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Abstract. - OBJECTIVE: Glioma is a highly
malignant human disease characterized by
limited response to clinical therapy. Evidence
indicated that circular RNA Tau tubulin kinase 2
circular RNAs (circ-TTBK2) participated in glio-
ma pathogenesis. However, the precise effect of
circ-TTBK2 on glioma progression is needed to
be highlighted.

MATERIALS AND METHODS: The levels of
circ-TTBK2, microRNA-520b (miR-520b), and en-
hancer of zeste homologue 2 (EZH2) were detect-
ed via quantitative Real Time-Polymerase Chain
Reaction (qRT-PCR) or Western blot. 3-(4,5-di-
methyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium
bromide (MTT) assay was performed to deter-
mine cell proliferation in vitro. Besides, a flow
cytometry assay was conducted to examine
apoptosis of A172 and U251 cells. Cell invasion
was identified using the transwell assay. More-
over, Dual-Luciferase reporter assay was used
to confirm the interaction between miR-520b
and circ-TTBK2 or EZH2. The role of circ-TTBK2
in glioma progression was exposed using xeno-
graft tumor experiments.

RESULTS: The levels of circ-TTBK2 and EZH2
were markedly augmented, whereas miR-520b
expression level was notably reduced in glioma
tissues and cell lines. Either circ-TTBK2 or EZH2
detection could clearly facilitate cell apoptosis
and block proliferation and invasion in A172 and
U251 cells, while the effect of circ-TTBK2 or EZH2
deficiency was reverted by co-transfecting with
miR-520 inhibitor. Moreover, circ-TTBK2 exerted
its roles via miR-520b/EZH2 axis in glioma cells,
and the knockdown of circ-TTBK2 could hinder
the progression of glioma.

CONCLUSIONS: Circ-TTBK2/miR-520b/EZH2
axis modulated cell proliferation, apoptosis,
and invasion in glioma cell lines, and might
serve as potential targets for glioma diagnosis
and therapy.
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Introduction

Glioma is a malignant tumor characterized by
the higher morbidity and mortality rate, and its
highly aggressive nature leads to poor prognoses
in patients. Recently, the prevalence of glioma is
increased year by year'?. Despite ongoing stud-
ies, the modulator mechanisms of gliomagenesis
and progression are still not clearly understood.

Circular RNAs (circRNAs) are members of
non-coding RNAs (ncRNAs)?, formed by a co-
valently closed loop. Over the past decades, cir-
cRNAs are discovered to widely exist in eukary-
otes!, and they derive from nonrandom back-
splice events>S. The biogenesis of circRNAs is
related to several distinct mechanisms. With re-
gard to their function, increasing reports’ have
discovered that circRNAs mainly act as a sponge
of microRNAs (miRNAs) to modulate the target-
ed gene expression. For example, circRNA mito-
chondrial translation optimization 1 homologue
(circMTO1) modulates the expression of miR-9
to curb the progression of hepatocellular carci-
noma®. Besides, Tau tubulin kinase 2 circular
RNAs (circ-TTBK?2) is deemed as a kinase’. The
linear TTBK2 is connected with diverse diseases,
and its upregulation can improve the progression
and initiation of amyotrophic lateral sclerosis'.
Interestingly, TTBK2 overexpression can weak-
en the apoptosis of kidney carcinoma, which is
stimulated by sunitinib''. Nevertheless, the cir-
cular RNA TTBK2 (circ-TTBK2) has been little
investigated before this study. Zheng et al'? find
that circ-TTBK2 contributes to the malignancy
of glioma via targeting microRNA-217. Thereby,
elucidating the biological role of circ-TTBK2 is
still a continuous process in glioma researches.

Currently, miRNAs are a family of endoge-
nous ncRNAs". They modify the targeted gene
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expression at the transcriptional and post-tran-
scriptional level, thereby downregulating the lev-
els of mMRNAs'. Besides, researchers suggest that
miRNAs are the target genes of long-non-coding
RNAs (IncRNAs)"”® or circRNAs'. For example,
circRNA 0001564 regulates cell proliferation and
apoptosis in osteosarcoma by sponging miR-
NAs". In this study, we focus on the biological
function of miR-520b in glioma pathogenesis.
Previous works discover that miR-520b partici-
pates in multiple cancers. For instance, miR-520b
modulates cell proliferation and migration of gas-
tric cancer via targeting epidermal growth factor
receptor (EGFR)!®®. MiR-520b represses hepatoma
cell proliferation by regulating the expression
of ten-eleven translocation 1 (TET1)". Herein,
we focus on the role of miR-520b in glioma cell
proliferation, apoptosis, and invasion in vitro. The
interaction between miR-520b and circ-TTBK2 is
also the purpose of this study.

Recently, the enhancer of zeste homologue 2
(EZH2) belongs to the polycomb-group family.
Generally, EZH2 is expressed at low levels in
normal cells but is increased in various stem
cells?*?!, What’s more, EZH2 has been reported
to act as an oncogenic gene and contribute to neo-
plastic transformation in breast epithelial cells*.
In this study, we speculate that EZH2 is a target
gene of miR-520b to regulate cell behaviors in
glioma.

