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Objective: Osteosarcoma (OS) is the most common malignant bone tumor in the pediatric
population. The main goal of this study is to investigate the role of hsa_circ_0005909 and the
underlying signaling pathway involved in OS.

Methods: Cell proliferation was measured using a CCK-8 assay kit and clone formation
assay. Change of RNA and protein expression was determined using RNA extract and
quantitative real time PCR (RT-qPCR) assay and Western blotting, respectively.
CircInteractome was used to predict the target of circRNA and starBase v2.0 was used to
predict the target of miRNAs. Luciferase assay was used to confirm the predicted results
from Circlnteractome, starBase v2.0, and MirTarget2.

Results: Expression of circ_0005909 was upregulated in both OS tissues and cell lines. The
predicted results from CircInteractome, starBase v2.0, and MirTarget2 demonstrated that
circ_0005909 could sponge miR-338-3p and that HGMA1 was the direct target of miR-338-
3p. Cell viability and cell clones were inhibited by knockdown of circ 0005909 but
increased by dual inhibition of circ 0005909 and miR-338-3p. Phosphorylation of ERK,
Akt, and PI3K was inhibited by sh-circ_0005909, while this inhibition was repressed by co-
transfection of sh-circ_0005909 and HGMA1.

Conclusion: Expression of circ_ 0005909 was upregulated in both OS tissues and cell lines
which upregulated expression of HGMA1 through sponging miR-338-3p, resulting in the
activation of MAPK-ERK and PI3K-Akt signaling pathways to promote the development of OS.
Keywords: hsa circ 0005909, osteosarcoma, miR-338-3p, HMGA1

Introduction
Osteosarcoma (OS) is a class of primary malignant bone tumor, which was most
common in children and adolescents." The 5-year survival was approximately
65-70% in OS patients with localized disease while it was only 19-30% for
metastatic disease.” Currently, the standard systematic chemotherapeutic drugs for
OS are: high-dose methotrexate with leucovorin rescue (HDMTX), doxorubicin,
and cisplatin (MAP).>* With the complete surgical resection, this adjuvant che-
motherapy achieved 60—70% of 5-year event-free survival in patients with non-
metastatic disease.” However, these three drugs are all cytotoxic agents with many
side-effects,’ including cardiotoxicity.®® Therefore, new treatment regimens should
be explored to improve the outcomes and life quality of OS patients.

Many signaling pathways have been involved in the development of OS.? For
example, the PI3K/Akt signaling pathway was excessively activated in OS and
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promoted tumorigenesis, cell cycle progression, and inhi-
bition of cell apoptosis, leading to the development of
0S."” The MAPK/ERK pathway is also an important
signaling pathway, over-activation of the MAPK/ERK
pathway was enhance cell proliferation and accelerate
drug resistance in 0S.° Circular RNAs (circRNAs) are
a type of long, non-coding RNA which is resistant to

structure. 12

endonuclease due to its closed loop
circRNAs contain a conserved miRNA binding site,
which resulted in repression of target miRNA activity."?
Unlike circRNAs, microRNAs (miRNAs) are a class of
small, linear RNAs with only 18-25 nucleotides (nt) in
length.'* miRNAs are also non-coding RNAs which
repress the translational process via binding to the 3'-
untranslated region (3'-UTR) of target mRNAs.'> Acting
as a competing endogenous RNA (ceRNA), circRNAs can
protect the target mRNA from degradation to prevent
translational repression.'® Therefore, new technologies
for target therapy and gene therapy should be considered
for cancer therapy.'’

