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Abstract. - OBJECTIVE: This study aims to
elucidate the role of circ-RPL15 in the progres-
sion of glioma.

PATIENTS AND METHODS: Circ-RPL15 lev-
els in glioma tissues and normal brain tissues
were detected. Subcellular distribution of circ-
RPL15 was examined. The binding between miR-
146b-3p and circ-RPL15 was verified by Lucif-
erase assay. Potential targets of miR-146b-3p
were further determined. The influences of the
circ-RPL15/miR-146b-3p/VEGFA feedback loop
on proliferative and migratory abilities in T98G
and U251 cells were detected by cell counting
kit-8 (CCK-8) and transwell assay, respectively.

RESULTS: Circ-RPL15 and VEGFA were up-
regulated in glioma tissues than normal ones,
whereas miR-146b-3p was downregulated. Circ-
RPL15 was mainly distributed in the cytoplasm.
The interaction in the circ-RPL15/miR-146b-3p/
VEGFA feedback loop was indicated by Lucifer-
ase assay, and it markedly promoted prolifera-
tive and migratory abilities in glioma.

CONCLUSIONS: Circ-RPL15 triggers prolifer-
ative and migratory potentials in glioma by com-
petitively binding miR-146b-3p and thus upreg-
ulates VEGFA.
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Introduction

Glioma is a common primary brain tumor
that starts from glial cells of the brain or the
spinal cord. The annual incidence of glioma is
about 3-8/100,000. It is classified into grade I-I'V.
As a fatal disease, glioma is featured by high
morbidity, high recurrence rate, and high mor-
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tality, especially anaplastic astrocytoma (WHO
grade IIT) and glioblastoma (WHO grade 1V)'.
Anaplastic astrocytoma is a diffuse infiltrating
tumor. Compared with low-grade astrocytoma, it
is featured by dispersive anaplasia and increased
proliferation index?.

The pathogenesis of glioma involves both in-
ternal and external factors, including genetic
susceptibilities and environmental factors. At the
cellular level, mutations in genetic factors create
a favorable microenvironment where cells are
evaded from normal apoptosis and cell metab-
olism. Uncontrolled cell proliferation thereafter
causes tumor cell growth, neovascularization,
hypoxia, and necrosis®. Currently, surgical re-
section to the extent feasible and postoperative
radiotherapy are preferred to glioma patients.
For high-grade glioma, surgical resection cannot
completely remove tumor lesions, and both che-
motherapy and radiotherapy are necessary after
the surgery. Growing evidence has shown prom-
ising applications of immunotherapy, targeted
therapy, and gene therapy for glioma in recent
years.

CircRNAs are functional in regulating RNA
expressions, protein translation, protein activi-
ties and post-transcriptional mediation. Yang et
al* showed that circRNAs with IRES insertion
can translate peptides in cells, so can those
with abundant m°A modifications. It is reported
that circZNF292 promotes tubular formation of
glioma cells by activating the Wnt pathway’.
Glioma cell adhesion and growth are stimu-
lated by hsa_circ_0000177 in the Wnt-dependent
way. CircNTSE is overexpressed in glioma cells,
which drives the growth and metastasis of U251
cells by acting as a ceRNA for miR-422a°. A

Corresponding Author: Lei Wang, MD; e-mail: 1€i639369595@163.com



Circ-RPL15/miR-146b-3p/VEGFA in glioma

previous study has shown that circ-RPL15 is
highly expressed in plasma exosomes of chronic
lymphocyte leukemia cases. Its potential function
in glioma progression remains unclear.

VEGFA is reported to be upregulated in gli-
oma profiling. CircSCAFI11 triggers glioma by
the miR-421/SP1/VEGFA axis’. We explored the
interaction in circ-RPL15/miR-146b-3p/VEGFA
feedback loop and its involvement in glioma.

Patients and Methods

Patients

Paraffin-embedded glioma tissues (n=38) and
normal brain tissues (n=38) were collected from
glioma patients treated in Peking University In-
ternational Hospital from January 2011 to Oc-
tober 2019. A total of 17 male patients and 21
females with 29-78 years were recruited, in-
volving 9 well differentiated, 12 moderately dif-
ferentiated and 17 poorly differentiated cases.
There were 19/38 glioma patients accompanied
lymphatic metastases. Tumor pathological clas-
sification and staging standards are implemented
in accordance with the staging standards of the
Union for International Cancer Control (UICC).
All participants were not treated with radiother-
apy and chemotherapy before operation. Tumor
tissues diagnosed with glioma were confirmed
by the pathologist in our hospital. Other kind of
tumor that migrated to the brain was excluded.
This investigation was approved by the Ethics
Committee of Peking University International
Hospital and it was conducted after informed
consent of each subject.

