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Background: Medulloblastoma (MB) is the most common malignant brain tumor during
childhood. Circular RNA (circSKA3) was identified to function as an oncogene in MB.
However, the mechanism of circSKA3 in MB remains unclear.

Methods: The levels of circSKA3, microRNA-383-5p (miR-383-5p), and forkhead box M1
(FOXM1I) in MB tissues were measured by quantitative real-time polymerase chain reaction
(qRT-PCR). The cell viability and apoptotic rate were assessed via 3-(4,5-dimethyl-2-thia-
zolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay and flow cytometry, respectively.
The protein levels of B-cell lymphoma 2 (Bcl-2), C-Caspase3, and FOXM1 were detected
via Western blot assay. Cell cycle was detected by flow cytometry. The migration and
invasion abilities were monitored by Transwell assay. The dual-luciferase reporter assay
was constructed to verify the interactions between miR-383-5p and circSKA3 or FOXM]I.
The mice model experiment was carried out to validate the effects of circSKA3 in vivo.
Results: The levels of circSKA3 and FOXM1 were significantly elevated, while the level of
miR-383-5p was notably declined in MB tissues. CircSKA3 was validated to sponge miR-
383-5p, and FOXM1 was a candidate target of miR-383-5p. CircSKA3 silencing impeded
cell proliferation, migration, and invasion while promoted apoptosis by targeting miR-383-5p
in vitro and retarded xenograft tumor growth in vivo. miR-383-5p suppressed cell prolifera-
tion, migration, and invasion but promoted apoptosis in MB cells by regulating FOXM1.
CircSKA3 depletion decreased FOXM1 expression via miR-383-5p in MB cells.
Conclusion: CircSKA3 augmented MB progression partly through miR-383-5p/FOXM]1
axis.
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Introduction
Medulloblastoma (MB) is a malignant brain tumor in children,' with high hetero-
geneity and aggressive. MB consists of many different molecular subtypes. Based
on the significant differences in genetics, demography, and clinical characteristics,
MB was classified as four distinct molecular subtypes: WNT, SHH, Group 3, and
Group 4.* Current treatment methods including surgery, radiotherapy, and che-
motherapy have contributed to the overall survival rate of MB patients, which the
overall survival rates reached 75%.>° However, there is a high probability for MB
survivors to suffer from side effects,

long-term including neurological,

submit your manuscript

Dove n

http:

in 3

Cancer Management and Research 2020:12 13415-13426 13415

© 2020 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.

AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the
work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:dedfedx@163.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com

Wang et al

Dove

neuroendocrine, and psychosocial deficits in the growing
process of children.”* Therefore, it is urgent to search for
novel therapeutic targets for MB patients.

With the development of next-generation sequencing
methods, the aberrant expression of non-coding RNAs
(ncRNAs) and their tumor were
disclosed.” that
ncRNAs are closely correlated with cancers including

crucial roles in

Mounting research has suggested
MB, through regulating gene transcription, translation,
and epigenetic modification, and then affected multiple
biological processes.'®'? Circular RNAs (circRNAs) are
a class of ncRNAs with a closed continuous loop without
5' caps and 3’ tails.'®> The role of circRNAs has been
extensively studied in various diseases. In recent years,
the rapid evolution of high-throughput sequencing techni-
que and bioinformatics helped us to realize that circRNAs
was aberrantly expressed in mammalian cells and even
higher than the linear RNA isoforms of its host genes.'*
The dysregulated circRNAs were observed in various can-
cers including bladder carcinoma, colorectal cancer, ovar-
ian  cancer, as MB."> 7 CircSKA3
(hsa_circ_0029696) was derived from the host gene
Spindle And Kinetochore Associated Complex Subunit 3
(SKA3). A recent research exhibited that circSKA3 was
upregulated in breast cancer tumors and cells, and its

well as

ectopic expression promoted tumor progression by com-
plexing with Tks5 and integrin p1.'® Besides, research also
showed that circSKA3 was highly expressed in MB, and
circ-SKA3 could regulate cell proliferation, migration, and
invasion in MB.'” This suggested that circ-SKA3 exerted
pivotal oncogenic role in the evolution and progression of
MB. However, the underlying mechanisms of circSKA3 in
MB were unknown.

