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Abstract
Purpose: The pathogenesis of glioma is not clear, SALL4 is a protooncogene and has been shown to
promote the growth of glioma cells. CircRNAs have been shown to play a role in the development of
tumors, but the relationship between SALL4 and circRNAs has not been well characterized. The aim of
this study is to establish the association between SALL4 and circRNAs.

Methods: The circRNAs and miRNAs related to SALL4 screened before were detected in glioma and
normal brain tissue samples, then hsa_circ_0024183 was selected to determine its effect on glioma
progression in vivo and vitro. The interaction between hsa_circ_0024183, miR-485-5p and SALL4 was
clari�ed by double luciferase assay and RNA immunoprecipitation analysis.

Results: The expression of hsa_circ_0024183 was signi�cantly higher in glioma patients and human
glioblastoma cell lines than in normal brain(P<0.05). GBM patients with higher hsa_circ_0024183
expression had worse outcome. The reduction of hsa_circ_0024183 by siRNA was found to decrease the
proliferation, migration, and invasion abilities of GBM cells and block their cell cycles at the S phase.
Furthermore, a decrease of hsa_circ_0024183 expression in GBM cells was found to inhibit their
tumorigenicity in nude mice. Mechanistic studies revealed that hsa_circ_0024183 can regulate SALL4
expression by sponging miR-485-5p. And hsa_circ_0024183 RNA could directly bind to SALL4 protein.

Conclusion: Interference with hsa_circ_0024183 can reduce the expression of SALL4 and the binding of
hsa_circ_0024183 to SALL4 protein. It may affect the progression of glioma through the PTEN/PI3K/Akt
pathway. This discovery provides an opportunity to develop potential targeted therapy against glioma.

Introduction
Glioblastoma (GBM) is the most common malignant tumor of the central nervous system in adults, which
has a very high rate of relapse after treatment with surgery, radiation and chemotherapy (Goenka et al
2021). Unfortunately, none of these treatments are very effective. As little is known about the
pathogenesis of glioma, more extensive investigations of the disease are warranted in order to develop
novel and more effective methods for diagnosis and treatment.

The Spalt Like Transcription Factor 4 (SALL4) is a transcription factor with 8 zinc �ngers. It is crucial for
the function and development of embryonic stem cells (Zhang et al 2006). It is also a newly identi�ed
protooncogene. With gene knock-in /out approaches, SALL4 is found to be involved in the proliferation,
apoptosis, invasion, metastasis, drug resistance, and development of tumor cells (Tatetsu et al 2016). It is
also found to be highly expressed in liver, stomach, and lung cancer cells (Wang et al 2021, Yang et al
2021, Du et al 2018). We have previously found that glioma patients with high levels of SALL4 expression
have a poor prognosis (Zhang et al 2015). In glioblastoma cell lines, SALL4 expression is correlated with
their tumorigenicity (Zhang et al 2017).
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Circular RNA (circRNA) is a special kind of RNA lacking a 5’ cap and a 3’ poly-A tail with the two ends
covalently joined. It has been shown to bind certain miRNAs and proteins, thus reducing their abundance
and functions; therefore, it is considered as a competing endogenous RNA (Yu et al 2016). CircRNAs have
been shown to play a key role in the development and progression of cancers (Rong et al 2021, Wei et al
2021, Liu et al 2021). Using 2 groups of 5 normal brain and 5 glioma tissues, we have found 206
circRNAs that are highly expressed in glioma cells and 29 miRNAs with reduced expression in glioma
cells (Ye et al 2020, Zhu et al 2017). In this study, we investigated the relationship among SALL4,
circRNAs, and miRNAs to better understand their roles in the pathogenesis of glioma.

Materials And Methods

Clinical specimens and follow-up
From December 2017 to February 2021, 59 patients with glioma underwent surgery at the Department of
Neurosurgery, Tongji Hospital, Tongji University. Pathological examinations of surgically removed brain
tumor tissues con�rmed the glioma diagnosis. Types of gliomas are shown in Table 1. Normal brain
tissues were obtained from 5 patients with brain injury to serve as controls. All patients received no
radiation or immunotherapy prior to the surgery. Tissue samples were stored at -80oC until being used for
RNA isolation and were classi�ed into three groups, including normal, low-grade glioma, and high-grade
glioma. Thirty-nine of the 59 patients were con�rmed to have glioblastoma (GBM), and 37 of these
patients were followed by outpatient visits or phone calls for 8–25 months, mainly for survival after
surgery. This study was approved by the Institutional Review Board of Tongi University Hospital, and
informed consent was obtained from all patients.

