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Glioblastoma multiforme (GBM) is the most aggressive and prevalent brain tumor in adults. The circRNA
derived from CLSPN (hsa_circ_0011591, circCLSPN) is remarkably upregulated in GBM; however its
functional role was uncovered yet. First, we examined expression of circCLSPN using GSE109569 database
and RT-qPCR, and circCLSPN level was upregulated in human GBM tumor tissues and cells (A172 and
LN18); moreover, circCLSPN showed a stable structure stability. Then, a series of loss-of-functional experiments were performed using CCK-8 assay, colony formation assay, ﬂow cytometry, scratch wound assay, and
transwell assay. Consequently, circCLSPN silencing suppressed cell viability, colony formation ability, cell
cycle progression, migration, and invasion of A172 and LN18 cells in vitro, and promoted apoptosis rate.
Allied with those were decreased B cell lymphoma-2 (Bcl-2), matrix metalloproteinase-2 (MMP2) and MMP9
expression, and elevated Bcl-2-associated X protein (Bax) level. According to dual-luciferase reporter assay
and RNA pull-down assay, miR-370-3p was identiﬁed to be targeted and sponged by circCLSPN, and further
targeted and negatively regulated USP39. Functionally, overexpressing miR-370-3p could mimic in vitro
effects of circCLSPN interference. Rescue experiments revealed that blocking miR-370-3p could partially
reverse the suppression of circCLSPN knockdown on cell growth, migration and invasion, and role of miR370-3p overexpression was abrogated by restoring USP39. In vivo, circCLSPN knockdown hindered tumor
growth of LN18 cells by affecting miR-370-3p, USP39, MMP2 and MMP9 expression. In conclusion,
circCLSPN elicited an oncogenic role in tumorigenesis and malignant progression of human GBM cells
through circCLSPN-miR-370-3p-USP39 pathway.
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1. Introduction
Glioblastoma multiforme (GBM) is a World Health
Organization (WHO) grade IV glioma that accounts for
approximately 80% of malignant brain tumors in adults
(Merve et al. 2019). GBM is the most lethal and most
common brain cancer with a very poor survival (12–15
months) (Davis 2016). The molecular genetic test has
been included into the latest classiﬁcation system of
http://www.ias.ac.in/jbiosci

tumors of central nervous system (Villa et al. 2018). To
date, minimally invasive biomarkers are emerging but
promising ﬁeld in GBM (Bark et al. 2020), and special
hotspot has been focused on GBM-associated noncoding RNAs, such as circular RNAs (circRNAs),
microRNAs (miRNAs) and messenger RNAs
(mRNAs) (Paulmurugan et al. 2019). More importantly, interactions among circRNAs, miRNAs and
mRNAs form a competitive endogenous RNAs
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(ceRNAs) network, which is a vital mechanism of
GBM tumorigenesis and development (Yuan et al.
2018).
CircRNAs are covalently closed molecules without a
50 -end cap or a 30 -end poly (A) tail, and originate from
back-splicing events of protein-coding genes. Advances
in circRNAs have been made in regulating the biological
behavior of gliomas including GBM (Zhang et al. 2020).
For example, circRNAs microarrays and high-throughput RNA sequencing have been applied to reveal
expression proﬁles of circRNAs in human GBM tumors
(Wang et al. 2018; Xia et al. 2019; Zhu et al. 2020).
Plasmatic
circRNAs
including
circFOXO3,
circ_0029426 and circ-SHPRH might be novel ﬁngerprints for the initiation of GBM (Chen et al. 2020).
Besides, circ_0029426 is proposed as a potential biomarker of severity and prognosis for GBM (Zhang et al.
2019). CLSPN gene encodes claspin protein, an important regulator for the S-phase checkpoint (Smits et al.
2019), and thus its dysregulation triggers cancer development. The endogenous circRNA derived from exons
11–14 of CLSPN (hsa_circ_0011591, circCLSPN) was
one of the top 20 upregulated circRNAs in GBM tissues
(Wang et al. 2018). However, the detail role of
circCLSPN remained undetermined in GBM yet.
MiRNAs belong to small regulatory noncoding RNAs
with approximate 22 nucleotides (Yan et al. 2020). The
regulation mechanism of miRNAs relies on the silencing
of some genes through target binding. MiRNA (miR)370-3p is a therapeutic tool in anti-GBM therapy and
could meddle in GBM tumorigenesis, progression, and
chemoresistance (Gao et al. 2016; Lulli et al. 2020;
Nadaradjane et al. 2018). Even though circRNAs-miR370-3p regulatory network has become ongoing trials
(Chen et al. 2019; Wei et al. 2020), this remains vague in
human gliomas including GBM.
In this present study, expression of circCLSPN and
miR-370-3p in human GBM tissues was discovered,
and their roles were investigated in GBM cells both
in vitro and in vivo. Ubiquitin-speciﬁc peptidase 39
(USP39) is generally overexpressed in multiple
malignant tumors including glioma (Ding et al. 2019),
and interactions among circCLSPN, miR-370-3p and
USP39 were further identiﬁed.