Recent studies have reported that both circRNAs and
miRNAs are involved in the regulation of tumor growth
and metastasis.'® As reported by Li et al,'” upregulation of
circ-0001785 could sponge miR-1200 to induce the over-
expression of HOXB2, leading to the progression of OS.
Acting as a ceRNA, circ 0102049 could upregulate
MDM?2 expression through targeting miR-1304-5p, pro-
moting cell growth in OS.?° On the contrary, circ_ HIPK3
was downregulated in OS and overexpression of
circ HIPK3 prevented cell proliferation, migration, and
invasion in OS, demonstrating the inhibitory effects on
the pathogenesis of 0S.*' Circ_0005909 promoted the
progression of OS through upregulating HMGBI1 via
sponging miR-936.%> These data suggest that circRNAs
play important roles in cancer diagnosis and therapy
through sponging target miRNAs. The main goal of this
study is to investigate the role of hsa circ_0005909 and

the underlying signaling pathway involved in OS.

Methods

Human Osteosarcoma Tissue Samples

Human OS tissue samples and their adjacent non-
cancerous bone tissues (n=15) were collected during sur-
gery from November 25, 2019 to January 15, 2020 at Zibo
Central Hospital and written informed consent was
obtained from all patients (Table 1). All the OS tissues
and non-cancerous bone tissues were confirmed by

Table | Patient Characteristics

Variables circ_0005909 Expression P-value
Low High
(n=15) (n=15)
Age 0.456
<8 10 8
=18 5 7
Gender 0.464
Male 7 9
Female 8
Enneking stage 0.028*
-1IA Il 5
1B 4 10
Tumor size 0.705
<8 cm 6 5
28 cm 9 10
Distant metastasis 0.025 *
Absence 12 6
Presence histological 0.025*
grade
GI-G2 3 9 0.439
G3-G4 9
Tumor site 6 12
| Femur/Tibia 4 6
Other 11 9

Note: *P<0.05 vs low.

pathologists. The collected sample was frozen by liquid
nitrogen and stored at —80°C. The protocol of this research
project has been approved by the Ethics Committee of
Zibo Central Hospital (Approval Number: K Y-E-2019-
11-20) and was in accordance with the Declaration of
Helsinki.

Cell Culture

Human OS cell lines (MG63, HOS, 143B, and U20S
cells) and human osteoprogenitor cell line hFOBI1.19
cells were obtained from American Type Culture
Collection (ATCC, USA). And 143B cells have been
authenticated using STR methods. All cells were incubated
medium (DMEM,
HyClone, USA) supplemented with 1% penicillin/strepto-

in Dulbecco’s modified Eagles’

mycin (Invitrogen, USA) and 10% fetal bovine serum
(FBS, Invitrogen, USA) under 37°C with 95% air and 5%
CO, in a humidified incubator.
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For transfection experiments, cells were cultured in ster-
ile 12-well plates at the density of 1x10° cells/well. miR-338-
3p mimics, miR-338-3p inhibitors, small hairpin RNA of
circ_0005909 (sh-circ_0005909), and their negative controls
were purchased from Guangzhou Bersin Biotechnology Co.
Ltd (BersinBio, China) and transfected into the cultured cells
with Lipofectamine 2000 (Invitrogen, USA) according to the
manufacturers’ protocols. The transfected cells were cultured
under 37°C with 95% air and 5% CO, for 24 hours for further

experiments and analysis.

RNA Extract and Quantitative Real Time
PCR (RT-gPCR) Assay

After treatment, total RNA was extracted with Trizol reagent
(TaKaRa, China) according to the manufacturer’s instruc-
tions. Total RNA (500 ng) was reverse transcribed to cDNA
with the PrimeScript RT Master Mix (TaKaRa, China). The
relative RNA expression was examined using SYBR®
Green Quantitative RT-qPCR Kit (Sigma-Aldrich, USA)
and calculated by means of the 27**“" method. The primer
sequences (Sigma-Aldrich, USA) are shown in Table 2.

RNase R Treatment and Colony
Formation

In total, 5 pg of total RNA was incubated with or without 3 U/
pg of RNase R (Epicentre Biotechnologies, USA) at 37°C for
15 minutes. Expression of RNA was subsequently purified and

extracted by phenol-chloroform and then subjected to
qRT-PCR.