It is generally accepted that circRNAs functioned as
of miRNAs
transcriptional regulation, and further reduced their ability
to target mRNAs.'” MiRNAs are a form of small RNAs
(~22 nts) with no translation ability and mediate the mes-

“sponges” and participated in post-

senger RNA (mRNA) expression or stability.?’ Sufficient
evidence showed that miRNAs were aberrantly expressed
in MB.?!"*2 MiR-383-5p, a tumor suppressor, was reported
to be downregulated in many human cancers including
ovarian cancer,” cervical cancer,”® and gastric
carcinoma.”> However, no studies have yet disclosed its
role in MB.

Forkhead box M1 (FOXMI), a member of the
Forkhead family of transcription factors, could bind to

DNA sequence in the enhancer region of various target

genes.” FOXM1 was found to be involved in the devel-
opment of many different types of tumor such as hepato-
cellular carcinoma®” and renal cell carcinoma.”® The
pivotal role of FOXMI in MB has been widely studied.
FOXM1 was highly expressed in all subtypes of MB, and
its expression level was significantly correlated with the
unfavorable clinical outcome of MB, which indicated that
FOXM]1 could be used as an additional prognostic marker
and a potential novel target for MB treatment.”’ Besides,
knockdown of FOXMI1 expression could inhibit cell pro-
liferation and invasion, and induce apoptosis by caspase 3/
7 pathway.>® However, the effect of FOXMI in MB needs
to be further illuminated.

In this research, we aimed to explore the underlying
mechanism of circSKA3 in MB, and this may provide
a novel therapeutic target for MB patients.

Materials and Methods

Tissue Samples Collection

The study was permitted by the Ethics Committee of
Shandong Provincial Western Hospital and executed
according to the Declaration of Helsinki Principles (IRB
No0.2019SD662). Twenty tissue samples and correspond-
ing adjacent normal tissue samples were obtained from
Shandong Provincial Western Hospital. The clinicopatho-
logical features of subjects are exhibited in Table 1. All
tissues were frozen at —80°C until further used. Written
informed consents were obtained from the adult patients,
or from the parents or legal guardians of the child patients.

Table | The Clinicopathological Features of Medulloblastoma
Patients

Clinicopathological Features Number of Cases

Age(years)
>3 12
<3 8

Gender
Male 14

Female 6

Histological subtype
Classic 15
Desmoplastic 4

Large cell/anaplastic |

Metastasis at diagnosis
Absence 18

Presence 2
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Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

The RNA in MB tissues or cells was extracted using
TriQuick Reagent (Solarbio, Beijing, China). The reverse
transcription was performed using a transcription kit
(Solarbio), and the quantitative PCR was carried out
using SYBR Premix Ex Taq II (TaKaRa, Dalian, China)
on a 96-well Real-Time PCR Detection System (Bio-Rad,
Shanghai, China). The levels of circSKA3, FOXM1, and
miR-383-5p were normalized by glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) or small nuclear RNA U6,
and then calculated by the 2744
cleotides of primers were obtained from Beijing Genomics
Institute (BGI, Shenzhen, China) and exhibited as follows:
circSKA3: (F, 5-TGGGACTTCTGTACCATAAAGCAT
-3’, and R, 5'-ATCTATGGCCTCCTCACTGGT-3'); miR-
383-5p: (F, 5'-CGCGCGCAGATCAGAAGGTGA-3', and
R, 5-ATCCAGTGCAGGGTCCGAGG-3"); FOXMI: (F,
5-ATGGCAAATTTTTCGCTCC-3', and R, 5-ATG
TCACCAGAAATTCCCAGTT-3"); GAPDH: (F, 5-TGT

method. The oligonu-

TCGTCATGGGTGTGAAC-3', and R, 5'-ATG
GCATGGACTGTGGTCAT-3"), and U6: (F, 5-ATT
GGAACGATACAGAGAAGATT-3', and R, 5-GGA

ACGCTTCACGAATTTG-3").

