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Background: Glioma is a heterogeneous aggressive tumor. Ropivacaine, a widely used 
anesthetic, has been shown to repress the progression of multiple cancers, including glioma. 
In this study, the effects of ropivacaine on cell proliferation, migration, invasion and 
apoptosis in glioma were revealed.
Methods: The expression levels of circSCAF11 and miR-145-5p were detected by quanti-
tative real-time polymerase chain reaction (qRT-PCR) in glioma tissues and cells. The 
expression levels of epithelial–mesenchymal transition (EMT)-related proteins were deter-
mined by Western blot. Oxidative stress was evaluated by the measurement of reactive 
oxygen species (ROS) and determination of mitochondrial 8-hydroxy-2-deoxyguanosine 
(8-OHdG) assay in glioma cells. Cell proliferation was determined by cell counting kit-8 
(CCK-8) assay and cell colony formation assay. Cell apoptosis and metastasis were detected 
by flow cytometry analysis and transwell assay, respectively. The binding relationship 
between circSCAF11 and miR-145-5p was predicted by circular RNA Interactome and 
identified by dual-luciferase reporter assay and RNA immunoprecipitation assay. In vivo 
tumor formation assay was performed to reveal the effects between ropivacaine and 
circSCAF11 overexpression on tumorigenesis in vivo.
Results: CircSCAF11 expression was obviously upregulated and miR-145-5p was sig-
nificantly downregulated in glioma tissues and cells compared with control groups. 
Ropivacaine treatment upregulated E-cadherin protein expression and repressed the 
protein expression of Vimentin. Functionally, ropivacaine exposure promoted ROS and 
8-OHdG production and cell apoptosis, whereas inhibited cell proliferation, migration 
and invasion; however, these effects were hindered by circSCAF11 overexpression. 
Mechanistically, circSCAF11 was a sponge of miR-145-5p. In addition, ropivacaine 
was revealed to inhibit tumor growth in vivo by regulating circSCAF11 and miR-145- 
5p expression.
Conclusion: Ropivacaine suppressed glioma progression by regulating circSCAF11 and 
miR-145-5p, which might provide a theoretical foundation in glioma treatment.
Keywords: glioma, ropivacaine, circular RNA, circSCAF11, miR-145-5p

Introduction
Glioma, an angiogenic malignant solid tumour, mainly occurs in central nervous 
system.1 Glioma is recognized as high proliferation and metastasis and is resistant 
to therapy because of the existence of brain barrier.2,3 Although much attempt has 
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been focused on the glioma treatment, the 5 years survival 
rate is still unsatisfactory.4

Ropivacaine, one of the safest local anesthetics, is 
widely used in cancer therapy.5,6 Ropivacaine works via 
repressing the voltage-gated sodium channels.7 It has been 
reported that ropivacaine inhibited the cell metastasis of 
esophageal cancer.8 Yang et al indicated that the combina-
tion usage of ropivacaine and lidocaine suppressed cell 
proliferation in gastric cancer.9 Ropivacaine was revealed 
to induce cell apoptosis by regulating caspase-3 activity in 
hepatocellular carcinoma.10 However, the effects of ropi-
vacaine on glioma progression and underneath regulatory 
mechanism are unclear.

Circular RNAs (circRNAs) are >200 nts in size and 
mainly serve by sponging microRNAs (miRNAs) and 
binding proteins.11 Multiple studies investigate that 
circRNAs participate in cell proliferation, metastasis, 
apoptosis and cell cycle in glioma. For example, Shi 
et al indicated circ_0014359 silencing repressed cell pro-
liferation and metastasis in glioma.12 CircHIPK3 also 
promoted tumor growth in glioma.13 Additionally, Meng 
et al revealed circSCAF11 knockdown suppressed cell 
proliferation, invasion and induced cell cycle arrest in 
glioma.14 But the studies on the ropivacaine-mediated 
glioma progression regulated by circSCAF11 are 
unknown.