Cell Culture and Transfection

Glioma cell lines were cultured in Dulbec-
co’s Modified Eagle’s Medium (DMEM; Gibco,

Table I. Primer sequences of plasmids used in qRT-PCR.

Rockville, MD, USA) with 10% fetal bovine
serum (FBS; Gibco, Rockville, MD, USA). Cells
were cultured to 50-70% density and transfected
using Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA). Fresh medium was replaced at 4-6 h.
Transfected cells for 48 h were used for following
experiments.

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

Total RNA was extracted from cell lysate using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
and purified. It was reversely transcribed into
complementary deoxyribose nucleic acid (cDNA)
using the PrimeScript RT reagent Kit (TaKaRa,
Dalian, China). The cDNA was subjected to qRT-
PCR using the SYBR Green Master Mix (Ap-
plied Biosystems, San Diego, CA, USA). Primer
sequences were listed in Table 1.

Cell Proliferation Assay

Cells were inoculated in a 96-well plate with
2x10° cells per well. At the appointed time points,
absorbance value at 490 nm of each sample was
recorded using the cell counting kit-8 (CCK-8) kit
(RIBOBIO, Guangzhou, China) for plotting the
viability curves.

Transwell Assay

Transwell chambers (Millipore, Billerica, MA,
USA) were inserted in each well of a 24-well
plate. 200 pL of suspension (3x10*cells/mL) was
applied in the upper layer of the chamber with
600 pL of medium containing 20% FBS in the
bottom. After 48-h incubation, migratory cells
in the bottom were reacted with 15-min metha-
nol, 20-min crystal violet and captured using a
microscope (Olympus, Tokyo, Japan). Migratory
cells were counted in 10 random selected fields
per sample.

Gene Primer sequences
circ-RPLI15 F: 5-CCTTCAGTAAGCCAAGAT-3
R: 5>-GCTCGAAGCCTTCAGTAAG-3’
VEGFA F: 5>~ AGGGCAGAATCATCACGAAGT-3’
R: 5>~ AGGGTCTCGATTGGATGGCA-3’
miR-146b-3p F: 5~ ACACTCCAGCTGGGGGTCTTGACTCAGGTG-3’
R: 5-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACGGGACA-3’
GAPDH F: 5>-TCCTCCACCTTTGATGCG-3’
R: 5>-GTGCCTGGCTCACTCCTT-3’
8[§ F: 5>-CTCGCTTCGGCAGCACA-3’
R: 5-AACGCTTCACGAATTTGCGT-3’
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Luciferase Assay

The cells were co-transfected with wild-
type pGL3-circ-RPL15/mutant-type pGL3-
circ-RPL15 and negative control/miR-146b-3p
mimics. Cells were lysed in Dual-Glo® Lucif-
erase Reagent (Promega, Madison, WI, USA)
for 10 min, followed by luciferase activity
measurement.

Subcellular Distribution Analysis

The cells were lysed in 100 pL of Buffer A
(10 mM HEPES, pH 7.9, 10 mM KCl, 0.1 mM
EDTA (ethylenediaminetetraacetic acid), 0.1 mM
EGTA, 0.15% NP-40) on ice for 15 min. Sub-
sequently, the mixture was centrifuged at 4°C,
12000 rpm for 1 min. The supernatant was col-
lected as the cytoplasmic fraction. The precipi-
tant was washed in 1 mL of Buffer A for three
times, and re-suspended in 150 uL of Buffer B
(20 mM HEPES, pH 7.9, 0.4 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 0.5% NP-40). After 30-min
centrifugation at 4°C, 12000 rpm, the supernatant
was collected as the nuclear fraction. The mRNA
level of circ-RPLI15 in each fraction was detected
by qRT-PCR.

Statistical Analysis

Stata 9.2 software (London, UK) was used for
data analysis. Data were expressed as mean =+
standard deviation. Differences between groups
were analyzed by the two-tailed #-test. Pearson
correlation test was applied for assessing correla-
tion between two genes. p<0.05 was considered
as statistically significant.

Results

Circ-RPL15 Was Upregulated In Glioma
Profiling

Compared with normal brain tissues (n=38),
circ-RPL15 was upregulated in glioma tissues
(n=38) (Figure 1A). Based on the tumor size,
glioma tissues were classified into large group
(>3 cm, n=21) and small group (<3 cm, n=17).
Higher level of circ-RPL15 was detected in the
large group (Figure 1B). Similarly, circ-RPL15
was highly expressed in glioma cell lines (Fig-
ure 1C).

Circ-RPL15 Promoted Proliferative and
Migratory Abilities in Glioma

CCK-8 results showed that knockdown of circ-
RPLI15 decreased viability in T98G and U251
cells, whereas overexpression of circ-RPL15
achieved the opposite results (Figure 2A, 2C). In
addition, knockdown of circ-RPL15 reduced the
number of migratory glioma cells, which was en-
hanced by overexpression of circ-RPL15 (Figure
2B, 2D).

