20. Wu, F; Zhang, C.; Cai, J.; Yang, F; Liang, T.; Yan, X.; Wang, H.; Wang, W.; Chen, J; Jiang, T. Upregulation of long noncoding RNA
HOXA-AS3 promotes tumor progression and predicts poor prognosis in glioma. Oncotarget 2017, 8, 53110-53123. [CrossRef]

21. Liang, Q. Li, X.; Guan, G.; Xu, X.; Chen, C.; Cheng, P.; Cheng, W.; Wu, A. Long non-coding RNA, HOTAIRM1, promotes glioma

malignancy by forming a ceRNA network. Aging 2019, 11, 6805-6838. [CrossRef]


http://doi.org/10.1007/s00401-007-0243-4
http://www.ncbi.nlm.nih.gov/pubmed/17618441
http://doi.org/10.1093/annonc/mdz164
http://doi.org/10.1007/s00401-016-1545-1
http://doi.org/10.1038/ncpneuro0289
http://doi.org/10.1016/j.pharmthera.2015.05.005
http://doi.org/10.1038/s41571-018-0003-5
http://www.ncbi.nlm.nih.gov/pubmed/29643471
http://doi.org/10.1093/neuonc/now272
http://www.ncbi.nlm.nih.gov/pubmed/28040713
http://doi.org/10.3322/caac.20069
http://doi.org/10.1126/science.1164382
http://doi.org/10.1188/16.CJON.S1.2-8
http://doi.org/10.1016/j.cell.2012.03.009
http://www.ncbi.nlm.nih.gov/pubmed/22464322
http://doi.org/10.1038/onc.2017.184
http://www.ncbi.nlm.nih.gov/pubmed/28604750
http://doi.org/10.1016/j.tibs.2018.09.012
http://doi.org/10.1155/2017/7639084
http://doi.org/10.4149/neo_2019_190121N61
http://doi.org/10.18632/aging.102455
http://www.ncbi.nlm.nih.gov/pubmed/31770107
http://doi.org/10.18632/oncotarget.18162
http://doi.org/10.18632/aging.102205

Int. . Mol. Sci. 2021, 22, 6834 10 of 13

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Birko, Z.; Nagy, B.; Klekner, A Virga, ]. Novel Molecular Markers in Glioblastoma—Benefits of Liquid Biopsy. Int. . Mol. Sci.
2020, 21, 7522. [CrossRef] [PubMed]

Antunes-Ferreira, M.; Koppers-Lalic, D.; Wiirdinger, T. Circulating platelets as liquid biopsy sources for cancer detection. Mol.
Oncol. 2021, 15, 1727-1743. [CrossRef] [PubMed]

Miyauchi, J.T,; Tsirka, S.E. Advances in immunotherapeutic research for glioma therapy. J. Neurol. 2018, 265, 741-756. [CrossRef]
Van den Bent, M.]. Chemotherapy for low-grade glioma: When, for whom, which regimen? Curr. Opin. Neurol. 2015, 28, 633-938.
[CrossRef] [PubMed]

Chan, M.D. Recent Technical Advances and Indications for Radiation Therapy in Low-Grade Glioma. Semin. Radiat. Oncol. 2015,
25,189-196. [CrossRef] [PubMed]

De Andres-Pablo, A.; Morillon, A.; Wery, M. IncRNAs, lost in translation or licence to regulate? Curr. Genet. 2016, 63, 29-33.
[CrossRef] [PubMed]

Do, H.; Kim, W. Roles of Oncogenic Long Non-coding RNAs in Cancer Development. Genom. Inform. 2018, 16, e18. [CrossRef]
[PubMed]

Kretz, M.; Siprashvili, Z.; Chu, C.; Webster, D.; Zehnder, A.; Qu, K;; Lee, C.S; Flockhart, R.J.; Groff, A.E; Chow, J.; et al. Control of
somatic tissue differentiation by the long non-coding RNA TINCR. Nat. Cell Biol. 2012, 493, 231-235. [CrossRef]

Qian, K,; Liu, G.; Tang, Z.; Hu, Y.; Fang, Y.; Chen, Z.; Xu, X. The long non-coding RNA NEAT1 interacted with miR-101 modulates
breast cancer growth by targeting EZH2. Arch. Biochem. Biophys. 2017, 615, 1-9. [CrossRef]

Ma, Y.; Zhang, J.; Wen, L.; Lin, A. Membrane-lipid associated IncRNA: A new regulator in cancer signaling. Cancer Lett. 2018,
419, 27-29. [CrossRef]

Salmena, L.; Poliseno, L.; Tay, Y.; Kats, L.; Pandolfi, PP. A ceRNA Hypothesis: The Rosetta Stone of a Hidden RNA Language?
Cell 2011, 146, 353-358. [CrossRef]

Shi, J.; Dong, B.; Cao, J.; Mao, Y.; Guan, W.; Peng, Y.; Wang, S. Long non-coding RNA in glioma: Signaling pathways. Oncotarget
2017, 8, 27582-27592. [CrossRef]

