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Circular RNA circ-SMAD7 promoted glioma
cell proliferation and metastasis by

upregulating PCNA
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Abstract. - OBJECTIVE: Recent studies have
discovered a class of circular RNAs (circRNAs),
which are dysregulated in various tumors and
participate in the regulation of tumor progres-
sion. In our research, we aim to research the
function of circ-SMAD7 in the progression of
glioma.

PATIENTS AND METHODS: Circ-SMAD7 ex-
pression was detected by quantitative Real
Time Polymerase Chain Reaction (QRT-PCR) in
glioma tissue patients. Pearson’s Chi-square
test was used to determine the associatign of
circ-SMAD7 expression with several q
pathological factors. Besides, cell prolife
assay, cell cycle assay, transwell assay)
Matrigel assay were conducted to detect
function of circ-SMAD7 in glioma. In additi

stage and KP
hibited and

igration and
circ-SMAD7 was

ression level positive-
AD7 expression level in

Our study suggests that circ-
otes proliferation and metastasis
pregulating PCNA. Circ-SMAD7/
NA mlght be a novel therapeutic strategy in
pma.
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Clrcular RNAs (circRNAs) are character-
ized with evolutional conservation, enormous
abundance and relative stability in cytoplasm.
Recently, circRNAs play an important role in
the initiation and progression of several can-
cers through sponging microRNAs (miRNAs) to
regulate miRNAs’ downstream genes or acting
as competing endogenous RNAs (ceRNAs) for
encoding RNAs. For example, the upregulation
of hsa circ 100395 significantly inhibits cell
proliferation and reduces cell migration and
invasion in lung cancer by targeting TCF21°.
Circ_001988 is markedly down regulated in
colorectal cancer which may be a novel potential
biomarker and therapeutic target for colorectal
cancer cases®. Circ_ 0067934 functions as an
oncogene in cervical cancer by regulating the
miR-545/EIF3C axis’. Through downregulating
the expression of RhoA and circRNA_ 000839,
miR-200b inhibits cell invasion and cell mi-
gration in hepatocellular carcinoma®.Upregula-
tion of circ-ITCH inhibits cell proliferation and
cell metastasis in triple-negative breast cancer
through regulating the Wnt/B-catenin pathway”’.
Recently, circ-SMAD?7 is reported to be as
a novel oncogene in cancers. However, how
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circ-SMAD7 functions in the proliferation and
metastasis of glioma and the underlying mecha-
nism remain unexplored.

In our work, circ-SMAD7 was remarkably
upregulated in glioma tissues and cell lines. Circ-
SMAD?7 enhances cell proliferation and metas-
tasis in glioma cell in vitro. Moreover, we fur-
ther explored the underlying mechanism how
circ-SMAD?7 functioned in glioma development
and found its function in tumorigenesis was as-
sociated with proliferating cell nuclear antigen
(PCNA), which was reported to be an oncogene
in many cancers including glioma.

Patients and Methods

Tissue Specimens

Paired tissues were sequentially enrolled from 46
glioma patients undergoing surgery in The Ninth
People’s Hospital of Suzhou from April 2016 to
December 2018. This investigation was approved by
the Ethics Committee of The Ninth People’s Hos-
pital of Suzhou. Signed written informed consents
were obtained from all participants before the

Cell Culture

Human glioma cell lines (U87, U373,
and T98) and one normal human astrocyte 1
cell line were maintained in theg |

mo Fisher Scientific, Inc.,
penicillin as well as Dulk
Medium (DMEM; Th
Waltham, MA, US
mosphere with 5%

arma (Shanghai, China). The
NA engading circ-SMAD7 was

a cells with Lipofectamine
arlsbad, CA, USA). The de-
=SMAD?7 expression level in these

Total RNA from tissues and cells were separat-
ed by using TRIzol reagent (Invitrogen, Carlsbad,