Cell Culture and Transfection

Two medulloblastoma cell lines DAOY and ONS-76 were
purchased from Shanghai Yali Biological (Shanghai,
China). The cells were cultivated in Dulbecco’s modified
Eagle’s medium (DMEM; Solarbio) containing 10% fetal
bovine serum (FBS; Solarbio) and 1% penicillin/strepto-
mycin (Solarbio) in a 5% CO, incubator at 37°C.

Small interfering RNA (siRNA) against circSKA3 (si-
circSKA3, final concentration, 20 nM) and matched negative
control (si-NC, final concentration, 20 nM), miR-383-5p
mimic (miR-383-5p, final concentration, 10 nM) and nega-
tive control (miR-NC, final concentration, 10 nM), miR-383-
Sp inhibitor (anti-miR-383-5p, final concentration, 25 nM)
and its scramble (anti-miR-NC, final concentration, 25 nM),
siRNA targeting FOXM1 (si-FOXM1, final concentration,
20 nM) and its control (si-NC, final concentration, 20 nM)
were synthesized in GenePharma (Shanghai, China). The
fragments of FOXM1 were inserted into pcDNA3.1 (vector;
Invitrogen, Carlsbad, CA, USA) to construct overexpression
plasmid (FOXM1, final concentration, 1 pg/mL). Cell trans-
fection was carried out using Lipofectamine 2000
(Invitrogen) according to the manufacturer’s instructions. In

brief, 4 x 10° DAOY and ONS-76 cells were cultured for 24
h to grow to subconfluence, the miRNA mimic or inhibitor,
siRNA, and plasmids were transfected into the cells. Twenty-
four or 48 hours upon transfection, the cells were harvested
for further research.

RNase R Digestion

Total RNA in MB cells was extracted using TriQuick
Reagent (Solarbio, Beijing, China). Five micrograms of
total RNA were incubated with RNase R (Epicenter
Biotechnologies, Shanghai, China) at a concentration of
3 U/ug. After total RNA incubation with RNase R for 15
min at 37°C, the expression of circSKA3 was examined
using qRT-PCR.

Subcellular Localization

Cytoplasmic & Nuclear RNA Purification Kit (Norgen
Biotek Corp., Belmont, MA, USA) was used to determine
the localization of circSKA3. Cells were lysed by the Lysis
Buffer J, and then cell lysates were centrifuged. Then, the
nuclear RNA and cytoplasmic RNA were added into anhy-
drous ethanol and Buffer SK, respectively. Subsequently,
the nuclear RNA and cytoplasmic RNA were eluted by the
spin column. Finally, the proportion of circSKA3 in cyto-
plasmic and nucleus fractions was detected using qRT-
PCR.

3-(4,5-Dimethyl-2-Thiazolyl)-
2,5-Diphenyl-2-H-Tetrazolium Bromide
(MTT) Assay

The cell viability of DAOY and ONS-76 cells was
detected using MTT (Solarbio). The DAOY and ONS-76
cells (3x10° per well) were firstly injected into a 96-well
plate and cultivated for 24 h. Following transfection, the
cells were incubated for another O h, 24 h, 48 h, and 72
h. MTT was injected into each well and maintained for 4
h at 37°C. Then, dimethyl sulfoxide (DMSO) was added to
dissolve the formazan for 10 min at 37°C. Then, the
absorbance was tested on a microplate reader.

Flow Cytometry Analysis of Cell

Apoptosis and Cell Cycle

The apoptotic rate of DAOY and ONS-76 cells was
assessed using Annexin V-fluorescein isothiocyanate
(FITC)/propidium iodide (PI) apoptosis detection kit
(Solarbio, Beijing, China). The DAOY and ONS-76 cells
were firstly re-suspended in binding buffer and then
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incubated with Annexin V-FITC for 10 min in the dark.
Then, the cell samples were incubated with PI for another
5 min in the dark. Within 1 h, the apoptotic rate of cell
samples was evaluated on flow cytometry. For detection of
cell cycle, cells were stained with PI for 30 min. Cell cycle
distribution was detected by flow cytometry.

