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Abstract: Glioblastoma is a highly aggressive and lethal brain tumor that typically originates from glial cells, charac-
terized by rapid growth and resistance to treatment, leading to poor patient prognosis. This study investigates the 
role and mechanism of the newly discovered circular RNA CircSLIT2 in the malignant progression of glioblastoma. 
We found that circSLIT2 is significantly overexpressed in glioblastoma cell lines and promotes the proliferation, 
migration, and invasion of glioblastoma cells by regulating miR-127-5p and upregulating SH3GLB1 expression. In 
vitro experiments demonstrated that the overexpression of circSLIT2 enhanced cell viability, while treatment with 
miR-127-5p mimics significantly inhibited this effect. Additionally, we confirmed that CircSLIT2 sponges miR-127-
5p, reducing its negative regulation of SH3GLB1 and thereby maintaining SH3GLB1’s stable expression. We further 
revealed the critical roles of METTL14 and IGF2BP1 in the m6A methylation and stability of CircSLIT2. Finally, in a 
nude mouse model, mice with CircSLIT2 overexpression exhibited significantly larger tumor volumes and shorter 
survival times, providing further evidence of the important role of CircSLIT2 in glioblastoma development and pro-
gression. These findings suggest that CircSLIT2 could serve as a potential molecular target, offering new insights 
for glioblastoma treatment.
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Introduction

Gliomas are the most common primary malig-
nant brain tumors in the central nervous sys-
tem, originating from glial cells, including astro-
cytes, oligodendrocytes, and ependymal cells 
[1]. Treatment for gliomas is typically individual-
ized based on tumor type, location, and the 
patient’s overall condition, incorporating sur-
gery, radiation therapy, and chemotherapy [2]. 
However, the prognosis for high-grade gliomas, 
especially glioblastoma (GBM), remains poor, 
with high recurrence rates and short survival 
times [3]. The median survival time is less than 
14.6 months. Molecular targeted therapy for 
GBM is a treatment strategy that targets spe-
cific molecular markers in tumor cells, aiming to 
inhibit tumor growth and dissemination [4]. 
This therapeutic approach generally works by 

suppressing key molecules involved in tumor 
cell survival, proliferation, or angiogenesis [5]. 
Therefore, identifying key genes associated wi- 
th the initiation, progression, and malignant ph- 
enotypes of GBM and designing targeted thera-
peutic agents accordingly are crucial directions 
in molecular targeted therapy research.

Circular RNAs (circRNAs) are a unique class of 
non-coding RNA molecules that form a closed-
loop structure through back-splicing, providing 
them with high stability and widespread pres-
ence in cells [6]. They are involved in regulating 
gene expression, acting as miRNA sponges, 
and mediating protein-protein interactions, 
among other biological processes [7]. In recent 
years, research has shown that circRNAs exhib-
it aberrant expression in various diseases, par-
ticularly in malignant tumors [8]. For instance, 
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circCMTM3 can promote vasculogenic mimicry 
and malignant progression in glioblastoma [9], 
while circCOPA can suppress the malignant  
progression of glioblastoma by encoding novel 
micropeptides [10]. Given the crucial role of cir-
cRNAs in regulating tumor biology, they have 
become a focal point of cancer research. Fur- 
ther investigation into their functions could 
help elucidate the molecular mechanisms un- 
derlying tumor development and provide novel 
targets for cancer diagnosis and therapy.

In this study, we identified a novel circular RNA 
molecule, hsa_circ_0069304, derived from 
the SLIT2 gene, which we named circSLIT2. 
CircSLIT2 is significantly overexpressed in glio-
blastoma and exhibits oncogenic biological eff- 
ects, promoting malignant phenotypes such  
as proliferation, invasion, and migration in glio-
blastoma cells. Mechanistically, circSLIT2 acts 
as a sponge for miR-127-5p, inhibiting miR-
127-5p-mediated degradation of SH3GLB1, 
leading to the upregulation of SH3GLB1, which 
subsequently promotes glioma cell malignant 
progression. Furthermore, our analysis of the 
aberrant expression of circSLIT2 revealed that 
METTL14 induces m6A modification of circ-
SLIT2 in glioblastoma cell lines, which is recog-
nized by IGF2BP1, thereby stabilizing circSLIT2 
in glioblastoma cells. Therefore, circSLIT2 is a 
newly discovered oncogenic circRNA in glio-
blastoma and holds promise as a potential 
molecular target for glioblastoma therapy.

Materials and methods

Patient samples and ethic

We collected samples from 35 patients with 
gliomas who were treated at the Neurosurgery 
Department of Shanghai Tenth People’s Hos- 
pital from October 2020 to December 2023. 
This cohort included 11 patients with WHO 
Grade II gliomas, 12 with Grade III, and 12 with 
Grade IV. Additionally, we collected 10 adjacent 
normal brain tissue samples. All fresh surgical 
specimens were immediately frozen in liquid 
nitrogen, and diagnoses were confirmed by at 
least two neuropathologists according to the 
World Health Organization (WHO) classification 
criteria. This study was approved by the ethical 
review committee of Wenzhou Hospital of In- 
tegrated Traditional Chinese and Western Me- 
dicine (Approval No. 2024-2051).

Cell culture and reagents

The glioblastoma cell line U87 was purchased 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China), and LN229 was 
obtained from the American Type Culture Co- 
llection (ATCC, Manassas, VA, USA). The authen-
ticity of the cell lines was confirmed through 
short tandem repeat (STR) analysis. The cell 
lines were cultured in Dulbecco’s Modified Ea- 
gle Medium (DMEM, HyClone, Logan, UT, USA) 
supplemented with 10% fetal bovine serum 
(FBS, Gibco, Carlsbad, CA, USA) and 1% strep-
tomycin/penicillin (Gibco), at 37°C in a 5% CO2 
environment.

Quantitative real-time polymerase chain reac-
tion (qPCR)

According to the manufacturer’s instructions, 
total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). Subsequently, 
complementary DNA (cDNA) was synthesized 
using the PrimeScript™ RT Reagent Kit with 
gDNA Eraser (TaKaRa Biotech, Kyoto City, Ja- 
pan). Real-time PCR was then conducted us- 
ing TB Green Premix Ex Taq™ II (Tli RNaseH 
Plus) (Takara) or TaqMan MicroRNA Assays 
(Thermo Fisher Scientific, Inc.). β-actin was em- 
ployed as a normalization control, and the re- 
sults were expressed as 2^(-ΔΔCt). The qPCR 
reaction conditions were set as follows: initial 
denaturation at 94°C for 30 s, followed by 40 
cycles of denaturation at 94°C for 5 s, anneal-
ing at 60°C for 15 s, and extension at 72°C for 
10 s. The primer pairs used for qPCR analysis 
are listed in Supplementary Table 1.

Fluorescence in situ hybridization (FISH)

FISH analysis was carried out following the 
manufacturer’s instructions with the FISH  
Tag Color Kit (Invitrogen). Oligonucleotide pr- 
obes designed to target the circSLIT2 junction 
sequence were synthesized by Gene-Chem 
(Shanghai, China). U87 and T98G cells were 
seeded onto glass coverslips that had been 
treated with poly-D-lysine (Sigma-Aldrich). Ima- 
ges were captured using a precision imaging 
system that included an ECLIPSE Ts2 fluores-
cence microscope, a Digital Sight 10 camera, 
and NIS-Elements software (Nikon, Japan).

