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Circular RNA: A novel type of biomarker for glioma (Review)
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Abstract. With the rapid development of sequencing tech-
nologies, the characteristics and functions of circular RNAs
(circRNAs) in different tissues, and their underlying patho-
physiological mechanisms, have been identified. circRNAs
are significantly enriched in the brain and are continually
expressed from the embryonic stage to the adult stage in rats.
Previous studies have reported that certain circRNAs are
differentially expressed in glioma and regulate a number of
biological processes, such as cell proliferation, metastasis
and oncogenesis of glioma. Furthermore, certain circRNAs
have been associated with tumor size, World Health
Organization tumor grade and poor prognosis in patients
with glioma. It has been hypothesized that circRNAs may
be involved in the onset and progression of glioma through
transcriptional regulation, protein translation and binding
to microRNAs. These properties and functions suggest the
potential of circRNAs as prognostic biomarkers and thera-
peutic targets for glioma. For the present review, published
studies were examined from PubMed, Embase, Cochrane
Central and the reference lists of the retrieved articles. The
aim of the present review was to summarize the progress
of circRNA research in glioma, discuss the potential diag-
nostic and prognostic values, and the roles of circRNAs in
glioma, and provide a novel theoretical basis and research
concepts for the prediction, diagnosis and treatment of
glioma.
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1. Introduction

Glioma is the most prevalent type of primary tumor of the
central nervous system and accounts for >75% of malignant
brain tumors (1,2). Histologically, glial-derived tumors, or
gliomas, share characteristics of normal glial cells, glial or
neural precursors and stem cells, and are generally named
based on these similarities (3-5). Recent advances in molecular
understanding have provided new insights and novel molec-
ular subclassification of gliomas. These molecular subtypes
include subependymal giant cell astrocytoma, pilocytic
astrocytoma, epithelioid glioblastoma, oligodendroglioma and
mesenchymal glioblastoma (2,3). Early detection of gliomas
may be difficult due to their deep location in the brain and
lack of obvious clinical symptoms at the early stages (4,6).
Despite the modest survival benefit of standard therapies,
including radiation, chemotherapy and surgery, for patients
with glioma, locoregional failure in the form of persistent or
recurrent disease still occurs in the majority of patients (7-11).
Therefore, innovative biomarkers and more specific targeted
treatments for eradicating glioma are required.

Non-coding RNAs (ncRNAs) are a class of functional
RNAs that do not encode proteins, including microRNAs
(miRNAs/miRs), long non-coding RNAs (IncRNAs) and
circular RNAs (circRNAs) (12-14). Previous studies have
reported that the majority of miRNAs and IncRNAs have regu-
latory functions, including regulation of the evolution of stem
cells, cardiomyocytes and epithelial cells, and regulation of the
translation, stabilization and degradation of mRNA (15-19).
With the development of several state-of-the-art technologies,
such as the next generation of high-throughput sequencing
techniques, gene silencing and gene editing, emerging evidence
has demonstrated that, not only miRNAs and IncRNAs, but
also circRNAs, have regulatory functions, and are associated
with a variety of diseases (20-24). circRNAs can interact with
protein complexes, RNA molecules and DNA molecules to
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exert their effects, and regulate a wide variety of physiological
and pathological processes (25-27).

circRNAs are a type of ncRNA characterized by a circular
configuration that consists of either prototypical spliceo-
some-mediated or lariat-type splicing, which provides a strong
stability and resistance to RNases (28,29). Numerous studies
have shown that several circRNAs are abnormally expressed
in human glioma and may be associated with the carcinogen-
esis of glioma. For example, circ-PRKCI (30), circ-CPA4 (31),
circ-CDC45 (32), circ-SCAF11 (33), circ-POSTN (34) and
circ-PCMTDI (35) have been found to act as tumor suppres-
sors or promoters in glioma progression by regulating the
proliferation, invasion, metastasis, angiogenesis and apoptosis
of glioma cells. The aim of the present review was to describe
the potential functional implications of circRNAs and to
summarize the current knowledge on circRNA research in
human glioma, including the expression, regulatory pathways
and treatment potential of circRNAs, as well as the current
challenges of circRNA studies in human glioma.