Hospital of Wuhan Caidian District. The tumor tissues
and non-carcinoma tissues were collected during the
radical resection. The patients were diagnosed in
accordance with the WHO classiﬁcation (Wen and
Huse 2017). None of the patients has received radiotherapy or chemotherapy beforehand. All patients
provided written informed consents, and this clinic
sample collection was performed after getting the
approval of Renmin Hospital of Wuhan Caidian
District.
2.2 Cell culture
Human GBM cell lines including A172 (CRL-1620)
and LN18 (CRL-2610) were originally purchased from
American Type Culture Collection (ATCC; Manassas,
VA, USA), and normal human astrocytes (NHA;
BNCC-337972) was from BeNa Culture Collection
(Beijing, China). A172 and LN18 cells were cultivated
in ATCC-formulated Dulbecco’s Modiﬁed Eagle’s
Medium, and NHA was cultured in Dulbecco’s modiﬁed Eagle medium/High Glucose (Hyclone, Logan,
UT, USA). All the cells were incubated in 10% fetal
bovine serum (FBS; Hyclone) in a humidiﬁed incubator at 37°C with 5% CO2.

2.3 Cell transfection
A172 and LN18 cells were exogenously administrated
with siRNA/shRNA against circCLSPN (si/shcircCLSPN), miR-370-3p mimic, biotin-labelled (Bio-)
miR-370-3p, antiRNA against miR-370-3p (anti-miR370-3p), and pIRES2-EGFP vector carrying USP39
cDNA (NM_001256726.2), as well as relative controls
with the help of Lipofectamine 3000 (Invitrogen,
Carlsbad, CA, USA). The oligonucleotides were synthesized by GENEWIZ (Beijing, China), and vectors
were from Addgene (Watertown, MA, USA). A172 and
LN18 cells were harvested after transfection for 30 h for
further treatment. Three repeats were performed in different transfection groups. The si/shRNA sequence of
circCLSPN was AGAUGGACUGCAGAAUUCCTT,
and si/sh-NC was UUCUCCGAACGUGUCACGUTT.

2. Materials and methods
2.1 GBM samples collection

2.4 Reverse transcription-quantitative PCR (RTqPCR)

A total of 30 adult patients with GBM were recruited
from the Department of Neurosurgery at Renmin

The RNAs in tissues and cells were isolated using a
PureLink miRNA Isolation Kit (Thermo Fisher
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Scientiﬁc, Waltham, MA, USA) according to the
manufacturer’s instruction. For detection of circCLSPN
and USP39 mRNA, AccessQuickTM RT-PCR System
(Promega, Madison, WI, USA) and GoTaqÒ qPCR
Master Mix (Promega) were used for RT reaction and
qPCR reaction with corresponding primers in triplicate;
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
was the internal control for normalization. For miR370-3p detection, it was performed with miRNeasy
Mini kit (Qiagen, Valencia, CA, USA) and miScript
reverse transcription kit (Qiagen) and normalized to U6
using primers. Primer sequence was listed as follows:
circCLSPN forward CAACTGTTGGATGCAGATGG
and reverse CTGCCTTGCCAATTTCACTAC, linear
CLSPN forward CTGGGCTATTTCGAGCCAGT and
reverse GCTCTGGGGAGGCGTTATAC, miR-370-3p
forward GCCTGCTGGGGTGGAACCTGGT and
reverse GGTCCAGTTTTTTTTTTTTTTTACCAGG,
USP39 forward AGCTTACCAAGTTGCCTCCA and
reverse CCATTTGCCTGTCCCGTAATA, GAPDH
forward ACAACTTTGGTATCGTGGAAGG and
reverse GCCATCACGCCACAGTTTC, and U6 forward GCTTCGGCAGCACATATACTAAAAT and
reverse CGCTTCACGAATTTGCGTGTCAT. The
results were evaluated by cycle threshold (Ct) method
(Livak and Schmittgen 2001).
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Transfected A172 and LN18 cells were inoculated
in 6-well plate at a concentration of 250 cells/well.
With another cell culture for two weeks, the single cell
was formed colony, and the colonies were ﬁxed with
4% paraformaldehyde for 30 min and stained with
0.1% crystal violet for 30 min. The number of colonies
([ 50 cells) was counted under a microscope after
photographing.
2.7 Flow cytometry (FCM)
Cell cycle distribution and apoptosis rate were analyzed on FCM. After transfection, A172 and LN18
cells (1 9 106) were re-suspended in ice-cold Binding
buffer. For cell cycle analysis, the cells were ﬁxed with
70% ethanol for 12 h, treated with RNase A for 30 min,
and stained with propidium iodide (PI; Beyotime,
Shanghai, China) for 30 min in the dark. For apoptosis
analysis, the cells were double stained with AnnexinVﬂuorescein isothiocyanate (FITC) and PI for 30 min in
the dark according to the instruction of Annexin
V-FITC/PI apoptosis detection kit (Beyotime). The
percentages of cells in different cell cycle phases and
apoptotic cells were discriminated on FACS Vantage
SE ﬂow cytometer (BD Biosciences, San Jose, CA,
USA).