MiRNA is 18 to 22 nts ncRNA. And miRNA regulates 
cell function by associating with mRNA. MiRNA is linked 
to cancer progression, including cell proliferation, migra-
tion, apoptosis and so on.15 Studies revealed that miRNA 
could serve as a biomarker in cancer treatment.16,17 Chen 
et al explained that miR-145-5p accelerated glioma devel-
opment by working with circ-PTN.18 Donzelli et al 
revealed that miR-145-5p promoted brain metastasis.19

Herein, the effects of ropivacaine on glioma progres-
sion were studied by CCK-8 assay, measurement of reac-
tive oxygen species (ROS) assay, determination of 
mitochondrial 8-hydroxy-2-deoxyguanosine (8-OHdG) 
assay, cell colony formation assay, flow cytometry analysis 
and transwell assay. CircSCAF11 and miR-145-5p expres-
sion were detected by qRT-PCR. Circular RNA 
Interactome, dual-luciferase reporter assay and RNA 
immunoprecipitation (RIP) assay were employed to 
explain the relationship between circSCAF11 and miR- 
145-5p. Furthermore, in vivo tumor formation assay was 
performed to study the impacts between ropivacaine and 
circSCAF11 overexpression on glioma growth in vivo.

Materials and Methods
Sample Collection and Cell Culture
Glioma tissues from glioma patients and normal brain 
tissues from the patients of traumatic brain edema during 
underwent partial brain resection were collected from 
Danyang People’s Hospital of Jiangsu. These tissues 
were kept in liquid nitrogen. The Ethics Committee of 
Danyang People’s Hospital of Jiangsu agreed with this 
experiment. Patients signed the written informed consents.

Glioma cells T98G and LN229 were gotten from 
Sciencell (Carlsbad, CA, USA). The Otwo Biotech 
(Shenzhen, China) provided human astrocytes NHA. 
Glioma cells and NHA cells were cultivated in DMEM 
(Thermo Fisher, Waltham, MA, USA) supplemented with 
10% fetal bovine serum (FBS) as well as 1% penicillin- 
streptomycin (Thermo Fisher) at 37°C with 5% CO2.

Cell Transfection
The overexpression vector of circSCAF11 (pcDNA- 
circSCAF11), miR-145-5p mimic, small interfering RNA 
targeting circSCAF11 (si-circSCAF11), miR-145-5p inhi-
bitor (anti-miR-145-5p) and control groups (pcDNA-NC, 
miR-NC mimic, si-NC and anti-miR-NC) were amplified 
by Ribobio Co., Ltd. (Guangzhou, China). PcDNA- 
circSCAF11 and pcDNA-NC were transfected into cells 
to determine the effects of circSCAF11 overexpression on 
ropivacaine-mediated glioma growth in vitro and in vivo. 
Si-circSCAF11 and anti-miR-145-5p were transfected into 
cells with their controls to illustrate that whether 
circSCAF11 regulated the glioma process by sponging 
miR-145-5p. T98G and LN229 cells were transfected 
with Lipofectamine 2000 (Thermo Fisher). The primer 
sequences were pcDNA-circSCAF11 5ʹ-CGGAATTCTAA 
TACTTTCAGGAAACTCTTTATACAGTGAAACAGG- 
3ʹ (forward), and 5ʹ-CGGAATTCTAATACTTTCAGGAA 
ACTCTTTATACAGTGAAACAGG-3ʹ (reverse); miR- 
145-5p mimic 5ʹ-GUCCAGUUUUCCCAGGAAUCCCU 
-3ʹ; miR-NC mimic 5ʹ-UUUGUACUACACAAAAGUAC 
UG-3ʹ; miR-145-5p inhibitor 5ʹ-AGGGAUUCCUGGGA 
AAACUGGAC-3ʹ; anti-miR-NC 5ʹ-CAGUACUUUUGU 
GUAGUACAAA-3ʹ; si-circSCAF11 5ʹ-GCTGACAGATG 
CCCAATAT-3ʹ and si-NC 5ʹ-GCTAGACCCGTAACAGT 
AT-3ʹ.

Cell Counting Kit-8 Assay
T98G and LN229 cells were cultivated in a 96-well plate 
for 24 hrs. T98G and LN229 cells treated with 10 μM, 100 
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μM and 1 mM of ropivacaine were cultured for 24 hrs, 48 
hrs and 72 hrs, respectively. After that, 10 μL CCK-8 
reagent was added in plate and cells were cultured for 4 
hrs. And the absorbance at 450 nm was detected by 
a microplate reader (Thermo Fisher).