Table 2 Primer Sequences for RT-qPCR

Gene Primer Sequences

GAPDH Forward: CCACATCGCTCAGACACCAT

Reverse: CCAGGCGCCCAATACG

circ_0005909 Forward: GTATCCACTTGCCCTTTA

Reverse: TTACTCCAGCCTGTCTC

ué Forward: CGCTTCGGCAGCACATATAC
Reverse: TTCACGAATTTGCGTGTCAT

miR-338-3p Forward: ATCCAGTGCGTGTCGTGG
Reverse: TGCTTCCAGC ATCAGTGAT
HMGAI Forward: GGTCGGGAGTCAGAAAGAGC

Reverse: ATTCTTGCTTCCCTTTGGTCG

CCK-8 Assay and Clone Formation Assay
After treatment, cell proliferation was examined at 0, 24,
48, and 72 hours by Cell Counting Kit-8 (CCK-8) assay
(Dojido, Japan) in a 96-well plate according to the manu-
facturer’s instructions. Briefly, 10 pL of CCK-8 solution
was added to each well. The solution was then measured
spectrophotometrically at 450 nm after 2 hours incubation
at 37°C and the optical density (OD) value was recorded.

For clone formation assay, MG63 and 143B cells were
mixed with 0.4% of agarose and seeded into 12-well plates.
Then 2 mL of culture medium was added to each well and
incubated at 37°C with 5% CO, for 7 days. MG63 and 143B
cells were fixed with 10% methanol and stained with 0.1%
crystal violet. The cell colonies were counted and photo-
graphed under a microscope (Olympus, Japan).

Construct of Plasmid and Luciferase

Assay

This protocol followed a published paper.® Briefly, the
full-length of HMGA1 3'-UTR or circ_0005909 containing
wild type (wt) and scrambled (mut) miR-338-3p binding
sequence were inserted downstream of the firefly lucifer-
ase gene in psiCHECK2 to generate the psiCHECK2-
HMGAI 3'UTR-wt or circ_0005909-mut plasmid and
psiCHECK2-HMGA1 3'UTR-mut
circ_0005909-mut, respectively. The wt and mut plasmids

plasmid or

were co-transfected into H293T cells with negative con-
trol, miR-338-3p mimics or their negative control (miR-
NC) with control Renilla luciferase expression plasmid
using Lipofectamine 2000. After 24 hours, relative lucifer-
ase activity was measure using the Dual-luciferase reporter
Assay System (Promega, USA) according to the manufac-
turer’s instructions.

Western Blotting

The treated cells were suspended and lysed with RIPA lysis
buffer (Beyotime, China) to extract the protein. The cyto-
plasm and nuclear proteins were extracted using NE-PER™
Nuclear and Cytoplasmic Extraction Reagents (Thermo
Fisher, USA) according to the manufacturer’s protocol.
Protein samples were loaded into sodium dodecyl sulfate
polyacrylamide gel (7.5%) and separated by electrophoresis.
The proteins were then transferred to PVDF membranes.
The membranes were blocked by 5% fat-free milk for 1
hour at room temperature and probed with proper primary
antibodies overnight at 4 °C followed by incubating with
secondary antibodies for 2 hours at room temperature. The

Cancer Management and Research 2021:13

submit your manuscript

797

Dove


http://www.dovepress.com
http://www.dovepress.com

Zhang et al

Dove

protein signals were detected using Pierce™ ECL Western
Blotting Substrate (Thermo Fisher, USA).

Bioinformatics Analysis
CircInteractome (https://circinteractome.nia.nih.gov/) was

used to predict miR-338-3p binding site in the
circ_0005909.  MirTarget2  (http://mirdb.org/) and

starBase v2.0 (http://starbase.sysu.edu.cn/) was used to

predict the potential miR-338-3p binding sites to corre-
sponding gene HMGA1 3'UTR to study the possible cross-
ing network among circRNA, miRNA, and target gene.