Table 1
The clinical pathological information

of gliomas
Pathological information N

Pilocytic astrocytoma 2

Astrocytoma 9

Oligodendroglioma 2

Anaplastic astrocytoma 6

Anaplastic oligoastrocytoma 1

Glioblastoma 39

Tissue culture and anti-sense RNA
Human embryonic kidney cell line 293T and human glioblastoma cell lines A172, U251, and U87 were
purchased from China Nature Science Academy. These cells were cultured in DMEM medium with 10%
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fetal calf serum at 37oC, 5% CO2 in a humidi�ed incubator. The vitality of cells was determined by trypan
blue, which stains dead cells. The anti-sense RNA si-hsa_circ-0021483 (5’ACGAGAAAGAUCUACACAGTT-
3’) against hsa_cir-0021483 RNA and the negative control scrambled anti-sense RNA NC
(5’UUCUCCGAACGUGUCACGUTT-3’) were synthesized by GenePharma. miR-185-5p and double-stranded
miR-185-5p (referred to as miR-185-5p mimic) were also purchased from GenePharma. Introduction of
these RNAs into U87 or A172 cells was performed as described previously (Zhang et al 2015, 2017).

Bioinformatic analyses
The ENCORI (Encyclopedia of RNA Interactions) software (Li et al 2014) was used to analyze microarray
results of two groups of 5 pairs of glioblastoma-normal brain tissues to detect potential interactions
among circRNAs, miRNAs, and SALL4 mRNA.

Quantitative RT-PCR
The TRIzol reagent was used to isolate RNA from glioma tissues, normal brain cells, and cultured A172,
U251, or U87 cells. The isolated RNAs were converted to cDNA by reverse transcription using the M-MLV
kit (Promega, Madison, USA) at 37oC for 60 minutes, followed by inactivation at 85oC for 5 minutes. PCR
was performed using the SYBR Green Master Mix (TaKaRa, Tokyo, Japan) on an ABI7500 PCR platform
(Applied Biosystems, Life Technology, Foster City, USA) for 40 cycles of 95oC, 10s; 58oC, 30s; and 72oC,
30s after an initial treatment at 95oC for 3 minutes. A portion of GAPDH mRNA and U6 RNA was
ampli�ed simultaneously as internal controls. Fold change in gene expression was calculated using the
2− ΔΔCT equation. All PCR primers used are listed in Table 2.
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Table 2
Primer sequence used for qPCR