2.5 The stability identiﬁcation of circCLSPN
2.8 Scratch wound assay and transwell assay
The extracted RNAs from A172 and LN18 cells were
treated with 3 U/lg of Ribonuclease R (RNase R; Duma,
Shanghai, China) or equal volume of the 19 RNase R
reaction buffer for 20 min at 37°C. A172 and LN18 cells
were treated with 5 mg/mL of Actinomycin D (ActD;
Amyjet Scientiﬁc, Wuhan, China) for 0 h, 4 h, 8 h, 12 h
and 24 h, and then total RNAs were isolated at each
timing. Then, RNAs were followed by RT-qPCR to
verify the expression of circCLSPN and linear CLSPN.
Three repeats were performed in different groups.
2.6 Cell counting kit (CCK)-8 assay and colonyforming assay
After transfection, A172 and LN18 cells were seeded in
96-well plate. Then, 10 lL of CCK-8 regent (Dojindo,
Tokyo, Japan) was added into each well at 0 h, 24 h, 48
h, and 72 h from cell seeding. Five repeats were performed in different wells, and optical density (OD)
value at 450 nm was read on a microplate reader
(Molecular Devices, Sunnyvale, CA, USA).

Transfected A172 and LN18 cells (1 9 106 cells/well)
were plated in 6-well plate, and then gently and slowly
scratched with a 200 lL pipette tip. Then, the rest of
cells were cultured in serum-free medium for another
24 h after removing the ﬂoating cells. The width of the
scratch wound was photographed and analyzed before
and after wound healing, and wound healing rate was
measured.
Transwell chambers (Corning, Corning, NY, USA)
were used to detect migration and invasion abilities.
A172 and LN18 cells (2 9 104 cells/well) were seeded in the upper chamber with or without Matrigel
(BD Biosciences) to identify cell invasion and
migration, respectively. The lower chamber was ﬁlled
with 10% FBS. These transwell devices were incubated in 37°C with 5% CO2 for another 48 h. The
migratory and invasive cells on the bottom membrane
were captured and counted under a microscope
(1009) following ﬁxed with 4% paraformaldehyde
for 30 min and stained with 0.1% crystal violet for 30
min.
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2.9 Western blotting
The protein was extracted from tissues and cells using
RIPA lysis buffer (ab156034; Abcam, Cambridge,
UK), followed by standard Western blotting. The primary antibodies were against USP39 (ab131244, 1:10
000), B cell lymphoma-2 (Bcl-2; ab196495, 1:2 000),
Bcl-2-associated X protein (Bax; ab263897, 1:2 500),
matrix metalloproteinase-2 (MMP2; ab97779, 1:2
500), MMP9 (ab38898, 1:1 000), and GAPDH
(ab9485, 1:2 500) were provided by Abcam as well.
Signals detection and images acquisition were performed by Immobilon ECL substrate (Millipore, Billerica, MA, USA) and chemiluminescence. The band
intensity was analyzed on ImageJ software (National
Institutes of Health). Protein expression was normalized to the internal control GAPDH, and relative protein expression was the fold change of corresponding
protein expression in experimental group to that in
control group.
2.10 Dual-luciferase reporter assay and RNA
pull-down assay
The miR-370-3p binding sites in wild type (WT) of
circCLSPN and USP39 30 -untranslated region (30
UTR) were mutated to establish mutants (MUT) of
circCLSPN MUT and USP39 30 UTR, respectively.
Then, the WT and MUT of circCLSPN and USP39
were separately inserted into luciferase reporter vector
pmirGLO (Promega). A172 and LN18 cells were cotransfected with pmirGLO vectors and either miR-3703p mimic or miR-NC mimic in triplicate. After cotransfection for 48 h, cell lysates were detected on
GloMaxÒ Discover Microplate Reader (Promega).
Bio-miR-NC (Bio-NC) or Bio-miR-370-3p were
introduced into A172 and LN18 cells for 30 h. Cell
lysates were collected to incubate with streptavidincoupled magnetic beads at 4°C for 3 h. After Proteinase
K treatment, the pull-down RNA was isolated by
PureLink miRNA Isolation Kit (Thermo Fisher Scientiﬁc) prior to RT-qPCR.
2.11 Xenograft tumor model
The sh-circCLSPN and sh-NC were stably transfected into LN18 cells, which were subcutaneously
injected into the back of athymic BALB/c nude
mice (male, 4–5-week-old). Six mice were included
in each group to generate xenograft tumors, and 5