Western Blot Assay

Total protein in DAOY and ONS-76 cells was extracted using
RIPA regent (Solarbio), and a protein assay kit (Beyotime,
Shanghai, China) was utilized to measure the concentration
of protein samples. Then, the protein samples (30 pg/lane)
were separated by 12%-15% sodium dodecyl sulfonate-
polyacrylamide gel electrophoresis (SDS-PAGE) and electro-
phoresed at 4°C for 1 h at a constant voltage of 70 V and
another 1.5 h at a constant voltage of 110 V. Then, the blots
were transferred onto a polyvinylidene fluoride (PVDF) mem-
brane (GE Healthcare, Piscataway, NJ, USA). Subsequently,
the membrane was blocked with 5% non-fat milk dissolved in
TBST for 4 h at 37°C and incubated with primary antibodies:
anti-B-cell lymphoma 2 (Bcl-2; ab32124, 1:1000; Abcam,
Cambridge, MA, USA), C-Caspase3 (ab32042, 1:500;
Abcam) or anti-GAPDH (ab8245, 1:10000; Abcam) overnight
at 4°C. Then, the membrane was incubated with goat anti-
rabbit secondary antibody (ab216773, 1:10000; Abcam) for
another 3 h at 37°C. The primary antibodies were dissolved in
3% BSA with TBST, and the secondary antibody was dis-
solved in TBST. The intensity of bands was examined by an
ECL kit (Beyotime).

Transwell Assay
The Transwell assay was conducted to detect the migrated and
invaded abilities of DAOY and ONS-76 cells. For cell migra-
tion, the lower Transwell chamber (Corning, Tewksbury, MA,
USA) was added with DMEM with 10% FBS, while the upper
one was injected with DAOY and ONS-76 cells in DMEM
without FBS. Following 24-h cultivation, the migrating cells
on the backside of polycarbonate film were fixed with 4%
methanol for 20 min and then stained with 0.1% violet crystal
for 15 min. The cells in 10 randomly selected fields were
counted under a microscope. Original magnification, 200x.
For cell invasion, the protocols were similar to cell migra-
tion. While the difference is the upper chamber was coated
with Matrigel matrix (BD Biosciences, San Jose, CA, USA).

Dual-Luciferase Reporter Assay
The wild type (containing the complementary binding sites)
and mutant fragments of circSKA3 or 3'-untranslated regions

(3'UTR) of FOXM1 were cloned and inserted into pGL3
vector (Promega, Madison, WI, USA) to construct the dual-
luciferase reporter, named as circSKA3 WT, circSKA3 MUT,
FOXM1 3'UTR WT, or FOXMI 3'UTR MUT. The co-
transfection of luciferase reporter and miR-NC or miR-383-
5p was performed using Lipofectamine 2000 (Invitrogen). The
luciferase activity was evaluated using Dual-Lucy Assay Kit
(Solarbio).

Mice Xenograft Models

The nude mice experiment was performed according to the
procedures approved by the Animal Care Committee of
Shandong Provincial Western Hospital. Animal studies were
performed in compliance with the ARRIVE guidelines and the
Basel Declaration. All animals received humane care accord-
ing to the National Institutes of Health (USA) guidelines. The
DAOY cells (5x10°) stably transfected with sh-NC or sh-
circSKA3 were injected subcutaneously into the right flank
of the six-week-old male nude mice (n=6 per group).
Following injection, the xenograft tumor was measured every
7 days for 5 times and calculated according to the formula:
volume (mm?®) = width? x length/2. At 35-d measurement, the
xenograft tumors were resected from nude mice. The xenograft
tumors’ weight was measured, and the tumors were stored for
the next exploration.