RNase R assay

Total RNA was extracted from U87 and T98G 
cells and subsequently treated with RNase R 
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enzyme (Geneseed, Guangzhou, China) at a 
concentration of 20 U/μL. The mixture was 
then incubated at 37°C for 30 minutes. After 
this treatment, the total RNA was evaluated 
using qPCR.

Transfection

The circSLIT2, METTL14, and IGF2BP1 overexp- 
ression plasmids were generated using a pLVX 
vector from GenePharma Co. Ltd. (Shanghai, 
China). RNA interference (RNAi) was employed 
to knockdown circSLIT2, SH3GLB1, METTL14, 
and IGF2BP1, along with their respective ne- 
gative controls, all designed by Gene-Chem 
(Shanghai, China). The sequences for all siR-
NAs can be found in Supplementary Table 2. 
The mimic, inhibitor, and negative control for 
miR-127-5p were sourced from Thermo Fisher 
Scientific (Assay ID: MC20025 and AM20025; 
Thermo Fisher Scientific, Waltham, MA, USA). 
U87 and T98G cells that were transfected un- 
derwent treatment with puromycin (Sigma, 
Santa Clara, CA, USA) at a concentration of 10 
μg/ml for 15 days, with transfection efficiency 
confirmed via qPCR.

Cell proliferation assay

Cell proliferation was evaluated using the MTS 
assay. U87 and T98G cells were seeded in 
96-well plates at a density of 103 cells per well. 
At 24, 48, 72, 96, and 120 hours, 20 μl of MTS 
(Promega, Madison, WI, USA) was added to 
each well. After a 3-hour incubation period, the 
absorbance was measured at 495 nm with a 
UV spectrophotometer (Thermo Fisher Scien- 
tific).

5-Ethynyl-2’-deoxyuridine (Edu) proliferation 
assay

U87 and T98G cells in the exponential growth 
phase were seeded in 24-well plates at a den-
sity of 1 × 105 cells per well and incubated for 
24 hours. Following this, the cells were treated 
with EdU reagent (Beyotime Biotechnology) at 
37°C for 2 hours. After treatment, the cells 
were fixed using paraformaldehyde, and their 
nuclei were stained with DAPI (Sigma). EdU-
positive cells were then visualized using a la- 
ser scanning confocal microscope (Olympus, 
Tokyo, Japan).

Transwell assay and migration assay

In the transwell assay, the upper chamber (8 
μm) of the transwell system was coated with 
100 μl of Matrigel (BD Biosciences, CA, USA) 
and incubated at 37°C for 30 minutes. Next, 
U87 and T98G cells in the exponential growth 
phase were added to the upper chamber and 
treated with DMEM containing 0.2% FBS, while 
the lower chamber was filled with DMEM sup-
plemented with 20% FBS. After a 20-hour incu-
bation, cells in the lower chamber were fixed 
with 4% paraformaldehyde and stained with 
hematoxylin and eosin (H&E). The number of 
invasive U87 and T98G cells was then counted 
using an inverted microscope (Olympus). For 
the migration assay, U87 and T98G cells were 
directly seeded into the upper chamber with- 
out Matrigel coating, and the remaining steps 
adhered to the transwell assay protocol.

Western blotting

The total protein from U87 and T98G cells was 
obtained using a protein lysis buffer (Beyo- 
time Biotechnology, Beijing, China), and equal 
amounts of the protein samples (μg) were load-
ed onto a 10% dodecyl sulfate-polyacrylamide 
gel for electrophoresis. After electrophoresis, 
the gels were transferred to a nitrocellulose me- 
mbrane, which was subsequently blocked with 
2% bovine serum albumin (Beyotime Biotech- 
nology). Membranes were incubated overnight 
at 4°C with primary antibodies against SH3- 
GLB1 (ab180135, 1:1000, Abcam) or β-actin 
(ab8227, 1:1000, Abcam), followed by incuba-
tion with goat anti-rabbit IgG secondary anti-
body (ab97051, 1:2000, Abcam) on the next 
day. Finally, the protein bands were detected 
using an enhanced chemiluminescence (ECL) 
detection kit (Beyotime Biotechnology), and the 
band intensities were quantified using Image J 
software (National Institutes of Health, Beth- 
esda, MD, USA).

Luciferase activity analysis

Predictions for the binding sites between circ-
SLIT2 and miR-127-5p were obtained from the 
circIntercome database (https://circinteracto- 
me.nia.nih.gov), while those for the interaction 
between miR-127-5p and SH3GLB1 were so- 
urced from the miRPathDB database (https://
mpd.bioinf.uni-sb.de). Wild-type and mutant 
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constructs of circSLIT2 and SH3GLB1 were 
designed and cloned into empty pGL3 vectors. 
U87 and T98G cells were then plated in 24-well 
plates and co-transfected with pRL TK (a Renilla 
luciferase reporter vector, Promega). After 48 
hours, the activities of both firefly and Renilla 
luciferases were measured using a dual-lucifer-
ase reporter assay kit (Promega), in accordance 
with the manufacturer’s guidelines.

RNA immunoprecipitation (RIP) assay

The interaction between circSLIT2 and miR-
127-5p was assessed using the Magna RIP 
RNA Binding Protein Immunoprecipitation Kit 
(Millipore, Darmstadt, Germany) as per the 
manufacturer’s protocol. U87 and T98G cells 
were lysed with RIP lysis buffer, and the lysat- 
es were subjected to treatment with magnetic 
beads attached to antibodies against Ago2, 
while IgG was used as a negative control. Fo- 
llowing this, the RNAs associated with Ago2 
were immunoprecipitated, treated with protein-
ase K, and analyzed via qPCR to evaluate the 
enrichment of circSLIT2 and miR-127-5p.

Xenograft experiments

U87 glioma cells overexpressing circSLIT2 or 
carrying an empty vector were orthotopically 
injected into the brains of 6-week-old female 
BALB/c nude mice (Shanghai SLAC Laboratory 
Animal Co., Ltd., Shanghai, China) at a density 
of 1 × 10^4 cells per mouse during their expo-
nential growth phase. The mice were observed 
daily for any neurological symptoms or mortali-
ty, and tumor volume was calculated using the 
formula V = (D × d2)/2, where D denotes the 
longest diameter and d denotes the shortest 
diameter of the tumor. Survival rates across dif-
ferent groups were analyzed using the Log-rank 
test and Kaplan-Meier analysis. Mice present-
ing with severe neurological symptoms were 
euthanized via cervical dislocation. All animal 
experiments were conducted in accordance 
with the guidelines provided by the Animal Care 
Committee of Shanghai Tenth People’s Hospital 
(SHDSYY-2025-6963).

Immunohistochemistry (IHC)

The xenograft tumor samples from the mice 
were embedded in paraffin and sliced into 4 
µm sections. These paraffin-embedded sec-
tions were dewaxed, rehydrated, and under-

went antigen retrieval, with endogenous peroxi-
dases blocked using an immunohistochemis- 
try method (Beyotime Biotechnology). Primary 
antibodies targeting Ki-67 or SH3GLB1 (1:100, 
Abcam) were applied, followed by staining with 
the DAB Substrate Kit (Abcam). The stained 
sections were examined under a light micro-
scope (Olympus), and the immunohistochemi-
cal results were evaluated according to the 
German immunohistochemical scoring system 
[11].

