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The vast majority of human transcriptome is composed of
non-coding RNAs (ncRNAs) that contribute to genetic and
epigenetic regulation through complex interactions with
proteins and nucleic acids. Circular RNAs (circRNAs) are a
conserved class of ncRNAs, generated from a non-canonical
back splicing process, that catalyzes a covalent bond between
the 5' and 3' ends of a single-stranded RNA molecule (1).
The absence of free ends makes circular RNAs extremely
stable and resistant to degradation. Many circRNAs have a
tissue-specific expression and are particularly abundant in
mammalian brain (2). Moreover, multiple evidences show
that circRNAs are critical in cancer pathogenesis exhibiting
both oncogenic and tumor suppressive properties (3).
However, despite their high expression level, the biological
functions of circRNAs are still poorly understood.
Interestingly, a critical function assigned to circRNAs is the
ability to act as “competing endogenous RNAs” (ceRNAs),
subtracting microRNAs from their natural mRNA targets.
As a result, circRNAs regulate gene expression establishing
a dynamic crosstalk with numerous transcripts (4).
Glioblastoma (GBM) is the most common and
aggressive primary malignant brain tumor in adults. The
standard therapeutic options include surgery, radiation
and chemotherapy. Despite a better understanding of
GBM pathogenesis, tumor heterogeneity, localization and
invasiveness still limit the overall survival (12-15 months)
(5,6). The advances in next generation sequencing (NGS)
have recently revealed the dysregulation of numerous ncRNAs
in GBM. Specifically, several reports have demonstrated
the oncogenic and the oncosuppressive role of miRNAs
in this tumor type (7). In this context, the authors have
highlighted the tumor suppressive potential of miR-422a (8).
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In particular, the analysis of the open database miRINA map
2.0 showed miR-422a enrichment in brain tissues while,
experimentally, miR-422a was found downmodulated in
malignant GBM tumors. In addition, evaluation of 381
GBM samples of The Cancer Genome Atlas (TCGA)
underlined a correlation between miR-422a expression
and patient survival. In functional assays, overexpression of
miR-422a reduced GBM cells oncogenic properties both 7z
vitro and in vivo. Moreover, the authors demonstrated that
miR-422a directly targeted PIK3CA, a key member of the
PI3K/Akt signaling pathway, which is frequently dysregulated
in GBM (9,10). These findings extended to GBM the
oncosuppressive role of miR-422a previously observed in
multiple cancer types (11-14) and unveiled the relevance of
the miR-422a/PIK3CA axis in GBM pathogenesis.

Recently, Wang ez al. examined the molecular mechanism
responsible for miR-422a downregulation in GBM (15). To
this end, they selected 3 GBM tumors in which miR-422a
was expressed at low levels. Moreover, in GBM cells they
verified that miR-422a downmodulation was not due to
promoter methylation. Microarray profiling on these
specific GBM tumors revealed hundreds of upregulated
transcripts. Through an integrated bioinformatic analysis,
38 circRNAs/IncRNAs containing two or more target
sites for miR-422a were selected and subjected to a biotin-
miR-422a pull-down assay to test their possible interaction
with the microRNA. Among the top enriched 16 RNA
candidates, a circRNA arising from the 5'-nucleotidase
NTS5E gene (circNTSE) exhibited the highest enrichment
upon pull down and was chosen for further characterization.
CircNTS5SE was particularly stable and localized into
the cytoplasm. Interestingly, RNA iz situ hybridization
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revealed a correlation between circNTSE expression and
the clinical classification of glioma samples. In addition,
circNTS5SE overexpression was confirmed in a cohort of 18
GBM specimens, indicating a potential oncogenic function
for circNTSE in this tumor type. Accordingly, circNTSE
ectopic expression in GBM cells significantly promoted
proliferation, migration, invasion and tumor growth i vivo.
On the other hand, circNTSE knockdown caused opposite
effects both in vitro and in vivo.