Measurement of Reactive Oxygen Species 
(ROS)
ROS detection kit (Abcam, Cambridge, UK) was chosen to 
determine cellular ROS production. T98G and LN229 cells 
were cultivated in a 96-well plate overnight. T98G and LN229 
cells were washed using PBS, followed were treated with 1 
mM ropivacaine, pcDNA-circSCAF11, si-circSCAF11 or si- 
circSCAF11+anti-miR-145-5p with control groups, respec-
tively. Twenty-microliter 2.7-Dichlorofluorescin diacetate 
(DCFDA) was incubated with cells for 45 min after 
24 h. The results were assessed by flow cytometry (BD 
Biosciences, San Diego, CA, USA).

Determination of Mitochondrial 
8-Hydroxy-2-Deoxyguanosine (8-OHdG)
Genomic DNA was extracted from T98G and LN229 cells. 
The DNA was incubated with DNase I and Nuclease P1, 
followed was incubated with alkaline phosphatase. Then 
sample was boiled. The results were assessed using an 
8-OHdG ELIZA kit (Abcam).

Cell Colony Formation Assay
T98G and LN229 cells were cultivated in a 6-well plate 
for 2 weeks. After that, the colonies were incubated with 
crystal violet. Colony numbers were counted and 
photographed.

Flow Cytometry Analysis
Apoptosis detection kit (Solarbio, Beijing, China) was 
chosen to determine the apoptosis rate of T98G and 
LN229 cells. T98G and LN229 cells was collected at 48 
h after cultivation. Cells were rinsed and suspended with 
1 mL binding buffer. T98G and LN229 cells were incu-
bated with Annexin V-FITC and propidium iodide. Results 
were determined by flow cytometry.

Transwell Assay
The transwell chamber was employed to evaluate the 
abilities of cell migration and invasion without and with 
Matrigel (Corning, Corning, New York, USA), respec-
tively. T98G and LN229 cells were cultured in the upper 

chamber with FBS-free DMEM. DMEM containing 20% 
FBS was added into the down chamber. The supernatant 
was discarded after 24 h. Then, cells were stained with 
crystal violet. The metastasis ability was observed by 
a microscope at a 100× magnification.

Western Blot Assay
T98G and LN229 cells were lysed by RIPA buffer 
(Beyotime, Jiangsu, China). The lysate was loaded by 
12% sodium dodecyl sulfonate-polyacrylamide gel elec-
trophoresis (SDS-PAGE). After that, bands were trans-
ferred onto polyvinylidene fluoride membranes 
(Membrane Solutions, Shanghai, China). Membranes 
were blocked in 5% skim milk overnight. The bands 
were incubated with primary antibodies anti-E-cadherin 
(1:5000; Abcam), anti-Vimentin (1:1000; Abcam) and 
anti-β-Actin (1:20,000; Abcam). Following, second anti-
body labeled with peroxidase was chosen to incubate 
proteins. The results were observed by enhanced chemilu-
minescence (KeyGen, Nanjing, China). β-Actin was cho-
sen as a reference.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
RNA was extracted from glioma tissues and cells. cDNA 
was synthesized using a special kit (Takara, Shiga, Japan). 
For to quantify circSCAF11/SCAF11 and miR-145-5p, 
a qRT-PCR detection kit (Takara) was employed. 
GAPDH and U6 were utilized as controls. The sense and 
anti-sense primers were circSCAF11 5ʹ-CCTCTCATT 
TCTTCTGTGTTGCC-3ʹ and 5ʹ-ACTCCAATTTGATCTC 
TGAGGCT-3ʹ; linear SCAF11 5ʹ-CGACCTCGGTCT 
GAGGAAAC-3ʹ and 5ʹ-GCATCTGTCAGCCTCACTGT 
-3ʹ; miR-145-5p 5ʹ-TGCCTCCAACTGACTCCTAC-3ʹ 
and 5ʹ-ACCTCAAGAACAGTATTTCCAGG-3ʹ; GAPDH 
5ʹ-GGAAGGTGAAGGTCGGAGTC-3ʹ and 5ʹ-GACGGT 
GCCATGGAATTTGC-3ʹ; U6 5ʹ-GCTTCGGCAGCACAT 
ATACTAAAAT-3ʹ and 5ʹ-CGCTTCACGAATTTGCGTG 
TCAT-3ʹ.