Statistical Analysis

GraphPad Prism 7 (GraphPad Inc., La Jolla, CA, USA) was
used to perform the experiment data. All quantitative data were
presented as the mean + standard deviation (SD) of at least
three biological replicates carried out at the same time. Sample
size (“n”) always represents biological replicates. The differ-
ences between the two groups were processed by Student’s
t-test, and the differences among multiple groups were evalu-
ated by one-way analysis of variance (ANOVA). Statistical
significance was defined as P value <0.05.

Results
CircSKA3 Was Significantly Increased in
MB Tissues

In order to explore the role of circSKA3 in MB, the level of
circSKA3was firstly measured in MB tissues. As presented in
Figure 1A, the level of circSKA3 was dramatically up-
regulated in MB tissues compared to that in adjacent normal
tissues. Moreover, the results confirmed that circSKA3 was
indeed circRNA, which was resistant to RNase R digestion
(Figure 1B and C). Research has shown that circRNAs located
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in the nucleus mainly regulate the transcription of the parental
gene, while in the cytoplasm, circRNAs could be used as
endogenous competitive RNAs (ceRNA), thereby regulating
the physiological activities of tumor cells.*' Subsequently, we
measured the subcellular localization of circSKA3 by nuclear
and cytoplasmic separation experiments. The result suggested
that circSKA3 was mostly located in the cytoplasm of DAOY
and ONS-76 cells (Figure 1D and E). These data indicated that
circSKA3 was a circRNA and was upregulated in MB.

CircSKA3 Knockdown Suppressed Cell
Proliferation, Migration, and Invasion but
Induced Apoptosis in DAOY and ONS-76

Cells

To explore the functions of circSKA3 in MB, si-circSKA3
was transfected into DAOY and ONS-76 cells. As exhibited
in Figure 2A and B, transfection of si-circSKA3 induced
a near 50% reduction in circSKA3 expression in DAOY and
ONS-76 cells in contrast with the si-NC group. The follow-
ing MTT assay indicated that the transfection of si-circSKA3
in DAOY and ONS-76 cells resulted in a near 30% reduction
of cell viability related to that in the si-NC group (Figure 2C
and D). However, the apoptosis rate was increased by 15%
in DAOY and ONS-76 cells transfected with si-circSKA3

(Figure 2E and F). Since Bcl-2 and C-Caspase3 as apoptosis-
related markers, we detected levels of these proteins in si-
circSKA3-transfected DAOY and ONS-76 cells. As showed
in Figure 2G and H, the protein level of Bcl-2 was decreased
by half, while the protein level of C-Caspase3 was 3—4 fold
enhanced in DAOY and ONS-76 cells transfected with si-
circSKA3. Moreover, the proportion of the S-phase cells was
reduced, while the G1/G0-phase cells were increased after
circSKA3 knockdown (Figure 21 and J). Besides, the number
of migration and invasion cells was both reduced in DAOY
and ONS-76 cells transfected with si-circSKA3 (Figure 2K
and L). These results demonstrated that the depletion of
circSKA3 blocked MB progression in vitro.

MiR-383-5p Was Negatively Interacted
with circSKA3 in DAOY and ONS-76

Cells

As shown in Figure 3A and B, circSKA3 was enriched by
circSKA3 probe in both DAOY and ONS-76 cells. To inves-
tigate the biological mechanism of circSKA3 in MB,
starBase was used to search the putative targets of
circSKA3. Venn diagram showed that miR-382-5p, miR-
383-5p, miR-520g-3p, miR-520h, and miR-576-5p harbored
the binding sites of circSKA3 (Figure 3C). Moreover, miR-
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biological replicates. *P<0.05.