The Negative Interaction Between
MiR-146b-3p and Circ-RPL15

Converse to the expression pattern of circ-
RPL15, miR-146b-3p was downregulated in gli-
oma tissues (Figure 3A), especially those with
larger tumor size (Figure 3B). We identified a
negative correlation between levels of circ-RPL15
and miR-146b-3p in glioma tissues (R?=0.1472,
p=0.0174, Figure 3C). Through analyzing sub-
cellular distribution, circ-RPL15 was found to
be mainly distributed in the cytoplasm of T98G
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Figure 1. Circ-RPL15 was upregulated in glioma profiling. A, Circ-RPL15 levels in glioma tissues (n=38) and normal brain
tissues (n=38). B, Circ-RPL15 levels in glioma tissues with >3 cm in tumor size (n=21) and those with <3 cm (n=17). C, Circ-

RPLIS levels in glioma cell lines.
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and U251 cells, predicting the potential func-
tion of circ-RPL15 in miRNA sponge (Figure
3D). Subsequently, wild-type and mutant-type
pGL3-circ-RPL15 vectors were constructed ac-
cording to the predicted binding sequence in the

Figure 2. Circ-RPL15 promot-
ed proliferative and migratory
abilities in glioma. A, Viability
in T98G cells regulated by circ-
RPL1S. B, Migration in T98G
cells regulated by circ-RPL15.
C, Viability in U251 cells reg-
ulated by circ-RPL15. D, Migra-
tion in U251 cells regulated by
circ-RPLI5.

3’UTR of circ-RPL15 and miR-146b-3p (Figure
3E). Transfection of miR-146b-3p mimics largely
decreased Luciferase activity in the wild-type
pGL3-circ-RPL15, verifying the binding between
circ-RPL15 and miR-146b-3p (Figure 3F).
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Figure 3. The negative interaction between miR-146b-3p and circ-RPL15. A, MiR-146b-3p levels in glioma tissues (n=38) and
normal brain tissues (n=38). B, MiR-146b-3p levels in glioma tissues with >3 c¢m in tumor size (n=21) and those with <3 cm (n=17).
C, A negative between levels of circ-RPL15 and miR-146b-3p in glioma tissues (R?>=0.1472, p=0.0174). D, Subcellular distribution of
circ-RPL15 in T98G and U251 cells. E, The predicted binding sequence in the 3’UTR of circ-RPL15 and miR-146b-3p. F, Luciferase
activity in cells co-transfected with miR-146b-3p mimics/negative control and wild-type/mutant-type pGL3-circ-RPL15 vectors.
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Circ-RPL15/MiR-146b-3p/VEGFA
Feedback Loop Was Responsible for
Regulating Glioma Progression

VEGFA was found to be upregulated in gli-
oma tissues (Figure 4A), and displayed a nega-
tive correlation to miR-146b-3p level (R?=0.2307,
p=0.0023, Figure 4B). However, VEGFA level
was positively correlated to circ-RPL15 level
(R?=0.2735, p=0.008, Figure 4C).

We thereafter explored the involvement of
miR-146b-3p in circ-RPL15-regulated glioma cell
phenotypes. First of all, VEGFA was downreg-
ulated in T98G and U251 cells overexpressing
miR-146b-3p. Its level remained higher in glio-
ma cells co-overexpressing circ-RPL15 and miR-
146b-3p than those with miR-146b-3p overex-
pression (Figure 5A, 5D). Overexpression of miR-
146b-3p reduced viability in glioma cells, and the
inhibited viability was relieved by overexpressed
circ-RPL15 (Figure 5B, 5E). As expected, over-
expression of circ-RPL15 was able to abolish the
regulatory effect of miR-146b-3p on migratory
potential in glioma cells (Figure 5C, 5F).

Discussion

Glioma is a highly malignant tumor with only
14.6 months of median survival after diagnosis®.
Although glioma patients can be treated by sur-
gery and postoperative adjuvant therapy, their
overall survival ranges 12-18 months®'. Strong
invasive and migratory abilities of glioma cells
attribute to the poor prognosis in glioma pa-
tients'?. At present, molecular mechanisms and
biomarkers of glioma have been extensively stud-
ied. Target therapy has been emerged for alleviat-
ing the progression of glioma'.