Actinomycin D and RNase R Treatment 
Assay
T98G and LN229 cells were cultivated in a 24-well plate 
after various treatments. After 24 hrs, cells were incubated 
with actinomycin D (Thermo Fisher) for 0 hrs, 4 hrs, 8 hrs, 
12 hrs and 24 hrs. Results were analyzed by qRT-PCR. For 
RNase R treatment assay, RNA was extracted and 
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incubated with RNase R (Geneseed, Guangzhou, China) at 
37°C. And qRT-PCR was employed to assess results.

Dual-Luciferase Reporter Assay
The target sequence of miR-145-5p in circSCAF11 was 
predicted via circular RNA Interactome. The wide-type 
(WT) circSCAF11 containing the binding sequence of 
miR-145-5p was synthesized and inserted into pmirGLO 
vector (Promega, Madison, WI, USA), and named as WT- 
circSCAF11. The mutant (MUT) circSCAF11 was synthe-
sized and sub-cloned into pmirGLO vector, and named as 
MUT-circSCAF11. The WT-circSCAF11 and MUT- 
circSCAF11 were transfected into T98G and LN229 cells 
with miR-145-5p or miR-NC mimic with Lipofectamine 
2000 (Thermo Fisher). Luciferase activities were detected 
by the dual-luciferase reporter system after 48 hrs. Ranilla 
luciferase activity was chosen as a control. The sense and 
antisense primers of WT-circSCAF11 were 5ʹ-CC 
GCTCGAGGAAACTCTTTATACAGTGAAACAGG-3ʹ 
and 5ʹ-ACGCGTCGACAAATGTTCGAAAGATATGGTA 
CT-3ʹ. The synthesized forward and reverse sequences of 
MUT-circSCAF11 were 5ʹ-CATTTATAGAAGCCAG 
TGAAATCAGTGCATTGATTAGGCAGAAGAGACAT-
GAACTGGAATTGTCATGGTTTCCTGATACATTACC-
TGGAATTGGAAGAATTGGTTTTATT-3ʹ and 5ʹ-CTAG 
AATAAAACCAATTCTTCCAATTCCAGGTAATGTAT-
CAGGAAACCATGACAATTCCAGTTCATGTCTCTTC-
TGCCTAATCAATGCACTGATTTCACTGGCTTCTAT-
AAATGAGCT-3ʹ.

RIP Assay
T98G and LN229 cells were collected and lysed using RIP 
lysis buffer (Abcam). Cells were incubated with magnetic 
beads coated with anti-Ago2 (Abcam) or anti-IgG 
(Abcam). The beads were washed after 24 hrs and RNA 
were purified. The results were assessed by qRT-PCR.

In vivo Tumor Formation Assay
Charles River (Beijing, China) provided male nude mice 
(N=20, 6-week old), and nude mice were averagely 
divided into 4 groups. Three of these groups were admini-
strated with ropivacaine (40 μmol/kg) via tail vein injec-
tion once a day from the day of tumor formation to the end 
of the experiment. 5×106 cells transfected with pcDNA- 
circSCAF11 or pcDNA-NC were injected into the right 
axilla of mice treated with ropivacaine. Tumor volume was 
measured every 7 days. All mice were euthanized after 28 
days. And tumor weight was calculated. The effects 

between ropivacaine and circSCAF11 overexpression on 
circSCAF11 and miR-145-5p expression were detected by 
qRT-PCR. The Animal Care and Use Ethics Committee of 
Danyang People’s Hospital of Jiangsu agreed with this 
study. This study complied with the National Institutes of 
Health guide for the care and use of Laboratory animals 
(NIH Publications No. 8023, revised 1978).

Statistical Analysis
Results were derived from three experiments. GraphPad 
Prism version 5.0 was chosen to assess data and make 
figures. Data were showed as means ± standard deviations. 
Significant differences were compared by two-tailed 
Student’s t-tests and one-way analysis of variance. 
Spearman correlation analysis was employed to assess 
the relationship between circSCAF11 and miR-145-5p. 
P < 0.05 was considered statistically significant.