Furthermore, we detected the expression levels
of circ-TTBK2, miR-520b, and EZH2 in tumor
tissues and cell lines (A172 and U251). The asso-
ciation between circ-TTBK2 expression and gli-
oma cell behaviors (proliferation, apoptosis, and
invasion) was also researched to expose the role
of circ-TTBK2 in glioma. Moreover, this study
explored whether circ-TTBK2 exerted its func-
tions via miR-520b/EZH?2 axis in glioma cells.

Materials and Methods

Patient Samples and Cell Culture

With the approval of the Ethics Committee
of Zhuji People’s Hospital of Zhejiang Province,
we received the glioma tissues (n=30, marked as
T) and peritumoral brain edema tissues (n=30,
marked as N). These specimens were donated by
glioma patients who underwent surgical resection
at the Zhuji People’s Hospital of Zhejiang Prov-
ince. Written informed consent was also signed
from each participant. The samples were trans-
ported with dry ice, and then stored in -80°C.

Glioma cell lines of A172 and U251 and Nor-
mal Human Astrocytes (NHA) were purchased
from BeNa Culture Collection Co., Ltd. (Beijing,
China). Besides, 293T cells used for lentivirus
packing were also purchased from BeNa Cul-
ture Collection Co., Ltd. (Beijing, China). Then,
the total cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM; HyClone,
South-Logan, UT, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco, Rockville, MD,
USA) and 1” Penicillin-Streptomycin (Gibco, 100
U/mL of penicillin and 100 pg/mL of streptomy-
cin) at 37°C with 5% CO,.

Cell Transfection

MiR-520b mimic (miR-520b), miR-520b in-
hibitor (anti-miR-520b), and their controls (miR-
NC for mimic and anti-miR-NC for inhibitor)
were purchased from GenePharma Co., Ltd. (Su-
zhou, China). Short hairpin (shRNA) against circ-
TTBK2 (sh-circ-TTBK?2) and EZH2 (sh-EZH2)
and their negative control (sh-NC), overexpres-
sion vector of circ-TTBK2 (circ-TTBK2) and
the empty overexpression plasmid (pcDNA) were
obtained from HanBio Biotechnology Co., Ltd
(Shanghai, China). These vectors and oligonu-
cleotides were transfected into A172 and U251
cells utilizing Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) in accordance with produc-
er’s specifications. Besides, we also used lentivi-
rus-mediated sh-circ-TTBK2 or sh-circ-TTBK2
to stably establish the transfected A172 cells.

Quantitative Real Time-Polymerase Chain
Reaction (gRT-PCR)

The total RNA was isolated and extracted from
patient samples and cells (A172 and U251) by using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
based on manufacturer’s instructions. The isolated
RNA worked as a template to reversely transcribe
cDNA using First Strand ¢cDNA Synthesis Kit
(Toyobo, Osaka, Japan). The relative gene expres-
sion level of circ-TTBK2 was quantified utilizing
TagMan probe. The primer sequences and probe
of circ-TTBK2 were as following: circ-TTBK2:
(forward 5’-AGTGCAACATTTTCCCTGGTG-3’,
reverse  5-GCTTGATTTTGGCTTGGCTC-3)
and probe: (FAM+CCCCAATCTTTCTCAATG-
GTCTGACG-+BHQI).

Besides, TagMan MicroRNA Reverse Tran-
scription kit (Applied Biosystems, Foster City,
CA, USA) and High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Fos-
ter City, CA, USA) were used for miRNA and
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mRNA reverse transcription, respectively. The
primers of miR-520b, U6, EZH2, and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) were
synthesized from GenePharma Co., Ltd (Suzhou,
China) and the sequences as listed: miR-520b:
(forward 5’-AAAGTGCTTCCTTTTAGAG-
GG-3’, reverse 5-GCGAGCACAGAATTA-
ATACGACTCACTATAGG-3’); EZH2: (forward
5’-TACTTGTGGAGCCGCTGAC-3’, reverse
5’>-CTGCCACGTCAGATGGTG-3’); GAPDH:
(forward 5’-CAATGACCCCTTCATTGACC-3’,
reverse 5’-GACAAGCTTCCCGTTCTCAG-3");
u6: (forward 5-CTCGCTTCGGCAGCACA-3’,
reverse 5-AACGCTTCACGAATTTGCGT-3’).
The expression levels were standardized to en-
dogenous controls (GAPDH and U6), and the
relative levels were calculated via 224 method.