Bioinformatic analyses

The identification of candidate miRNAs for circ-
SLIT2 was carried out using the circIntercome 
database (https://circinteractome.nia.nih.gov) 
and the Cancer-Specific CircRNA Database 
(CSCD, http://geneyun.net/CSCD2/#). For pre-
dicting candidate mRNAs associated with miR-
127-5p, multiple databases were utilized, in- 
cluding TargetScan (http://www.targetscan.
org/vert_71/), MiRDB (http://mirdb.org), miR-
PathDb 2.0 (https://mpd.bioinf.uni-sb.de/over-
view.html) and miRWalk (http://mirwalk.umm.
uni-heidelberg.de).

Statistical analysis

Statistical analysis and graphical representa-
tions were conducted using GraphPad Prism 
10.0 (GraphPad Software Inc., San Diego, CA, 
USA). All experiments were performed in tripli-
cate or more, with results expressed as mean ± 
standard error. The two-tailed Student’s t-test 
was applied to compare two independent gr- 
oups. The paired t-test was utilized for matched 
samples of cancer tissues and paired adjacent 
non-cancerous tissues from the same patient. 
Comparisons among multiple groups with a 
time variable require the use of repeated mea-
sures ANOVA. Kaplan-Meier survival curves 
were plotted to visualize survival outcomes 
across groups, and the log-rank test was used 
to determine statistical significance. A P value 
of less than 0.05 was considered statistically 
significant.

Results

CircSLIT2 is highly expressed in glioblastoma

To analyze the expression and potential mecha-
nism of circRNAs in glioblastoma, we performed 
circRNA sequencing on three glioblastoma tis-
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sues and three normal brain tissues (NBTs). 
Differential expression analysis was conducted 
using the limma package, revealing eight upreg-
ulated circRNAs (log FC ≥ 2, P < 0.05) and 22 
downregulated circRNAs (log FC ≤ -2, P < 0.05) 
(Figure 1A-C; Supplementary Table 3). Among 
the eight significantly upregulated circRNAs, we 
focused on hsa_circ_0069304, which exhibit-
ed abnormally high expression in glioblastoma, 
with no prior reports in the literature. Hsa_
circ_0069304 is located at chr4:20493383-
20600018 in the genome and is formed by 
back-splicing of exons 24 to 39 of the SLIT2 
gene, with a total length of 2917 bp. Therefore, 
we defined it as circSLIT2 (Figure 1D, 1E). To 
confirm the back-splicing junction of circSLIT2, 
Sanger sequencing was performed, which vali-
dated its circular structure (Figure 1F). We fur-
ther employed fluorescence in situ hybridiza-
tion (FISH) to detect the subcellular localization 
of circSLIT2 in glioblastoma cells, revealing that 
circSLIT2 was predominantly localized in the 
cytoplasm (Figure 1G). Tissue FISH further 
demonstrated that circSLIT2 was highly exp- 
ressed in glioma tissues, while barely detect-
able in normal brain tissues (Figure 1H). Addi- 
tionally, we conducted RNase R digestion exp- 
eriments to assess the stability of circSLIT2. 
The results showed that circSLIT2 levels re- 
mained unchanged after RNase R treatment, 
whereas SLIT2 expression was significantly 
reduced (Figure 1I, 1J). Furthermore, we col-
lected 15 glioma samples and 15 adjacent nor-
mal brain tissues for circSLIT2 expression anal-
ysis, finding that circSLIT2 levels were signifi-
cantly higher in glioma tissues compared to 
adjacent normal brain tissues (Figure 1K). 
Moreover, in the 35 glioma samples, circSLIT2 
expression was positively correlated with WHO 
grade, with the highest expression observed in 
WHO grade IV tumors (Figure 1L). In summary, 
circSLIT2 is a novel circRNA that is significantly 
overexpressed in glioma.

CircSLIT2 promotes malignant progression of 
glioblastoma cells

To further investigate and confirm the role of 
circSLIT2 in glioblastoma, we selected two glio-
blastoma cell lines, U87 and T98G, and per-
formed circSLIT2 overexpression. qPCR was 
used to confirm the stable and reliable expres-
sion levels of circSLIT2 overexpression (Figure 
2A). We additionally examined the expression 

level of SLIT2 and observed that circSLIT2 over-
expression had no impact on the expression 
level of SLIT2 (Figure 2B). Cell viability assays 
using MTS revealed that circSLIT2 overexpres-
sion significantly enhanced the viability of glio-
blastoma cells (Figure 2C, 2D). Additionally, the 
EDU assay demonstrated that circSLIT2 overex-
pression led to a significant increase in the 
EDU-positive rate of glioblastoma cells (Figure 
2E). The Transwell invasion assay showed that 
circSLIT2 overexpression significantly increa- 
sed the number of invading glioma cells (Figure 
2F). Consistently, migration assay results re- 
vealed that circSLIT2 overexpression markedly 
promoted glioma cell migration (Figure 2G).

Subsequently, we further explored the effects 
of circSLIT2 silencing in glioma cell lines. qPCR 
confirmed that circSLIT2 knockdown signifi-
cantly downregulated circSLIT2 expression, wh- 
ereas it exerted no obvious influence on the 
expression level of SLIT2 (Supplementary 
Figure 1A, 1B). MTS and EdU assays verified 
that circSLIT2 silencing notably reduced the 
proliferative activity and EdU-positive cell ratio 
of glioma cells (Supplementary Figure 1C-E). 
Moreover, Transwell invasion and migration 
assays demonstrated that the numbers of in- 
vasive and migratory glioma cells were dis- 
tinctly decreased following circSLIT2 silencing 
(Supplementary Figure 1F, 1G). These results 
strongly suggest that circSLIT2 plays a key role 
in promoting glioblastoma cell proliferation, 
invasion, and migration, contributing to the 
malignant progression of glioblastoma cells.

CircSLIT2 acts as a miRNA sponge for miR-
127-5p

To further explore the mechanism by which  
circSLIT2 promotes the malignant progression 
of glioblastoma cells, we examined the well-
known competing endogenous RNA (ceRNA) 
mechanism [12]. CircRNAs are known to harbor 
multiple miRNA response elements (MREs), 
allowing them to regulate mRNA levels by com-
petitively binding miRNAs. Using the CircInte- 
ractome and CSCD databases, we predicted 
potential miRNAs that may bind to circSLIT2 
and identified only one candidate, miR-127-5p 
(Figure 3A). We then performed qPCR to assess 
the regulatory relationship between miR-127-
5p and circSLIT2. The results showed that inhi-
bition of miR-127-5p led to a significant upregu-