Results
Ropivacaine Inhibits Cell Proliferation, 
Migration and Invasion, Whereas Induces 
Oxidative Stress and Cell Apoptosis in 
Glioma
In order to explore the effects of ropivacaine in glioma 
progression, T98G and LN229 cells treated with 10 μM, 
100 μM and 1 mM of ropivacaine were cultured for 24 hrs, 
48 hrs and 72 hrs, respectively. CCK-8 assay showed that 10 
μM, 100 μM and 1 mM ropivacaine repressed the viability 
of T98G and LN229 cells at 72 h after ropivacaine treatment 
and 1 mM ropivacaine inhibited the viability of T98G and 
LN229 cells at 48 hrs after ropivacaine treatment (Figure 
1A); therefore, in subsequent ropivacaine-related study, cells 
were treated with 1 mM ropivacaine for 48 hrs. 
Subsequently, ROS measurement assay revealed that 1 
mM ropivacaine obviously upregulated ROS level (Figure 
1B). 8-OHdG determination assay explained that 1 mM 
ropivacaine promoted 8-OHdG production (Figure 1C). In 
addition, cell colony formation assay investigated that the 
proliferation of T98G and LN229 cells was obviously inhib-
ited by 1 mM ropivacaine (Figure 1D). Flow cytometry 
analysis showed 1 mM ropivacaine-induced cell apoptosis 
in T98G and LN229 cells (Figure 1E). Transwell assay 
illustrated that 1 mM ropivacaine suppressed cell migration 
and invasion abilities (Figure 1F and G). Furthermore, 
Western blot was employed to detect the effects of ropiva-
caine on the expression of epithelial–mesenchymal transi-
tion (EMT)-related proteins E-cadherin and Vimentin. 
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Results showed that 1 mM ropivacaine upregulated 
E-cadherin protein level and downregulated Vimentin pro-
tein expression in T98G and LN229 cells (Figure 1H and I). 
These data demonstrated that ropivacaine repressed glioma 
progression.

circSCAF11 Expression is Upregulated in 
Glioma Tissues and Cells
In order to reveal the role of circSCAF11 in glioma, the 
expression level of circSCAF11 in glioma tissues was firstly 
detected. QRT-PCR results showed that circSCAF11 expres-
sion was obviously upregulated in glioma tissues compared 
with normal tissues (Figure 2A). Similarly, circSCAF11 

expression level was significantly upregulated in T98G and 
LN229 cells relative to NHA cells (Figure 2B). Actinomycin 
D treatment assay showed that circSCAF11 level had no 
obvious change, whereas linear SCAF11 was greatly 
decreased after actinomycin D treatment (Figure 2C). 
RNase R treatment assay showed that circSCAF11 expres-
sion level was not obviously changed, but linear SCAF11 
expression was dramatically decreased after RNase 
R incubation, which meant that circSCAF11 was more stable 
than linear SCAF11 (Figure 2D). In addition, the impact of 
ropivacaine treatment on circSCAF11 expression was 
detected in T98G and LN229 cells. QRT-PCR results showed 
that ropivacaine exposure obviously downregulated 
circSCAF11 expression (Figure 2E). These results showed 

Figure 1 Ropivacaine inhibits cell proliferation, migration and invasion, and induces oxidative stress and cell apoptosis in glioma. (A) CCK-8 assay was performed to detect 
the viability of T98G and LN229 cells. (B) ROS measurement assay was carried out to detect ROS level. (C) The 8-OHdG level was determined by 8-OHdG determination 
assay. (D) Cell colony formation assay was performed to reveal the effect of ropivacaine on cell colony-forming ability. (E) The effect of ropivacaine on cell apoptosis was 
shown by flow cytometry analysis. (F and G) The effects of ropivacaine on the migration and invasion abilities of T98G and LN229 cells were investigated by transwell assay. 
(H and I) Western blot was performed to illustrate the effects of ropivacaine on E-cadherin and Vimentin protein expression in T98G and LN229 cells. *P < 0.05.
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that ropivacaine might inhibit glioma progression by regulat-
ing circSCAF11.