CA). Then, the total RNA was reverse-tran-
scribed to complementary deoxyribose nucleic
acids (cDNAs) through reverse Transcription Kit
(TaKaRa Biotechnology Co., Ltd., Dald

as follows: circ-SMAD7
GAGAAATCTATTGG
reverse  5-GGTTT
B-actin, forward 5'-
GCT-3' and re
GAAATGC-3".

then quantified by usSing a protein assay
cinchoninic aggsl method; Beyotime, Shang-
China). The Jget proteins were separated
odium do sulphate-polyacrylamide

with antibodies after replaced
he polyvinylidene difluoride (PVDF) mem-
che, Basel, Switzerland). Then, the
i-B-actin (Cell Signaling Technology,
CST, Danvers, MA, USA) and rabbit anti- PC-
NA (Cell Signaling Technology, CST, Danvers,
MA, USA) were used for incubation of these
membranes. The Pierce enhanced chemilumi-
nescence (ECL) was utilized for visualizing
Western blotting Substrate Immunoreactive
bands (Santa Cruz Biotechnology, Santa Cruz,
CA, USA).

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation of these treated cells was
monitored by CCK-8 (Beyotime Institute of Bio-
technology, Shanghai, China). Briefly, 5 mg/mL
CCK-8 was added at each point (0, 24, 48, and 72
h). OD450 was measured using Spectrophotom-
eter (Thermo-Fisher Scientific, Waltham, MA,
USA) after the cells were incubated for 1 h.

Cell Cycle Assay

2x10°/mL cells were diluted by RNase A in
75% ice-cold ethanol overnight. And these cells
were stained with propidium iodide (PI; 50 mg/
mL; MultiSciences Biotech Co., Ltd, Hangzhou,
China) in the dark for 30 min at 4°C. Then, they
were measured with flow cytometer (FACScan,
BD Bioscience, Franklin Lakes, NJ, USA).
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Transwell Assay and Matrigel Assay

After transfection, 1x10° cells in 200 pL se-
rum-free DMEM were replanted in top cham-
ber (Corning, Inc., Corning, NY, USA) with or
without 50 pg Matrigel (BD, Franklin Lakes, NJ,
USA). DMEM and FBS was added to the lower
chamber. Next, they were cultured overnight in
an incubator supplemented with 5% CO, at 37°C.
The top surface of chambers was were treated by
methanol for 30 min after wiped by cotton swab.
Then they were stained in crystal violet for 20
min. Five fields were randomly chosen under a
Leica DMI4000B microscope (Leica Microsys-
tems, Heidelberg, Germany).

Statistical Analysis

Data analysis was performed using Statistical
Product and Service Solutions (SPSS) 18.0 (SPSS
Inc., Chicago, IL, USA). Graph PAD 5.0 (Graph-
Pad Software, Inc., La Jolla, CA, USA) helped
presenting these consequences. The difference
between two groups were compared by Student’s
t-test. The statistically significance was defined
as p<0.05.

Results

Circ-SMAD7 Expression Level in Glio
Tissues and Cells

The circ-SMAD7 expressig
gRT-PCR in 46 glioma paj
and matched adjacent g
Figure 1A, circ-SMA

ulated in tumor tissue samples compared with ad-
jacent tissues. As shown in Table I, the expression
of circ-SMAD7 was associated with patig

of normal human astrocyte 1800
1B). The results suggested that

velopment.

Knockdown of Cir
Cell Proliferation

We chose U2
circ-SMAD7.

s, the effect of circ-SMAD7
was also researched. As was
, the percentage of GO0/G1
and the percentage of S cells

nockdown of Circ-SMAD?7 Inhibited Cell
Migration and Invasion in Glioma Cells
To explore how circ-SMAD?7 affected glioma
migration and invasion, transwell assay and Matri-
gel assay were performed. The results of transwell
assay revealed that after circ-SMAD7 was knocked
down, the migrated ability of glioma cells was sig-
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1. Expression levels of circ-SMAD?7 were increased in glioma tissues and cell lines. A, QRT-PCR results showed that
AD7 expression was significantly increased in the glioma tissues compared with adjacent tissues. B, Expression levels
of circ-SMAD?7 relative to B-actin were determined in the human glioma cell lines and normal human astrocyte 1800 cell line by
qRT-PCR. Data are presented as the mean =+ standard error of the mean. *p<0.05.
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Table I. Correlation between circ-SMAD?7 expression and clinicopathological characteristics in glioma patients.