Bian, E.-B.; Li, J.; Xie, Y.-S.; Zong, G.; Li, ].; Zhao, B. IncRNAs: New Players in Gliomas, With Special Emphasis on the Interaction
of IncRNAs With EZH2. ]. Cell. Physiol. 2014, 230, 496-503. [CrossRef]

Mu, M.; Niu, W.; Zhang, X.; Hu, S.; Niu, C. IncRNA BCYRNI1 inhibits glioma tumorigenesis by competitively binding with
miR-619-5p to regulate CUEDC2 expression and the PTEN/AKT/p21 pathway. Oncogene 2020, 39, 6879-6892. [CrossRef]
Cheng, Z.; Luo, C.; Guo, Z. IncRNA-XIST /microRNA-126 sponge mediates cell proliferation and glucose metabolism through the
IRS1/PI3K/ Akt pathway in glioma. J. Cell Biochem. 2020, 121, 2170-2183. [CrossRef]

Sun, L.; Hui, A.-M.; Su, Q.; Vortmeyer, A.; Kotliarov, Y.; Pastorino, S.; Passaniti, A.; Menon, J.; Walling, J.; Bailey, R.; et al. Neuronal
and glioma-derived stem cell factor induces angiogenesis within the brain. Cancer Cell 2006, 9, 287-300. [CrossRef] [PubMed]
Zhang, K; Sun, X,; Zhou, X.; Han, L.; Chen, L.; Shi, Z.; Zhang, A.; Ye, M.; Wang, Q.; Liu, C.; et al. Long non-coding RNA HOTAIR
promotes glioblastoma cell cycle progression in an EZH2 dependent manner. Oncotarget 2015, 6, 537-546. [CrossRef]

Xie, P; Li, X,; Chen, R;; Liu, Y,; Liu, D.; Liu, W.; Cui, G.; Xu, J. Upregulation of HOTAIRM1 increases migration and invasion by
glioblastoma cells. Aging 2020, 13, 2348-2364. [CrossRef] [PubMed]

Lang, H.-L.; Hu, G.-W.; Zhang, B.; Kuang, W.; Chen, Y.; Wu, L.; Xu, G.-H. Glioma cells enhance angiogenesis and inhibit
endothelial cell apoptosis through the release of exosomes that contain long non-coding RNA CCAT2. Oncol. Rep. 2017,
38, 785-798. [CrossRef] [PubMed]

Ding, J.; Zhang, L.; Chen, S.; Cao, H.; Xu, C.; Wang, X. IncRNA CCAT2 Enhanced Resistance of Glioma Cells Against Che-modrugs
by Disturbing the Normal Function of miR-424. OncoTargets Ther. 2020, 13, 1431-1445. [CrossRef] [PubMed]

Li, D.-X,; Fei, X.-R.; Dong, Y.-E; Cheng, C.-D.; Yang, Y.; Deng, X.-F,; Huang, H.-L.; Niu, W.-X.; Zhou, C.-X,; Xia, C.-Y,; et al.
The long non-coding RNA CRNDE acts as a ceRNA and promotes glioma malignancy by preventing miR-136-5p-mediated
downregulation of Bcl-2 and Wnt2. Oncotarget 2017, 8, 88163-88178. [CrossRef] [PubMed]

Chen, L.; Wang, Y.; He, ].; Zhang, C.; Chen, J.; Shi, D. Long Noncoding RNA H19 Promotes Proliferation and Invasion in Human
Glioma Cells by Downregulating miR-152. Oncol. Res. Featur. Preclin. Clin. Cancer Ther. 2018, 26, 1419-1428. [CrossRef] [PubMed]
Hu, Q; Yin, J.; Zeng, A,; Jin, X.; Zhang, Z.; Yan, W.; You, Y. H19 Functions as a Competing Endogenous RNA to Regulate EMT by
Sponging miR-130a-3p in Glioma. Cell. Physiol. Biochem. 2018, 50, 233-245. [CrossRef] [PubMed]

Fu, C; Li, D.; Zhang, X; Liu, N.; Chi, G.; Jin, X. IncRNA PVT1 Facilitates Tumorigenesis and Progression of Glioma via Regulation
of MiR-128-3p/GREMI1 Axis and BMP Signaling Pathway. Neurotherapeutics 2018, 15, 1139-1157. [CrossRef]

Liu, X;; Zhu, Q.; Guo, Y.; Xiao, Z.; Hu, L.; Xu, Q. IncRNA LINC00689 promotes the growth, metastasis and glycolysis of glioma
cells by targeting miR-338-3p/PKM2 axis. Biomed. Pharmacother. 2019, 117, 109069. [CrossRef]

Zhao, M.; Xu, J.; Zhong, S.; Liu, Y.; Xiao, H.; Geng, L.; Liu, H. Expression profiles and potential functions of circular RNAs in
extracellular vesicles isolated from radioresistant glioma cells. Oncol. Rep. 2019, 41, 1893-1900. [CrossRef]