382-5p, miR-383-5p, miR-520g-3p, miR-520h, and miR-
576-5p were captured by circSKA3 probe, and then the
enrichment of miRNAs was detected by qRT-PCR. As
shown in Figure 3D and E, miR-383-5p exhibited the highest
expression, which indicated that circSKA3 exhibited the
strongest interaction with miR-383-5p. Thus, miR-383-5p
was selected for further research. As presented in Figure
3F, miR-383-5p had complementary biding sites with
circSKA3. Following dual-luciferase reporter assay implied
that the transfection of miR-383-5p contributed to the notable

decline of luciferase activity of circSKA3 WT reporter in
contrast to that in the miR-NC group, while the luciferase
activity of circSKA3 MUT reporter had no change in any
group (Figure 3G and H). In addition, the level of miR-383-
S5p was obviously increased in si-circSKA3-transfected
DAOQOY and ONS-76 cells (Figure 3I). Besides, the data
indicated that miR-383-5p was significantly decreased in
MB tissues (Figure 3J). These data disclosed that miR-383-
S5p was decreased in DAOY and ONS-76 cells and was
a target of circSKA3 in MB tissues.
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and circSKA3 were displayed, as well as the mutant sequences of circSKA3. (G and H) The luciferase activity of circSKA3 WT or circSKA3 MUT reporter in DAOY and
ONS-76 cells transfected with miR-NC or miR-383-5p was detected via dual-luciferase reporter assay. (I) The level of miR-383-5p in DAOY and ONS-76 cells transfected
with si-NC or si-circSKA3 was tested by qRT-PCR. (J) The level of miR-383-5p in 20 MB tissues and adjacent normal tissues was tested by qRT-PCR. Error bar, SD; n=3

biological replicates. *P<0.05.

CircSKA3 Facilitated Cell Proliferation,
Migration, and Invasion While Repressed
Apoptosis in DAOY and ONS-76 Cells by
Regulating miR-383-5p

To explore the functions of circSKA3 and miR-383-5p in MB,
anti-miR-383-5p and si-circSKA3 were co-transfected into
DAQY and ONS-76 cells. As exhibited in Figure 4A and B,
the level of miR-383-5p was evidently up-regulated in DAOY
and ONS-76 cells transfected with si-circSKA3, while the
introduction of miR-383-5p inhibitor mitigated the promotion
effect on miR-383-5p. The absence of miR-383-5p relieved the
cell viability in DAOY and ONS-76 cells inhibited by
circSKA3 knockdown (Figure 4C and D). While the apoptotic
rate was notably elevated in DAOY and ONS-76 cells trans-
fected with si-circSKA3, but the transfection of miR-383-5p
inhibitor attenuated this promotion effect (Figure 4E and F).
Furthermore, miR-383-5p inhibitor weakened the inhibitory
impact on the protein level of Bcl-2, as well as the accelerated
impact on the protein level of C-Caspase3 in DAOY and ONS-

76 cells caused by circSKA3 deletion (Figure 4G and H).
Moreover, circSKA3 knockdown-induced promotion effect
on G1/GO-phase cells and inhibition effect on S-phase cells
were partially reversed by miR-383-5p inhibitor (Figure 41 and
J). Besides, the migrated and invaded abilities were apparently
declined in DAOY and ONS-76 cells transfected with si-
circSKA3, while partly regained by the re-introduction of anti-
miR-383-5p (Figure 4K and L). These data uncovered that
circSKA3 accelerated MB progression in DAOY and ONS-76
cells by targeting miR-383-5p.

FOXM| Was a Direct Target of miR-383-
5p in DAOY and ONS-76 Cells

To illustrate the mechanism of miR-383-5p in MB,
TargetScan was utilized to predict the potential targets
of miR-383-5p. As presented in Figure 5A, the 3'UTR
of FOXMI had complementary sequences with miR-
383-5p. The luciferase activity of FOXM1 3'UTR WT
reporter was significantly decreased in DAOY and ONS-
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Figure 4 CircSKAS3 facilitated cell proliferation, migration, and invasion while repressed apoptosis in DAOY and ONS-76 cells by regulating miR-383-5p. (A-L) The DAOY
and ONS-76 cells were transfected with si-NC, si-circSKA3, si-circSKA3 + anti-miR-NC, si-circSKA3 + anti-miR-383-5p. (A and B) The level of miR-383-5p was examined
by qRT-PCR. (C and D) The cell viability was monitored via MTT assay. (E and F) The apoptotic rate was assessed through flow cytometry. (G and H) The protein levels of
Bcl-2 and C-Caspase3 were evaluated by Western blot assay. (I and J) Cell cycle arrest was measured by flow cytometry. (K and L) The migration and invasion abilities were

tested by Transwell assay. Error bar, SD; n=3 biological replicates. *P<0.05.