9 106 cells were for every mouse. After cell
injection, the sizes of tumors were measured with
caliper every 7 days for 5 times, and tumor weight
was checked using electronic balance on the last
day. Tumor volume was calculated using 0.5 9
[length] 9 [width]2 equation. The mice were
euthanatized followed by tumor tissue collection
from xenograft mice. These mice were purchased
from the Hunan SJA Laboratory Animals Center of
the Chinese Academy of Sciences (Hunan, China),
and this animal experiment was approved by the
Ethics Committee of Renmin Hospital of Wuhan
Caidian District. The mice were housed under
pathogen-free conditions and all animal operations
were following the Guide for the Care and Use of
Laboratory Animals of the National Institutes of
Health.
2.12 Statistical analysis
Data were presented as the mean ± standard deviation
from three independent experiments, and data comparison was assessed by Student’s t-test or one-way
analysis of variance followed by Tukey’s post hoc test.
The data analysis was performed on GraphPad Prism
Version 5.0 Software (GraphPad Software, La Jolla,
CA, USA), and P values less than 0.05 were considered
as statistically signiﬁcant: * represented as P\0.05, **
represented as P\0.01, and *** represented as
P\0.001.
3. Results
3.1 Expression of circCLSPN was upregulated
in human GBM tumor tissues and cells
According to GSE109569 dataset, expression of
circCLSPN was increased in GBM tumor tissues (6.4fold) than adjacent normal tissues (ﬁgure 1A), which
was further veriﬁed to be 2.9-fold higher in the cohort
of 30 GBM tissue samples by RT-qPCR (ﬁgure 1B).
Besides, its level was increased in human GBM A172
and LN18 cells (2.7-fold and 3.4-fold) versus NHA
(ﬁgure 1C). The stability of circCLSPN was further
investigated. Comparing to linear CLSPN, expression
of circCLSPN was little affected by ActD treatment
(ﬁgure 1D, E) or RNase R treatment (ﬁgure 1F, G) in
both A172 and LN18 cells. These results suggested
circCLSPN as an upregulated circRNA in GBM tumors
and cells with a stable structure.
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Figure 1. Expression of circRNA derived from CLSPN (hsa_circ_0011591, circCLSPN) in glioblastoma multiforme
(GBM) tissues and cells. (A) Gene Expression Omnibus (GEO) database showed the level of circCLSPN in three paired
GBM tumor tissues (Tumor) and adjacent normal tissue (Normal) according to GSE109569 dataset. (B) RT-qPCR measured
circCLSPN level in both Normal and Tumor biopsies from 30 GBM patients. (C) RT-qPCR measured circCLSPN level in
human GBM cell lines (A172 and LN18), and normal human astrocytes (NHA). (D-G) RT-qPCR measured levels of
circCLSPN and linear CLSPN in A172 and LN18 cells after treatment of (D, E) Actinomycin D (ActD) for 0–24 h, and (F,
G) Ribonuclease R (RNase R) or 19 RNase R reaction buffer (Mock) for 20 min. (H) RT-qPCR measured circCLSPN level
in A172 and LN18 cells transfected with siRNA against circCLSPN (si-circCLSPN) or the negative control (si-NC). *P\0.05
and ***P\0.001.

3.2 Deleting circCLSPN restrained cell growth,
migration and invasion of human GBM cells in vitro
Next, siRNA transfection was used to block
circCLSPN, and si-circCLSPN led to a signiﬁcant
decrease of circCLSPN level in A172 and LN18 cells
(0.41-fold and 0.38-fold) (ﬁgure 1H). A group of loss-offunctional assays were performed to measure the role of
circCLSPN knockdown in A172 and LN18 cells in vitro.
Mitochondrial cell viability analyzed by CCK-8 assay
was restrained due to si-circCLSPN transfection
(ﬁgure 2A, B). Colony formation assay was done to

assess long term survival and clonogenic potential of the
cells, and number of colonies was declined by silencing
circCLSPN (ﬁgure 2C). Contrarily, apoptosis rate of
A172 and LN18 cells examined by FCM was promoted
with the administration of si-circCLSPN (ﬁgure 2D),
accompanied with reduced Bcl-2 expression and elevated Bax expression (ﬁgure 2K, L); in addition, the
deletion of circCLSPN led to cell cycle arrest, as evidenced by the loss of S-phase cells and increase of G0/
G1-phase cells (ﬁgure 2E, F). Scratch wound assay
depicted that wound healing rate of A172 and LN18 cells
was depressed in the presence of si-circCLSPN
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Figure 2. Role of circCLSPN knockdown in GBM cells in vitro. (A, B) CCK-8 assay measured optical density (OD) values
of transfected A172 and LN18 cells and un-transfected cells (Control) for 0–72 h. (C) Colony-forming assay showed the
number of colonies in transfected A172 and LN18 cells. (D-F) Flow cytometry (FCM) detected (D) apoptosis rate and (E,
F) cell cycle distribution of A172 and LN18 cells after transfection. ***P \ 0.001.