Zhang, Z.; Yin, J.; Lu, C.; Wei, Y,; Zeng, A.; You, Y. Exosomal transfer of long non-coding RNA SBF2-AS1 enhances chemo-
resistance to temozolomide in glioblastoma. J. Exp. Clin. Cancer Res. 2019, 38, 166. [CrossRef]

Yu, H.; Zheng, J.; Liu, X.; Xue, Y.; Shen, S.; Zhao, L.; Li, Z.; Liu, Y. Transcription Factor NFAT5 Promotes Glioblastoma Cell-driven
Angiogenesis via SBF2-AS1/miR-338-3p-Mediated EGFL7 Expression Change. Front. Mol. Neurosci. 2017, 10, 301. [CrossRef]
Peng, L.; Chen, Z.; Chen, Y.; Wang, X.; Tang, N. MIR155HG is a prognostic biomarker and associated with immune infiltration
and immune checkpoint molecules expression in multiple cancers. Cancer Med. 2019, 8, 7161-7173. [CrossRef]


http://doi.org/10.3390/ijms21207522
http://www.ncbi.nlm.nih.gov/pubmed/33053907
http://doi.org/10.1002/1878-0261.12859
http://www.ncbi.nlm.nih.gov/pubmed/33219615
http://doi.org/10.1007/s00415-017-8695-5
http://doi.org/10.1097/WCO.0000000000000257
http://www.ncbi.nlm.nih.gov/pubmed/26397230
http://doi.org/10.1016/j.semradonc.2015.02.001
http://www.ncbi.nlm.nih.gov/pubmed/26050589
http://doi.org/10.1007/s00294-016-0615-1
http://www.ncbi.nlm.nih.gov/pubmed/27230909
http://doi.org/10.5808/GI.2018.16.4.e18
http://www.ncbi.nlm.nih.gov/pubmed/30602079
http://doi.org/10.1038/nature11661
http://doi.org/10.1016/j.abb.2016.12.011
http://doi.org/10.1016/j.canlet.2018.01.008
http://doi.org/10.1016/j.cell.2011.07.014
http://doi.org/10.18632/oncotarget.15175
http://doi.org/10.1002/jcp.24549
http://doi.org/10.1038/s41388-020-01466-x
http://doi.org/10.1002/jcb.29440
http://doi.org/10.1016/j.ccr.2006.03.003
http://www.ncbi.nlm.nih.gov/pubmed/16616334
http://doi.org/10.18632/oncotarget.2681
http://doi.org/10.18632/aging.202263
http://www.ncbi.nlm.nih.gov/pubmed/33323548
http://doi.org/10.3892/or.2017.5742
http://www.ncbi.nlm.nih.gov/pubmed/28656228
http://doi.org/10.2147/OTT.S227831
http://www.ncbi.nlm.nih.gov/pubmed/32110042
http://doi.org/10.18632/oncotarget.21513
http://www.ncbi.nlm.nih.gov/pubmed/29152149
http://doi.org/10.3727/096504018X15178768577951
http://www.ncbi.nlm.nih.gov/pubmed/29422115
http://doi.org/10.1159/000494002
http://www.ncbi.nlm.nih.gov/pubmed/30282068
http://doi.org/10.1007/s13311-018-0649-9
http://doi.org/10.1016/j.biopha.2019.109069
http://doi.org/10.3892/or.2019.6972
http://doi.org/10.1186/s13046-019-1139-6
http://doi.org/10.3389/fnmol.2017.00301
http://doi.org/10.1002/cam4.2583

Int. . Mol. Sci. 2021, 22, 6834 11 0f 13

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Liu, Y.; Xu, N.; Liu, B.; Huang, Y.; Zeng, H.; Yang, Z.; He, Z.; Guo, H. Long noncoding RNA RP11-838N2.4 enhances the
cytotoxic effects of temozolomide by inhibiting the functions of miR-10a in glioblastoma cell lines. Oncotarget 2016, 7, 43835-43851.
[CrossRef]

Han, Y.; Wu, Z.; Wu, T,; Huang, Y.; Cheng, Z.; Li, X,; Sun, T,; Xie, X.; Zhou, Y.; Du, Z. Tumor-suppressive function of long
noncoding RNA MALATT1 in glioma cells by downregulation of MMP2 and inactivation of ERK/MAPK signaling. Cell Death Dis.
2016, 7, €2123. [CrossRef]

Cao, S.; Wang, Y.; Li, J.; Lv, M.; Niu, H.; Tian, Y. Tumor-suppressive function of long noncoding RNA MALATT1 in glioma cells by
suppressing miR-155 expression and activating FBXW7 function. Am. |. Cancer Res. 2016, 6, 2561-2574.