2. Brief overview of circRNAs

General characteristics of circRNAs. circRNAs were first
identified in plants, where it was revealed that they encode
subviral agents by electron microscopy in 1976 (36). At the
beginning of the 21st century, researchers reported the exis-
tence of circRNAs in a wide range of eukaryotic cells and tissue
samples from humans and other species (37). With the devel-
opment of circRNA identification and selection techniques, it
was reported that circRNAs consist of diverse combinations of
sequences and domains, including intronic, exonic, intergenic
and antisense chain regions (38). Subsequently, the detected
types and quantity of circRNAs have increased. According
to the components of the parental genes, circRNAs can be
grouped into three main subtypes: Circular intronic RNAs
(ciRNAs), exonic circRNAs (ecircRNAs) and exon-intron
circRNAs (EIciRNAs) (39-42).

circRNAs are resistant to degradation by ribonucleases
due to the lack of a free 5' or 3' end, which ensures their
stability compared with their linear counterparts (43).
circRNAs are extensively present in body fluids, and are
covalently closed single-stranded RNA molecules that
are generated via multiple cyclization modes, including
lariat-driven cyclization, RNA-binding protein (RBP)-driven
cyclization, base-pairing-driven cyclization and ciRNA
biosynthesis (44.,45). The cyclization modes and specific types
of circRNAs are shown in Fig. 1. Selective circularization
combined with alternative splicing can generate numerous
circRNAs from one gene (20).

Research on circRNAs has confirmed numerous features
of circRNAs, including diversity, specificity and conserva-
tion (46). In comparison with linear RNAs, the majority of
circRNAs are hyper-conserved at the nucleotide-level among
different species (47). In 2021, Varela-Martinez et al (48)
identified a large number of sheep circRNAs, of which
1,606 were homologous to human circRNAs. Based on RNA
sequencing from differentiated cell lines and brain tissues, it
was demonstrated that numerous circRNAs are tissue- and
stage-specifically expressed (49,50). Due to their unusual
stability, highly conserved sequence and expression specificity,

circRNAs may serve as candidates for clinical biomarker
research.

Biological functions of circRNAs. A growing body of studies
have revealed that circRNAs can be produced in any region
of the genome and can be cycled by multiple cyclization
modes (51-53). Those features create multiformity in the
sequence and length of circRNAs, eventually resulting in the
multiplicity of circRNA functions. The biological functions of
circRNAs in a wide variety of human neoplasms include acting
as miRNA sponges, interacting with proteins, regulating gene
splicing or transcription, translating proteins, or peptide and
epigenetic regulation. The most typical role of circRNAs is to
serve as miRNA sponges (54-57). Mechanistically, miRNAs
can block the translation of target mRNA via complementary
pairing with the target mRNA 3'-untranslated region (UTR),
which impacts the stability of the target mRNA and modu-
lates the expression in the cell nucleus via combining with
gene promoters (52,53). However, circRNAs can suppress the
expression of miRNAs via adsorption and, simultaneously,
influence the molecular level of downstream target genes (54).
Li et al (55) reported that circ_PSD3 may serve as a miR-637
sponge to modulate the expression of downstream target genes
in papillary thyroid carcinoma. In addition, other circRNAs,
such as circRNA_0005529 and circ-TGFBR2, have been
reported to interact with miR-527 and miR-107 to regulate
human gastric cancer cell proliferation and metastasis, and
nasopharyngeal carcinoma cell viability, respectively (58,59).
Notably, the same circRNA may even have the opposite
function in different tumor cells, through targeting different
miRNAs. For example, circ-FOXO3 has been reported to
target miR-23a to inhibit esophageal squamous cell cancer
proliferation, but may also target miR-29a-3p to promote pros-
tate cancer progression (60,61). Notably, numerous circRNAs
that do not possess miRNA-binding sites still have a wide
range of biological functions, indicating that circRNAs have
their own additional regulatory functions. Previous studies
have revealed that circRNAs may interact with RBPs or other
proteins to form circRNA-protein complexes, which may
impact the function and mechanisms of action of binding
proteins (62,63). For example, circ-FOK X2 may integrate with
Y-box binding protein 1 and heterogeneous nuclear ribonu-
cleoprotein K to facilitate the upregulation of the oncogenes
NUF2 and pyridoxal kinase, ultimately accelerating pancreatic
ductal adenocarcinoma progression (64). This form of action
of circRNAs has also been reflected in the significant down-
regulation of circ-DCUNI1D4 in lung adenocarcinoma (65).
Furthermore, hsa_circ_0008367 has been shown to interact
with the RBP ALKBHS5, thus regulating ferroptosis in
hepatocellular carcinoma cells (66).