https://e-century.us/files/ajcr/16/6/ajcr0166257suppltab3.xlsx
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Figure 1. CircSLIT2 is highly expressed in glioblastoma. (A-C) Heatmap (A), volcano plot (B), and differential gene 
ranking plot (C) displaying circRNA sequencing results in glioblastoma. (D) Basic information of circSLIT2 retrieved 
from the CircInteractome database. (E) Schematic diagram illustrating the basic structural composition of circSLIT2. 
(F) Sanger sequencing confirming the circular structure of circSLIT2 with head-to-tail junction. (G) Fluorescence in 
situ hybridization (FISH) showing the distribution of circSLIT2 in glioma cell lines (With magnification of 40×). Scale 
bar = 20 μm. (H) FISH assay detecting circSLIT2 expression in normal brain tissues (NBT) and glioma tissues (With 
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magnification of 40×). Scale bar = 20 μm. (I, J) Expression level changes of circSLIT2 and its linear mRNA SLIT2 
after RNase R treatment. (K) qPCR analysis showing the differential expression of circSLIT2 between glioma tissues 
and adjacent normal brain tissues (n = 15, P < 0.0001, paired t-test). (L) qPCR analysis of circSLIT2 expression 
levels in WHO grade II (n = 11), grade III (n = 12), and grade IV (n = 12) gliomas. All data are shown as the mean ± 
SD (three independent experiments). *P < 0.05; **P < 0.01; ***P < 0.001.
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Figure 2. CircSLIT2 promotes malignant progression of glioblastoma cells. (A, B) Validation of circSLIT2 overexpres-
sion specificity via qRT-PCR. Compared with empty vector-transfected controls (circSLIT2-EV), U87 and T98G cells 
transfected with circSLIT2 overexpression vector (circSLIT2-OE) exhibited significantly upregulated expression of 
circSLIT2 (A), while the level of linear SLIT2 mRNA remained unchanged (B). (C, D) MTS assay measuring absor-
bance levels after circSLIT2 overexpression in U87 (C) and T98G (D) cells. (E) EDU assay detecting changes in the 
EDU-positive rate after circSLIT2 overexpression in U87 and T98G cells (With magnification of 20×). Scale bar = 50 
μm. (F, G) Transwell (F) and migration (G) assays measuring the number of invasive and migrating cells after circ-
SLIT2 overexpression in U87 and T98G cells (With magnification of 20×). Scale bar = 50 μm. All data are shown as 
the mean ± SD (three independent experiments). *P < 0.05; **P < 0.01; ***P < 0.001.

lation of circSLIT2 expression in glioblastoma 
cells, while miR-127-5p mimic treatment sig- 
nificantly downregulated circSLIT2 expression 
(Figure 3B, 3C). Furthermore, we examined the 
impact of circSLIT2 on miR-127-5p expression 
and found that overexpression of circSLIT2 
markedly decreased miR-127-5p levels (Figure 
3D). Based on the CircInteractome database, 
we identified putative binding sites between 
circSLIT2 and miR-127-5p (Figure 3E), and 
designed a luciferase reporter assay accord-
ingly. The results demonstrated that miR-127-
5p mimic treatment significantly reduced the 
luciferase activity of circSLIT2, while miR-127-
5p inhibitor treatment increased the luciferase 
activity (Figure 3F-I). Finally, we conducted  
an AGO-RIP assay to determine whether circ-
SLIT2 directly binds to miR-127-5p. The results 
showed that after miR-127-5p mimic treatment, 
the enrichment of circSLIT2 and miR-127-5p in 
the AGO immunoprecipitation group was signifi-
cantly higher than that in the IgG control group 
(Figure 3J-M). These findings provide strong 
evidence that circSLIT2 directly binds to and 
sponges miR-127-5p.

CircSLIT2 promotes the malignant phenotype 
of glioblastoma cells via miR-127-5p

To confirm whether circSLIT2 promotes the 
malignant progression of glioblastoma through 
the regulation of miR-127-5p, we treated glio-
blastoma cell lines overexpressing circSLIT2 

with miR-127-5p mimic. The MTS assay re- 
vealed that the increased cell viability induc- 
ed by circSLIT2 overexpression was suppress- 
ed following miR-127-5p mimic treatment 
(Supplementary Figure 2A, 2B). The EDU assay 
showed that circSLIT2 overexpression signifi-
cantly elevated the percentage of EDU-posi- 
tive cells, indicating enhanced proliferation  
in glioblastoma cells, whereas miR-127-5p mi- 
mic treatment significantly reduced this effect 
(Supplementary Figure 2C). In both Transwell 
and migration assays, circSLIT2 overexpres-
sion promoted the invasion and migration abili-
ties of glioblastoma cells, while these effects 
were markedly inhibited following miR-127-5p 
mimic treatment (Supplementary Figure 2D, 
2E).

MiR-127-5p-3p binds to the 3’-UTR of 
SH3GLB1 mRNA and down-regulates its ex-
pression

It is well-known that circRNAs act as molecular 
sponges for miRNAs, inhibiting miRNA-mediat-
ed degradation of downstream target genes  
to exert their biological effects [13]. To further 
investigate the mRNAs potentially regulated  
by miR-127-5p, we used four databases: miR-
PathDB, miRWalk, miRDB, and TargetScan to 
predict the targets, identifying nine common 
mRNAs (Figure 4A). We then treated glioblas-
toma cell lines with miR-127-5p mimic or inhibi-
tor and assessed the expression levels of these 
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Figure 3. CircSLIT2 acts as a miRNA sponge for miR-127-5p. (A) CSCD and CircInteractome databases predict that 
circSLIT2 potentially binds to only one miRNA, miR-127-5p. (B, C) qPCR analysis of circSLIT2 expression levels in 
U87 and T98G cells after treatment with miR-127-5p inhibitor (B) or miR-127-5p mimic (C). (D) qPCR analysis of 
miR-127-5p expression levels in U87 and T98G cells after circSLIT2 overexpression. (E) Predicted binding site be-
tween circSLIT2 and miR-127-5p from the CircInteractome database, with a schematic showing designed mutation 
sites. (F-I) Luciferase reporter assay measuring circSLIT2 luciferase activity after treatment with miR-127-5p mimic 
(F, H) or miR-127-5p inhibitor (G, I). (J-M) AGO-RIP assay showing the enrichment levels of circSLIT2 (J, L) and miR-
127-5p (K, M) after treatment with miR-127-5p mimic. All data are shown as the mean ± SD (three independent 
experiments). *P < 0.05; **P < 0.01; ***P < 0.001.

nine mRNAs. Among them, only SH3GLB1 was 
found to be significantly regulated by miR-127-
5p (Figure 4B-E). Using western blotting, we 
further confirmed that SH3GLB1 protein exp- 
ression was markedly downregulated following 
miR-127-5p mimic treatment, while it was sig-
nificantly upregulated after miR-127-5p inhibi-
tor treatment (Figure 4F, 4G). miRPathDB re- 
vealed the binding site between miR-127-5p 
and SH3GLB1 (Figure 4H), which was validated 
using a luciferase reporter assay. The results 
showed that miR-127-5p mimic treatment sig-
nificantly reduced the luciferase activity of 
SH3GLB1, while miR-127-5p inhibitor treat-
ment significantly increased its activity (Figure 
4I-L). Finally, we examined whether circSLIT2 

could regulate SH3GLB1 expression by spong-
ing miR-127-5p. Both qPCR and western blot 
analyses demonstrated that SH3GLB1 expres-
sion was significantly upregulated in circSLIT2-
overexpressing cells, but this upregulation was 
reversed following miR-127-5p mimic treatment 
(Figure 4M-P). These findings confirmed that 
circSLIT2 stabilizes SH3GLB1 expression by 
sponging miR-127-5p.