circSCAF11 Overexpression Partially 
Attenuates the Inhibition Effects of 
Ropivacaine on Glioma Progression
To investigate the functional effects between ropivacaine and 
circSCAF11 on glioma progression, the overexpression vector 
of circSCAF11 was built. QRT-PCR results showed that 
circSCAF11 expression was greatly upregulated after 
pcDNA-circSCAF11 transfection in T98G and LN229 cells 
(Figure 3A). Subsequently, ROS measurement assay showed 
that cellular ROS level was upregulated by ropivacaine treat-
ment, whereas this effect was partially blocked by 
circSCAF11 overexpression in T98G and LN229 cells 
(Figure 3B). 8-OHdG determination assay revealed that ropi-
vacaine treatment induced 8-OHdG production and 
circSCAF11 overexpression hindered this phenomenon in 
T98G and LN229 cells (Figure 3C). Cell colony formation 
assay explained that ropivacaine exposure repressed cell pro-
liferation, whereas which was partially attenuated by 
circSCAF11 overexpression in T98G and LN229 cells 
(Figure 3D). Furthermore, flow cytometry assay showed that 
ropivacaine treatment promoted cell apoptosis; however, this 
effect was decreased by circSCAF11 overexpression (Figure 
3E). Transwell assay revealed that the migration and invasion 

abilities of T98G and LN229 cells were repressed by ropiva-
caine exposure, whereas circSCAF11 overexpression hindered 
these effects (Figure 3F and G). Western blot also showed that 
ropivacaine treatment upregulated E-cadherin protein expres-
sion and downregulated Vimentin protein expression, whereas 
these impacts were impeded by circSCAF11 overexpression 
in T98G and LN229 cells (Figure 3H and I). These results 
suggested that circSCAF11 overexpression could decrease the 
effects of ropivacaine on glioma progression.

circSCAF11 Functions as a Sponge of 
miR-145-5p
In order to explore the regulatory mechanism of circSCAF11 
on glioma progression, the target gene of circSCAF11 was 
predicted by circular RNA Interactome. Results showed that 
circSCAF11 contained the binding sites of miR-145-5p 
(Figure 4A). Subsequently, dual-luciferase reporter assay 
revealed that the luciferase activity was obviously decreased 
in WT-circSCAF11+miR-145-5p mimic group in T98G and 
LN229 cells, whereas there was no significant change in 
MUT-circSCAF11+miR-145-5p mimic group (Figure 4B). 
RIP assay showed that circSCAF11 was obviously enriched 
by anti-Ago2 in T98G and LN229 cells, whereas 
circSCAF11 was no change in anti-IgG group (Figure 4C). 
In addition, the effects of circSCAF11 overexpression or 
circSCAF11 knockdown on miR-145-5p expression were 
detected. The interfering efficiency of si-circSCAF11 was 

Figure 2 CircSCAF11 is overexpressed in glioma tissues and cells. (A) QRT-PCR was performed to determine the expression level of circSCAF11 in glioma tissues and 
paracancerous healthy tissues. (B) QRT-PCR was carried out to detect the expression of circSCAF11 in NHA, T98G and LN229 cells. (C and D) Actinomycin D and RNase 
R treatment assay were performed to verify that whether circSCAF11 was a circular RNA. (E) QRT-PCR showed that ropivacaine treatment downregulated the expression 
level of circSCAF11 in T98G and LN229 cells. *P < 0.05.
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firstly detected and the result showed that circSCAF11 
expression was greatly downregulated by si-circSCAF11 
(Figure 4D). QRT-PCR analysis explained that circSCAF11 
overexpression inhibited miR-145-5p expression level and 
circSCAF11 knockdown upregulated miR-145-5p expres-
sion (Figure 4E). Then, miR-145-5p expression was detected 
in glioma tissues and cells. QRT-PCR results showed that 
miR-145-5p expression was downregulated in glioma tissues 
and cells compared with control groups (Figure 4F and G). 
Spearman correlation analysis revealed that circSCAF11 was 
negatively related to miR-145-5p (Figure 4H). All evidences 
illustrated that circSCAF11 was associated with miR-145-5p 
in T98G and LN229 cells.