  Forward Reverse

SALL4 CCCGGCAGTAAGGACTGTC TCTCTGTCTTTAGGTACACCACA

GAPDH CATGAGAAGTATGACAACAGCCT AGTCCTTCCACGATACCAAAGT

mir-433-3p GACGATCATGATGGGCTCCT TATGCTTGTTCACGAGTCCTTGTC

mir-129-5p CAACCTTACCTTTTTGCGGTC TATGCTTGTTCTCGTCTCTGTGTC

mir-204-3p GATGGCTGGGAAGGCAAAG TATGGTTGTTCACGACTGGTTCAC

mir-128-3p GAAGTGACCTCACAGTGAACCG TATGGTTTTGACGACTGTGTGAT

mir-491-5p CAATCAGTGGGGAACCCTTC TATGCTTGTTCTCGTCTCTGTGTC

mir-4476 AAGGTCACAGGAAGGATTTAGGG GTGCAGGGTCCGAGGT

mir-485-5p AATATTAAGAGGCTGGCCGTG TATGGTTTTGACGACTGTGTGAT

U6 CAGCACATATACTAAAATTGGAACG ACGAATTTGCGTGTCATCC

hsa_circ_0021483 AAGCAACATGGCTGCACA CTCGTCATTCCCTGGGTG

hsa_circ_0048000 GTGAGCTGCACGCAACAG TCCAAATGCGCAGACTCA

si- hsa_circ_0021483 ACGAGAAAGAUCUACACAGTT CUGUGUAGAUCUUUCUCGUTT

Si-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT

Western blotting
Proteins were extracted from cells using RIPA buffer (KenGEN, Shanghai, China), electrophoresed in 10%
SDS polyacrylamide gel, and then transferred from the gel to a nitrocellulose membrane. After 2 hours of
blocking reaction in 5% BSA solution, the membrane was reacted with an appropriate primary
antibody(Anti-SALL4 polyclonal antibody, PP1488b, GenePharma, 1:1000; Anti-PTEN polyclonal antibody,
PP18619c, GenePharma, 1:1000; Anti-PI3K polyclonal antibody, PP8016C, GenePharma, 1:2000;Anti-Akt
polyclonal antibody, PP7028B, GenePharma, 1: 1000; Anti-p-PI3K monoclonal antibody, #17366, CST,
1:1000; Anti-p-Akt polyclonal antibody, PP3434a, GenePharma, 1:1000; anti-β-Actin antibody produced in
mouse, AM1021B, Abcepta, 1:1000) at 4oC overnight, followed by reaction with HRP-conjugated
secondary at room temperature for 2 hours. Protein bands that reacted with the antibodies were
visualized using the ECL Plus reagent (Applygen, Beijing, China).

CCK-8 Assay
The Cell Counting Kit-8 (CCK-8) was used to quantify viable cells. For the assay, 5.0 x 103 glioblastoma
cells were placed in each well of a 96-well plate and incubated at 37oC overnight. The CCK-8 reagent,
[WST-8: 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium
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salt], was mixed with complete DMEM medium at 1:5 ratio, and 100 µl of the solution was added to each
well. After 2 hours of incubation in darkness, the water-soluble formazan formed due to the reduction of
WAST-8 by cellular dehydrogenases was quanti�ed by measuring the optical density at 450 nm light
(OD450). The OD450 value is directly proportional to the number of live cells. Each measurement was
repeated 3 times, and each group of cells were tested by CCK-8 for 5 times.

Apoptosis Assay
Cultured U87 and A172 cells were treated with trypsin and then washed with PBS twice. The washed cells
were suspended in 400 µl of binding buffer (Mbchem M3036) and then mixed with 5 µl of Annexin-FITC
to bind to phosphatidylserine, which was translocated to cell surface due to apoptosis. After an
incubation at 4oC in darkness for 15 minutes, 10 µl of propidium iodide (PI) was added to stain dead cells
for 5 minutes also at 4oC in darkness. The stained cells were subjected to �ow cytometry to determine the
degree of apoptosis.

Cell migration and invasion assay
A Transwell device (Corning, MA, USA) with two chambers separated by an 8-µm pore size polycarbonate
membrane was used. 5.0 × 103 each of cells transfected with siRNAs or un-transfected control cells were
then placed in the upper chamber to assay their ability to migrate through the membrane. For invasion
assay, the membrane was coated with 60 µl of Matrigel, and cells that penetrated the Matrigel coating
were considered as invasive cells. The bottom chamber was �lled with 700 µl of DMEM containing 20%
fetal calf serum. After an incubation at 37°C, 5% CO2 for 36 hours, the cells on the upper surface of the
membrane were removed with a cotton swab, and those on the lower surface were �xed on the
membrane with 100% ethanol for 10 minutes at -20°C. The membrane was then reacted with crystal
violet to stain proteins and examined by light microscopy to enumerate cells that migrated through the
membrane or penetrated the Matrigel coating. Five randomly selected �elds were examined, and the
average number of invasive cells was calculated.

Cell cycle assay
The cell cycle assay was performed by measuring cellular DNA contents with �ow cytometry. Forty-eight
hours after transfection with siRNA against hsa_circ_0021483 or negative control siRNA, cells were
treated with trypsin, washed with PBS twice, and �xed with cold (-20°C) 75% ethanol at 4°C overnight. The
cells were than stained with propidium iodide (PI) and subjected to �ow cytometry.