SH3GLB1 promotes the malignant phenotype 
of glioblastoma cells

Currently, several studies have reported the 
role of SH3GLB1 in gliomas. For example, 
SH3GLB1-related autophagy mediates mito-
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Figure 4. MiR-127-5p-3p binds to the 3’-UTR of SH3GLB1 mRNA and down-regulates its expression. (A) Venn dia-
gram showing nine intersecting mRNA targets (SNX10, LGALS8, DIAPH1, SH3GLB1, SBNO1, ARID5B, ABHD2, MIA3, 
and LIN7C) predicted by four databases (miRPathDB, miRWalk, miRDB, and TargetScan) to be potential miR-127-5p 
binding targets. (B-E) qPCR analysis of mRNA levels of the nine candidate target genes in U87 and T98G cells after 
miR-127-5p mimic (B, D) or miR-127-5p inhibitor (C, E) treatment. (F, G) Western blotting analysis of SH3GLB1 pro-
tein levels in U87 and T98G cells after miR-127-5p mimic (F) or miR-127-5p inhibitor (G) treatment. (H) Schematic 
of the miR-127-5p binding site on SH3GLB1 predicted by the miRPathDB database and the corresponding mutated 
binding site design. (I-L) Luciferase reporter assay measuring SH3GLB1 luciferase activity in U87 and T98G cells 
after miR-127-5p mimic (I, J) or miR-127-5p inhibitor (K, L) treatment. (M, N) qPCR analysis of SH3GLB1 mRNA ex-
pression in U87 (M) and T98G (N) cells overexpressing circSLIT2 and treated with miR-127-5p mimic. (O, P) Western 
blotting analysis of SH3GLB1 protein expression in U87 (O) and T98G (P) cells overexpressing circSLIT2 and treated 
with miR-127-5p mimic. All data are shown as the mean ± SD (three independent experiments). *P < 0.05; **P < 
0.01; ***P < 0.001.

chondrial metabolism to confer resistance to 
temozolomide in glioblastoma [14]. SH3GLB1 

can regulate CD133 expression and play a criti-
cal role in tumor-initiating cells [15]. However, 
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direct evidence regarding the biological effects 
of SH3GLB1 on malignant phenotypes of glio-
ma cells, such as proliferation and invasion, 
remains lacking. Therefore, we overexpressed 
SH3GLB1 in glioma cells, and confirmed the 
successful overexpression by qPCR and west-
ern blotting (Supplementary Figure 3A, 3B). 
MTS and EDU assays showed that SH3GLB1 
overexpression significantly enhanced cell pro-
liferative activity (Supplementary Figure 3C-E). 
Transwell and migration assays demonstrated 
that the numbers of invasive and migrated cells 
were markedly increased after SH3GLB1 over-
expression (Supplementary Figure 3F, 3G). 
These findings confirm that SH3GLB1 promotes 
the malignant progression of glioblastoma 
cells.

CircSLIT2 promotes the malignant phenotype 
of glioblastoma cells via SH3GLB1

We further investigated whether circSLIT2 pro-
motes glioblastoma malignancy by sustaining 
SH3GLB1 expression. Glioblastoma cell lines 
overexpressing circSLIT2 were treated with 
SH3GLB1 silencing. MTS assays revealed that 
the enhanced cell viability induced by circSLIT2 
overexpression was significantly inhibited af- 
ter SH3GLB1 silencing (Figure 5A, 5B). EDU 
assays showed that circSLIT2 overexpression 
significantly increased the EDU-positive rate, 
promoting glioblastoma cell proliferation, while 
SH3GLB1 silencing led to a significant reduc-
tion in the EDU-positive rate (Figure 5C). Tran- 
swell and migration assays demonstrated that 
circSLIT2 overexpression enhanced the inva-
sive and migratory abilities of glioblastoma ce- 
lls, but these effects were markedly suppre- 
ssed following SH3GLB1 silencing (Figure 5D, 
5E).

METTL14 mediates the m6A methylation of 
circSLIT2 in glioblastoma 

We further analyzed and explored the potential 
mechanisms leading to the high expression of 
circSLIT2 in glioblastoma. m6A methylation, a 
common RNA modification, is widely involved in 
regulating gene expression at multiple levels, 
including mRNA splicing, stability, transport, 
and translation [16]. We first conducted MeRIP-
qPCR experiments to analyze the m6A modifi-
cation level of circSLIT2 in glioblastoma cell 
lines. We found significant enrichment of circ-
SLIT2 after anti-m6A treatment, confirming the 

presence of notable m6A modification in glio-
blastoma cell lines (Figure 6A). We further per-
formed RIP experiments to analyze potential 
writers and erasers that may bind to and regu-
late the m6A modification level of circSLIT2, 
discovering that only METTL14 could directly 
bind to circSLIT2 (Figure 6B, 6C). Subsequently, 
we manipulated METTL14 levels in glioblasto-
ma cell lines. MeRIP-qPCR experiments reveal- 
ed that silencing METTL14 led to a signifi- 
cant decrease in circSLIT2 enrichment after 
anti-m6A treatment, while overexpression of 
METTL14 resulted in a marked increase in circ-
SLIT2 enrichment (Figure 6D-G). We further 
performed qPCR and found that silencing 
METTL14 significantly decreased the expres-
sion level of circSLIT2, while overexpression of 
METTL14 significantly increased circSLIT2 exp- 
ression (Figure 6H, 6I). Nuclear run-on assays 
revealed no significant alterations in circSLIT2 
transcription rates in glioma cells with METTL14 
overexpression or knockdown, demonstrating 
that METTL14-mediated circSLIT2 upregula-
tion occurs independently of transcriptional 
regulation (Figure 6J, 6K). We used SRAMP 
(sequence-based RNA adenosine methylation 
site predictor) to predict the specific m6A modi-
fication sites on circSLIT2 and identified four 
potential m6A modification sites (Figure 6L, 
6M). Based on these results, we designed circ-
SLIT2 constructs with different mutation sites 
and conducted MeRIP-qPCR. We found that 
only mutations at sites 3 and 4 significantly 
downregulated the m6A levels of circSLIT2, 
indicating that m6A modification occurs at the 
adenine residues at positions 1351 and 2338 
(Figure 6N, 6O).

IGF2BP1 recognizes m6A-modified circSLIT2 
and maintains its stability

Although the above studies revealed that 
METTL14 promotes the m6A modification of 
circSLIT2 in glioblastoma cell lines, the specific 
reader genes that maintain its high expression 
require further investigation. Given that we 
observed in Figure 1G that the expression of 
circSLIT2 is primarily localized in the cytoplasm, 
we focused on analyzing reader molecules 
involved in m6A modification that are predomi-
nantly distributed in the cytoplasm and play 
roles in mRNA processing, transcription, or sta-
bility. This analysis included molecules such as 
YTHDF1, YTHDF3, and IGF2BP1/2/3.
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Figure 5. CircSLIT2 promotes the malignant phenotype of glioblastoma cells via SH3GLB1. (A, B) MTS assay measur-
ing changes in absorbance levels in U87 and T98G cells overexpressing circSLIT2 after SH3GLB1 silencing. (C) EDU 
assay detecting changes in EDU-positive cell rates in U87 and T98G cells overexpressing circSLIT2 after SH3GLB1 
silencing (With magnification of 20×). Scale bar = 50 μm. (D, E) Transwell and migration assays showing changes 
in cell invasion (D) and migration (E) in U87 and T98G cells overexpressing circSLIT2 after SH3GLB1 silencing (With 
magnification of 20×). Scale bar = 50 μm. All data are shown as the mean ± SD (three independent experiments). 
*P < 0.05; **P < 0.01; ***P < 0.001.