76 cells transfected with miR-383-5p, while the lucifer-
ase activity FOXM1 3'UTR MUT reporter had no appar-
ent fluctuation in any group (Figure 5B and C).
Moreover, the protein expression of FOXM1 was sup-
pressed by miR-383-5p in DAOY and ONS-76 cells
(Figure 5D). The protein level of FOXM1 was remark-
ably reduced in DAOY and ONS-76 cells transfected
with si-circSKA3, but partially regained in DAOY and
ONS-76 cells co-transfected with si-circSKA3 and anti-
miR-383-5p (Figure 5E). Besides, the mRNA and pro-
tein levels of FOXMI1 were both conspicuously
enhanced in MB tissues (Figure 5F and G). Taken
together, FOXM1 negatively interacted with miR-383-
5p in DAOY and ONS-76 cells.

MiR-383-5p Confined Cell Proliferation,
Migration, and Invasion While Facilitated
Apoptosis in DAOY and ONS-76 Cells by

Targeting FOXM|

To further explore the functions of miR-383-5p and FOXM1
in MB, miR-383-5p and FOXM1 were co-transfected into
DAOY and ONS-76 cells. As displayed in Figure 6A and B,
the protein level of FOXM1 was notably declined in miR-
383-5p-transfected DAOY and ONS-76 cells, while recov-
ered in DAOY and ONS-76 cells co-transfected with miR-
383-5p and FOXMI1. The MTT assay and Transwell assay
results indicated that the transfection of FOXM1 overexpres-
sion rescued the cell viability, migrated, and invaded abilities
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well as the mutant sequences of FOXMI. (B and C) The luciferase activity of FOXM| 3'UTR WT or FOXM| 3'UTR MUT reporter in DAOY and ONS-76 cells transfected
with miR-NC or miR-383-5p was detected via dual-luciferase reporter assay. (D) The protein level of FOXMI in DAQY and ONS-76 cells transfected with miR-NC or miR-
383-5p was tested by Western blot assay. (E) The protein level of FOXMI in DAOY and ONS-76 cells transfected with si-NC, si-circSKA3, si-circSKA3 + anti-miR-NC or si-
circSKA3 + anti-miR-383-5p was determined by Western blot. (F) The mRNA level of FOXM| was detected via qRT-PCR. (G) The protein level of FOXM| was assessed by

Western blot assay. Error bar, SD; n=3 biological replicates. *P<0.05.

in DAOY and ONS-76 cells constrained by miR-383-5p
(Figure 6C and D and K and L). However, the apoptotic
rate and cell cycle showed the opposite trends. Briefly, the
apoptotic rate was distinctly increased in the miR-383-5p
group, while partially receded in miR-383-5p + FOXM1
group (Figure 6E and F). Furthermore, the introduction of
FOXM1 upregulation counteracted the restraint effect on the
protein level of Bcl-2 and the promoted effect on the protein
level of C-Caspase3 in DAOY and ONS-76 cells caused by
miR-383-5p overexpression (Figure 6G and H). Besides,
miR-383-5p overexpression-induced cell cycle arrest was
abolished by FOXM1 overexpression (Figure 61 and J). To
sum up, miR-383-5p suppressed MB progression by regulat-
ing FOXM1.

