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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 association of 
circ-SMAD7 expression with several clinico-
pathological factors. Besides, cell proliferation 
assay, cell cycle assay, transwell assay, and 
Matrigel assay were conducted to detect the 
function of circ-SMAD7 in glioma. In addition, 
the interaction between circ-SMAD7 and pro-
liferating cell nuclear antigen (PCNA) in glioma 
was studied by performing qRT-PCR and West-
ern blot assay.

RESULTS: Circ-SMAD7 expression was ob-
served in glioma tissues when compared with 
adjacent samples. The expression of circ-
SMAD7 was associated with patients’ WHO 
stage and KPS score. Cell proliferation was in-
hibited and cell cycle was regulated after circ-
SMAD7 was downregulated in glioma cells. Be-
sides, cell migration and invasion were inhib-
ited after circ-SMAD7 was downregulated in 
glioma cells. In addition, the mRNA and pro-
tein expression of PCNA was repressed after 
circ-SMAD7 was knocked down in glioma cells. 
Furthermore, PCNA expression level positive-
ly correlated to circ-SMAD7 expression level in 
glioma samples.

CONCLUSIONS: Our study suggests that circ-
SMAD7 promotes proliferation and metastasis 
of glioma via upregulating PCNA. Circ-SMAD7/ 
PCNA might be a novel therapeutic strategy in 
glioma.
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Introduction

Glioma remains one of the most ordinary sub-
types of malignant intracranial cancers globally 
and also one of the most lethal and aggressive 
types of cancers1. Glioma exerts heterogeneous 
characteristics which brings a huge challenge 
to the current treatments2. Despite therapeutic 
treatment develops for the last decades, the five-
year survival rate for patients remains the poor-
est among all cancers3,4. Therefore, the severe 
situation underscores the urgency of figuring 
out new therapeutic interventions for the glioma 
patients.

Circular 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 TCF215. 
Circ_001988 is markedly down regulated in 
colorectal cancer which may be a novel potential 
biomarker and therapeutic target for colorectal 
cancer cases6. Circ_0067934 functions as an 
oncogene in cervical cancer by regulating the 
miR-545/EIF3C axis7. Through downregulating 
the expression of RhoA and circRNA_000839, 
miR-200b inhibits cell invasion and cell mi-
gration in hepatocellular carcinoma8.Upregula-
tion of circ-ITCH inhibits cell proliferation and 
cell metastasis in triple-negative breast cancer 
through regulating the Wnt/β-catenin pathway9. 
Recently, circ-SMAD7 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-
SMAD7 enhances cell proliferation and metas-
tasis in glioma cell in vitro. Moreover, we fur-
ther explored the underlying mechanism how 
circ-SMAD7 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 study. 

Cell Culture
Human glioma cell lines (U87, U373, U251, 

and T98) and one normal human astrocyte 1800 
cell line were maintained in the culture medium 
consisted of 10% fetal bovine serum (FBS; Ther-
mo Fisher Scientific, Inc., Waltham, MA, USA), 
penicillin as well as Dulbecco’s Modified Eagle’s 
Medium (DMEM; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA) at 37°C in a humidified at-
mosphere with 5% CO2.

Lentivirus Expressing Short-Hairpin 
RNA and Cell Transfection

Lentivirus expressing short-hairpin RNA 
(shRNA) directed against circ-SMAD7 were pro-
vided by GenePharma (Shanghai, China). The 
complementary DNA encoding circ-SMAD7 was 
amplified and inserted into pcDNA3.1 (Gene-
Pharma, Shanghai, China), which were then for 
transfection of glioma cells with Lipofectamine 
3000 (Invitrogen, Carlsbad, CA, USA). The de-
tection of circ-SMAD7 expression level in these 
cells was conducted using quantitative real-time 
polymerase chain reaction (qRT-PCR).