(ﬁgure 3A, B); similarly, transwell migration and invasion were consistently suppressed with circCLSPN
downregulation (ﬁgure 3C, D), accompanied with lower
expression of MMP2 and MMP9 (ﬁgure 3E, F). Abovementioned results demonstrated a suppressive role of
circCLSPN knockdown in human GBM cell growth,
migration and invasion in vitro.
3.3 CircCLSPN served as a ceRNA of miR-370-3p
in GBM cells
Venn diagram showed that there were two overlapping
miRNAs that were predicted as potential targets of
circCLSPN according to starBase, circbank and circinteractome software (ﬁgure 4A). Both miR-370-3p and
miR-330-5p were upregulated in response to
siRNA-mediated circCLSPN silencing in A172 and
LN18 cells (ﬁgure 4B, C); however, expression of
miR-370-3p was more sensitive to circCLSPN knockdown. Thus, miR-370-3p was selected to be further
conﬁrmed depending on the putative binding sites

between circCLSPN WT and miR-370-3p (ﬁgure 4D).
Dual-luciferase reporter assay revealed a distinctive
decrease of luciferase activity in circCLSPN WT-expressing A172 and LN18 cells co-transfected with miR370-3p mimic (about 0.5-fold) than miR-NC mimic
(ﬁgure 4E, F). RNA pull-down assay identiﬁed an
enrichment of circCLSPN by Bio-miR-370-3p (more
than 10-fold) versus negative control Bio-NC group
(ﬁgure 4G). These outcomes indicated a direct interaction relationship between circCLSPN and miR-370-3p.
Besides, miR-370-3p was downregulated in these 30
GBM tissues and two GBM cell lines (ﬁgure 4H, I).
3.4 Blocking miR-370-3p partially reverse the role
of circCLSPN knockdown in human GBM cells
in vitro
Rescue experiments demonstrated that upregulation
of miR-370-3p in A172 and LN18 cells transfected
with si-circCLSPN was diminished by the co-transfection of anti-miR-370-3p (ﬁgure 5A). Except for
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Figure 3. Role of circCLSPN knockdown in GBM cell migration and invasion in vitro. (A, B) Scratch wound assay
determined wound healing rate of A172 and LN18 cells after transfection. (C, D) Transwell assays evaluated numbers of
migration cells and invasion cells in transfected A172 and LN18 cells. (E, F) Western blotting examined protein expression
levels of Bcl-2, Bax, MMP2 and MMP9 in A172 and LN18 cells after transfection. ***P \ 0.001.

that, cell viability and colony number of circCLSPNblocked cells were consistently improved with
blockage of miR-370-3p (ﬁgure 5B–D). Apoptosis
rate and G0/G1-phase cell distribution were enhanced
by circCLSPN deﬁciency in A172 and LN18 cells,
and this promotion was then abolished by miR-3703p downregulation mediated by its antiRNA
(ﬁgure 5E–G). CircCLSPN silence-induced inhibition
of wound healing ability and transwell migration and
invasion were overall abrogated by silencing miR370-3p (ﬁgure 6A–C). Besides, the inhibiting or
promoting effect of si-circCLSPN on Bcl-2, Bax,
MMP2 and MMP9 expression was partially reversed
due to the introduction of anti-miR-370-3p
(ﬁgure 6D, E). These results collectively demonstrated that blocking miR-370-3p could counteract
the functional role of circCLSPN knockdown in
regulation of GBM cell growth, migration and
invasion in vitro.