Western Blot Assay

Briefly, RIPA lysis buffer (Absin Bioscience,
Shanghai, China) supplemented with 1% Phenyl-
methylsulfonyl Fluoride (PMSF; Beyotime,
Shanghai, China) was used to homogenize the
tissues and cells. The mixtures were loaded onto
sodium dodecyl sulfate-polyacrylamide gel by
electrophoresis (SDS-PAGE) and then, transfect-
ed onto the polyvinylidene difluoride (PVDF;
Millipore, Billerica, MA, USA) membrane. Sub-
sequently, the blots were incubated with 1:1500
diluted rabbit polyclonal EZH2 (ab186006, Ab-
cam, Cambridge, MA, USA) at 4°C overnight.
Next, the membranes were covered with second-
ary antibody (Santa Cruz Biotechnology, San-
ta Cruz, CA, USA) after Tris-Buffered Saline
Tween-20 (TBST, Beyotime, Shanghai, China)
wash for thrice. Unique protein was appeared by
enhanced chemiluminescence substrates (Milli-
pore, Billerica, MA, USA). After that, the EZH2
expression level was normalized to internal GAP-
DH (1:10000; ab181602, Abcam, Cambridge, MA,
USA).

Cell Proliferation Assay
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2-H-tetrazolium bromide (MTT, Sigma-Al-
drich, St. Louis, MO, USA) was employed to
assay the capacity of cell proliferation. A172
and U251 cells were plated (2'10* cells/well) in
a 96-well plate with three replicate wells. After
transfection with vectors or oligonucleotides for
24 h, 48 h, or 72 h, 20 pL of MTT was supple-
mented into each well at the same time, and the
cells were incubated for 4 h. Next, the supernatant
was abandoned, and 200 pL dimethyl sulfoxide

(DMSO) was added to dissolve formazan. Lastly,
the optical density (OD) value could be used to
determine the level of cell proliferation, and it
was detected using a microplate reader (Bio-Rad,
Hercules, CA, USA) at a wavelength of 490 nm.

Flow Cytometry Assay for Cell Apoptosis
Apoptotic cells were measured using Annex-
in V-fluorescein isothiocyanate/propidium iodide
(PI) (Annexin V-FITC/PI) Apoptosis Detection
Kit (Yeasen Biotechnology, Shanghai, China) fol-
lowing the manuals of the manufacturer at 48 h
post-transfection. Briefly, the transfected cells
were re-suspended with 1'binding buffer. Then,
Annexin V-FITC (5 pL) and PI (5§ pL) were mild-
ly mixed with the cell suspension. After incuba-
tion for 15 min at the temperature, apoptotic cells
were distinguished by FACScan flow cytometry
(BD Biosciences, Franklin Lakes, NJ, USA).

Transwell Assay

For cell invasion assay, the upper chamber was
coated with Matrigel (BD Biosciences, Franklin
Lakes, NJ, USA). Then, the transfected A172 and
U251 cells (510*) were plated in the upper part
of the transwell chamber (Corning Inc., Corning,
NY, USA) with serum-free medium. The lower
chamber was filled with complete medium. After
24 h incubation, the migrated cells were stained
by crystal violet (Sigma-Aldrich, St. Louis, MO,
USA), the photographs of 10 randomly picked
fields were taken, and the stained cell num-
bers were calculated by an inverted microscope
(Olympus, Tokyo, Japan).

Dual-Luciferase Reporter Assay

The assay was referenced as previously de-
scribed®. In brief, the common sequences of miR-
520b and circ-TTBK2 or EZH2 were cloned by
gRT-PCR and inserted into the downstream of
the Firefly Luciferase gene, thereby constructed
Luciferase reporter (WT-circ-TTBK2 and EZH2
3’UTR-MUT). Similarly, the mutant types of the
Luciferase reporter vectors were also constructed
(MUT-circ-TTBK2 and EZH2 3’UTR-MUT). For
the Dual-Luciferase reporter assay, the Dual-Lucif-
erase Reporter Assay System (Promega, Madison,
WI, USA) was carried out to evaluate the activities
of Renilla and firefly. Renilla activity functioned as
the reference to normalize firefly activity.

Murine Xenograft Assay
Six-week nude mice (18-20 g, n=7/group) were
purchased from Shanghai Laboratory Animal
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Center Co., Ltd. (Shanghai, China). They were
fed in specific-pathogen-free (SPF) condition
with free rodent chow and water. The animal
experiments were authorized by the Institutional
Animal Care and Use Committee of Zhuji Peo-
ple’s Hospital of Zhejiang Province. In this study,
the mice were randomly assigned into two groups
(control or treatment). Then, the stably transfect-
ed (lentivirus-mediated sh-NC or sh-circ-TTBK2)
A172 cells were subcutaneously injected into the
right flank of the relative mice. Subsequently, the
tumor volumes were monitored every 3 days for
a total of 23 days post-injection. The mice were
sacrificed at day 23, and the tumor weights of
each nude mouse were measured. Moreover, the
gRT-PCR assay was carried out to examine circ-
TTBK2, miR-520b, and EZH?2 levels in xenograft
tumors, and Western blot assay was employed to
assess the protein level of EZH?2 in tumors.