RIP experiments showed that only after anti-
IGF2BP1 treatment could we detect the enrich-
ment of circSLIT2, suggesting that circSLIT2 
can bind to the m6A reader IGF2BP1 (Figure 
6P, 6Q). qPCR analysis revealed that overex-
pression of IGF2BP1 significantly upregulated 
the expression level of circSLIT2, while silenc-
ing IGF2BP1 led to a marked downregulation of 
circSLIT2 (Figure 6R, 6S). Furthermore, we con-
ducted RNA stability assays and found that 
overexpression of IGF2BP1 significantly pro-
longed the half-life of circSLIT2, indicating that 
IGF2BP1 can promote and maintain the stabili-

ty of circSLIT2 (Figure 6T, 6U). These experi-
mental results provide strong evidence that 
METTL14 can induce the m6A modification of 
circSLIT2 in glioblastoma cell lines, which can 
subsequently be recognized by IGF2BP1, there-
by maintaining the stability of circSLIT2 in these 
cells.

CircSLIT2/miR-127-5p/SH3GLB1 axis regu-
lates glioblastoma tumorigenesis in vivo

Although our previous experiments confirmed 
that CircSLIT2 promotes the malignant pro-
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Figure 6. CircSLIT2 is regulated by the METTL14/IGF2BP1-mediated m6A methylation. (A) MeRIP-qPCR analysis 
showing the level of m6A modification on circSLIT2 in U87 and T98G cells. (B, C) RIP assay detecting potential 
interactions between circSLIT2 and m6A writers or erasers in U87 and T98G cells. (D-G) MeRIP-qPCR analysis show-
ing the changes in m6A modification levels of circSLIT2 after METTL14 knockdown (D, E) or overexpression (F, G) 
in U87 and T98G cells. (H, I) qPCR analysis showing the expression levels of circSLIT2 after METTL14 knockdown 
(H) or overexpression (I) in U87 and T98G cells. (J, K) Transcription efficiency of circSLIT2 in U87 and T98G cells 
with METTL14 knockdown (J) or overexpression (K), normalized to GAPDH. ns, not significant. (L) SRAMP prediction 
showing potential m6A methylation sites on the circSLIT2 molecule. (M) Schematic of designed mutations at the 
four predicted m6A modification sites with the highest likelihood. (N, O) MeRIP-qPCR analysis showing changes in 
m6A modification levels on circSLIT2 after mutating the different predicted m6A sites. (P, Q) RIP assay detecting 
potential interactions between circSLIT2 and m6A readers promoting RNA stability or expression in U87 and T98G 
cells. (R, S) qPCR analysis showing circSLIT2 expression levels after IGF2BP1 knockdown (R) or overexpression (S) 
in U87 and T98G cells. (T, U) Actinomycin D assay measuring the half-life of circSLIT2 after IGF2BP1 overexpression 
in U87 (T) and T98G (U) cells. All data are shown as the mean ± SD (three independent experiments). *P < 0.05; 
**P < 0.01; ***P < 0.001.
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gression of glioblastoma cells, including prolif-
eration, invasion, and migration, through the 
sponge adsorption of miR-127-5p to upregulate 
SH3GLB1 at the cellular level, there was a lack 
of validation at the animal model level. We  
further conducted intracranial tumorigenesis 
experiments in nude mice. After inoculating the 
U87 glioblastoma cell line with overexpressed 
CircSLIT2, we observed that the volume of the 
tumors formed in the nude mice was signifi-
cantly larger than that of the control group 
(Figure 7A, 7B). Kaplan-Meier survival analysis 
indicated that the survival time of mice inocu-
lated with CircSLIT2-overexpressing U87 cells 
was markedly shorter than that of the control 
group (Figure 7C). qPCR analysis of the intra-
cranial tumor tissues revealed that the expres-
sion levels of CircSLIT2 and SH3GLB1 were sig-
nificantly elevated in the CircSLIT2 overexpres-
sion group (Figure 7D, 7E), while the expression 
level of miR-127-5p was significantly down- 
regulated (Figure 7F). Furthermore, immuno-
histochemical analysis showed that the stain-
ing intensity of the proliferation marker Ki-67 
and SH3GLB1 was significantly higher in the 
CircSLIT2 overexpression group compared to 
the control group (Figure 7G, 7H). These results 
from the in vivo experiments in nude mice 
strongly confirm that CircSLIT2 plays a crucial 
role in promoting the occurrence and develop-
ment of glioblastoma (Figure 7I).

Discussion

Circular RNAs (circRNAs) are a newly discov-
ered class of non-coding RNAs with a unique 
closed-loop structure that makes them highly 
stable and resistant to degradation by exonu-
cleases [17]. In various tumors, circRNAs have 
been found to play important regulatory roles, 
particularly in the initiation and progression of 
malignant gliomas, where their functions are 
gradually being uncovered [18]. Studies have 
shown that circRNAs can influence glioma cell 
behavior by sponging microRNAs, regulating 
gene expression, and interacting with proteins 
[19]. Specifically, some circRNAs regulate tumor 
cell proliferation, migration, and invasion, and 
are also associated with forms of cell death 
such as apoptosis and ferroptosis [20]. Fur- 
thermore, circRNAs play a critical role in the 
metabolic reprogramming of gliomas by influ-
encing pathways like iron homeostasis and 
lipid peroxidation, which modulate the sensitiv-

ity of tumor cells to ferroptosis [21]. Due to their 
stability and diverse functions, circRNAs are 
considered potential biomarkers and therapeu-
tic targets for tumors. In-depth investigation of 
the mechanisms of circRNAs in gliomas could 
provide novel insights into the diagnosis and 
treatment of this aggressive cancer.

In this study, we identified a novel circular RNA 
molecule, hsa_circ_0069304, which is signifi-
cantly overexpressed in glioblastoma. Both in 
vitro cell experiments and in vivo mouse mod-
els demonstrated that its overexpression  
promotes malignant phenotypes such as prolif-
eration, invasion, and migration in glioblasto-
ma. Currently, there are no reports of hsa_
circ_0069304 in any malignancy, but its host 
gene, SLIT2, has been associated with other 
circSLIT2 homologs. For instance, circSLIT2 
has been reported in gastric cancer, where it is 
significantly overexpressed and serves as a 
predictor of poor prognosis in patients, though 
the specific hsa-circ name was not mentioned 
in the article, making it unclear which exact 
circSLIT2 variant was involvedreatic ductal ade-
nocarcinoma [22]. Another circSLIT2 isoform, 
hsa_circ_0009113, is significantly overexpre- 
ssed and promotes malignant progression by 
regulating aerobic glycolysis via the miR-510-
5p/c-Myc/LDHA axis [23]. These studies con-
sistently demonstrate high circSLIT2 expres-
sion in various malignancies, where it contrib-
utes to cancer progression and poor prognosis, 
which aligns with our findings in glioblastoma.