3.5 USP39 was a target gene of miR-370-3p
in GBM cells
TargetScanHuman software (http://www.targetscan/
humanusp39 ENST00000409766.3 30 utr-miR-370-3p)
predicted potential miR-370-3p binding sites in two
different regions of USP39 30 UTR, and the conserved
one was selected to be further validated (ﬁgure 7A).
Dual-luciferase reporter assay data described that reexpression of miR-370-3p caused a decline of luciferase activity of USP39 30 UTR WT vector rather than
USP39 30 UTR MUT vector (ﬁgure 7B, C). According
to
GEPIA
(http://gepia.cancer-pku.cn/detail.php
gene=usp39), USP39 mRNA level was upregulated in
GBM tissues (5.6-fold) compared to The Cancer
Genome Atlas (TCGA) normal data (4.2-fold)
(ﬁgure 7D), which was consistent with RT-qPCR and
Western blotting data in these 30 GBM biopsies
(ﬁgure 7E, F). Additionally, mRNA and protein
expression levels of USP39 were synchronously
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Figure 4. CircCLSPN served as a competing endogenous RNA (ceRNA) of miR-37-3p in GBM cells. (A) Venn diagram
analyzed the overlapping results of miRNAs binding sites in circCLSPN according to starBase, circbank and circinteractome
algorithms. (B, C) RT-qPCR measured levels of miR-370-3p and miR-330-5p in A172 and LN18 cells transfected with sicircCLSPN or si-NC. (D) Schematic diagram showed the predicted miR-370-3p binding sites in circCLSPN wild type (WT)
and the mutations in circCLSPN mutant type (MUT). (E, F) Dual-luciferase reporter assay determined luciferase activity in
A172 and LN18 cells co-transfected with circCLSPN WT/MUT and miR-370-3p mimic (miR-370-3p) or miR-NC mimic
(miR-NC). (G) RNA pull-down assay identiﬁed circCLSPN enrichment in A172 and LN18 cells transfected with biotinlabelled miR-NC (Bio-NC) or Bio-miR-370-3p. (H, I) RT-qPCR measured miR-370-3p level in 30 GBM patients and cell
lines (NHA, A172 and LN18). **P\0.01 and ***P\0.001.

increased in A172 and LN18 cells than NHA
(ﬁgure 7G, H), and USP39 expression was inhibited in
condition of miR-370-3p overexpression (ﬁgure 7I–K).
More importantly, USP39 expression was downregulated by circCLSPN knockdown in A172 and LN18
cells, which was then rescued with anti-miR-370-3p
transfection (ﬁgure 7L, M). These results suggested
that USP39 serving as a target gene of miR-370-3p was
upregulated in human GBM tissues and cells via being
controlled by circCLSPN-miR-370-3p axis.

3.6 Restoring USP39 partially abrogated
the suppressive role of miR-370-3p overexpression
in cell growth, migration and invasion of human
GBM cells in vitro
USP39 protein expression was depressed in miR-3703p mimic-expressing A172 and LN18 cells, and this
depression was diminished by expressing USP39-

overexpression vector (ﬁgure 8A). Cell viability and
colony number of A172 and LN18 cells were lowered
with miR-370-3p overexpression, and the both were
recovered with ectopix expression of USP39
(ﬁgure 8B–D). Reinforcing miR-370-3p highly
induced apoptotic cells and G0/G1-phase cells, which
was then abolished by USP39 upregulation mediated
by its overexpression vector transfection (ﬁgure 8E–G).
MiR-370-3p overexpression also mediated an inhibition of wound healing ability and transwell migration
and invasion, and restoring USP39 could partially
abrogate that (ﬁgure 9A–C). Molecularly, expression of
Bcl-2, MMP2 and MMP9 in A172 and LN18 cells
transfected with miR-370-3p mimic was overall salvaged and Bax expression was diminished due to the
introduction
of
pIRES2-EGFP-USP39
vector
(ﬁgure 9D, E). Collectively, miR-370-3p overexpression could inhibit GBM cell growth, migration and
invasion in vitro, and this suppressive role was counteracted by USP39 upregulation.
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Figure 5. The effect of miR-370-3p on growth of human GBM cells with circCLSPN knockdown. (A) RT-qPCR measured miR370-3p level in A172 and LN18 cells transfected with si-circCLSPN alone or together with antiRNA against miR-370-3p (antimiR370-3p) or its negative control (anti-miR-NC). (B, C) CCK-8 assay measured OD values of A172 and LN18 cells after transfection for
0–72 h. (D) Colony-forming assay showed the number of colonies in transfected A172 and LN18 cells. (E–G) FCM detected
(E) apoptosis rate and (F, G) cell cycle distribution of A172 and LN18 cells after transfection. **P \ 0.01 and ***P \ 0.001.