Statistical Analysis

All the experiments were run in triplicate.
The data were exhibited as mean + standard
deviation (SD), and the comparisons between the
two-group data were examined by the Student’s
t-test, and One-way analysis of variance (ANO-
VA) was conducted to compare the differences
in the multiple groups. The significant difference
was considered when p-value was less than 0.05.
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Results

Circ-TTBKZ and EZHZ Levels are
Upregulated in Glioma Tissues
and Cell Lines

To investigate the potential role of circ-TTBK2
in glioma, the level of circ-TTBK2 was evalu-
ated using qRT-PCR, and the results indicated
that circ-TTBK2 level was notably increased in
glioma tissues and cell lines (Figure 1A and 1B).
Subsequently, the mRNA and protein levels of
EZH2 were also determined by qRT-PCR and
Western blot assays, respectively. The results
showed that mRNA and the protein levels of
EZH2 were both improved in tumor tissues com-
pared with matched control (Figure 1C and 1D).
What’s more, the level of EZH2 was also highly
expressed in glioma cell lines at the aspects of
mRNA and protein (Figure 1E and 1F). These
data meant that circ-TTBK2 and EZH?2 played a
vital role in glioma pathogenesis and progression.

Circ-TTBKZ Detection Accelerates Cell
Apoptosis, Suppresses Cell Proliferation
and Invasion In Vitro

To identify the biological role of circ-TTBK2
in glioma cells, sh-circ-TTBK2 or sh-NC was
transfected into A172 and U251 cells. As shown
in Figure 2A, the expression level of circ-TTBK2
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Figure 1. Circ-TTBK2 and EZH2 levels were upregulated in glioma tissues and cell lines. A, and B, QRT-PCR based on
probe was employed to analyze the expression level of circ-TTBK?2 in glioma tissues and cell lines compared with relative
controls. C-F, The mRNA and protein expression levels of EZH2 were determined by C, and E, qRT-PCR and D, and F,

Western blot assays, respectively. * p<0.05.
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was remarkably impeded in both A172 and U251
cells transfected with sh-circ-TTBK2. Hence,
we used sh-circ-TTBK2 to further investigate
the role of circ-TTBK2 in cell behaviors. MTT
analysis displayed that the proliferation of A172
and U251 cells was significantly hampered after
transfection with sh-circ-TTBK2 (Figure 2B and
2C). Conversely, the knockdown of circ-TTBK2
could clearly boost cell apoptosis in vitro (Figure
2D). Simultaneously, the transwell assay was
employed to detect the invasiveness of A172
and U251 cells, and the results suggested that
circ-TTBK2 detection effectively constrained cell
invasion in glioma cell lines (Figure 2E). All
the data demonstrated that circ-TTBK?2 detection
could suppress the glioma malignancy in vitro.

Circ-TTBKZ2 is a Sponge of MiR-520b

As mentioned above, circ-TTBK2 acted as an
oncogenic regulator, and we used starBase to
find the potential targets of circ-TTBK2. As the
results, miR-520b was discovered to exist in some
complementary bases with circ-TTBK2 (Figure
3A). After which, WT-circ-TTBK2 or MUT-circ-
TTBK2 reporter plasmid was co-transfected with
miR-NC or miR-520b into A172 and U251 cells.
After 48 h of transfection, miR-520b notably im-
peded the Luciferase activity of WT-circ-TTBK2
reporter group, whereas it had no distinct role in
the Luciferase activity of MUT-circ-TTBK2 plas-
mid (Figure 3B and 3C). Then, sh-circ-TTBK2
or circ-TTBK?2 was introduced into glioma cells.
gRT-PCR analysis revealed that miR-520b level
was significantly decreased in A172 and U251
cells after transfection with circ-TTBK2, but it
was increased in glioma cells with circ-TTBK?2
deficiency (Figure 3D). Besides, the level of miR-
520b was apparently curbed in glioma tissues
and cell lines (Figure 3E and 3F), and its lev-
el was negatively correlated with circ-TTBK2
level (Figure 3G). Subsequently, the regulatory
mechanism between miR-520b and circ-TTBK2
was researched; next, we manifested that miR-
520b inhibitor could abolish the promoting effect
of circ-TTBK2 detection on miR-520b level in
A172 and U251 cells (Figure 3H). Moreover, the
inhibitory effect of circ-TTBK2 silencing on cell
proliferation was rescued by suppression of miR-
520b (Figure 31 and 3J). Furthermore, the reintro-
duction of miR-520b inhibitor reversed the effect
of sh-circ-TTBK2 on apoptosis in Al72 and
U251 cells (Figure 3K). Meanwhile, the transwell
analysis exhibited that the inhibiting role of circ-
TTBK2 deficiency on cell invasion was relieved

by miR-140-5p inhibitor in vitro (Figure 3L). All
the evidence might suggest that circ-TTBK2 ex-
erted its carcinogenic role partially via sponging
miR-520b in glioma cells.

EZHZ2 Is Directly Targeted by MiR-520b
Similarly, we also searched the target genes of
miR-520b using starBase software, and its results
showed that EZH2 was a probable target of miR-
520b (Figure 4A). Then, the Dual-Luciferase re-
porter assay indicated that the Luciferase activity
was decreased in the wild type group, but the Lu-
ciferase activity was not evidently different in the
mutant group. The data jointly proved that EZH2
was directly targeted by miR-520b in glioma cells
(Figure 4B and 4C). Additionally, we also implied
that miR-520b level was passively correlated with
EZH2 (Figure 4D). Furthermore, the level of
EZH?2 was regulated by miR-520b, and the intro-
duction of miR-520 mimic could conspicuously
reduce EZH2 mRNA and the protein levels in
A172 and U251 cells, while the role of miR-520
inhibitor was contrary to miR-520b mimic in
regulating EZH2 level (Figure 4E-4H). These
data might elucidate that miR-520b modified the
development of glioma via targeting EZH2.