MiRNAs are an important class of non-coding 
RNAs that regulate gene expression post-tran-
scriptionally by targeting specific mRNAs, thus 
influencing glioma development and progres-
sion [24]. Studies have shown that miRNAs 
exhibit abnormal expression in gliomas, poten-
tially playing a role in regulating key processes 
such as cell proliferation, migration, invasion, 
and apoptosis [25]. In this study, we used bioin-
formatics predictions and molecular biology 
experiments to demonstrate that circSLIT2 ac- 
ts as a sponge for miR-127-5p, inhibiting miR-
127-5p-mediated degradation of SH3GLB1, 
leading to the upregulation of SH3GLB1 and 
promoting the malignant progression of glioma 
cells. Although no studies have yet reported on 
miR-127-5p in gliomas, it has been implicated 
in other malignancies. For example, long non-
coding RNA AC006329.1 sponges miR-127-5p 
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Figure 7. CircSLIT2/miR-127-5p/SH3GLB1 axis regulates glioblastoma tumorigenesis in vivo. (A) Representative 
coronal HE-stained images showing the intracranial tumor size after circSLIT2 overexpression (With magnification of 
5×). Scale bar = 1 mm. (B) Quantification of tumor volume after circSLIT2 overexpression. (C) Kaplan-Meier survival 
curve showing the effect of circSLIT2 overexpression on mouse survival outcomes. (D-F) qPCR analysis showing 
the expression levels of circSLIT2 (D), SH3GLB1 (E), and miR-127-5p (F) in intracranial tumor tissues from mice 
overexpressing circSLIT2. (G) Representative HE staining and immunohistochemistry (IHC) images showing changes 
in Ki-67 and SH3GLB1 staining intensity in intracranial tumor tissues from mice overexpressing circSLIT2 (With 
magnification of 10× and 40×). Scale bar = 50 μm. (H) Quantitative analysis of Ki-67 and SH3GLB1 IHC staining 
using the German immunohistochemical scoring system. (I) Schematic model illustrating that METTL14 promotes 
m6A modification of circSLIT2, which is recognized and stabilized by IGF2BP1, leading to circSLIT2 overexpression. 
circSLIT2 acts as a sponge for miR-127-5p, resulting in increased SH3GLB1 expression and promoting glioblastoma 
progression. All data are shown as the mean ± SD (three independent experiments). *P < 0.05; **P < 0.01; ***P 
< 0.001.

to promote the malignant progression and 
metastasis of hepatocellular carcinoma [26]. 
Additionally, hsa_circ_0006732 regulates RA- 
B3D expression by sponging miR-127-5p, pro-

moting proliferation, invasion, and epithelial-
mesenchymal transition (EMT) in colorectal 
cancer cells [27]. In our study, the malignant 
phenotypes induced by circSLIT2 overexpres-
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sion, such as glioblastoma cell proliferation, 
invasion, and migration, were effectively blo- 
cked by miR-127-5p mimics, suggesting that 
miR-127-5p plays a tumor-suppressive role in 
gliomas, consistent with its effects in other 
cancers.

The SH3GLB1 gene encodes SH3-domain bind-
ing protein 1, also known as Bif-1, which plays a 
crucial role in apoptosis, autophagy, and dy- 
namic remodeling of the cell membrane [28]. 
SH3GLB1 participates in apoptosis by interact-
ing with BAX and BCL-2 family proteins, promot-
ing mitochondrial membrane permeability ch- 
anges and inducing cell death [29]. Additionally, 
it regulates the formation and maturation of 
autophagosomes, thus contributing to the au- 
tophagy process and maintaining intracellular 
homeostasis. Studies indicate that SH3GLB1 
has critical regulatory functions in various can-
cers, and its abnormal expression is closely 
associated with tumorigenesis and progres-
sion, making it a potential therapeutic target.  
In glioma stem cells, SH3GLB1 upregulates 
CD133 expression via histone H4K5 acetyla-
tion, facilitating the formation of tumor-initiat-
ing cells [15]. Silencing SH3GLB1 inhibits  
glioma cell proliferation, migration, and inva-
sion, and enhances sensitivity to Temozolomide 
[30]. The expression of SH3GLB1 increases 
with glioma grade and is closely linked to poor 
patient prognosis, contributing to Temozolomi- 
de resistance through mitochondrial metabo-
lism [14]. Thus, our study supports that circ-
SLIT2 promotes glioma progression by spong-
ing miR-127-5p, leading to the upregulation of 
SH3GLB1, with strong logical and experimental 
evidence.

N6-methyladenosine (m6A) methylation refers 
to the methylation of the adenosine base at the 
N6 position in RNA molecules, which is one of 
the most common RNA modifications [31]. It 
plays a crucial role in regulating RNA stability, 
splicing, and translation efficiency. Recent stu- 
dies have shown that m6A modifications also 
occur in circRNAs, influencing their biogenesis, 
transport, and degradation, thereby affecting 
their function [32]. m6A modifications can alter 
interactions between circRNAs and binding pro-
teins, thereby regulating cellular behaviors, 
particularly in tumorigenesis and cancer pro-
gression. Investigating the regulatory mecha-
nisms of m6A methylation on circRNAs could 
help elucidate their roles in cancer, offering 

new insights for precision medicine [33]. For 
example, METTL14-dependent m6A methyla-
tion was shown to downregulate circUGGT2 
expression in gastric cancer, suppressing mali- 
gnant progression [34]. In lung cancer, METTL3-
induced m6A modification of circ_0000620 
leads to its high expression, which in turn en- 
hances cisplatin resistance and inhibits apop-
tosis, contributing to cancer progression [35]. 
In ischemic brain tissues, the m6A modification 
level of circOGDH was significantly elevated. 
IGF2BP1 maintained the high expression of cir-
cOGDH in the ischemic penumbra by enhancing 
its RNA stability, thereby exacerbating the brain 
tissue injury response [36]. In this study, we 
discovered that METTL14 facilitates the m6A 
modification of circSLIT2 in glioblastoma cell 
lines. The m6A-modified circSLIT2 is recog-
nized by IGF2BP1, which maintains the stability 
of circSLIT2 in glioblastoma cells. IGF2BP1, an 
“m6A reader”, stabilizes specific mRNAs by rec-
ognizing m6A modification sites and enhancing 
their translation. IGF2BP1 is highly expressed 
in various cancers and promotes tumor cell pro-
liferation and metastasis. For instance, in glio-
blastoma, the m6A reader protein IGF2BP1 can 
bind to circSPECC1, promoting its expression 
and stability [37]. In gastric cancer, IGF2BP1 
regulates T lymphocytes’ antitumor immunity 
by maintaining NRF2 mRNA stability through 
the METTL5/m6A/NRF2 axis [38].