Statistical Analysis

GraphPad Prism 8.1.0 (GraphPad, USA) was used to per-
form the statistical analysis in this study. Comparisons
between two groups were analyzed using Student’s z-test.
Comparisons among more than two groups were per-
formed using one-factor analysis of variance followed by
the Bonferroni’s post hoc tests. The correlation between

circ_ 0005909 and miR-338-3p was evaluated using
Spearman’s rank correlation test. All data was presented
as meantstandard error of means (SEM). P<0.05 repre-
sents statistical significance.

Results
hsa_circ_0005909 Was Upregulated in
OS

Expression of circ_ 0005909 was upregulated in OS tissues
compared with their adjacent normal tissues (Figure 1A).
This upregulation of circ_0005909 was also observed in
human OS cell lines, MG63, HOS, 143B, and U20S cells,
compared with human osteoprogenitor cell line hFOB1.19
cells (Figure 1B). RNase R treatment was used to confirm
the circular characteristics of circ_0005909. The results
demonstrated that circ_ 0005909 did not show any signifi-
cant change in the RNase R treatment group while the
expression of the linear control RNA, GAPDH, was sig-
nificantly reduced after RNase R treatment compared with
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Figure | Circ_0005909 was overexpressed in OS. (A) Expression of circ_0005909 was upregulated in OS tissues; (B) Expression of circ_0005909 was upregulated in OS
cell lines; (C) circ_0005909 was a circular RNA; (D) circ_0005909 was mainly located in the cytoplasm. **P<0.01; ***P<0.005; ns: no statistical significance.

Abbreviations: OS, osteosarcoma tissues; Normal, normal tissues.
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the mock group in both MG63 and 143B cells (Figure 1C).
The expression of circ_0005909 was higher in plasma than
that in the nucleus in both MG63 and 143B cells
(Figure 1D).

circ_0005909 Acted as a Molecular
Sponge of miR-338-3p in OS Cells

CircInteractome was used to predict the target miRNA of
circ_0005909. The that there

a complementary sequence between circ 0005909 and

results showed was
miR-338-3p (Figure 2A). Luciferase activity was reduced
in cells co-transfected with circ_0005909-wt plasmid and
miR-338-3p mimics compared with a negative control group
and circ_0005909-mut group (Figure 2B). The expression of
miR-338 was decreased in OS tissues compared with their

adjacent normal tissue, which is negatively correlated with

the expression of circ 0005909 (Figure 2C). RNA pull-
down assay showed that higher expression of miR-338-3p
enriched more circ 0005909 compared with the negative
control group in both MG63 and 143B cells (Figure 2D).

Knockdown of circ_0005909 Repressed
Proliferation in OS Cells via Regulating
miR-338-3p

Sh-circ_0005909 was used to downregulate the expression
of circ_0005909 in MG63 and 143B cells. The expression
of circ_0005909
cells transfected with sh-circ 0005909 compared with
cells transfected with scramble RNAs in both MG63 and
143B cells (Figure 3A). Results from CCK-8 assay
demonstrated that cell viability was significantly reduced
by inhibition of circ_ 0005909 while this reduction of cell

was  significantly reduced in
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Figure 2 Circ_0005909 acted as a molecular sponge of miR-338-3p in OS cells. (A) The putative binding sites between circRNA_0005909 and miR-338-3p, and luciferase
activity was reduced in cell co-transfected with circ_0005909-wt and miR-338-3p mimics; (B) Expression of miR-338-3p was downregulated in OS tissues; (C) Expression of
miR-338-3p was negatively correlated with expression of circ_0005909; (D) circ_0005909 was enriched in cell transfected with miR-338-3p mimics. **P<0.01.
Abbreviations: ns, no statistical significance; circ_0005909-wt, psiCHECK?2 plasmid contained the full sequence of circ_0005909; circ_0005909-mut, psiCHECK2 plasmid
contained the mutant sequence of circ_0005909; miR-NC, negative controls of miR-338-3p; miR-338-3p, miR-338-3p mimics.
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Figure 3 Knockdown of circ_0005909 repressed proliferation in OS cells via regulating miR-338-3p. (A) Expression of circ_0005909 was reduced in cells transfected in sh-
circ_0005909; (B) Cell viability was significantly reduced by sh-circ_0005909 while this reduction of cell viability was reversed by dual inhibition of circ_0005909 and miR-
338-3p; (C) The cell clone number was significantly decreased by sh-circ_0005909, while this decrease of cell clones was attenuated by dual inhibition of circ_0005909 and