Figure 6. The effect of miR-370-3p on migration and invasion of human GBM cells with circCLSPN knockdown.
(A) Scratch wound assay determined wound healing rate of A172 and LN18 cells after transfection. (B, C) Transwell assays
evaluated numbers of migration cells and invasion cells in transfected A172 and LN18 cells. (D, E) Western blotting
examined protein expression levels of Bcl-2, Bax, MMP2 and MMP9 in A172 and LN18 cells after transfection. *P\0.05,
**P \ 0.01 and ***P \ 0.001.
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Figure 7. Ubiquitin-speciﬁc peptidase 39 (USP39) was a target gene of miR-370-3p in GBM cells. (A) Schematic diagram
showed the sites among miR-370-3p, USP39 30 UTR WT and USP39 30 UTR MUT. (B, C) Dual-luciferase reporter assay
determined luciferase activity in A172 and LN18 cells co-transfected with USP39 30 UTR WT/MUT and miR-370-3p or miRNC. (D) The boxplot showed the expression of USP39 in GBM tumors (T; n=163) matched with The Cancer Genome Atlas
(TCGA) normal data (N; n=207) according to GEPIA (http://gepia.cancer-pku.cn/detail.php gene=usp39). (E-H) RT-qPCR
and western blotting detected (E, G) USP39 mRNA expression and (F, H) USP protein expression in GBM patients and cell
lines (NHA, A172 and LN18). (I) RT-qPCR examined relative miR-370-3p expression in miR-370-3p or miR-NC-transfected
A172 and LN18 cells. (J-M) RT-qPCR and Western blotting detected (J, L) USP39 mRNA level and (K, M) USP39 protein
level in A172 and LN18 cells transfected with (J, K) miR-370-3p or miR-NC, and (L, M) si-NC alone, si-circCLSPN alone
or together with anti-miR-370-3p or anti-miR-NC. **P\0.01 and ***P\0.001.

3.7 Silencing circCLSPN hindered tumorigenicity
of human GBM cells in vivo
To further conﬁrm the reciprocal role among
circCLSPN, miR-370-3p and USP39 in tumorigenicity
of GBM cells in vivo, xenograft tumor model was
established by subcutaneously injecting LN18 cells
stably transfected with sh-circCLSPN or sh-NC. As a
result, tumor volume and weight were restrained in shcircCLSPN tumors (ﬁgure 10A–C), which displayed
lower expression levels of circCLSPN and USP39 (0.5fold and 0.6-fold), and higher miR-370-3p level (1.9
fold) (ﬁgure 10D–F). These data suggested that

xenograft tumor growth of human GBM cells was
hindered by circCLSPN knockdown via regulating
miR-370-3p and USP39.
4. Discussion
As one subtype of less investigated noncoding RNAs,
circRNAs had been emerging as signiﬁcant players in
the development of gliomas, and showed a potential
property as further biomarkers of this diffuse and
heterogeneous tumor (Rynkeviciene et al. 2018). Wang
et al. (Wang et al. 2018) screened a mass of aberrantly
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Figure 8. The role of miR-370-3p and USP39 in human GBM cell growth in vitro. (A) Western blotting examined USP39
protein level in A172 and LN18 cells transfected with miR-NC alone, miR-370-3p alone or combined with pIRES2-EGFPUSP39 (USP39) vector or empty pIRES2-EGFP vector (vector). (B, C) CCK-8 assay measured OD values of A172 and
LN18 cells after transfection for 0–72 h. (D) Colony-forming assay showed the number of colonies in transfected A172 and
LN18 cells. (E–G) FCM detected (E) apoptosis rate and (F, G) cell cycle distribution of A172 and LN18 cells after
transfection. **P \ 0.01 and ***P \ 0.001.

altered circRNAs in three GBM tumors. In that
microarray data, circCLSPN was upregulated to more
than 16.9-fold than adjacent normal tissues; however,
they only further explored the role of circMMP9 (the
most upregulated circRNA) in GBM pathology and left
alone many other key circRNAs, such as circCLSPN.
Here, we focused on studying expression and functional role of circCLSPN in GBM cells. Consequently,
the upregulation of circCLSPN was veriﬁed in GBM
tumor tissues and cells with structure stability; in
addition, the suppressive effects of circCLSPN
knockdown were further conﬁrmed on human GBM
cell growth, migration, and invasion via one novel
ceRNA pathway.
In this study, we conﬁrmed a circCLSPN-miR-3703p-USP39 axis using four bioinformatics algorithms
(starBase, circbank, circinteractome, and TargetScanHuman) plus dual-luciferase reporter assay and
RNA pull-down assay. Meanwhile, multi-step computational framework and bioinformatics methods had
already been employed to construct ceRNA networks