Beyond the aforementioned two functions, circRNAs can
alsomodulate gene transcription and alternative splicing (67,68).
Conn et al (69) demonstrated that a circRNA derived from
exon 6 of the SEPALLATA3 (SEP3) gene increased the
abundance of the homology exon-skipped alternative splicing
variant and combined with its homology DNA locus, thereby
affecting the splicing efficiency of SEP3 mRNA. Furthermore,
previous studies identified that EIciRNAs, such as circ-PAIP2
and circ-EIF3J, may constitute complexes with Ul small
nuclear ribonucleoprotein (snRNP) via specific RNA-RNA
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Figure 1. Biogenesis of circRNAs. (A) Pre-mRNA contains introns and exons, and can generate a variety of circRNAs through different splicing mechanisms.
(B) Lariat-driven cyclization. When a pre-mRNA is spliced, the 3' hydroxyl of the upstream exon interacts with the 5' phosphate of the downstream exon to
form a covalent linkage, producing a lariat that contains exons and introns. The 2" hydroxyl of the 5' intron reacts with the 5' phosphate of the 3' intron, followed
by an interaction between the 3' hydroxyl of the 3' exon and the 5' phosphate of the 5' exon, through which an ecircRNA is formed. (C) RBP-driven cyclization.
RBPs can promote the interaction of the downstream intron and upstream intron, causing the formation of an ecircRNA. (D) Base-pairing-driven cyclization.
The downstream introns and upstream introns are paired based on inverse-repeating or complementary sequences. The introns are removed or retained to
form ecircRNA or EIciRNA. (E) Biosynthesis of ciRNA. Formation of ciRNAs mainly depends on a 7-nt GU-rich element and an 11-nt C-rich element to
escape debranching and exonucleolytic degradation. circRNA, circular RNA; RBP, RNA-binding protein; ecircRNA, exonic circRNA; EIciRNA, exon-intron

circRNA; ciRNA, circular intronic RNA.

interactions to shape EIciRNA-U1snRNP complexes, which
can interact with the polymerase II transcription complex to
promote transcription of the parental gene (70-72). According
to recent studies, numerous circRNAs have been identified
in the cytoplasm, indicating that they may be translated into
proteins (73,74). Further studies revealed that cap-independent
translation of circRNAs can occur via internal ribosome
entry site 119 or following the incorporation of the m°A
RNA modification in the 5'-UTR. Wu et al (75) demonstrated
that circ-SMO encoded a fresh protein, SMO-193aa, which
may drive the tumorigenicity of glioma cells. In addition,
Zheng et al (76) revealed that circ-PPP1R12A can carry
an open reading frame, which coded a protein known as
circ-PPP1R12A-73aa. Mechanistically, circ-PPP1IR12A-73aa
facilitated the progression of colon cancer via stimulating the
Hippo-YAP signal pathway.

3. circRNAs and glioma

Numerous studies have demonstrated that several oncogenic
and anti-oncogenic circRNAs are abnormally expressed
in human glioma compared with their expression levels in
normal tissues or tumor-adjacent tissues. For example, the

expression levels of circ-FBXW?7 and circ-AKT3 were lower
in glioma cell lines and cancer tissues from patients with
glioma (77,78). By contrast, circ-CPA4 (31), circ-CDC45 (32)
and circ-POSTN (34) have been revealed to be highly
expressed in glioma cell lines and cancer tissues from patients
with glioma. Mechanistically, these abnormally expressed
circRNAs may modulate the migration, apoptosis, prolif-
eration, invasion and angiogenesis of glioma, mainly through
acting as a sponge targeting miRNAs. The main examples
have been summarized in Table I. A meaningful role may
be played by circRNAs in the carcinogenesis of glioma. The
following subsections address the effect of these differentially
expressed circRNAs on human glioma.