miR-338-3p. #P<0.01 versus (vs) scramble; #P<0.05 vs sh-circ_0005909.

Abbreviations: Sh-circ_00005909, small hairpin RNA of circ_0005909; scramble, scramble RNA of sh-circ_0005909.

viability was reversed by dual inhibition of circ_0005909
and miR-338-3p (Figure 3B). The number of cell clone
spots was significantly decreased by sh-circ_ 0005909
while this decrease of cell clones was attenuated by dual
inhibition of circ_0005909 and miR-338-3p (Figure 3C).

HMGAI| Was the Direct Target of
miR-338-3p

The prediction results starBase v2.0 and
MirTarget2 indicated that miR-338-3p could bind to
the 3'-UTR of HMGAI1 (Figure 4A). Luciferase activity
was reduced in cells co-transfected with HMGAT1-wt

from

plasmid and miR-338-3p mimics compared with the
negative control group and HMGA1-mut group (Figure
4A). Both mRNA and protein expression of HMGAI1
was repressed in MG63 and 143B cells transfected with
miR-338-3p mimics compared with those transfected
(Figure 4B).

with negative control The protein

expression of HMGA1 was downregulated by sh-circ
0005909 while this downregulation was prevented by
dual inhibition of circ_0005909 and miR-338-3p in both
MG63 and 143B cells (Figure 4C). The phosphorylation
of ERK, Akt, and PI3K was downregulated by sh-circ
0005909, while this inhibition was repressed by co-
transfection of sh-circ_0005909 and HGMAI1 in both
MG63 and 143B cells (Figure 4D).

Discussion

OS is an aggressive bone tumor in the pediatric population
with a poor prognostic outcome in patients with metastatic
disease.” The pathogenesis and new mechanisms underwent
deep investigation to improve the prognosis and prolongthe
patients’ life. In this study, circ_0005909 was overexpressed
in both tissues and cell lines of OS. Further experiments have
found that circ_0005909 upregulated expression of HGMA1
through sponging miR-338-3p, which activated MAPK-ERK
and PI3K-Akt signaling pathways and promoted the
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Figure 4 HMGAI was the direct target of miR-338-3p. (A) The putative binding sites between 3-UTR of HMGAI and miR-338-3p and luciferase activity was reduced in
cells co-transfected with HGMAI-WT and miR-338-3p mimics; (B) Both mRNA and protein were reduced in cells transfected with miR-338-3p mimics; (C) The protein
expression of HMGA| was downregulated by sh-circ_0005909 while this downregulation was prevented by dual inhibition of circ_0005909 and miR-338-3p in both MG63
and 143B cells; (D) Dysregulation of phosphorylated Akt, ERK, and PI3K by sh-circ_0005909 and HMGAI. *P<0.01.

Abbreviations: HGMAI-WT, psiCHECK2 plasmid contained the full sequence of HMGA| 3’-UTR; HGMAI-MUT, psiCHECK?2 plasmid contained the mutant sequence of
HMGAI 3'-UTR.
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development of OS, providing a new understanding and
therapeutic target for treatment of OS in the future.