Consequently, Wang er al. investigated the circNTSE
biogenesis and which factors influenced its overexpression
in GBM. By using a CRISPR/Cas9-based strategy,
the authors removed reverse complementary matches
(RCMs) from cireNTSE flanking introns and observed
a reduction in circNTSE expression (with no effect on
its linear counterpart). This proved that the presence of
intronic RCMs sequences was required for circNTSE
formation, in accordance with previous studies on circRNAs
biogenesis (16-18). Moreover, several works reported that
RNA binding proteins, such as MBL, QKI, and ADAR
can modulate circRNAs expression (19). Interestingly, a
member of the ADAR family, the brain-enriched RNA-
editing enzyme ADARB2 was significantly upregulated in
GBM tumors at protein level, while its mRNA counterpart
was substantially reduced. These controversial findings
suggest a complex regulatory role for ADARB2 in GBM,
which merit to be further investigated. Strikingly, ADARB2
overexpression in GBM cells increased circNTSE levels
and, contemporarily, decreased the linear NTSE mRNA. In
addition, RNA immunoprecipitation (RIP) and RNA pull-
down assays showed a reciprocal binding between ADARB?2
and NT5E pre-mRNA, demonstrating the role of ADARB2
as upstream regulator of circNTSE.

Finally, Wang ez al. explored the function of circNTSE
as competitive endogenous RNA. Bioinformatic analysis of
circNTS5E sequence revealed the presence of 20 different
binding sites for miRNAs. Experimentally, miR-422a
exhibited the lowest expression level upon cireNTSE
transfection. A luciferase reporter assay and a co-
localization experiment proved the interaction between
circNTS5E and miR-422a. Moreover, analysis of two
validated miR-422a targets (PIK3CA and N'TS5E) showed
that circNTSE expression was sufficient to rescue their
downregulation caused by miR-422a overexpression. In
functional assays, miR-422a ectopic expression counteracted
the oncogenic potential of circNTSE. Mechanistically,
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Wang et al. analyzed the circNTSE/miR-422a signaling
network. NT5E, SOX4, PI3KCA, p-Akt, p-Smad2 were
downregulated at protein level in miR-422a overexpressing
cells or upon cireNTSE knockdown. Conversely, circNTSE
overexpression or miR-422a blockage resulted in the
upregulation of these targets. Overall, these data indicated
that circNTSE acts as a potent miR-422a sponge, playing a
critical role in GBM tumorigenesis (Figure 1).

In the last few years, growing attention has been showed
to the biological relevance of ncRINAs in cancer. Notably,
Wang et al. detected in GBM thousands of dysregulated
circRNAs/IncRNAs, whose function and potential
reciprocal interaction remains practically unknown. In
this context the application of an NGS approach could be
extremely useful to discover additional RNA regulatory
circuits. However, the discovery phase should include a
larger cohort of GBM patients. Moreover, a more robust
analysis should also take into consideration the genetic
alterations of the analyzed tumors. This integrated
approach can likely reveal unexplored and more robust
targets for future translational studies. Furthermore, the
implementation of more advanced bioinformatic tools can
likely define novel molecular networks and identify critical
targets for innovative therapies.

Interestingly, numerous transcripts were found
upregulated in GBM tumors characterized by the miR-
422a-downregulation. These RNAs can potentially act as
additional sponges for miR-422a, thus supporting secondary
ceRNA interactions. On the other hand, Wang et 4/. suggest
that circNT5E may subtract multiple miRNAs from their
targets. However, functional studies are limited to miR-
422a. Generally, circRNAs with a paradigmatic sponge
activity contain numerous binding sites for miRNAs (20).
Since cireNTS5E act as an oncogene, it is highly possible
that other miRNAs can be affected by its sponging activity.
Thus, a more accurate analysis on its sequence and on
miRNAs level in other cancer types could be useful to
better define its molecular function in tumorigenesis.

Finally, the circRNAs stability and abundance in body
fluids, suggest their possible use as new biomarkers in liquid
biopsy, a non-invasive diagnostic technique alternative to
surgical biopsies (21). In this context circNTS5E, which is
present at high levels in GBM tumors and correlates with
clinical classification, may represent the first candidate,
while the cireNT5E/miR-422a network unveils novel GBM

vulnerabilities.
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Figure 1 Role of circNTSE in GBM. CircNTS5E acts as ceRNA for miR-422a increasing the level of NTSE, SOX4 and PIK3CA, three

critical miR-422a target genes. MicroRNA responsive elements are indicated as circles. MiR-422a is indicated as rectangle. The oncogenic

properties of circNT5E, identified by Wang et 4. in GBM, are shown on the right. GBM, glioblastoma.
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