Young-Pearse, T.; Matsuda, T.; Cepko, C. The Noncoding RNA Taurine Upregulated Gene 1 Is Required for Differentiation of the
Murine Retina. Curr. Biol. 2005, 15, 501-512. [CrossRef] [PubMed]

Li, J.; Zhang, M.; An, G.; Ma, Q. IncRNA TUGI acts as a tumor suppressor in human glioma by promoting cell apoptosis. Exp.
Biol. Med. 2016, 241, 644-649. [CrossRef] [PubMed]

Zhang, X.-Q.; Sun, S.; Lam, K.-F,; Kiang, KM.-Y; Pu, ] K.-S.; Ho, A.S.-W,; Lui, W.-M.; Fung, C.-E; Wong, T.S.; Leung, GK K. A
long non-coding RNA signature in glioblastoma multiforme predicts survival. Neurobiol. Dis. 2013, 58, 123-131. [CrossRef]
[PubMed]

Jin, Z.; Piao, L.; Sun, G.; Lv, C,; Jing, Y,; Jin, R. Long Non-Coding RNA PART1 Exerts Tumor Suppressive Functions in Gli-oma via
Sponging miR-190a-3p and Inactivation of PTEN/AKT Pathway. Oncotargets. Ther. 2020, 13, 1073-1086. [CrossRef]

He, J.; Xue, Y.; Wang, Q.; Zhou, X,; Liu, L.; Zhang, T.; Shang, C.; Ma, J.; Ma, T. Long non-coding RNA MIAT regulates blood tumor
barrier permeability by functioning as a competing endogenous RNA. Cell Death Dis. 2020, 11, 1-18. [CrossRef] [PubMed]
Wang, X.-P.; Shan, C.; Deng, X.-L.; Li, L.-Y.; Ma, W. Long non-coding RNA PARS5 inhibits the proliferation and progression of
glioma through interaction with EZH2. Oncol. Rep. 2017, 38, 3177-3186. [CrossRef]

Tang, T.; Wang, L.X.; Yang, M.L.; Zhang, RM. IncRNA TPTEP1 inhibits stemness and radioresistance of glioma through
miR-106a-5p-mediated P38 MAPK signaling. Mol. Med. Rep. 2020, 22, 4857-4867. [CrossRef] [PubMed]

Yang, F.; Huang, Y.-L. DGCRS5 suppresses the EMT of pediatric primary glioblastoma multiforme cell and serves as a prognostic
biomarker. Eur. Rev. Med. Pharmacol. Sci. 2019, 23, 10024-10034.

He, Z.; Long, J.; Yang, C.; Gong, B.; Cheng, M.; Wang, Q.; Tang, J. IncRNA DGCRS5 plays a tumor-suppressive role in glioma via
the miR-21/Smad7 and miR-23a/PTEN axes. Aging 2020, 12, 20285-20307. [CrossRef] [PubMed]

Norden, A.D.; Wen, PY. Glioma Therapy in Adults. Neurologist 2006, 12, 279-292. [CrossRef]

Xu, S; Tang, L,; Li, X,; Fan, F; Liu, Z. Inmunotherapy for glioma: Current management and future application. Cancer Lett. 2020,
476, 1-12. [CrossRef]

Lin, L.; Cai, J.; Jiang, C. Recent Advances in Targeted Therapy for Glioma. Curr. Med. Chem. 2017, 24, 1365-1381. [CrossRef]
[PubMed]

Tomiyama, A.; Ichimura, K. Signal transduction pathways and resistance to targeted therapies in glioma. Semin. Cancer Biol. 2019,
58,118-129. [CrossRef] [PubMed]

Zhou, Q.; Liu, J.; Quan, J.; Liu, W,; Tan, H.; Li, W. MicroRNAs as potential biomarkers for the diagnosis of glioma: A systematic
review and meta-analysis. Cancer Sci. 2018, 109, 2651-2659. [CrossRef]

Weidhaas, ].B.; Babar, I.; Nallur, S.M.; Trang, P.; Roush, S.; Boehm, M.; Gillespie, E.; Slack, EJ. MicroRNAs as Potential Agents to
Alter Resistance to Cytotoxic Anticancer Therapy. Cancer Res. 2007, 67, 11111-11116. [CrossRef]

Hu, W,; Chen, G.; Zhu, W,; Shi, D.; Lv, L.; Zhang, C.; Liu, P.; Hu, W. MicroRNA-181a sensitizes human malignant glioma U87MG
cells to radiation by targeting Bcl-2. Oncol. Rep. 2010, 23, 997-1003. [CrossRef] [PubMed]

Jiapaer, S.; Furuta, T.; Tanaka, S.; Kitabayashi, T.; Nakada, M. Potential Strategies Overcoming the Temozolomide Resistance for
Glioblastoma. Neurol. Med. Chir. 2018, 58, 405-421. [CrossRef]

Gwak, H.S,; Kim, T.H.; Jo, G.H.; Kim, Y.J.; Kwak, H.J.; Kim, ].H.; Yin, J.; Yoo, H.; Lee, S.H.; Park, J.B. Silencing of microRNA-21
confers radio-sensitivity through inhibition of the PI3K/AKT pathway and enhancing autophagy in malignant glioma cell lines.
PLoS ONE 2012, 7, €47449. [CrossRef]