Xenotransplantation of tumor cells
A total of 20 BALB/c nude mice aged 4–6 weeks, female, 18-22g, SPF grade, were inoculated
subcutaneously with 1 × 107 cells per mouse without glue. The tumor size was 150–200 mm3, and 15
tumors were guaranted as far as possible. These mice were divided into 3 groups with 5 mice in each
group, including blank control (BC), negative control (NC), and si-circ_0024183 groups. SiRNA injections
were taken every 3 days, for 6 consecutive times, with 2OD multipoint injection per mouse. The size
(length × width) of each tumor was observed and measured every 3 days. After 25 ~ 30 days of
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inoculation, tumor formation was observed and photos were taken. On day 30, the nude mice were
sacri�ced by cervical dislocation. All animal studies were approved by the Institutional Animal Care and
Use Committee (IACUC) of Tongji Hospital, Tongji University.

Dual reporter assay
The binding sites of miR-485-5p in hsa_circ_0021483 and SALL4 were identi�ed from circAtlas by
TargetScan. The identi�ed sequences were then mutated (Fig. 4B). Both the wild type (WT) and mutated
(Mut) miR-485-5p target sites were separately cloned into pmirGLO vector downstream of the �re�y
luciferase gene (luc2), which was the primary reporter gene. A positive control reporter plasmid was also
constructed by cloning a DNA fragment with the sequence complementary to that of miR-485-5p into
pmirGLO in the same manner. A reduced �re�y luciferase activity indicates the binding of introduced
miRNAs to the cloned miRNA target sequence. An internal control vector containing Renilla luciferase
(hRluc-neo) gene was used for normalization of results of the dual reporter assay, which was performed
using the Promega Dual-Luciferase® Assay system. 293T cells were grown in wells of a 12-well plate and
then transfected with miR-485-5p or negative control RNA together with the internal control vector and
pmirGLO- hsa_cir-0021483-WT, pmirGLO- hsa_circ_0021483-Mut, pmirGLO- SALL4-WT, or pmirGLO-
SALL4-Mut vector. The dual reporter assay was then performed 48 hours after transfection.

RNA immunoprecipitation (RIP)
The Millipore RIP kit (Billerica, MA, USA) was used. U87 cells were washed with PBS and then lysed with
the RIP reagent. The cell lysate was clari�ed by centrifugation at 16,000 xg for 10 minutes at 4°C. Each of
the clari�ed supernatant was reacted with magnetic bead-conjugated antibody against SALL4 or
nonspeci�c IgG at 4°C for 16 hours. The RNA thus precipitated was subjected to qRT-PCR to quantify
hsa_cir-0021483 RNA.

Statistical analyses
Statistical analyses were performed using SPSS version 22.0 (IBM, Chicago, IL, USA). Student t test was
used to compared data between two groups, and ANOVA was performed to analyze data from 3 or more
groups. The Kaplan-Meier curve was used to determine survival rate of patients.

Results

Correlation between increased abundance of
hsa_circ_0024183 and poor prognosis of glioma
A search of the StarBase database and Gene Expression Omnibus (GEO, accession number:
GSE103229&GSE92322) revealed 7 miRNAs (Fig. 1a) that can bind to the 3’UTR of SALL4 mRNA leading
to a reduced expression of SALL4 in glioma cells. This search also identi�ed 12 circRNAs that were highly
expressed in glioma cells. The two highest expressed circRNAs, including has_circ_0021483 and
hsa_circ_0048000, were further investigated for their expression in patients with various kinds of glioma,
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including 2 patients with pilocytic astrocytoma (grade I), 9 patients with astrocytoma (grade II), 2 patients
with oligodendroglioma (grade II), 6 patients with anaplastic astrocytoma (grade III), 1 patient with
anaplastic oligoastrocytoma (grade III), and 39 patients with glioblastoma (grade IV) (Table 1). A
comparison of their expression in high and low grades of glioma revealed that the abundance of
hsa_circ_0021483 was higher in patients with high grade (grades III and IV) than in those with low grade
(grades I and II) glioma (Fig. 1b), and glioma patients with a high abundance of hsa_circ_0021483 were
found to have a reduced survival rate (Fig. 1c).

Effect of hsa_circ_0021483 on glioma cell proliferation,
migration, invasion, and cell cycle progression
The abundance of hsa_circ_0021483 RNA in human glioblastoma U87, U251, and A172 cells was �rst
determined. Compared to normal brain cells, the abundance of hsa_circ_0021483 RNA was 2, 7.5, and 6
fold higher in U251, U87, and A172 cells, respectively (Fig. 2a).