MiR-5200b Inhibitor Can Abrogate the
Effect of EZHZ Silencing on Cell
Behaviors In Vitro

Based on the above descriptions, we declared
that EZH2 was negatively regulated by miR-520b.
Subsequently, the regulatory mechanism between
miR-520b and EZH2 was explored at the aspects
of cell behaviors. Firstly, the efficiency of sh-
EZH2 was confirmed by measuring the mRNA
and protein levels of EZH2 (Figure 5A and 5B).
Then, sh-NC, sh-EZH2, sh-EZH2+anti-miR-NC,
or sh-EZH2+anti-miR-520b were transfected into
A172 and U251 cells, respectively. MTT results
indicated that EZH2 knockdown could dramat-
ically hinder cell proliferation, while the effect
of EZH2 knockdown on cell proliferation was
overturned via co-transfection with miR-520b
inhibitor (Figure 5C and 5D). At the same time,
the reintroduction of miR-520b inhibitor could
abrogate the enhanced effect of EZH2 detection
on cell apoptotic rate in Al72 and U251 cells
(Figure 5E). What’s more, miR-520b inhibitor
also abolished the repressive role of EZH2 si-
lencing in the capacity of invasion in glioma cells
(Figure 5F). In brief, we revealed that miR-520b
inhibitor reversed the effect of EZH2 deficiency
on cell behaviors in A172 and U251 cells.
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Figure 2. Circ-TTBK2 detection accelerated cell apoptosis, suppresses cell proliferation and invasion in vitro. Sh-NC or sh-circ-TTBK2 was transfected into A172 and U251
cells, (A) and the knockdown efficiency was measured by qRT-PCR. B, and C, MTT assay was applied to evaluate the proliferation effect of circ-TTBK2 silencing on A172 and
U251 cells. D, The impact of circ-TTBK2 detection on cell apoptosis was assessed by flow cytometry assay. E, Transwell assay was conducted to assay the capacity of invasion
in A172 and U251 cells (100x). *p<0.05.
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EZHZ is Co-Regulated by MiR-520b
and Circ-TTBK2

After the above investigations, we needed to
explore the mechanism between EZH2 and miR-
520b or circ-TTBK2. Firstly, vector of miR-NC,
miR-520b, miR-520b+pcDNA, or miR-520b+-
circ-TTBK2 was introduced into A172 and U251
cells. The mRNA and protein levels of EZH2
were measured using qRT-PCR and Western blot
assays, respectively. The results presented that
the inhibitory role of miR-520b mimic in EZH2
mRNA and the protein levels were restored after
co-transfection with circ-TTBK2 in both A172
and U251 cells (Figure 6A and 6B). The data
suggested that EZH2 was co-modulated by miR-
520b and circ-TTBK?2 in glioma cell lines.

Knockdown of Circ-TTBK2 Suppresses
the Progression of Tumor In Vivo

The above findings proved the segmental func-
tion of circ-TTBK2 in vitro. Herein, the A172
cells mediated by lentivirus (sh-circ-TTBK2 or
sh-NC) were injected into nude mice. The tumor
volumes were evidently smaller in circ-TTBK2
knockdown group compared with control (Figure
7A). In addition, after circ-TTBK2 detection,
tumor weight was also decreased in vivo (Figure
7B). Synchronously, we selected three samples
from treatment and control groups; qRT-PCR
analysis pointed out that the levels of circ-TTBK2
and EZH2 were prominently reduced, but miR-
520b level was clearly enhanced in tumor sam-
ples of treatment group (Figure 7C). Finally, the
protein level of EZH2 was also constrained after
circ-TTBK2 knockdown (Figure 7D). In short,
circ-TTBK2 deficiency could retard the progres-
sion of glioma in vivo.

Discussion

The study proved that mRNA levels of circ-
TTBK2 and EZH2 were augmented in tumor
tissues and cell lines (A172 and U251). The
knockdown of circ-TTBK2 impeded the malig-
nant process of glioma. On the contrary, miR-
520b was evidently blocked in glioma tissues
and two types of cell lines, and its restoration
constrained the malignant progression of glioma
cells. In addition, miR-520b was directly targeted
by circ-TTBK2, and EZH2 bound to miR-520b
in a sequence-dependent manner. Furthermore,
miR-520b mimic significantly repressed the level
of EZH2, while the effect was regained by circ-

TTBK2 overexpression. Besides, EZH2 silenc-
ing remarkably boosted cell apoptosis, restrained
proliferation, and invasion in glioma cells. Above
all, the tumor-suppressive role of circ-TTBK2
deficiency was also verified via in vivo studies.