Yue, X.; Lan, F,; Xia, T. Hypoxic Glioma Cell-Secreted Exosomal miR-301a Activates Wnt/3-catenin Signaling and Promotes
Radiation Resistance by Targeting TCEAL?. Mol. Ther. 2019, 27, 1939-1949. [CrossRef]

Yang, ].-K; Yang, J.-P.; Tong, J.; Jing, S.-Y.; Fan, B.; Wang, F,; Sun, G.-Z; Jiao, B.-H. Exosomal miR-221 targets DNM3 to induce
tumor progression and temozolomide resistance in glioma. J. Neuro-Oncol. 2017, 131, 255-265. [CrossRef] [PubMed]

Fan, Q.; Yang, L.; Zhang, X.; Peng, X.; Wei, S.; Su, D.; Zhai, Z.; Hua, X; Li, H. The emerging role of exosome-derived non-coding
RNAs in cancer biology. Cancer Lett. 2018, 414, 107-115. [CrossRef]

Wang, B.; Wang, K,; Jin, T.; Xu, Q.; He, Y.; Cui, B.; Wang, Y. NCK1-AS1 enhances glioma cell proliferation, radioresistance and
chemoresistance via miR-22-3p /IGF1R ceRNA pathway. Biomed. Pharmacother. 2020, 129, 110395. [CrossRef]

Wu, C; Su, J.; Long, W.; Qin, C.; Wang, X.; Xiao, K; Li, Y.; Xiao, Q.; Wang, J.; Pan, Y.; et al. LINC00470 promotes tumour
proliferation and invasion, and attenuates chemosensitivity through the LINC00470/miR-134/Myc/ABCCI axis in glioma. J. Cell.
Mol. Med. 2020, 24, 12094-12106. [CrossRef] [PubMed]

Stupp, R.; Hegi, M.E.; Mason, W.P.; van den Bent, M.].; Taphoorn, M.].; Janzer, R.C.; Ludwin, S.K.; Allgeier, A.; Fisher, B.;
Belanger, K.; et al. Effects of radiotherapy with concomitant and adjuvant temozolomide versus radiotherapy alone on survival


http://doi.org/10.18632/oncotarget.9699
http://doi.org/10.1038/cddis.2015.407
http://doi.org/10.1016/j.cub.2005.02.027
http://www.ncbi.nlm.nih.gov/pubmed/15797018
http://doi.org/10.1177/1535370215622708
http://www.ncbi.nlm.nih.gov/pubmed/26748401
http://doi.org/10.1016/j.nbd.2013.05.011
http://www.ncbi.nlm.nih.gov/pubmed/23726844
http://doi.org/10.2147/OTT.S232848
http://doi.org/10.1038/s41419-020-03134-0
http://www.ncbi.nlm.nih.gov/pubmed/33127881
http://doi.org/10.3892/or.2017.5986
http://doi.org/10.3892/mmr.2020.11542
http://www.ncbi.nlm.nih.gov/pubmed/33173989
http://doi.org/10.18632/aging.103800
http://www.ncbi.nlm.nih.gov/pubmed/33085646
http://doi.org/10.1097/01.nrl.0000250928.26044.47
http://doi.org/10.1016/j.canlet.2020.02.002
http://doi.org/10.2174/0929867323666161223150242
http://www.ncbi.nlm.nih.gov/pubmed/28019637
http://doi.org/10.1016/j.semcancer.2019.01.004
http://www.ncbi.nlm.nih.gov/pubmed/30685341
http://doi.org/10.1111/cas.13714
http://doi.org/10.1158/0008-5472.CAN-07-2858
http://doi.org/10.3892/or_00000725
http://www.ncbi.nlm.nih.gov/pubmed/20204284
http://doi.org/10.2176/nmc.ra.2018-0141
http://doi.org/10.1371/journal.pone.0047449
http://doi.org/10.1016/j.ymthe.2019.07.011
http://doi.org/10.1007/s11060-016-2308-5
http://www.ncbi.nlm.nih.gov/pubmed/27837435
http://doi.org/10.1016/j.canlet.2017.10.040
http://doi.org/10.1016/j.biopha.2020.110395
http://doi.org/10.1111/jcmm.15846
http://www.ncbi.nlm.nih.gov/pubmed/32916774

Int. . Mol. Sci. 2021, 22, 6834 12 0f 13

78.

79.

80.

81.

82.

83.

84.