To investigate the function of hsa_circ_0021483 RNA in glioma cells, siRNA against hsa_circ_0021483
RNA (si-circ_0021483) with the sequence complementary to a region of its sequence and negative control
(NC) siRNA with a nonspeci�c scrambled sequence were synthesized and introduced into U87 and A172
cells by transfection (siRNA sequences shown in methods). Results showed that such siRNA treatment
decreased the abundance of hsa_circ_0021483 RNA in both cell lines by 50% compared to cells
transfected with negative control siRNA (Fig. 2b).

To determine the effect of hsa_circ_0021483 RNA on the proliferation of glioblastoma cells, the number
of live U87 and A172 cells transfected with siRNA (si-circ_0021483) or negative control (NC) siRNA was
determined by CCK-8 assay and compared to that of un-transfected cells, referred to as blank control (BC)
cells. Results showed that the number of live U87 or A172 cells transfected with si-circ_0021483 RNA was
lower at all time points (24, 48, and 72 hours) after transfection than that of BC and NC cells (OD450: 1.0
vs. 1.75 in U87 cells and 1.0 vs. 1.25 in A172 cells at the 72h time point) (Fig. 2c). Results of �ow
cytometry of siRNA transfected U87 and A172 cells, which were stained with Annexin-FITC (green color)
and propidium iodide (red color) to enumerate apoptotic cells, showed no signi�cant difference in the
number of apoptotic cells with BC and NC cells (Fig. 2d). These results suggest that hsa_circ_0021483
RNA promoted the proliferation of U87 or A172 cells but did not enhance their apoptosis.

Results of Transwell cell migration assay showed that transfection of si-circ_0021483 RNA into U87 and
A172 cells reduced their ability to migrate through the polycarbonate membrane in the Transwell device
by 50% and 75%, respectively (Fig. 2e). Very similar results were obtained from the Transwell cell invasion
assay with a 50% reduction in the number of U87 cells and 75% reduction in the number of A172 cells
that penetrated the Matrigel coated polycarbonate membrane in the Transwell device as a result of si-
circ_0021483 RNA transfection (Fig. 2f).

Cell cycle analysis by �ow cytometry of cellular DNA content revealed that transfection of U87 and A172
cells with si-circ_0021483 RNA resulted in an approximately 10% decrease in the number of G0-G1 cells
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and a 10% increase in the number of cells in the S phase, suggesting that hsa_circ_0021483 RNA arrested
cell cycle progression of U87 and A172 glioblastoma cells at the S phase (Fig. 2g).

 

Reducing the tumorigenicity of U87 glioblastoma cells by
decreasing the abundance of hsa_circ_0021483 in vivo
To investigate the effect of hsa_circ_0021483 RNA on the tumorigenicity of U87 cells, the cells were
subcutaneously transplanted into 3 groups of 4–6 weeks old BALB/c nude mice, including blank control
(BC), negative control (NC), and si-circ_0021483 groups. Mice in the blank control group were
subcutaneously injected with un-transfected (native) U87 cells, those in the negative control group were
injected with U87 cells transfected with negative control siRNA, and those in the si-circ_0021483 group
were transplanted with U87 cells transfected with siRNA against hsa_cir-0021483. Results showed that
tumors thus formed became palpable 30 days after the xenotransplantation and gradually increased in
size over time (Fig. 3b). The sizes of tumors in mice of BC and NC groups were about the same but were
signi�cantly smaller in mice of the si-circ_0021483 group (Fig. 3a). At 48 days after transplantation, the
average weight of tumors in mice of the si-circ_0021483 group was approximately 30% that of mice in BC
or NC group (Fig. 3c). These results suggest that reducing the abundance of hsa_circ_0021483 RNA by
siRNA in U87 cells weakened their tumorigenicity.