Expression of circ-SMAD7
Characteristics Patients Low group High group

Total 46 20 26
Age (years)

<50 16 7

>50 30 13
Gender

Male 20 7

Female 26 13
WHO stage

II 25 15

HI-IV 21 5
KPS score

>90 20 15

<90 26 5

p<0.05 is considered statistically significant.

nificantly repressed (Figure 3A). In addition, Matri- Th, action Bet PCNA and
gel assay also revealed that after circ-SMAD7 was -SMAD?7 in Glioma
knocked down in glioma cells, the number of in- showed that expression lev-
vaded cells was remarkably decreased (Figure 3B). f PCNA in glma cells was lower in circ-
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ure 2. Knockdown of circ-SMAD?7 inhibited glioma cell proliferation. A, Circ-SMAD?7 expression in U251 glioma cells
duced with circ-SMAD7 shRNA (shRNA) and negative control (NC) was detected by qRT-PCR. B-actin was used as an

Perce®age of GO/G1 cells was increased and the percentage of S cells was reduced after knockdown of circ-SMAD7 in glioma

cells. The results represent the average of three independent experiments (mean + standard error of the mean). *p<0.05, as
compared with the control cells.
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esearches has identified that
are dysregulated in glioma and

lated in glioma which predicts poor prognosis in
glioma!. Circ-ITCH suppresses cells prolifera-

answell assay showed that knockdown

d error of the mean). *p<0.05, as compared with

tion and induces cells apoptosis in epithelial gli-
oma which is associated with prolonged overall
survival'l. Circ_0074362 enhances cell prolifera-
tion, cell migration, and cell invasion in glioma'?.
Circ_ LARP4 is significantly down-regulated in
glioma which may serves as a potential biomark-
er for prognosis of glioma patients'®. CircRNA
TTBK2 functions as an oncogene in glioma via
regulating miR-217/HNF1p/Derlin-1 pathway'.
Circ-001567 is upregulated in glioma and pro-
motes cell proliferation and cell invasion®.
CircRNA SMAD7, located in chromosomal
18, is reported to be overexpressed in esopha-
geal squamous cell carcinoma and participate
in regulating tumor development'®. Our study
showed that circ-SMAD7 was upregulated in
glioma samples and cell lines. The expression
of circ-SMAD7 was associated with patients’
WHO stage and KPS score. After circ-SMAD7
was knocked down in glioma cells, glioma cell
proliferation was found to be inhibited and cell
cycle distribution was regulated. Moreover, gli-
oma cell migration and invasion were also found
to be inhibited after circ-SMAD7 was knocked
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CNA) was significantly up-
amples Known as

or prognosis of patients with
The positive expression rates

of breast cancer'®. PCNA is significantly
W:lated in colorectal cancer, especially in
those with liver metastasis, and can help evalu-
ating liver metastasis in patients with colorectal

cancer”. In the present work, PCNA expres-
sion could be downregulated via knockdown of
circ-SMAD7, while PCNA protein level could
also be downregulated via knockdown of circ-
SMAD7. Moreover, PCNA expression in glioma
tissues was positively related with circ-SMAD7
expression. All the results above suggested that
circ-SMAD7 might promote tumorigenesis of
glioma via upregulating PCNA.

Conclusions

Circ-SMAD7 was remarkably higher-ex-
pressed in glioma tissues and cells. Besides,
circ-SMAD7 could enhance glioma proliferation,
migration, and invasion through targeting PCNA.
These findings suggest that circ-SMAD7 may
contribute to therapy for glioma as a candidate
target.
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