85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

in glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-NCIC trial. Lancet Oncol. 2009, 10, 459-466.
[CrossRef]

Baker, S.; Dahele, M.; Lagerwaard, FJ.; Senan, S. A critical review of recent developments in radiotherapy for non-small cell lung
cancer. Radiat. Oncol. 2016, 11, 1-14. [CrossRef]

Lin, W,; Huang, Z.; Xu, Y.; Chen, X.; Chen, T,; Ye, Y.; Ding, J.; Chen, Z.; Chen, L.; Qiu, X,; et al. A three-IncRNA signature predicts
clinical outcomes in low-grade glioma patients after radiotherapy. Aging 2020, 12, 9188-9204. [CrossRef] [PubMed]

Wang, T.; Mehta, M.P. Low-Grade Glioma Radiotherapy Treatment and Trials. Neurosurg. Clin. N. Am. 2019, 30, 111-118.
[CrossRef]

Zhu, J.; Chen, S.; Yang, B.; Mao, W.; Yang, X.; Cai, ]. Molecular mechanisms of IncRNAs in regulating cancer cell radiosensitivity.
Biosci. Rep. 2019, 39, BSR20190590. [CrossRef]

Wang, C.; Yu, G.; Xu, Y,; Liu, C,; Sun, Q.; Li, W,; Sun, J.; Jiang, Y.; Ye, L. Knockdown of Long Non-Coding RNA HCP5 Increases
Radiosensitivity Through Cellular Senescence by Regulating microRNA-128 in Gliomas. Cancer Manag. Res. 2021, 13, 3723-3737.
[CrossRef] [PubMed]

Naka-Kaneda, H.; Nakamura, S.; Igarashi, M.; Aoi, H.; Kanki, H.; Tsuyama, J.; Tsutsumi, S.; Aburatani, H.; Shimazaki, T.; Okano, H.
The miR-17/106-p38 axis is a key regulator of the neurogenic-to-gliogenic transition in developing neural stem/progenitor cells.
Proc. Natl. Acad. Sci. USA 2014, 111, 1604-1609. [CrossRef] [PubMed]

Hansen, T.B.; Jensen, T.I.; Clausen, B.H.; Bramsen, ].B.; Finsen, B.; Damgaard, C.K.; Kjems, J. Natural RNA circles function as
efficient microRNA sponges. Nat. Cell Biol. 2013, 495, 384-388. [CrossRef] [PubMed]

Memczak, S.; Jens, M.; Elefsinioti, A.; Torti, F; Krueger, J.; Rybak-Wolf, A.; Maier, L.; Mackowiak, S.; Gregersen, L.H.;
Munschauer, M.; et al. Circular RNAs are a large class of animal RNAs with regulatory potency. Nat. Cell Biol. 2013, 495, 333-338.
[CrossRef]

Batchelor, T. Temozolomide for malignant brain tumours. Lancet 2000, 355, 1115-1116. [CrossRef]

Yoshimoto, K.; Mizoguchi, M.; Hata, N.; Murata, H.; Hatae, R.; Amano, T.; Nakamizo, A.; Sasaki, T. Complex DNA repair
pathways as possible therapeutic targets to overcome temozolomide resistance in glioblastoma. Front. Oncol. 2012, 2, 186.
[CrossRef]

Ochs, K.; Kaina, B. Apoptosis induced by DNA damage O6-methylguanine is Bcl-2 and caspase-9/3 regulated and Fas/caspase-8
independent. Cancer Res. 2000, 60, 5815-5824. [PubMed]

Hegi, M.E.; Diserens, A.C.; Gorlia, T.; Hamou, M.F;; de Tribolet, N.; Weller, M.; Kros, ].M.; Hainfellner, J.A.; Mason, W.;
Mariani, L.; et al. MGMT gene silencing and benefit from temozolomide in glioblastoma. N. Engl. ]. Med. 2005, 352, 997-1003.
[CrossRef] [PubMed]

Perazzoli, G.; Prados, ].; Ortiz, R.; Caba, O.; Cabeza, L.; Berdasco, M.; Génzalez, B.; Melguizo, C. Temozolomide Resistance in
Glioblastoma Cell Lines: Implication of MGMT, MMR, P-Glycoprotein and CD133 Expression. PLoS ONE 2015, 10, e0140131.
[CrossRef]

Kovacs, K.; Scheithauer, B.W.; Lombardero, M.; McLendon, R.E.; Syro, L.V,; Uribe, H.; Ortiz, L.D.; Penagos, L.C. MGMT
immunoexpression predicts responsiveness of pituitary tumors to temozolomide therapy. Acta Neuropathol. 2008, 115, 261-262.
[CrossRef]

Gerson, S.L. MGMT: Its role in cancer aetiology and cancer therapeutics. Nat. Rev. Cancer 2004, 4, 296-307. [CrossRef]

Shen, F.; Chang, H.; Gao, G.; Zhang, B.; Li, X,; Jin, B. Long noncoding RNA FOXD2-AS1 promotes glioma malignancy and
tumorigenesis via targeting miR-185-5p/CCND?2 axis. J. Cell Biochem. 2019, 120, 9324-9336. [CrossRef]