 

Interaction of hsa_circ_0021483 with miR-485 and SALL4
mRNA
To further characterize hsa_circ_0021483, its effect on the levels of SALL4 mRNA and the 7 miRNAs that
were found to be highly expressed in glioma cells was investigated. These miRNAs included miR-128-3p,
miR-491-5p, miR-4476, miR-485-5p, miR-433-3p, miR-129-5p, and miR-204-3p. The same 3 groups of U87
and A172 cells mentioned above were examined, including BC (native, un-transfected), NC (transfected
with negative control siRNA), and si-circ_0024183 (transfected with siRNA si-circ_0024183). Results of
qRT-PCR showed that the level of miR-485-5p in both U87 and A172 cells transfected with si-
circ_0024183 was increased by approximately 2 fold and that of SALL4 was decreased by approximately
50%. In si-circ_0024183 transfected A172 cells, the level of miR-4476 was increased by approximately
25% (Fig. 4a). The levels of other miRNAs were not signi�cantly changed by si-circ_0024183 transfection.
Taken together, these results suggested that miR-485-5p and SALL4 might the targets of
hsa_circ_0021483.

To investigate the interaction between miR-485-5p and hsa_circ_0021483 or SALL4, miR-485-5p binding
sites in hsa_circ_0021483 and SALL4 were mutated. Two 5’ regions of the gene encoding
hsa_circ_0021483 were mutated as follows: the sequence CAGGTGCCAGTCACT at nucleotides 9–23 was
changed to GTGCTCGGTCTGAGA, and the sequence GCCAGCCTC at nucleotides 37–45 was changed to
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CGGTCGGAG. For the SALL4 gene, the 5’ end sequence CAGCCTC located at nucleotides 15–21 was
changed to GTCGGAG (Fig. 4b).

A small DNA fragment containing the wild type (WT) or mutated (Mut) miR-485-5p binding sites of
hsa_circ_0021483 and SALL4 were separately cloned into pmirGLO vector downstream of the �re�y
luciferase gene (luc2). To ensure that the reporter assay would work properly, a positive control reporter
plasmid was constructed by cloning a DNA fragment with the sequence complementary to that of miR-
485-5p into the same location in pmirGLO. Each of the resulting recombinant reporter plasmid was
introduced into 293T cells by transfection together with a plasmid containing the constitutively expressed
Renilla luciferase (hRluc) gene, which served as the internal control for the dual reporter assay (Xie et al
2011).

Results of the dual reporter assay showed that the expression of the luc2 gene on the positive control
reporter plasmid in 293T cells was decreased by approximately 60% when the cells were transfected with
miR-485-5p, compared to those transfected with negative control miRNA. This result showed that the
reporter assay worked properly. Results also showed that the expression of the luc2 gene was decreased
by approximately 25% in 293T cells transfected with the pmirGLO reporter plasmid containing the
wildtype miR-485-5p binding site of hsa_circ_0021483 when miR-485-5p was transfected into the cells,
compared to the cells transfected with negative control (NC) RNA. In contract, no signi�cant difference in
the expression of the luc2 gene was observed in 293T cells transfected with the pmirGLO reporter
plasmid with the mutated miR-485-5p binding site of hsa_circ_0021483 when miR-485-5p or its mimic
was introduced into the cells (Fig. 4c). Similar results were obtained with 293T cells transfected with the
wildtype or mutated miR-185-5p binding site of the SALL4 gene and miR-485-5p or its mimic, and a 40%
reduction in �re�y luciferase activity was observed in cells transfected with the reporter plasmid
containing the wildtype miR-485-5p binding site and miR-485-5p, compared to those transfected with the
same reporter plasmid and NC RNA (Fig. 4c). These results suggest that miR-485-5p binds to its binding
site on the reporter plasmid thus reducing the expression of the luc2 gene.

To investigate the mechanism by which hsa_circ_0021483 RNA affects the levels of its target RNAs, its
association with the RNA-induced silencing complex (RISC) was determined by RNA immunoprecipitation
(RIP). For this experiment, an aliquot of U87 cell lysate, referred to as input sample, was mixed with anti-
SALL4 antibody or control antibody (nonspeci�c IgG). The RNA that was present in the
immunoprecipitated complex was quanti�ed by qRT-PCR. Results showed that the amount of
hsa_circ_0021483 RNA precipitated with anti-SALL4 antibody was approximately 60% of total
hsa_circ_0021483 RNA in the input sample. In contract, the amount of hsa_circ_0021483 RNA
precipitated with nonspeci�c IgG was less than 10% of total hsa_circ_0021483 RNA in the input sample
(Fig. 4d). These results suggested that hsa_circ_0021483 RNA was present in RISC.