circRNAs regulate the tumorigenicity of glioma cells.
Numerous genetic studies on glioma have determined that
gene mutations can promote the tumorigenicity of glioma
cells (2,78,79). In general, glioma-related genes can be sepa-
rated into two classes: Oncogenes and tumor suppressor genes.
Activating tumor-promoting genes or deactivating tumor
suppressor genes may lead to the onset and development of
glioma (80,81). Furthermore, previous research on human
glioma specimens has revealed that circRNAs can alter the
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expression of certain genes or proteins by translating proteins
or sponging miRNAs to facilitate the tumorigenicity of glioma
cells (82). For example, it was demonstrated that circ-FBXW7,
acircRNA derived from the FBXW7 gene, encoded the protein
FBXW7-185aa, which may suppress the tumorigenicity of
glioma cells. Further research revealed that FBXW7-185aa
reduced the half-life of c-Myc by antagonizing ubiquitin
specific peptidase 28-induced c-Myc stability. Additionally,
circ-FBXW7 and FBXW7-185aa levels were reduced in glio-
blastoma clinical samples, and the expression of circ-FBXW7
was positively associated with the overall survival of
patients with glioblastoma (77). Furthermore, Xia et al (78)
demonstrated that circ-AKT3 was expressed at low levels in
glioblastoma tissues in contrast to the expression in normal
brain tissues. Furthermore, this previous study reported
that circ-AKT3 encodes a 174 amino acid (aa) non-classical
protein named AKT3-174aa. Overexpression of AKT3-174aa
suppressed the tumorigenicity of glioblastoma cells. Notably,
Wau et al (75) revealed that circ-SMO, a circRNA derived from
exons 3-6 of the SMO gene, encoded protein SMO-193aa,
which is known to be essential for Hedgehog signaling
activation in glioblastoma. Furthermore, in vivo and in vitro
experiments verified that SMO-193aa may directly interact
with SMO and enhance SMO cholesterol modification, thus
promoting the tumorigenicity of glioma.

From a genetic point of view, circRNAs are vital modula-
tors of tumor formation. During the development of glioma,
circRNAs are pivotal players in the glioma-associated gene
changes that cause malignant initiation and progression,
as mentioned in the present review. Therefore, the role of
circRNAs in glioma is considered a promising field for further
investigation.

circRNAs activate and sustain proliferative signaling. Normal
brain tissues regulate the generation and release of prolif-
erative signals that instruct entrance into and development
via the cell growth-and-division cycle, thereby assuring the
maintenance of normal brain tissue architecture and charac-
teristics (83). Glioma cells have been suggested to obtain the
ability to induce and sustain positively acting growth-stimula-
tory signals in various ways (84). For example, Shi er al (85)
reported that circ-0014359 exhibited high expression levels
in glioma clinical tissue samples and cells. In addition, it was
found that overexpression of circ-0014359 was associated with
downregulation of miR-153; circ-0014359 acted as a sponge
for miR-153 to facilitate glioma cell proliferation and was
suggested to be involved in the PI3K axis. Further investiga-
tion revealed that high expression of miR-153 decreased the
levels of phosphorylated (p)-AKTser473, whereas inhibiting
miR-153 could enhance the expression of p-AKTser473.
Chen et al (86) demonstrated that circ_ PTN exhibited high
expression levels in glioma, and functioned as an initiator
of cell proliferation via its sponging effects on the miR-122
family. Additionally, SRY-box transcription factor (SOX)6
was predicted as a target of miR-122, and high expression
levels of miR-122 reduced the expression levels of SOX6.
Downregulation of miR-122 reversed the tumor suppressor
role of circ_PTN knockdown, whereas increased expression
of SOX6 affected the apoptosis and inhibition of cell prolifera-
tion induced by miR-122 overexpression. In contrast to normal

brain tissues, Peng et al (31) characterized circ-CPA4 from
28,265 differently expressed circRNAs in glioma tissues. The
authors investigated the functional roles of circ-CPA4 and its
downstream gene. By prediction and validation, the authors
verified that circ-CPA4 interacted with let-7 and served as
a sponge for let-7; circ-CPA4 may absorb let-7 to modulate
the levels of CPA4, thus promoting the proliferation and
progression of glioma cells (31).

Dysregulation of circRNAs may contribute to the aberrant
functioning of proliferation signaling in glioma. As miRNA
sponges, circRNAs may suppress the expression levels of
miRNAs via adsorption and concomitantly affect the expres-
sion of downstream genes. Thus, circRNAs may provide novel
insights into controlling the malignant proliferation of glioma
cells.