Many circRNAs have involved into the pathogenesis of
OS and have become an important diagnostic and prog-
nostic indicator in 0S.>** In the present study, overexpres-
sion of circ_0005909 was observed in both OS tissues and
cell lines, which is consistent with previous studies.?>*
Among the tested OS cell lines, MG63 and 143B cells
demonstrated higher expression of circ 0005909 than in
other OS cell lines. Thus, MG63 and 143B cells were
chosen for further study. The data of this study have
shown that circ 0005909 was overexpressed in OS.
Knockdown of circ_0005909 reduced cell proliferation in
OS cell lines, indicating that circ_ 0005909 contributed to
the development and progression of OS. A previous study
has revealed that circ_0005909 could upregulate HMGBI1
via targeting miR-936 in 0S.?> However, results from this
study manifested that circ 0005909 could also sponge
miR-338-3p to increase cell proliferation in OS. This
could be explained by “off-target” effects of miRNAs,
which means each miRNA could bind to hundreds of
target mRNAs or circRNAs with partial sequence match
to regulate multiple biological processes.*’

Results from the starBase v2.0 and MirTarget2, and
luciferase assay have confirmed that HMGA1 was the
direct target of miR-338-3p. HMGALI is a family member
of the high mobility group A (HMGA) proteins.?®
HMGALI1 is upregulated in highly proliferative cells, and
is closely associated with aggressiveness and poor prog-
nosis of cancer.”® In this study, expression of miR-338-3p
with
circ_0005909 in OS, and overexpression of miR-338-3p

was negatively  associated expression  of
downregulated HMGAL. Thus, there would be a positive
correlation between the expression of HMGAI and
circ_005909. This evidence proved that circ_005909 upre-
gulated expression of HMGA1 via targeting miR-338-3p,
leading to the development and progression of OS.

Both MAPK-ERK1/2 signaling pathway and PI3K-
Akt signaling pathway were overactivated in OS cells
compared with normal cells.” And many studies have
revealed that activation of these two pathways contrib-
uted to cell proliferation, which resulted in tumor
growth and metastasis.'*° HMGA1 has been reported
to activate the MAPK-ERK1/2 signaling pathway and
PI3K-Akt signaling pathway.’’>' In the present study,
phosphorylation of ERK, PI3K, and Akt was inhibited
by knockdown of circ_ 0005909, suggesting that
circ_0005909 involved into the activation of MAPK-

ERK and PI3K-Akt signaling pathways. However, the
downregulation of phosphorylated ERK, PI3K, and Akt
was reversed by overexpression of HMGAIL. Taken
together, these results demonstrated that circ_0005909
could promote the activation of MAPK-ERK and PI3K-
Akt signaling pathways, which was mediated by upre-
gulation of HMGALI, thus contributing to the pathogen-
esis of OS. Some limitations existed in this study: 1)
The data did not compare the phosphorylation of ERK,
Akt, and PI3K in normal cells and in OS cell lines, but
it is well known that the MAPK-ERK1/2 signaling path-
way and PI3K-Akt signaling pathway was overactivated
in OS cells compared with normal cells;’ 2) The results
should be further validated using an OS animal model in
future studies; 3) The sample size was very low if this is
a clinical study. However, this was a basic scientific
study to figure out the effects of circ_0005909 in osteo-
sarcoma and the underlying mechanism. Therefore, the
sample size is enough to demonstrate the change of
circ_0005909 expression in OS in this basic scientific
study.

In summary, the data of the present study have
shown that the expression of circ_0005909 was upregu-
lated in both OS tissues and cell lines. Acting as ceRNA,
circ_0005909 upregulated expression of HGMA1 through
sponging miR-338-3p, which enhanced the activation of
the MAPK-ERK and PI3K-Akt signaling pathways to
promote the development of OS. These results suggested
that circ_ 0005909 and miR-338-3p can be effective
biomarkers for the diagnosis and prognosis of OS and
that further investigation of new drugs for OS could
focus on targeting HGMA1 and MAPK-ERK and PI3K-
Akt signaling pathways.
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