Results of Western blotting showed that transfection of siRNA (si-sirc_0024183) against
hsa_circ_0021483 RNA into U87 cells resulted in a substantially decreased expression of SALL4,
compared to cells transfected with negative control (NC) siRNA (Fig. 4e). Such inhibitory effect on SALL4
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expression was not observed when the cells were transfected with both si-sirc_0024183 and miR-485-5p
inhibitor, which was an antisense RNA with the sequence complementary to miR-485-5p (Fig. 4e). When
U87 cells were transfected with miR-485-5p mimic, which was a synthetic double stranded miR-485-5p, a
result similar to that of the same cells transfected with si-circ_0024183 was obtained (Fig. 4e). The use of
this double-stranded miR-485-5p was to mimic the physiological conditions, in which most endogenous
miRNAs are double-stranded and become single-stranded during the process of forming a RISC (Lu et al
2018).

Western blotting results also showed that transfection of si-circ_0024183 RNA into U87 cells caused an
increase in the abundance of PTEN, but a decrease in the abundance of PI3K, p-PI3K, AKT, and p-AKT
(Fig. 4f), suggesting that the effect of hsa_circ_0021483 on the development of glioma may mediated
through the PTEN/PI3K/Akt signal transduction pathway. Results of this study are summarized in
Fig. 4G.

 

Discussion
In this study, we found that the circular RNA hsa_circ_0021483 has the potential to interact with the
protooncogene SALL4. Examination of the abundance of hsa_circ_0021483 RNA in various glioma
tissues revealed that a high level of hsa_circ_0021483 correlated with high-grade gliomas. In addition,
GBM patients with a higher level of hsa_circ_0021483 RNA were found to have a worse prognosis after
treatment. Results of both in vitro and in vivo experiments showed that decreased abundance of
hsa_circ_0021483 RNA results in alleviated gliomas.

Results of our bioinformatic studies also revealed that some miRNAs have the potential to bind to
hsa_circ_0021483 RNA and SALL4 mRNA. Among those, miR-485-5p was found to be most effective in
such binding. In vitro experiments showed that reducing the abundance of hsa_circ_0021483 RNA by
siRNA led to increased levels of miR-485-5p and decreased levels of SALL4 mRNA. In the dual reporter
assay, mi-485-5p was found to bind to hsa_circ_0021483 and SALL4 respectively. Therefore, we postulate
that hsa_circ_0021483 binds to miR-485-5p, rendering it unable to bind to SALL4 gene, thus releasing the
suppression of SALL4 expression by miR-485-5p; such action results in an increased expression of
SALL4. It is likely that hsa_circ_0021483 RNA functions as an endogenous competing RNA and competes
with miR-485-5p for binding to SALL4 mRNA. Interestingly, in RIP experiments, hsa_circ_0021483 RNA
was found to form a complex with the SALL4 protein. A series of studies have shown that circRNA can
participate in the mechanism of tumor generation and development by directly binding to proteins. Circ-
Amotl1 can promote tumorigenesis by inducing c-myc protein into the nucleus (Yang et al 2018). In
gliomas, CDR1as functions by closely binding with p53 protein in its DBD region rather than acting as a
miRNA sponge (Lou et al 2020). Our results also indicate that hsa_circ_0021483 can affect the
expression of SALL4 by sponging miR-485-5p. In addition, hsa_circ_0021483 can directly bind to SALL4
protein, which may affect the function of SALL4.
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SALL4 has been shown to bind to PTEN and recruit NuRD and DNMT to inhibit the expression of PTEN
(Liu et al 2018, Yang et al 2012). SALL4 and PTEN are known to inhibit the production of β-catenin
through the Akt/GSK3β signaling pathway (Gao et al 2013). Such action may affect the invasion and
migration of cancer cells as genes encoding MMP2 and VEGFA related to metastasis of cancers and
CXCR4 that promotes carcinogenesis are downstream genes of the Wnt-β-catenin signaling pathway
(Dubrovska et al 2009, Majumder et al 2016). PTEN can also affect the phosphorylation of PI3K/Akt and
activate the mTOR signaling pathway, thus changing the cell cycle of cancer cells (Luo et al 2021). In this
study, the expression of PTEN, PI3k and Akt also changed after hsa_circ_0021483 was interfered. Based
on these �ndings and those of other investigators, it is possible that hsa_circ_0021483 not only affect the
expression of SALL4 by sponging miR-485-5p, but also affects the function of SALL4 by directly binding
to SALL4 protein, thus affecting the development and function of glioma cells through the
PTEN/PI3K/Akt signal transduction pathway. However, more investigations are needed to determine how
hsa_circ_0021483, miR-485-5p, and SALL4 interact with the PTEN/PI3K/Akt signaling pathway in future.