circRNAs function in cell apoptosis. Apoptosis is finely
modulated at the gene level, thus leading to the highly effi-
cient elimination of injured cells (87). The balance between
anti- and pro-apoptotic factors is essential to decide whether
a cell enters apoptosis. Apoptosis is mainly modulated via
the caspase family of proteases and the B-cell lymphoma 2
(Bcl-2) family of intracellular proteins. Previous studies
have demonstrated that circRNAs are pivotal modulators
of a number of cell processes in glioma, including apop-
tosis (88,89). circRNAs can alter the extrinsic and intrinsic
apoptotic pathways in several ways, resulting in a decrease
in apoptosis or development of apoptosis resistance; these
involve the injured death receptor pathway, alteration of
the balance between anti-apoptotic and pro-apoptotic
proteins of the Bcl-2 family, reduced caspase function and
impaired p53 function (90,91). He ef al (92) demonstrated
that circ-MAPK4, a circRNA that has been reported to act
as a cancer-promoting gene in glioma, was upregulated
and associated with the clinicopathological stage of glioma
(P<0.05). In addition, this previous study revealed that
knockdown of circ-MAPK4 resulted in increased levels of the
cleaved form of apoptotic factors [caspase-9, caspase-3 and
poly(ADP-ribose) polymerase], indicating the anti-apoptotic
effect of circ-MAPK4 in glioma development. In addi-
tion, experimental validation suggested that circ-MAPK4
targeted miR-125a-3p, which activated the p38/MAPK
signaling pathway to modulate cell apoptosis. Another study
by Cao et al (93) revealed that hsa_circ_0037251 modu-
lated the levels of mechanistic target of rapamycin through
sponging miR-1229-3p and thus regulated cellular apoptosis.
Notably, hsa_circ_0037251 was revealed to be overex-
pressed in glioma cells, and silencing of hsa_circ_0037251
facilitated cellular apoptosis and induced cell cycle arrest
in the G, phase. It is becoming clear that destabilizing the
overall pro- or anti-apoptotic balance of the Bcl-2 family
can induce dysregulated apoptosis in the affected cells.
For example, Chi et al (94) reported that matrine was able
to induce apoptosis via downregulating circRNA-104075
in glioma cells. circRNA-104075 was highly expressed in
glioma cells and functioned as a suppressor of cell apoptosis
by disrupting the equilibrium of anti-apoptotic/pro-apoptotic
factors. Furthermore, this previous study demonstrated that
increased expression of circRNA-104075 increased p62 and
Bcl-2 expression, but reduced beclin-1, cleaved caspase-3,
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cleaved caspase-9 and Bax levels, as well as the light chain
(LC)3-II/LC3-I ratio in matrine-treated glioma cells.

circRNAs can alter the balance of anti- and pro-apoptotic
factors via multiple mechanisms, thus leading to apoptotic
resistance of glioma cells (89-94). In addition, these findings
may provide more evidence on the association between cell
apoptosis and circRNAs to better develop novel therapeutic
strategies for glioma.

circRNAs induce angiogenesis. Similar to normal tissues,
tumor growth requires oxygen and nutrients, along with
an ability to excrete carbon dioxide and metabolic waste
products (95). Cancer cells excrete numerous pro-angio-
genic regulators, which result in the creation of abnormal
tumor-associated neovasculature. Tumor-associated neovas-
culature, which is characterized by disordered, immature
and penetrable blood vessels, helps to maintain and expand
tumor growth (96). Evidence has indicated that angiogenesis
is induced early during the multi-step progression of glioma
in humans and experimental animal models (97). Glioma
cells excrete vascular endothelial growth factor (VEGF)
and other pro-angiogenic regulatory factors to facilitate the
development of vascular endothelial cells. Several of these
angiogenic members are signaling proteins that couple with
stimulating or suppressive cell surface receptors exhibited by
vascular endothelial cells. In addition, glial vascular endo-
thelial cells may excrete a considerable quantity of factors
that accelerate cancer development (98). Notably, research
has shown that circRNAs can regulate the interactions of
these secreted factors to induce angiogenesis. He et al (99)
indicated that circ_002136, spondin 2 (SPON2) and SOX13
were upregulated, whereas miR-138-5p was downregulated
in glioma-exposed endothelial cells. circ_002136 served
as a molecular sponge for miR-138-5p, which negatively
regulated SOX13 and modulated glioma angiogenesis.
By contrast, SOX13 improved the level of SPON2 and
enhanced the angiogenic ability of glioma-exposed
endothelial cells. Furthermore, silencing circ_002136
markedly suppressed the activity, metastasis and tubule
formation of glioma-exposed endothelial cells. In another
study, it was demonstrated that the level of circ-DICER1
was increased in glioma-exposed endothelial cells, and
knockdown of circ-DICERI inhibited the cell activity,
metastasis and tubule-forming ability of glioma-exposed
endothelial cells. Furthermore, circ-DICER1 served as
a sponge for miR-382-5p or miR-103a-3p, and impaired
their negative modulatory effects on zic family member
4 (ZIC4) in glioma-exposed endothelial cells. Further
research verified that ZIC4 upregulated the level of its
downstream gene heat shock protein (Hsp)90f, and Hsp90
subsequently promoted the cell activity, metastasis and
tubule-forming ability of glioma-exposed endothelial cells
via stimulating the PI3K/AKT signaling pathway (100).
Additionally, Liu et al (101) demonstrated that the levels of
circ-ATXNlwere increased, whereas miR-526b-3p expres-
sion was decreased in glioma-associated endothelial cells.
circ-ATXN1 promoted angiogenesis of glioma-associated
endothelial cells by interacting with miR-526b-3p. A dual
luciferase experiment elucidated that MMP2 and VEGFA
were targets of miR-526b-3p. Furthermore, silencing

circ-ATXNI1 inhibited the viability and angiogenesis of
glioma-associated endothelial cells.