Recently, circRNAs have been found in the past
decades, while their precise functions remained
hugely incomprehensible. Emerging reports***
showed that the dysregulation of circRNAs existed
in numerous tumors and was related to the various
cellular progression of tumor cells. Although the
effect of circRNAs on the regulatory mechanism
of tumors was complex, earlier works revealed that
circRNA Forkhead box O3 (circ-FOXO3) level was
downregulated in some tumors, and its upregula-
tion could hamper cell proliferation via targeting
cyclin-dependent kinase 2 (CDK2) and p21%. In
addition, many reports have indicated circRNAs
as major regulators of the progression and initia-
tion of diseases, including Alzheimer’s disease®’
and multiple cancers?%. Previous studies'>*" have
uncovered that circ-TTBK2 was independent with
linear TTBK2. In our study, we only investigated
the expression of circ-TTBK2 in glioma tissues
and cells, and the results proved that circ-TTBK2
expression was significantly improved. Based on
our preliminary results, we showed that decreased
circ-TTBK2 retarded malignant progression of gli-
oma in vitro and in vivo. Thus, circ-TTBK2 might
exert its critical role in the modulation of glioma
pathogenesis and progression.

To date, circRNAs are regarded as the spong-
es of miRNAs, and the alteration of circRNAs
regulates the levels of the targeted miRNAs?.
For example, circGFRAI exerted the oncogenic
role via targeting miR-449a in ovarian cancer
cells 31417634. Furthermore, starBase exhibited
that the putative binding sites between miR-520b
and circ-TTBK?2. More researches elucidated that
miR-520b regulated the Luciferase activity of
WT-circ-TTBK2, and the results meant that circ-
TTBK2 was a sponge of miR-520b. About miR-
520b, it has been proved**= to mediate epigenetic
alterations in multiple cancers. Thus, we have
ample reasons to speculate that unusual expres-
sion of miR-520b influences several cellular path-
ways, ultimately regulating cancer malignancy.
In the present study, we showed that miR-520b
inhibitor could reverse the effect of circ-TTBK2
detection on cell behaviors in A172 and U251
cells. Furthermore, the target gene of miR-520b
was required to be found.

According to starBase analysis, we discovered
that miR-520b might target numerous genes. In
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view of the aberrant expression of EZH2 in gli-
oma tissues and cell lines, we chose EZH2 as
the potential targets of miR-520b. Scholars*-’
report that EZH2 was generally upregulated in
various cancers, and the association between
EZH2 and tumorigenesis was also proved. Be-
sides, EZH2 has been recognized as an onco-
genic gene in several cancers, such as ovarian
cancer®®, squamous cell carcinoma¥®, and gastric
cancer®”. In our study, we demonstrated that
EZH2 was co-regulated by circ-TTBK2 and
miR-520b in glioma cells. The downregulation

of EZH2 could significantly enhance cell apop-
tosis and block proliferation and invasion in
A172 and U251 cells.

Conclusions

In summary, circ-TTBK2 and EZH2 were ex-
pressed at high levels, but miR-520b was ex-
pressed at a lower level in glioma tissues and
cell lines. Circ-TTBK2 deficiency could trigger
cell apoptosis, and constrain proliferation and



Circular RNA TTBK2 promotes the development of human glioma cells via miR-520b/EZH2 axis

invasion in A172 and U251 cells. MiR-520b acted
as the target gene of circ-TTBK2, and its inhib-
itor rescued the impact of circ-TTBK2 detection
on cell behaviors in vitro. Besides, EZH2 was
targeted by miR-520b, and the role of EZH2
knockdown in cell behaviors was abolished via
co-transfecting with miR-520b inhibitor. We also
found that the downregulation of circ-TTBK2
could suppress the development of glioma via
miR-520b/EZH?2 axis. However, the functions of
circTTBK?2 in the pathogenesis and progression
need to be further explored.

Conflict of Interests

The Authors declare that they have no conflict of interests.

Funding
This work was approved by Science Planning Project from
Science Technology Bureau of Shaoxing (2018C30150).

References

1) Luta RR, Saratsis AM, HasHizume R. Mutations in
chromatin machinery and pediatric high-grade
glioma. Sci Adv 2016; 2: e1501354.

2) Ma R, KanGg X, ZHANG G, Fang F, Du Y, Lv H.
High expression of UBE2C is associated with
the aggressive progression and poor outcome
of malignant glioma. Oncol Lett 2016; 11: 2300-
2304.

3) QuS, YanG X, Li X, WANG J, GAO Y, SHANG R, Sun W/,
Dou K, Li H. Circular RNA: a new star of noncod-
ing RNAs. Cancer Lett 2015; 365: 141-148.

4) DuWW, ZHANG C, YANG W, YonG T, AwaN FM, YANG
BB. ldentifying and characterizing circRNA-pro-
tein interaction. Theranostics 2017; 7: 4183-
4191.

5) Memczak S, Jens M, Eiersiniori A, Tormi F, KRUEGER
J, Ryeak A, Maier L, MackowiAk SD, GREGERSEN LH,
MunNscHAUER M, Loewer A, ZieBoLD U, LANDTHALER M,
Kocks C, Le NosLe F, Rasewsky N. Circular RNAs
are a large class of animal RNAs with regulatory
potency. Nature 2013; 495: 333-338.