RNA Extraction and QRT-PCR
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., Dalian, Chi-
na). Thermocycling conditions were as follows: 
30 s at 95°C, 5 s for 40 cycles at 95°C, 35 s at 
60°C. The 2-ΔΔCt method was utilized for calculat-
ing relative expression. The primer sequences are 
as follows: circ-SMAD7 forward 5′-TGAGAA-
GAGAAATCTATTGGAACC-3′, circ-SMAD7 
reverse 5′-GGTTTGTC-TCCGCTGCTTTA-3′; 
β-actin, forward 5′-GATGGAAATCGTCAGAG-
GCT-3′ and reverse 5′-TGGCACTTAGTTG-
GAAATGC-3′. The relative expression was cal-
culated by performing the 2-∆∆CT method.

Western Blot Analysis
Total proteins were collected from cells via 

radioimmunoprecipitation assay (RIPA) buffer 
and then quantified by using a protein assay 
(bicinchoninic acid method; Beyotime, Shang-
hai, China). The target proteins were separated 
by sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE). Then, they 
were incubated with antibodies after replaced 
to the polyvinylidene difluoride (PVDF) mem-
branes (Roche, Basel, Switzerland). Then, the 
rabbit anti-β-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
2×105/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, 1×105 cells in 200 µL se-

rum-free DMEM were replanted in top cham-
ber (Corning, Inc., Corning, NY, USA) with or 
without 50 µg 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% CO2 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 Glioma 
Tissues and Cells

The circ-SMAD7 expression was detected via 
qRT-PCR in 46 glioma patients’ tissue samples 
and matched adjacent samples. As shown in 
Figure 1A, circ-SMAD7 was significantly upreg-

ulated in tumor tissue samples compared with ad-
jacent tissues. As shown in Table I, the expression 
of circ-SMAD7 was associated with patients’ 
WHO stage and KPS score. Moreover, circ-
SMAD7 level of glioma cells was higher than that 
of normal human astrocyte 1800 cell line (Figure 
1B). The results suggested that upregulation of 
circPSMC3 might be associated with glioma de-
velopment.

Knockdown of Circ-SMAD7 Inhibited 
Cell Proliferation in Glioma Cells

We chose U251 cells for the knockdown of 
circ-SMAD7. Then, qRT-PCR was utilized for 
detecting the circ-SMAD7 expression in treated 
cells (Figure 2A). To explore how circ-SMAD7 
affected glioma proliferation, CCK8 assay was 
performed and results showed that after circ-
SMAD7 was knocked down, the cell growth 
ability of U251 cells was significantly repressed 
(Figure 2B). Besides, the effect of circ-SMAD7 
on glioma cell cycle was also researched. As was 
shown in Figure 2C, the percentage of G0/G1 
cells was increased and the percentage of S cells 
was reduced after knockdown of circ-SMAD7 in 
U251 cells.

Knockdown of Circ-SMAD7 Inhibited Cell 
Migration and Invasion in Glioma Cells

To explore how circ-SMAD7 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-

Figure 1. Expression levels of circ-SMAD7 were increased in glioma tissues and cell lines. A, QRT-PCR results showed that 
circ-SMAD7 expression was significantly increased in the glioma tissues compared with adjacent tissues. B, Expression levels 
of circ-SMAD7 relative to β-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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nificantly repressed (Figure 3A). In addition, Matri-
gel assay also revealed that after circ-SMAD7 was 
knocked down in glioma cells, the number of in-
vaded cells was remarkably decreased (Figure 3B).

The Interaction Between PCNA and 
Circ-SMAD7 in Glioma

QRT-PCR results showed that expression lev-
el of PCNA in glioma cells was lower in circ-

p<0.05 is considered statistically significant.

Table I. Correlation between circ-SMAD7 expression and clinicopathological characteristics in glioma patients.