It is well known that the development of cancer is affected by microenvironment (Barthel et al 2022). As
our mouse study with GBM cell transplantation provides little information on such effect, further studies
in which GBM cells are implanted into a speci�c region of the brain are warranted to better de�ne the
roles of hsa_circ_0021483, miR-485-5p, and SALL4 in the development and progression of glioma.

So far as we know, this is the �rst time the circRNAs have been shown to interact with SALL4. We found
that hsa_circ_0021483 regulates the expression and function of SALL4. Such interaction may affect
PTEN/PI3K/Akt signaling pathway in the development of glioma. Further investigations of these
molecules are needed in order to develop targeted therapy for glioma.
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Figure 1

a. Bioinformatic analyses of interactions among circRNAs, miRNAs, and SALL4. b. The levels of
hsa_circ_0021483 and hsa_circ_0048000 in normal brain cells, low-grade glioma cells, and high-grade
glioma cells from patients determined by qRT-PCR. c. Correlation between hsa_circ_0021483 RNA levels
in glioma cells and survival rates of patients with GBM determined by Kaplan-Meier curve. Data are
presented as mean ± SD. *** indicates p < 0.001 vs. control.
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Figure 2

a. Levels of hsa_circ_0021483 RNA in normal brain cells and U251, U87, and A172 glioblastoma cells
determined by qRT-PCR. b. Reduction in the abundance of hsa_circ_0021483 RNA in U87 and A172 cells
by siRNA si-circ_0021483. c. Proliferation of native (un-transfected) U87 and A172 cells (BC) and those
transfected with siRNA si-circ_0024183 (referred to as si-circ_0024183 cells) or negative control (NC)
siRNA over time. d. Apoptosis of BC, NC, and si-circ_0021483 U87 and A172 cells determined by �ow
cytometry. e. Migration ability of BC, NC, and si-circ_0021483 U87 and A172 cells assayed by Transwell. f.
Invasion of BC, NC, and si-circ_0021483 U87 and A172 cells through Matrigel coated membrane in the
Transwell device. g. Cell-cycle progression of BC, NC, and si-circ_0021483 U87 and A172 cells determined
by �ow cytometry. Data are presented as mean ± SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control.



Page 18/19

Figure 3

a. Tumor formation of xenotransplanted BC, NC, and si-circ_0021483 U87 cells in nude mice. b. Sizes of
tumors formed in mice xenotransplanted with BC, NC, and si-circ_0021483 U87 cells over time. c. Final
weight of tumors in mice derived from xenotransplanted BC, NC, and si-circ_0021483 U87 cells. Data of
tumor size and weight are presented as mean ± SD. *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs. control.
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Figure 4

a. SALL4 mRNA and various miRNAs in BC, NC, and si-circ_0021483 U87 and A172 cells determined by
qRT-PCR. b. Mutation of miR-485-5p binding site in hsa_circ_0021483 RNA and SALL4 mRNA. c. Levels of
luciferase activity in 293T cells transfected with miR-485-5p or its mimic (double-stranded miR-485-5p)
and pmirGLO reported plasmid containing wildtype or mutated miR-485-5p binding sites of
hsa_circ_0021483 or SALL4. d. Amounts of hsa_circ_0021483 RNA precipitated U87 cell lysate with anti-
SALL4 antibody or nonspeci�c IgG. e. Levels of SALL4 protein in un-transfected (NC) U87 cells and those
transfected with si-circ_0024183. f. Levels of PTEN, PI3K, p-PI3K, Akt, and p-Akt expression in un-
transfected (NC) U87 cells and those transfected with si-circ_0024183. Data of luciferase activity and
levels of circ_0024183 RNA are presented as mean ± SD. N = 3. *, p < 0.05; **, p < 0.01; ***, p < 0.001 vs.
control.