6) Sazman J, CHEN RE, Otsen MN, WanG PL, Brown
PO. Cell-type specific features of circular RNA
expression. PLoS Genet 2013; 9: e1003777.

7) Hansen TB, Jensen Tl, Ciausen BH, Bramsen JB, Fin-
seNn B, Damaaarp CK, Kuems J. Natural RNA circles
function as efficient microRNA sponges. Nature
2013; 495: 384-388.

8) Han D, Li J, WanG H, Su X, Hou J, Gu Y, Qian C,
LiN Y, Liu X, Huang M, Li N, ZHou W, Yu Y, Cao X.
Circular RNA circMTO1 acts as the sponge of mi-

10)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

croRNA-9 to suppress hepatocellular carcinoma
progression. Hepatology 2017; 66: 1151-1164.

Lino JC, YanG TT, WenG RR, Kuo CT, CHANG CW.
TTBK2: a tau protein kinase beyond tau phos-
phorylation. Biomed Res Int 2015; 2015: 575170.

Liachko NF, McMian PJ, Strovas TJ, Loowmis E,
GREENUP L, MURRELL JR, GHETTI B, RAaskino MA, Mon-
TINE TJ, Birp TD, Leverenz JB, Kraemer BC. The tau
tubulin kinases TTBK1/2 promote accumulation
of pathological TDP-43. PLoS Genet 2014; 10:
€1004803.

Benper C, UiricH A. PRKX, TTBK2 and RSK4
expression causes Sunitinib resistance in kidney
carcinoma- and melanoma-cell lines. Int J Cancer
2012; 131: E45-E55.

ZHENG J, Liu X, Xue Y, Gong W, Ma J, Xi Z, Que Z,
Liu Y. TTBK2 circular RNA promotes glioma ma-
lignancy by regulating miR-217/HNF1@/Derlin-1
pathway. J Hematol Oncol 2017; 10: 52.

Cuperus JT, FaHLGreN N, CarringTon JC. Evolution
and functional diversification of MIRNA genes.
Plant Cell 2011; 23: 431-442.

MuniATEGUI A, NOGALES-CADENAS R, VAzauez M, ARAN-
GUREN XL, AGIRRE X, LUTTUN A, PRrOSPER F, PAscuAL-MoN-
7ANO A, Rusio A. Quantification of miRNA-mRNA
interactions. PLoS One 2012; 7: e30766.

BALLANTYNE MD, McDonNALD RA, Baker AH. LncRNA/
MicroRNA interactions in the vasculature. Clin
Pharmacol Ther 2016; 99: 494-501.

Miutetto G, WERIck T, Jonun D, DORrRING C, DIMMELER
S. UcHipa S. Screening and validation of INcRNAs
and circRNAs as miRNA sponges. Brief Bioin-
form 2017; 18: 780-788.

Song YZ, Li JF. Circular RNA hsa_circ_0001564
regulates osteosarcoma proliferation and apop-
tosis by acting miRNA sponge. Biochem Biophys
Res Commun 2018;495:2369-2375.

Li S, ZHANG H, Ning T, WANG X, Liu R, YANG H, HAN
Y, DenG T, ZHou L, ZHANG L, BAal M, WanG X, GE S,
Ying G, Ba Y. MiR-520b/e regulates proliferation
and migration by simultaneously targeting EGFR
in gastric cancer. Cell Physiol Biochem 2016; 40:
1303-1315.

ZHANG W, Lu Z, GAo Y, YE L, SonGg T, ZHANG X.
MiR-520b suppresses proliferation of hepatoma
cells through targeting ten-eleven translocation 1
(TET1) mRNA. Biochem Biophys Res Commun
2015; 460: 793-798.

De Haan G, Gerrits A. Epigenetic control of hema-
topoietic stem cell aging the case of Ezh2. Ann N
Y Acad Sci 2007; 1106: 233-239.

VENNETI S, LE P, MArTINEZ D, XiE SX, SuLLivan LM,
Rorke-ApAms LB, Pawer B, Jupkins AR. Malignant
rhabdoid tumors express stem cell factors, which
relate to the expression of EZH2 and Id proteins.
Am J Surg Pathol 2011; 35: 1463-1472.

KLeer CG, Cao Q, VARAMBALLY S, SHEN R, OTA I, Tom-
LINs SA, GHosH D, SeEwaLt RG, Otte AP, Haves DF,
SaABeL MS, Livant D, Weiss SJ, RusiN MA, CHINNAIYAN
AM. EZH2 is a marker of aggressive breast can-
cer and promotes neoplastic transformation of

10897



D.-H. Yuan, J. Zhao, G.-F. Shao

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

breast epithelial cells. Proc Natl Acad Sci U S A
2003; 100: 11606-11611.

YANG S, YE ZM, CHeN S, Luo XY, CHen SL, Mao L, Li
Y, JN H, Yu C, Xiang FX, XiE MX, CHANG J, XA YP,
Hu B. MicroRNA-23a-5p promotes atherosclerotic
plaque progression and vulnerability by repressing
ATP-binding cassette transporter A1/G1 in macro-
phages. J Mol Cell Cardiol 2018; 123: 139-149.