			                                  Expression of circ-SMAD7

	 Characteristics	 Patients	 Low group	 High group	 p-value

Total	 46	 20	 26	
Age (years)				    0.978
    ≤ 50	 16	   7	   9	
    > 50	 30	 13	 17	
Gender				    0.309
    Male	 20	   7	 13	
    Female	 26	 13	 13	
WHO stage				    0.014
    II	 25	 15	 10	
    III-IV	 21	   5	 16	
KPS score				    0.0002
    ≥ 90	 20	 15	   5	
    < 90	 26	   5	 21	

Figure 2. Knockdown of circ-SMAD7 inhibited glioma cell proliferation. A, Circ-SMAD7 expression in U251 glioma cells 
transduced with circ-SMAD7 shRNA (shRNA) and negative control (NC) was detected by qRT-PCR. β-actin was used as an 
internal control. B, CCK-8 assay showed that knockdown of circ-SMAD7 significantly inhibited cell growth in glioma cells. C, 
Percentage of G0/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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SMAD7 shRNA (shRNA) group compared with 
the PCNA level in negative control (NC) group 
(Figure 4A). Western blot assay found out that 
after circ-SMAD7 was knocked down, PCNA 
could be downregulated at protein level (Figure 
4B). We further found that PCNA expression 
of glioma tissues was significantly higher com-
pared with that of adjacent tissues (Figure 4C). 
Correlation analysis revealed that the positive 
association was seen between PCNA expression 
level and circ-SMAD7 expression in glioma tis-
sues (Figure 4D).

Discussion

A number of researches has identified that 
circular RNAs are dysregulated in glioma and 
participate in the process of tumor development. 
Increasing evidence has proved that circRNAs 
are potential indicators and therapeutic target for 
glioma. For instance, circ_0001649 is downregu-
lated in glioma which predicts poor prognosis in 
glioma10. Circ-ITCH suppresses cells prolifera-

tion and induces cells apoptosis in epithelial gli-
oma which is associated with prolonged overall 
survival11. Circ_0074362 enhances cell prolifera-
tion, cell migration, and cell invasion in glioma12. 
Circ_LARP4 is significantly down-regulated in 
glioma which may serves as a potential biomark-
er for prognosis of glioma patients13. CircRNA 
TTBK2 functions as an oncogene in glioma via 
regulating miR-217/HNF1β/Derlin-1 pathway14. 
Circ-001567 is upregulated in glioma and pro-
motes cell proliferation and cell invasion15.

CircRNA SMAD7, located in chromosomal 
18, is reported to be overexpressed in esopha-
geal squamous cell carcinoma and participate 
in regulating tumor development16. 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 

Figure 3. Knockdown of circ-SMAD7 inhibited glioma cell migration and invasion. A, Transwell assay showed that knockdown 
of circ-SMAD7 significantly decreased cell migration in glioma cells (magnification: 40×). B, Matrigel assay showed that 
number of invaded cells was significantly decreased via knockdown of circ-SMAD7 in glioma cells (magnification: 40×). 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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down. Above results indicated that circ-SMAD7 
promoted tumorigenesis of glioma and might act 
as an oncogene.

Then, we further explored the potential target 
proteins of circ-SMAD7 using bio-informative 
methods and experiments. Results showed that 
the potential target protein, proliferating cell 
nuclear antigen (PCNA), was significantly up-
regulated in glioma tissue samples. Known as 
an oncogene, PCNA takes part in the regulation 
of a variety of biological processes in many 
carcinomas. For example, upregulating PCNA 
is correlated to poor prognosis of patients with 
osteosarcoma17. The positive expression rates 
of PCNA were 73% in breast cancer tumor 
and could be utilized for evaluating the prog-
nosis of breast cancer18. PCNA is significantly 
upregulated in colorectal cancer, especially in 
those with liver metastasis, and can help evalu-
ating liver metastasis in patients with colorectal 

cancer19. 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.

Figure 4. Interaction between circ-SMAD7 and PCNA in glioma tissues and cells. A, QRT-PCR results showed that PCNA 
expression was lower in circ-SMAD7 shRNA (shRNA) group compared with the NC group. β-actin was used as an internal 
control. B, Western blot assay revealed that PCNA protein expression was decreased in circ-SMAD7 shRNA (shRNA) group 
compared with the NC group. C, PCNA was significantly upregulated in glioma tissues compared with adjacent tissues. D, 
Linear correlation between the expression level of PCNA and circ-SMAD7 in glioma tissues. The results represent the average 
of three independent experiments Data are presented as the mean ± standard error of the mean. *p<0.05.
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