CircRNAs are critical regulators involved in
tumor progression. They are capable of regulat-
ing almost every aspect of tumor cell behavior'.
CircRNAs are subtyped into ecircRNAs, ciR-
NAs and EIciRNAs. As a special non-coding
RNA, circRNA does not have 5” and 3° end. It
is structurally formed by a covalently closed
loop. Because the special structure, circRNAs
are highly stable and resistant to exonuclease
degradation. Biological functions of circRNAs
are achieved by the effect of miRNA sponges or
interaction with RNA-binding proteins'>. Wu et
al'® has demonstrated the role of circ-RPLI1S5 in
the chronic lymphocytic leukemia. Our findings
uncovered that circ-RPL15 was upregulated in
glioma tissues, especially those with larger tu-
mor size. Overexpression of circ-RPL15 remark-
ably stimulated proliferative and migratory abil-
ities in both T98G and U251 cells. Since circ-
RPLI15 was detected to be mainly distributed
in the cytoplasm, we believed that its biological
function relied on the post-transcriptional regu-
lation on target genes. Bioinformatics analysis
depicted the binding sequence in the 3’'UTR of
circ-RPLI15 and miR-146b-3p, and their binding
relationship was further proved by Luciferase
assay. Of note, miR-146b-3p was able to abolish
the regulatory effects of circ-RPL15 on glioma
cell phenotypes. Therefore, circ-RPL15 might
function as a ceRNA to exert a sponge effect
on miR-146b-3p, thus promoting the malignant
progression of glioma.

Angiogenesis is a process in which new blood
vessels are formed from existing capillaries or
veins behind capillaries. It is a necessary and
complex process for the growth and metastasis
of many malignant tumors. VEGFA, as the most
important angiogenic factor, is a vital protein
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Figure 4. The interaction among circ-RPL15, miR-146b-3p and VEGFA. A, VEGFA levels in glioma tissues (n=38) and
normal brain tissues (n=38). B, A negative correlation between levels of VEGFA and miR-146b-3p in glioma tissues (R?>=0.2307,
p=0.0023). C, A positive correlation between levels of VEGFA and circ-RPLI1S5 in glioma tissues (R*=0.2735, p=0.0008).
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Figure 5. Circ-RPL15/miR-146b-3p/VEGFA feedback loop was responsible for regulating glioma progression. A, VEGFA
level in T98G cells transfected with miR-146b-3p mimics, circ-RPL15 OE + miR-146b-3p mimics, or circ-RPL15 siRNA + miR-
146b-3p inhibitor. B, Viability in T98G cells transfected with miR-146b-3p mimics, circ-RPL15 OE + miR-146b-3p mimics,
or circ-RPL15 siRNA + miR-146b-3p inhibitor. C, Migration in T98G cells transfected with miR-146b-3p mimics, circ-RPL15
OE + miR-146b-3p mimics, or circ-RPL15 siRNA + miR-146b-3p inhibitor. D, VEGFA level in U251 cells transfected with
miR-146b-3p mimics, circ-RPL15 OE + miR-146b-3p mimics, or circ-RPL15 siRNA + miR-146b-3p inhibitor. E, Viability in
U251 cells transfected with miR-146b-3p mimics, circ-RPL15 OE + miR-146b-3p mimics, or circ-RPL15 siRNA + miR-146b-
3p inhibitor. F, Migration in U251 cells transfected with miR-146b-3p mimics, circ-RPL15 OE + miR-146b-3p mimics, or

circ-RPL15 siRNA + miR-146b-3p inhibitor.

responsible for initiating angiogenesis, and has
become a therapeutic target for diseases with
abnormal angiogenesis. It stimulates epithelium
proliferation and enhances vascular permeabil-
ity. It is reported that VEGFA is upregulated in
lung cancer tissues. MiR-195 suppresses lung
cancer cell metastasis by downregulating VEG-
FA'. Cao et al'® demonstrated that VEGFA is
upregulated in 86% of bladder cancer patients
they recruited. VEGFA level is closely linked
to tumor staging, blood vessel invasion, and
disease-free survival in bladder cancer patients.
The members of VEGF family, including VEG-
FA, VEGFB, VEGFC, VEGFD and placental
growth factor, are important regulators in tumor
angiogenesis and metastasis'>. VEGFA has been
clearly shown to contribute to the angiogenesis
of glioma. New blood vessels in glioma tissues
can supply sufficient blood to ensure tumor
growth. Hence, VEGFA is essential for the pro-
gression of glioma. In glioma tissues we collect-
ed, VEGFA was highly expressed than normal

brain tissues. It displayed a positive correlation
to circ-RPL15, but a negative correlation to
miR-146b-3p level in glioma tissues. This study
is expected to provide a new perspective for
the occurrence and development mechanism of
glioma, and provide new ideas for the clinical
diagnosis and treatment of glioma.

Conclusions

Collectively, we have identified the -circ-
RPL15/miR-146b-3p/VEGFA feedback loop that
is responsible for aggravating the progression of
glioma.
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