Sazman J. Circular RNA expression: its potential
regulation and function. Trends Genet 2016; 32:
309-316.

ZHao ZJ, SHen J. Circular RNA participates in the
carcinogenesis and the malignant behavior of
cancer. RNA Biol 2017; 14: 514-521.

Du WW, YanG W, Liu E, YANG Z, DHALIWAL P, YANG BB.
Foxo3 circular RNA retards cell cycle progression
via forming ternary complexes with p21 and CDK2.
Nucleic Acids Res 2016; 44: 2846-2858.

Lukiw WJ. Circular RNA (circRNA) in Alzheimer’s
disease (AD). Front Genet 2013; 4: 307.

MenG S, ZHou H, FenG Z, Xu Z, TanG Y, LI P, Wu M.
CircRNA: functions and properties of a novel poten-
tial biomarker for cancer. Mol Cancer 2017; 16: 94.

KrisTENSEN LS, HANSEN TB, VENg MT, Kuewms J. Circular
RNAs in cancer: opportunities and challenges in
the field. Oncogene 2018; 37: 555-565.

ZHENG Q, Bao C, Guo W/, L1 S, CHeNn J, CHEN B, Luo
Y, Lyu D, Li'Y, SHi G, LianG L, Gu J, HE X, HuaNnG
S. Circular RNA profiling reveals an abundant
circHIPKS that regulates cell growth by sponging
multiple miRNAs. Nat Commun 2016; 7: 11215.

SANCHEZ-MEsias A, Tar Y. Competing endogenous
RNA networks: tying the essential knots for can-
cer biology and therapeutics. J Hematol Oncol
2015; 8: 30.

FisHer K, Lin J. MicroRNA in inflammatory bowel dis-
ease: translational research and clinical implica-
tion. World J Gastroenterol 2015; 21: 12274-12282.

THomAs J, OHTsUKA M, PicHLer M, Ling H. MicroR-
NAs: clinical relevance in colorectal cancer. Int J
Mol Sci 2015; 16: 28063-7634.

34)

35)

36)

37)

38)

39)

40)

RAJASEKARAN S, RAJAGURU P, SubpHAKAR GANDHI PS.
MicroRNAs as potential targets for progressive
pulmonary fibrosis. Front Pharmacol 2015; 6: 254.

Huaun, IsHiKAWA R, ZHANG J, Mivazawa H, Goto
Y, SHimizu Y, Haciwara K, Kovama N. Enhancer of
zeste homolog 2 is a novel prognostic biomarker
in nonsmall cell lung cancer. Cancer 2012; 118:
1599-1606.

Lu C, HAN HD, MANGALA LS, Au-FErmi R, NewTon CS,
OzBuN L, ArRMAIZ-PENA GN, Hu W, StoNE RL, MuNk-
ARAH A, Ravoorl MK, SHAHzAD MM, Lee JW, MorA E,
LANGLEY RR, CArroLL AR, MAatsuo K, SpANNUTH WA,
ScHMANDT R, JENNINGS NB, Goobman BW/, JAFFE RB,
Nick AM, Kiv HS, Guven EO, CHen YH, Li LY, Hsu
MC, CoLemaN RL, CaALN GA, Denksas EB, Lim JY, Lee
JS, Kunpra V, BIRRER MJ, HuNG MC, Loprez-BERESTEIN
G, Soob AK. Regulation of tumor angiogenesis by
EZH2. Cancer Cell 2010; 18: 185-197.

He LR, Liw MZ, L BK, JIA WH, ZHANG Y, Liao YJ,
CHEN YC, ZHANG LJ, GuaN XY, Zeng YX, Kung HF,
Xie D. High expression of EZH2 is associated with
tumor aggressiveness and poor prognosis in pa-
tients with esophageal squamous cell carcinoma
treated with definitive chemoradiotherapy. Int J
Cancer 2010; 127: 138-147.

Rao ZY, Cal MY, YanG GF, He LR, Mai SJ, Hua WF,
Liao YJ, Deng HX, CHEN YC, GuaN XY, ZenG YX,
Kung HF, Xie D. EZH2 supports ovarian carcinoma
cell invasion and/or metastasis via regulation of
TGF-betal and is a predictor of outcome in ovar-
ian carcinoma patients. Carcinogenesis 2010; 31:
1576-1583.

Cao W, Feng Z, Cul Z, ZHANG C, SuN Z, Mao L, CHEN
W. Up-regulation of enhancer of zeste homolog
2 is associated positively with cyclin D1 overex-
pression and poor clinical outcome in head and
neck squamous cell carcinoma. Cancer 2012;
118: 2858-2871.

MatsukawA Y, SEMBA S, Kato H, ITo A, YANAGIHARA K,
Yokozaki H. Expression of the enhancer of zeste
homolog 2 is correlated with poor prognosis in hu-
man gastric cancer. Cancer Sci 2006; 97: 484-491.