Taken together, these findings indicated that circRNAs
are important regulators of angiogenesis in glioma. circRNAs
may regulate the interactions of pro-angiogenic factors and
glioma growth factors to induce angiogenesis. Angiogenesis
is the basis of hematogenous metastasis in glioma and new
blood vessels have been characterized as essential channels for
glioma to transport nutrients (97,98). These circRNA studies
may be useful in designing approaches to improving the
survival of patients with glioma.

circRNAs regulate invasion and metastasis. Metastasis is
generally a late event in cancer and has limited treatment
options. Invasion and migration are associated with numerous
phenotypic and genotypic changes of cells that are indirectly
and directly modulated via diverse extrinsic and intrinsic
factors (102). The multiple-step procedures of invasion and
migration have been described as a series of discontinuous
steps, usually referred to as the invasion-metastasis cascade.
High-grade malignant tumor tissues are hyperactive and
may progress through the steps of the invasion-metastasis
cascade within a short period of time (103). Glioma is an
invasive disease that tends to propagate locally and migrate to
other parts of the brain (104). It is increasingly apparent that
dysregulation of circRNAs may contribute to the aggressive
growth and migration of glioma. For example, circ-SMAD7
promoted the invasion and migration of glioma via upregu-
lating proliferating cell nuclear antigen (PCNA), whereas
knockdown of circ-SMAD?7 suppressed the metastasis and
invasion of glioma cells. Consistently, the mRNA and protein
expression levels of PCNA were suppressed after circ-SMAD7
was downregulated in glioma cells. In addition, the levels of
circ-SMAD?7 were increased in glioma tissues compared with
those in normal brain tissues. Furthermore, the expression of
circ-SMAD?7 was associated with World Health Organization
tumor stage and Karnofsky Performance Scale score (105).
Another study by Yang et al (34) revealed that the levels of
circ-POSTN were elevated in glioma and associated with
World Health Organization tumor grades, tumor dimension
and poor prognosis in patients with glioma. circ-POSTN
has been shown to act as a sponge of miR-1205 to accelerate
glioma cell invasion and metastasis in vivo. Additionally,
knockdown of circ-POSTN in glioma cells reduced cell
metastasis and invasion potential (34). Moreover, Yi et al (106)
demonstrated that hsa_circ_0034642 affected the migration
and invasion of glioma via binding miR-1205 to regulate the
basic leucine zipper transcription factor ATF-like 3 level.
Notably, hsa_circ_0034642 exhibited higher levels of expres-
sion in glioma tissue and cells in comparison with in normal
brain tissue. Furthermore, high hsa_circ_0034642 expression
was associated with clinical severity and a worse prognosis.
Su et al (107) characterized a fresh hypoxia-related circRNA,
DENN domain containing 2A (DENND2A), which enhanced
the invasion and metastasis of glioma cells by directly
binding to miR-625-5p. In addition, glioma tissue with highly
expressed hypoxia-inducible factor la exhibited a higher level
of circ-DENND2A and a lower level of miR-625-5p.

Based on the aforementioned findings, circRNAs may
affect glioma invasion and metastasis through dynamic and
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Figure 2. Role and regulatory pathways of glioma-related circRNAs. The schematic diagram depicts the known role of circRNAs in glioma progression and
the way that circRNAs are involved in microRNA-associated gene regulatory pathways. circRNA, circular RNA.

complex regulatory mechanisms. Invasion and metastasis of
glioma cells are leading factors resulting in patient death.
Therefore, further studies on the effect of circRNAs in glioma
cell invasion and metastasis are expected to help with the
development of treatment strategies for glioma.