circSCAF11 Knockdown Represses Cell 
Proliferation, Migration and Invasion, 
Whereas Induces Cell Oxidative Stress 
and Apoptosis by Sponging miR-145-5p
In order to study the effects between circSCAF11 knock-
down and miR-145-5p inhibitor on glioma progression, the 

interfering efficiency of anti-miR-145-5p was firstly 
detected. QRT-PCR analysis showed that miR-145-5p 
expression was obviously downregulated after anti-miR 
-145-5p transfection (Figure 5A). Subsequently, ROS mea-
surement assay revealed that circSCAF11 knockdown 
upregulated cellular ROS level in T98G and LN229 
cells, whereas this effect was decreased by an miR-145- 
5p inhibitor (Figure 5B). 8-OHdG determination assay 
showed that circSCAF11 silencing promoted 8-OHdG pro-
duction, whereas miR-145-5p deletion hindered this pro-
motion effect (Figure 5C). Cell colony formation assay 
explained that circSCAF11 deletion inhibited the colony- 
forming ability of T98G and LN229 cells and miR-145-5p 
inhibitor partially attenuated this effect (Figure 5D). In 
addition, flow cytometry analysis investigated that 
circSCAF11 knockdown induced cell apoptosis in T98G 
and LN229 cells; however, this phenomenon was 
decreased by an miR-145-5p inhibitor (Figure 5E). 
Transwell assay demonstrated that circSCAF11 silencing 
repressed cell migration and invasion abilities, whereas 

Figure 3 CircSCAF11 overexpression decreases the inhibition effects of ropivacaine on glioma progression. (A) QRT-PCR results investigated that circSCAF11 expression 
was dramatically upregulated after pcDNA-circSCAF11 transfection. (B) ROS measurement assay showed the effect between ropivacaine and circSCAF11 overexpression 
on ROS level. (C) 8-OHdG determination assay revealed the effect between ropivacaine and circSCAF11 overexpression on 8-OHdG production. (D) Cell colony formation 
assay illustrated that circSCAF11 overexpression hindered the inhibition effect of ropivacaine on cell proliferation. (E) Flow cytometry analysis showed that circSCAF11 
overexpression hindered the promotion effect of ropivacaine treatment on cell apoptosis. (F and G) The migration and invasion abilities of T98G and LN229 cells were 
detected by transwell assay. (H and I) The effects between ropivacaine and circSCAF11 overexpression on E-cadherin and Vimentin protein expression were detected by 
Western blot. *P < 0.05.
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these effects were partially restored by anti-miR-145-5p 
(Figure 5F and G). Furthermore, Western blot results 
showed that circSCAF11 deletion promoted the protein 
expression level of E-cadherin and inhibited Vimentin 
expression, whereas these effects were hindered by anti- 
miR-145-5p (Figure 5H and I). Collectively, these data 
showed that circSCAF11 knockdown repressed glioma 
progression by associating with miR-145-5p.

Ropivacaine Represses Tumor Growth 
in vivo by Downregulating circSCAF11 
Expression and Upregulating miR-145-5p 
Expression
In vivo tumor formation assay was carried out to deter-
mine the effects between ropivacaine and circSCAF11 on 
tumorigenesis. The impacts between ropivacaine and 
circSCAF11 overexpression on miR-145-5p expression 
were firstly detected in T98G and LN229 cells. QRT- 
PCR showed that miR-145-5p expression level was upre-
gulated by ropivacaine treatment and circSCAF11 over-
expression partially abolished this effect (Figure 6A). 
Subsequently, ropivacaine exposure was found to inhibit 

tumor volume and circSCAF11 overexpression hindered 
this impact (Figure 6B). QRT-PCR results revealed that 
ropivacaine treatment decreased tumor weight, whereas 
circSCAF11 overexpression partially relieved this inhibi-
tion effect (Figure 6C). Furthermore, the effects between 
ropivacaine and circSCAF11 overexpression on 
circSCAF11 and miR-145-5p expression were revealed 
in vivo. QRT-PCR analysis showed that ropivacaine treat-
ment downregulated circSCAF11 expression, whereas this 
impact was hindered by circSCAF11 overexpression 
(Figure 6D). Ropivacaine was revealed to upregulate 
miR-145-5p expression; whereas this promotion effect 
was decreased by circSCAF11 overexpression (Figure 
6E). All the above data showed that ropivacaine inhibited 
glioma growth in vivo by regulating circSCAF11 and 
miR-145-5p.