including differently expressed circRNAs, mRNAs,
lncRNAs, and miRNAs in GBM (Li and Diao 2019;
Yuan et al. 2018). Here, we demonstrated a downregulation of miR-370-3p in human GBM biopsy samples
and cells utilizing RT-qPCR analysis, which was consistent with previous results (Gao et al. 2016; Lu et al.
2018; Lulli et al. 2020). Moreover, miR-370-3p
expression in gliomas was distinctively associated with
WHO grade (Lu et al. 2018) and temozolomide (TMZ)
resistance (Gao et al. 2016). For example, Gao et al.
(Gao et al. 2016) noticed a declined expression of miR370-3p in TMZ-resistant GBM LN18 and T98G cells
compared to the sensitive U87 cells. Additionally, miR370-3p level was overall lower in 7 human GBM cell
lines, and LN18 cells exhibited the lowest level of this
miRNA (Gao et al. 2016). However, we proposed a
relatively higher miR-370-3p level in LN18 cells
comparing to A172 cells, and A172 cell line was not
included in research of Gao et al. (Gao et al. 2016).
Functionally, miR-370-3p upregulation mediated by
mimic transfection or circCLSPN knockdown could
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Figure 9. The role of miR-370-3p and USP39 in human GBM cell migration and invasion in vitro. (A) Scratch wound assay
determined wound healing rate of A172 and LN18 cells after transfection. (B, C) Transwell assays evaluated numbers of
migration cells and invasion cells in transfected A172 and LN18 cells. (D, E) Western blotting examined protein expression
levels of Bcl-2, Bax, MMP2 and MMP9 in A172 and LN18 cells after transfection. **P \ 0.01 and ***P \ 0.001.

Figure 10. The role of circCLSPN knockdown in tumorigenicity of human GBM cells in vivo. (A) Tumor volume in nude
mice (n=6/group) was measured every 7 days after subcutaneous injection of LN18 cells stably transfected with shRNA
against circCLSPN (sh-circCLSPN) or the negative control (sh-NC). (B) Tumor weight in nude mice (n=6/group) was
examined on the last day. (C) The most representative image of tumors were presented in each group. (D, E) RT-qPCR
measured circCLSPN and miR-370-3p levels and (F) Western blotting detected USP39 protein level in xenograft tumor
tissues. ***P\0.001.

suppress cell viability, cell cycle progression, colony
formation, wound healing, migration and invasion of
GBM A172 and LN18 cells in this study, accompanied

with apoptosis promotion. The anti-proliferative role,
pro-apoptotic effect, anti-migration and invasion traits
of miR-370-3p had been previously revealed in
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gliomas including GBM (Gong et al. 2017; Lu et al.
2018; Peng et al. 2016). Cell cycle arrest in G0/G1phase had also been discovered in miR-370-3p-overexpressed glioma cells, such as U251 and U87-MG
(Peng et al. 2016), as well as GBM cells (A172 and
LN18) in this study. Above-mentioned results suggested that miR-370-3p could act as a tumor suppressor
in human GBM cells. Noticeably, tumor-suppressive
role of miR-370-3p had also been obtained in GBM
stem-like cells and TMZ-resistant GBM cells (LN18)
(Gao et al. 2016; Lulli et al. 2020). Taken together,
miR-370-3p might probably be a promising anti-GBM
tool. By the way, miR-370-3p expression status seemed
to be irrelevant to overall survival rate of GBM (Lulli
et al. 2020; Nadaradjane et al. 2018).
Multiple target genes of miR-370-3p had been
reported in gliomas, such as b-catenin, cyclin E2, and
HIF1A (Gong et al. 2017; Lulli et al. 2020; Peng et al.
2016). Here, we searched and conﬁrmed USP39 as a
novel target of miR-370-3p in GBM. USP39 functioned oncogenic properties in varying tumors. For
example, Ding et al. (Ding et al. 2019) declared that
USP39 deﬁciency inhibited cell viability, invasion and
migration of glioma U87MG, A172 and P3 cells
in vitro as well as in vivo. Here, we observed that
restoring USP39 could contribute to cell viability, cell
cycle entrance, colony formation, wounding healing,
migration and invasion of A172 and LN18 cells in spite
of miR-370-3p overexpression. Expression of USP39
was overexpressed in human GBM tissues and cells,
and Ding et al. (Ding et al. 2019) further discovered
the positive correlation between USP39 expression and
WHO grade. However, we did not further decipher the
involvement of itself in other subtypes of gliomas.
Furthermore, the role of USP39 in gliomas including
GBM remained poorly investigated to date; even so,
USP39 might be proposed as a functional target gene
of circCLSPN-miR-370-3p axis in regulating cell
growth, migration and invasion of GBM. Since only a
few miRNAs had been testiﬁed to target USP39 to date
(Cai et al. 2017; Jiang et al. 2018; Xie et al. 2019), it
remained an ongoing research prior to its being therapeutic target for human tumors including gliomas.
In conclusion, this study demonstrated an oncogenic
role of circCLSPN in human GBM cells by regulating
cell growth, migration and invasion, as well as
tumorigenicity. Mechanically, circCLSPN served as
ceRNA for miR-370-3p to further modulate expression
of USP39. All in all, we deciphered the role and
molecular mechanism of circCLSPN in the malignant
development of human GBM, suggesting a potential
anti-GBM therapy.
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