Conclusion

In this study, we identified a novel circular RNA, 
circSLIT2, which is significantly overexpressed 
in glioblastoma and promotes malignant phe-
notypes such as tumor proliferation, invasion, 
and migration. Mechanistically, circSLIT2 acts 
as a sponge for miR-127-5p, inhibiting the deg-
radation of SH3GLB1, thereby driving tumor 
progression. Additionally, circSLIT2 undergoes 
m6A modification induced by METTL14, which 
is recognized by IGF2BP1, ensuring its stability 
in tumor cells. These findings suggest that circ-
SLIT2 is a key oncogenic factor in glioblastoma 
and may serve as a potential target for future 
molecular therapies.
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Supplementary Table 1. The RT-qPCR primers in this research
Gene Primers sequences
CircSLIT2 Forward 5’-TAGAACTCTATCGGGGGCGT-3’

Reverse 5’-TGTTGCTACAGGTACAGGCG-3’
SNX10 Forward 5’-CACTTTTGCTTTCAGATAGCAGC-3’

Reverse 5’-ACACACGCCTCAATGTCTTCT-3’
LGALS8 Forward 5’-ATCTATAACCCGGTAATCCCGTT-3’

Reverse 5’-CATGCCCACGTATCACAATCAA-3’
DIAPH1 Forward 5’-CTTGCGGGATATGCCTCTG-3’

Reverse 5’-AATGTTTGCACCCAACTGACA-3’
SH3GLB1 Forward 5’-CAGGAACAGCTTATGGTAATGCC-3’

Reverse 5’-GGCTGACGTTTGAATCAGTTCTC-3’
 SBNO1 Forward 5’-CCAGGGCAAGATTTACTGCTT-3’

Reverse 5’-AAGTGGCACTGACTGCTGAAC-3’
ARID5B Forward 5’-TCTTAAAGGCAGACCACGCAA-3’

Reverse 5’-TGCCATCGGAATTGTTGTTGG-3’
MIA3 Forward 5’-GGCCCGGATTGTCGTTTTG-3’

Reverse 5’-GCCATCCTCTTGCCAGTTTAT-3’
LIN7C Forward 5’-GAAGTGAGAGCGAACGCTACT-3’

Reverse 5’-TCCACCTGGAATTATTCGGGAT-3’
ABHD2 Forward 5’-CATGCTGGAGACTCCCGAAC-3’

Reverse 5’-CAAACACCGGACGATCACGTA-3’
SLIT2 Forward 5’-GCGAAGCTATACAGGCTTGAT-3’

Reverse 5’-TGCAGTCGAAAAGTCCTAAGTTT-3’
METTL3 Forward 5’-TTGTCTCCAACCTTCCGTAGT-3’

Reverse 5’-CCAGATCAGAGAGGTGGTGTAG-3’
METTL14 Forward 5’-AGTGCCGACAGCATTGGTG-3’

Reverse 5’-GGAGCAGAGGTATCATAGGAAGC-3’
WTAP Forward 5’-CTTCCCAAGAAGGTTCGATTGA-3’

Reverse 5’-TCAGACTCTCTTAGGCCAGTTAC-3’
ALKBH5 Forward 5’-CGGCGAAGGCTACACTTACG-3’

Reverse 5’-CCACCAGCTTTTGGATCACCA-3’
FTO Forward 5’-ACTTGGCTCCCTTATCTGACC-3’

Reverse 5’-TGTGCAGTGTGAGAAAGGCTT-3’
β-actin Forward 5’-CATGTACGTTGCTATCCAGGC-3’

Reverse 5’-CTCCTTAATGTCACGCACGAT-3’
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Supplementary Table 2. RNAi sequences applied in this study
Gene siRNA sequences
circSLIT2-KD1 sense strand 5’-UGCAAAACACUACAAGAAGGA-3’

antisense strand 5’-CUUCUUGUAGUGUUUUGCACU-3’
circSLIT2-KD2 sense strand 5’-AUUGUGUUCUGUUCCAAACGU-3’

antisense strand 5’-GUUUGGAACAGAACACAAUCA-3’
METTL14 -KD1 sense strand 5’-AAAAGUACUAGAAUCUUUGUA-3’

antisense strand 5’-CAAAGAUUCUAGUACUUUUCU-3’
METTL14 -KD2 sense strand 5’-AGGAUAUUCUUCAAAUCUGUC-3’

antisense strand 5’-CAGAUUUGAAGAAUAUCCUAA-3’
SH3GLB1-KD1 sense strand 5’-UCCAUAUUUUGGUACAUUCAG-3’

antisense strand 5’-GAAUGUACCAAAAUAUGGACA-3’
SH3GLB1-KD2 sense strand 5’-UAUAUUGUCCCAAAAGUUCUG-3’

antisense strand 5’-GAACUUUUGGGACAAUAUAUG-3’
IGF2BP1-KD1 sense strand 5’-UUUUUGUCUCGGUAUCUUGCU-3’

antisense strand 5’-CAAGAUACCGAGACAAAAAUC-3’
IGF2BP1-KD2 sense strand 5’-ACAUUAAGGUCAAGAAAUGAA-3’

antisense strand 5’-CAUUUCUUGACCUUAAUGUUU-3’
siRNA-NC sense strand 5’-UUCUCCGAACGUGUCACGU-3’

antisense strand 5’-ACGUGACACGUUCGGAGAA-3’
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Supplementary Figure 1. Knockdown of circSLIT2 inhibits the proliferative, migratory, and invasive capacities of 
glioma cells in vitro. (A, B) Validation of circSLIT2 knockdown efficiency and specificity in U87 and T98G cells. 
(A) qRT-PCR results showed that transfection with two independent circSLIT2-targeting siRNAs (circSLIT2-KD1 and 
circSLIT2-KD2) significantly downregulated circSLIT2 expression compared with the negative control (circSLIT2-
NC). (B) The expression of linear SLIT2 mRNA remained unchanged in circSLIT2-knockdown cells, confirming the 
specificity of the knockdown. (C, D) MTS assay measuring absorbance levels after circSLIT2 knockdown in U87 (C) 
and T98G (D) cells. (E) EDU assay detecting changes in the EDU-positive rate after circSLIT2 knockdown in U87 and 
T98G cells (With magnification of 20×). Scale bar = 50 μm. (F, G) Transwell (F) and migration (G) assays measuring 
the number of invasive and migrating cells after circSLIT2 knockdown in U87 and T98G cells (With magnification of 
20×). Scale bar = 50 μm. All data are shown as the mean ± SD (three independent experiments). *P < 0.05; **P 
< 0.01; ***P < 0.001.

Supplementary Figure 2. CircSLIT2 promotes the malignant phenotype of glioblastoma cells via miR-127-5p. (A, B) 
MTS assay measuring changes in absorbance levels in U87 (A) and T98G (B) cells overexpressing circSLIT2 after 
treatment with miR-127-5p mimic. Scale bar = 50 μm. (C) EDU assay detecting changes in EDU-positive cell rates in 
U87 and T98G cells overexpressing circSLIT2 after treatment with miR-127-5p mimic (With magnification of 20×). 
Scale bar = 50 μm. (D, E) Transwell and migration assays showing changes in cell invasion (D) and migration (E) in 
U87 and T98G cells overexpressing circSLIT2 after treatment with miR-127-5p mimic (With magnification of 20×). 
Scale bar = 50 μm. All data are shown as the mean ± SD (three independent experiments). *P < 0.05; **P < 0.01; 
***P < 0.001.
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Supplementary Figure 3. SH3GLB1 promotes the malignant phenotype of glioblastoma cells. (A, B) qPCR (A) and 
western blotting (B) analysis of SH3GLB1 overexpression efficiency in glioblastoma cell lines U87 and T98G. (C, D) 
MTS assay measuring absorbance levels after SH3GLB1 overexpression in glioblastoma cell lines U87 and T98G. 
(E) EDU assay detecting changes in the EDU-positive rate after SH3GLB1 overexpression in glioblastoma cell lines 
U87 and T98G (With magnification of 20×). Scale bar = 50 μm. (F, G) Transwell (F) and migration (G) assays measur-
ing the number of invasive and migrating cells after SH3GLB1 overexpression in glioblastoma cell lines U87 and 
T98G (With magnification of 20×). Scale bar = 50 μm. All data are shown as the mean ± SD (three independent 
experiments). *P < 0.05; **P < 0.01; ***P < 0.001.