circRNAs as diagnostic and prognostic biomarkers in glioma.
In recent years, despite substantial advances in treatment
strategy, the rate of early diagnosis of glioma remains low
and it is difficult to treat patients with late-stage glioma,
thus leading to the relative low survival of this disease (108).
Additionally, compared with other types of cancer, the overall
prognosis of patients with glioma is worse and the survival
period is shorter (109). Thus, the identification of valuable
biomarkers for early-stage diagnosis and prognosis is crucial for
improving the survival of patients with glioma. Recent studies
have demonstrated that circRNAs are strongly associated with
the clinicopathological characteristics of glioma, and they may
serve as diagnostic and prognostic biomarkers (32,92,110).
Previous studies indicated that the closed-ring structure stabi-
lizes circRNAs in plasma and tissues, and protects them from
the enzymatic activity of exonucleases (28,50); therefore, the
unique structure of circRNAs may be a potential advantage
for their use as biomarkers for the diagnosis and prognosis
of glioma. Qu et al (111) revealed that circ_0079593 could
be considered an independent prognostic factor for patients
with glioma based on multivariate analysis. Furthermore,
overexpression of circ_0079593 in glioma was found to be

associated with tumor size, World Health Organization tumor
grade and patient survival rate. Mechanistically, circ_0079593
was revealed to facilitate glioma development via binding to
miR-433 and miR-182. Another study by Liu ef al (32) indi-
cated that circ-CDC45 expression was increased in glioma
compared with that in paired non-cancerous specimens.
Overexpression of circ-CDC45 was closely associated with
larger tumor size, higher World Health Organization tumor
stage and poor prognosis. Functionally, circ-CDC45 inter-
acted with and modulated the levels of miR-527 and miR-516b
to facilitate cell proliferation and invasion. Furthermore,
Peng et al (31) demonstrated that the levels of circ-CPA4 were
high in glioma compared with those in paired non-cancerous
specimens. Simultaneously, a high level of circ-CPA4 was
positively correlated with a worse outcome of glioma.

In conclusion, due to their diverse range of functions,
high stability and presence in easily obtainable body fluids,
circRNAs are considered valuable biomarkers in glioma.
Furthermore, the study of emerging circRNAs will improve our
understanding of the molecular pathways involved, including
glioma-associated gene expression, thereby improving the
management of patients with glioma.

Therapeutic potential of circRNAs in glioma. Over the
last decade, treatment for glioma has focused on maximum
safe surgical resection alongside radiotherapy and chemo-
therapy (3). Radiotherapy and chemotherapy are typical and
aggressive treatment approaches for numerous patients with
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Table II. Databases used for circRNA research.

Authors, year Database URL Annotation (Refs.)
Glazar et al, circBase http://www.circbase.org/ A circRNA database that contains (118)
2014 circRNA information from human,
mouse, C. elegans and Latimeria
organisms
Panda et al, CircInteractome http://circinteractome.nia.nih.gov/ Predicts binding sites of proteins (119)
2018 to circRNAs. Predicts potential
binding sites for miRNA-circRNA
interactions
Jietal, circAtlas http://circatlas.biols.ac.cn Includes circRNA sequence (120)
2019 information for humans and other
animals
Vo et al, MiOncoCirc https://nguyenjoshvo.github.io/ Description of targets that can be (121)
2019 used for cancer diagnosis or
treatment
Fan et al, CircR2Disease  http://bioinfo.snnu.edu.cn/CircR2Disease/ This tool delivers a broad database (122)
2018 for circRNA dysregulation in
different diseases
Xia et al, TSCD http://gb.whu.edu.cn/TSCD TSCD distinguishes the characteristics (123)
2017 of human and mouse tissue-specific
circRNAs
Xia et al, CSCD http://gb.whu.edu.cn/CSCD This database recognized 272,152 (124)
2018 cancer-specific circRNAs from 228

total RNA samples

Predicts cellular localization of
circRNAs, RNA-binding proteins and
variable splicing of related genes

circRNA, circular RNA; miRNA, microRNA.

late-stage and unresectable glioma; however, the inherent and
acquired resistance of glioma cells is a major limitation to the
efficacy of radiotherapy and chemotherapy (112,113). Recently,
given the enhanced understanding of the etiopathogenesis
of glioma, numerous signaling pathways and molecules are
considered potentially suitable for targeted treatment (114).
Recent studies revealed that certain circRNAs can not only
modulate the resistance of glioma cells, but also block vital
glioma-associated signaling pathways and molecules, thereby
modulating the expression of the corresponding gene. For
example, Hua ef al (115) demonstrated that the levels of the
circ-CEP128 were higher, whereas miR-145-5p levels were
lower in temozolomide-resistant glioma cells compared with
those in parental cells. Silencing circ-CEP128 suppressed
cellular proliferation, reduced the level of ATP-binding cassette
super-family G member 2 (ABCG2) and improved the cyto-
toxic function of temozolomide in glioma cells. Furthermore,
a mechanistic study demonstrated that circ-CEP128 may
serve as a miR-145-5p sponge to regulate the levels of the
downstream target ABCG2. Additionally, Zhao et al (116)
indicated that the levels of circ-ATP8B4 were significantly
higher in radiation-resistant glioma cells, and indicated that