Shangguan, W.; Lv, X.; Tian, N. FoxD2-ASl1is a prognostic factor in glioma and promotes temozolomide resistance in a O6-
methylguanine-DNA methyltransferase-dependent manner. Korean . Physiol. Pharmacol. 2019, 23, 475-482. [CrossRef] [PubMed]
Wu, P; Cai, J.; Chen, Q.; Han, B.; Meng, X.; Li, Y;; Li, Z; Wang, R.; Lin, L.; Duan, C.; et al. Lnc-TALC promotes O6-methylguanine-
DNA methyltransferase expression via regulating the c-Met pathway by competitively binding with miR-20b-3p. Nat. Commun.
2019, 10, 2045. [CrossRef] [PubMed]

Zhang, B.; Fang, S.; Cheng, Y.; Zhou, C.; Deng, F. The long non-coding RNA, urothelial carcinoma associated 1, promotes
cell growth, invasion, migration, and chemo-resistance in glioma through Wnt/p-catenin signaling pathway. Aging 2019,
11, 8239-8253. [CrossRef] [PubMed]

Ujifuku, K.; Mitsutake, N.; Takakura, S.; Matsuse, M.; Saenko, V.; Suzuki, K.; Hayashi, K.; Matsuo, T.; Kamada, K.; Nagata, L; et al.
miR-195, miR-455-3p and miR-10ax are implicated in acquired temozolomide resistance in glioblastoma multiforme cells. Cancer
Lett. 2010, 296, 241-248. [CrossRef]

Xu, N,; Liu, B.; Lian, C.; Doycheva, D.M.; Fu, Z,; Liu, Y.; Zhou, J.; He, Z.; Yang, Z.; Huang, Q.; et al. Long noncoding RNA
AC003092.1 promotes temozolomide chemosensitivity through miR-195/TFPI-2 signaling modulation in glioblastoma. Cell Death
Dis. 2018, 9, 1139. [CrossRef]

Mazor, G.; Levin, L.; Picard, D.; Ahmadov, U.; Carén, H.; Borkhardt, A.; Reifenberger, G.; Leprivier, G.; Remke, M.; Rotblat, B. The
IncRNA TP73-AS1 is linked to aggressiveness in glioblastoma and promotes temozolomide resistance in glioblastoma cancer
stem cells. Cell Death Dis. 2019, 10, 1-14. [CrossRef]

Liu, B.; Zhou, J.; Wang, C.; Chi, Y.; Wei, Q.; Fu, Z,; Lian, C.; Huang, Q.; Liao, C.; Yang, Z.; et al. IncRNA SOX2OT promotes
temozolomide resistance by elevating SOX2 expression via ALKBH5-mediated epigenetic regulation in glioblastoma. Cell Death
Dis. 2020, 11, 384. [CrossRef]


http://doi.org/10.1016/S1470-2045(09)70025-7
http://doi.org/10.1186/s13014-016-0693-8
http://doi.org/10.18632/aging.103189
http://www.ncbi.nlm.nih.gov/pubmed/32453707
http://doi.org/10.1016/j.nec.2018.08.008
http://doi.org/10.1042/BSR20190590
http://doi.org/10.2147/CMAR.S301333
http://www.ncbi.nlm.nih.gov/pubmed/33994812
http://doi.org/10.1073/pnas.1315567111
http://www.ncbi.nlm.nih.gov/pubmed/24474786
http://doi.org/10.1038/nature11993
http://www.ncbi.nlm.nih.gov/pubmed/23446346
http://doi.org/10.1038/nature11928
http://doi.org/10.1016/S0140-6736(00)02055-9
http://doi.org/10.3389/fonc.2012.00186
http://www.ncbi.nlm.nih.gov/pubmed/11059778
http://doi.org/10.1056/NEJMoa043331
http://www.ncbi.nlm.nih.gov/pubmed/15758010
http://doi.org/10.1371/journal.pone.0140131
http://doi.org/10.1007/s00401-007-0279-5
http://doi.org/10.1038/nrc1319
http://doi.org/10.1002/jcb.28208
http://doi.org/10.4196/kjpp.2019.23.6.475
http://www.ncbi.nlm.nih.gov/pubmed/31680769
http://doi.org/10.1038/s41467-019-10025-2
http://www.ncbi.nlm.nih.gov/pubmed/31053733
http://doi.org/10.18632/aging.102317
http://www.ncbi.nlm.nih.gov/pubmed/31596734
http://doi.org/10.1016/j.canlet.2010.04.013
http://doi.org/10.1038/s41419-018-1183-8
http://doi.org/10.1038/s41419-019-1477-5
http://doi.org/10.1038/s41419-020-2540-y

Int. . Mol. Sci. 2021, 22, 6834 13 0f 13

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Chen, Y.G,; Satpathy, A.; Chang, H.Y. Gene regulation in the immune system by long noncoding RNAs. Nat. Immunol. 2017,
18, 962-972. [CrossRef] [PubMed]

Hur, K,; Kim, S.-H.; Kim, J.-M. Potential Implications of Long Noncoding RNAs in Autoimmune Diseases. Immune Netw. 2019,
19, e4. [CrossRef]