Discussion
Ropivacaine, a regional anesthetic, is effective in cancer 
therapy. Glioma is an epidemic malignant tumor and 
mainly occurs in people over the age of 18.20 The metas-
tasis and recurrence of glioma pose a burden to people’s 

Figure 4 CircSCAF11 acts as a sponge of miR-145-5p. (A) Circular RNA Interactome predicted the binding sequence between circSCAF11 and miR-145-5p. (B) Dual- 
luciferase reporter assay detected luciferase activities in T98G and LN229 cells. (C) RIP assay demonstrated the direct association between circSCAF11 and miR-145-5p. (D) 
QRT-PCR determined the interfering efficiency of si-circSCAF11. (E) The effects between circSCAF11 overexpression or knockdown on miR-145-5p expression were 
revealed by qRT-PCR. (F and G) QRT-PCR detected miR-145-5p expression level in glioma tissues, normal tissues, glioma cells and NHA cells. (H) Spearman correlation 
analysis was employed to explain the relationship between circSCAF11 and miR-145-5p. *P < 0.05.
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life. Herein, we mainly explore the effects of ropivacaine 
on glioma progression.

Ropivacaine is related to cancer progression. Zhang 
et al revealed that ropivacaine suppressed cell migration 
in esophageal cancer.8 Gong et al indicated that ropiva-
caine hindered cell proliferation and promoted cell apop-
totic rate in breast cancer.21 In our view, ropivacaine was 
explained to repress cell proliferation, metastasis and 
induced cell apoptosis in glioma. These findings were 
consistent with previous studies. In addition, ropivacaine 
also was revealed to promote the production of ROS and 
8-OHdG.

CircSCAF11 was found to promote glioma progres-
sion. Meng et al investigated that circSCAF11 expression 
was upregulated in glioma tissues or cells, and that its 
knockdown-repressed cell proliferation and invasion.14 

Similarly, in our studies, circSCAF11 was revealed to be 
overexpressed in glioma tissues and cells and its silencing 
repressed cell proliferation and metastasis. Additionally, 
we also found that circSCAF11 inhibited cell apoptosis 

and the production of ROS and 8-OHdG, and that 
circSCAF11 overexpression decreased the inhibition effect 
of ropivacaine on glioma progression. Furthermore, we 
also found that circSCAF11 sponged miR-145-5p.

MiR-145-5p was investigated to repress cell prolifera-
tion and migration in bladder cancer.22 Chen et al reported 
miR-145-5p was downregulated and its overexpression 
promoted cell apoptosis in prostate cancer.23 Wang et al 
revealed that ectopic miR-145-5p expression hindered the 
proliferation and migration of hepatocellular carcinoma 
cells.24 In agreement with their studies, miR-145-5p was 
indicated to be downregulated in glioma tissues or cells in 
this study, and its knockdown hindered the inhibition 
effects of circSCAF11 silencing on cell proliferation and 
metastasis and the promotion effect of circSCAF11 silen-
cing on cell apoptosis in glioma. These data indicated that 
miR-145-5p inhibited cell proliferation and metastasis, 
whereas promoted glioma cell apoptosis. Additionally, 
miR-145-5p knockdown was revealed to repress ROS 
and 8-OHdG production.

Figure 5 CircSCAF11 silencing inhibits glioma development by associating with miR-145-5p. (A) QRT-PCR detected the interfering efficiency of anti-miR-145-5p. (B) ROS 
measurement assay revealed the effects between circSCAF11 knockdown and miR-145-5p deletion on cellular ROS production. (C) 8-OHdG determination assay explained 
the effects between circSCAF11 silencing and miR-145-5p deletion on 8-OHdG production. (D) The impacts between circSCAF11 knockdown and miR-145-5p inhibitor on 
cell colony-forming ability were determined by cell colony formation assay. (E) Flow cytometry assay was employed to reveal the impacts between circSCAF11 deletion and 
miR-145-5p inhibitor on cell apoptosis. (F and G) The transwell assay showed the impacts between circSCAF11 silencing and miR-145-5p inhibitor on the migration and 
invasion abilities of T98G and LN229 cells. (H and I) Western blot was performed to investigate the effects between circSCAF11 knockdown and miR-145-5p inhibitor on 
E-cadherin and Vimentin expression. *P < 0.05.
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Collectively, ropivacaine was revealed to inhibit cell 
proliferation and metastasis, but induced cell apoptotic rate 
and oxidative stress in glioma. CircSCAF11 overexpres-
sion decreased the inhibition effects of ropivacaine on 
glioma progression in vitro and in vivo. Furthermore, 
circSCAF11 was investigated to regulate glioma develop-
ment by associating with miR-145-5p. These data pro-
vided a new sight in glioma therapy.
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