circ-ATP8B4 may serve as a molecular sponge to adsorb
miR-766 and to facilitate cell radioresistance. Furthermore,
silencing or overexpression of circRNAs not only elucidates
the mechanism underlying the initiation and development of
glioma, but also provides useful information for the design
of targeted treatments to modulate crucial glioma-associated
signaling pathways, molecules and genes. For example,
Ding et al (117) indicated that the levels of circ-NFIX were
increased in glioma cells and tissues compared with those in
matched control samples, and high levels of circ-NFIX mark-
edly accelerated cell cycle progression, migration and invasion,
and suppressed apoptosis. By contrast, silencing circ-NFIX
led to cell cycle arrest, inhibition of cell migration and inva-
sion, and enhanced apoptosis in glioma cells. Mechanistically,
circ-NFIX positively regulated ribophorin II via binding to
miR-378e in glioma cells.

These results indicated that circRNAs may provide novel
insights into individualized therapeutic methods for the treat-
ment of glioma. An appropriate combination of novel targeted
and immunotherapeutic approaches that are circRNA-driven
is considered an attractive strategy for the treatment of human
glioma. However, compared with coding RNAs, the present
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knowledge on circRNAs remains inadequate, and circRNAs
cannot yet be used in the clinical setting. Thus, further studies
on the treatment of glioma are needed.

Summary of the regulatory pathway of circRNAs in glioma
biological progression. In glioma, a considerable number of
circRNAs are dysregulated in neoplastic tissue, which may
suppress or promote tumor progression. Notably, the under-
standing of circRNAs is rapidly improving, as described in
the present review. In addition, numerous studies (Fig. 2)
have indicated the role of circRNAs in several biological
functions in human glioma, including cellular proliferation,
migration, invasion, apoptosis and angiogenesis. For example,
circ-0014359, circ_PTN, circ-MAPK4 and hsa_circ_0037251
bind to miR-153, miR-122, miR-125a-3p and miR-1229-3p,
respectively, to modulate the apoptosis and proliferation of
glioma cells (85,86,92,93). Furthermore, other circRNAs,
such as circ_002136, hsa_circ_0034642 and circ-DENND2A,
regulate the angiogenesis, invasion and migration of glioma
cells by acting as sponges targeting miR-138-5p, miR-1205
and miR-625-5p, respectively (99,106,107).

4. Online resources

Recently, to facilitate the study of the different aspects of
circRNAs, a number of circRNA research tools have been
developed and improved such as circBase, CircInteractome,
circAtlas, MiOncoCirc, CircR2Disease, TCSD and
CSCD (118-124). These databases are currently used for
circRNA identification, localization and characterization
analysis, and as tools for investigating the interaction of
circRNAs with targets. Online resources are essential tools
for investigators to obtain data, and the number of them has
rapidly increased. Some of the online databases used for the
study of circRNAs are shown in Table II.

5. Conclusion and perspectives

Glioma is a malignancy of the human brain, which poses a
major threat to the health and survival of those affected. The
initiation and development of glioma include various phases
and regulators; however, its pathogenesis requires further
investigation. Currently, identifying novel molecules is crucial
for the ongoing progress in the research of targeted treatments
for glioma. Over the past few years, a large body of evidence
has indicated the effect of circRNAs on the development of
glioma. Databases have played a key role in bioinformatics
analyses on circRNAs and have contributed to considerable
advances in this field. The function of circRNAs includes a
wide range of physiopathological processes. As described in
the present review, circRNAs participate in glioma cell prolif-
eration, invasion, metastasis and cell cycle progression, and are
crucial for the diagnosis, prognosis and treatment of glioma.
In addition, there are several recommendations for future
circRNA research. Firstly, the present study on circRNAs in
glioma mainly summarized studies that used glioma tissues
and cells, whereas other specimens (such as cerebrospinal
fluid and blood) are more easily obtained. Secondly, the basic
mechanisms through which circRNAs participate in the
advance of glioma await further investigation. Finally, since

the final objective of circRNA research is to safely utilize
circRNAs for clinical therapy of glioma, extensive clinical
research is required.

In conclusion, due to the advances in technology for the
assessment and screening of novel circRNAs, and the improve-
ments in databases, circRNAs may be applied in the future
in the diagnostic, therapeutic and prognostic management of
glioma, thereby leading to great advances in glioma therapy.
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