Li, Y; Jiang, T.; Zhou, W.; Li, J.; Li, X,; Wang, Q.; Jin, X,; Yin, J.; Chen, L.; Zhang, Y.; et al. Pan-cancer characterization of
im-mune-related IncRNAs identifies potential oncogenic biomarkers. Nat. Commun. 2020, 11, 1000. [CrossRef]

Poeta, V.M.; Massara, M.; Capucetti, A.; Bonecchi, R. Chemokines and Chemokine Receptors: New Targets for Cancer Im-
munotherapy. Front. Immunol. 2019, 10, 379. [CrossRef] [PubMed]

Berger, A.C.; Korkut, A.; Kanchi, R.S.; Hegde, A.M.; Lenoir, W.; Liu, W,; Liu, Y.; Fan, H.; Shen, H.; Ravikumar, V; et al. A
Comprehensive Pan-Cancer Molecular Study of Gynecologic and Breast Cancers. Cancer Cell 2018, 33, 690-705.€9. [CrossRef]
Sharma, S.; Findlay, G.; Bandukwala, H.S.; Oberdoerffer, S.; Baust, B.; Li, Z.; Schmidt, V.; Hogan, P.G.; Sacks, D.B.; Rao, A.
Dephosphorylation of the nuclear factor of activated T cells (NFAT) transcription factor is regulated by an RNA-protein scaffold
complex. Proc. Natl. Acad. Sci. USA 2011, 108, 11381-11386. [CrossRef] [PubMed]

Hu, Q.; Ye, Y,; Chan, L-C,; Li, Y;; Liang, K,; Lin, A.; Egranov, S.D.; Zhang, Y.; Xia, W.; Gong, J.; et al. Oncogenic IncRNA
downregulates cancer cell antigen presentation and intrinsic tumor suppression. Nat. Immunol. 2019, 20, 835-851. [CrossRef]
Mirsafian, H.; Manda, S.S.; Mitchell, C.J.; Sreenivasamurthy, S.; Ripen, A.M.; Bin Mohamad, S.; Merican, A.F.; Pandey, A. Long
non-coding RNA expression in primary human monocytes. Genomics 2016, 108, 37-45. [CrossRef]

Wang, X.; Gao, M; Ye, J.; Jiang, Q.; Yang, Q.; Zhang, C.; Wang, S.; Zhang, J.; Wang, L.; Wu, J.; et al. An Immune Gene-Related
Five-IncRNA Signature for to Predict Glioma Prognosis. Front. Genet. 2020, 11, 612037. [CrossRef]

Wen, J.; Wang, Y.; Luo, L.; Peng, L.; Chen, C.; Guo, J.; Ge, Y.; Li, W,; Jin, X. Identification and Verification on Prognostic Index of
Lower-Grade Glioma Immune-Related IncRNAs. Front. Oncol. 2020, 10, 578809. [CrossRef] [PubMed]

Ye, J.; Zhu, J.; Chen, H.; Qian, J.; Zhang, L.; Wan, Z.; Chen, F; Sun, S.; Li, W.; Luo, C. A novel IncRNA-LINCO01116 regulates
tumorigenesis of glioma by targeting VEGFA. Int. |. Cancer 2020, 146, 248-261. [CrossRef]

Cheng, J.; Meng, J.; Zhu, L.; Peng, Y. Exosomal noncoding RNAs in Glioma: Biological functions and potential clinical ap-
plications. Mol. Cancer 2020, 19, 66. [CrossRef] [PubMed]


http://doi.org/10.1038/ni.3771
http://www.ncbi.nlm.nih.gov/pubmed/28829444
http://doi.org/10.4110/in.2019.19.e4
http://doi.org/10.1038/s41467-020-14802-2
http://doi.org/10.3389/fimmu.2019.00379
http://www.ncbi.nlm.nih.gov/pubmed/30894861
http://doi.org/10.1016/j.ccell.2018.03.014
http://doi.org/10.1073/pnas.1019711108
http://www.ncbi.nlm.nih.gov/pubmed/21709260
http://doi.org/10.1038/s41590-019-0400-7
http://doi.org/10.1016/j.ygeno.2016.01.002
http://doi.org/10.3389/fgene.2020.612037
http://doi.org/10.3389/fonc.2020.578809
http://www.ncbi.nlm.nih.gov/pubmed/33330055
http://doi.org/10.1002/ijc.32483
http://doi.org/10.1186/s12943-020-01189-3
http://www.ncbi.nlm.nih.gov/pubmed/32213181

	Introduction 
	Dysregulated lncRNA in Glioma 
	Upregulations of Oncogenic lncRNAs in Glioma 
	Downregulation of Tumor-Suppressive lncRNAs in Glioma 

	lncRNAs Associated with Therapeutic Resistance in Glioma 
	Roles of lncRNAs in Glioma Radiotherapy 
	Roles of lncRNAs in Glioma Chemotherapy 
	Roles of lncRNAs in Glioma Immunotherapy 

	Clinical Applications of lncRNAs in Glioma 
	Conclusions 
	References