CircSKA3 Silencing Confined Xenograft

Tumor Growth in vivo

To further validate the effects of circSKA3 in MB, the
mice model experiment was carried out. As presented in
Figure 7A and B, the volume and weight of xenograft
tumor were both markedly reduced in the sh-circSKA3

group in comparison with that in the sh-NC group. The
level of circSKA3 was obviously down-regulated, but
miR-383-5p was notably enhanced in the sh-circSKA3
group (Figure 7C and D). In addition, the protein level
of FOXM1 was strikingly decreased in the sh-circSKA3
group (Figure 7E). These data unraveled that circSKA3
knockdown blocked xenograft tumor growth in vivo.

Discussion

Tumor progression is a complicated process in the human

body. CircSKA3 was reported to implicate in tumor pro-

gression in MB. This research aimed to investigate the

in MB. Our
knockdown

mechanism and functions of circSKA3
that circSKA3
restrained MB progression partially through miR-383-5p/
FOXM]1 axis.

The ectopic expression of circSKA3 was associated

research  demonstrated

with tumor progression. For example, Du et al reported
that circSKA3 was dramatically increased in breast cancer,
and its silencing constrained the invasive capacity of
breast cancer cells in vitro and in vivo by binding integrin
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Figure 6 miR-383-5p confined cell proliferation, migration, and invasion while facilitated apoptosis in DAOY and ONS-76 cells by targeting FOXM|. (A-)) The DAOY and
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B1.'"® A recent study indicated that circSKA3 was involved
in the progression of MB.!” In the current study, we found
that circSKA3 was notably enhanced in MB. Furthermore,
the silencing of circSKA3 curbed cell proliferation, metas-
tasis but induced apoptosis. Besides, circSKA3 depletion
restrained xenograft tumor growth in vivo. These data
revealed that circSKA3 accelerated MB progression.
Convincing evidence elucidated that miR-383-5p was
involved in tumor progression in many types of cancers.
For instance, a study in ovarian cancer indicated that miR-
383-5p was reduced in ovarian cancer, and its overexpres-
sion regulated cell behaviors and chemo-sensitivity by
targeting TRIM27.* Another study demonstrated that
miR-383-5p was down-regulated in gastric cancer, and

overexpression of miR-383-5p impeded cell growth and
metastasis.®> In our research, miR-383-5p was down-
regulated in MB tissues, and it was predicted as a target
of circSKA3. The expression of miR-383-5p was sup-
pressed by circSKA3 depletion. Besides, miR-383-5p inhi-
bitor partly reversed the inhibition effects on cell viability,
cell cycle progression, migration and invasion, as well as
the promotion effect on cell apoptosis induced by si-
circSKA3. These results unraveled that circSKA3 facili-
tated MB progression by suppressing miR-383-5p.
FOXM]I was related to tumor progression in diverse
cancers. Wang et al implied that FOXM1 was enhanced in
human non-small cell lung cancer, and its overexpression
boosted cell growth and metastasis in vitro.>* Another
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circSKA3 and miR-383-5p were examined by qRT-PCR. (E) The protein level of FOXM| was measured via Western blot assay. Error bar, SD; *P<0.05.

study in cervical cancer disclosed that the level of FOXM1
was distinctly increased in cervical cancer, and its silen-
cing blocked cell migration and invasion targeted by miR-
214.% In the present research, FOXMI was obviously
enhanced in MB and verified as a candidate of miR-383-
5p. The expression of FOXM1 in MB was in line with the
results in the past document.?**° The promotion effect of
miR-383-5p on cell apoptosis and the inhibition effect on
cell proliferation, cell cycle progression, migration, and
metastasis were reversed by FOXMI. Furthermore,
circSKA3 silencing reduced FOXM]I expression via miR-
383-5p in MB. These results suggested that circSKA3
acted as a sponge of miR-383-5p, and then regulated
FOXM]1 expression to accelerate MB progression.

In conclusion, these data suggested that circSKA3
depletion blocked MB progression by regulating FOXM1
expression via miR-383-5p. This new regulatory pathway
may shed light on the mechanism of MB and provide new
markers for the early-stage diagnosis for MB patients.
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