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circUBAP2 regulates osteosarcoma progression
via the miR-204-3p/HMGA?2 axis
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Abstract. Circular RNA (circRNA/circ)-ubiquitin associ-
ated protein 2 (UBAP2), a newly recognized circRNA,
serves a functional role in several types of tumor, including
ovarian cancer, colorectal cancer and osteosarcoma.
However, the precise roles and molecular mechanism under-
lying circUBAP2 in osteosarcoma (OS) are not completely
understood. In the present study, the expression levels of
circUBAP2, microRNA (miR)-204-3p and (HMGA?2) were
evaluated via reverse transcription-quantitative PCR in OS
tissues and cells. OS cell proliferation, migration, invasion and
apoptosis were assessed by performing Cell Counting Kit-8,
Transwell and flow cytometry assays, respectively. HMGA2
protein expression levels were determined via western blot-
ting. Dual-luciferase reporter assays were performed to
verify the interaction between circUBAP2 and miR-204-3p,
and between miR-204-3p and HMGA2. An RNA immu-
noprecipitation (RIP) assay was conducted to confirm the
interaction between circUBAP2 and miR-204-3p. The results
demonstrated that circUBAP2 expression was significantly
upregulated in OS tissues and cell lines compared with para-
cancerous tissues and hFOBI1.19 cells, respectively. In addition,
high circUBAP2 expression levels in patients with OS were
associated with a lower survival rate compared with lower
expression levels in patients with OS. The functional assays
revealed that circUBAP2 knockdown significantly inhibited
OS cell proliferation, migration and invasion, but increased
OS cell apoptosis compared with the small interfering
RNA-negative control (si-NC) group. The dual-luciferase
reporter and RIP assay results confirmed that circUBAP2
bound to miR-204-3p. Moreover, miR-204-3p expression
was significantly downregulated in OS tissues compared
with paracancerous tissues, and miR-204-3p expression was
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negatively correlated with circUBAP2 expression in OS
tissues. Collectively, the results demonstrated that miR-204-3p
was associated with circUBAP2 knockdown-mediated inhibi-
tion of OS cell malignant behavior. Moreover, miR-204-3p
was also identified as one of the direct targets of HMGA?2.
Collectively, the results indicated that compared with the
si-NC group, circUBAP2 knockdown significantly inhibited
OS cell malignant behavior by binding to miR-204-3p, which
subsequently regulated HMGA?2 expression. Therefore, the
present study demonstrated that circUBAP2 expression was
upregulated in OS, and circUBAP2 regulated OS cell malig-
nant behavior via the miR-204-3p/HMGA?2 axis.

Introduction

Osteosarcoma (OS) typically occurs in adolescents and chil-
dren, and is characterized by rapid progression, a high degree
of malignancy, poor prognosis, poor outcomes resulting from
chemotherapy or radiotherapy and a tendency towards lung
metastasis (1). With advancements in surgery, chemotherapy
and radiotherapy, the long-term survival rate of patients with
OS has greatly improved (2); however, the overall prognosis of
patients with OS remains poor, especially for those with distant
metastasis or recurrent cancer (3). Therefore, identifying the
mechanisms underlying OS is important for the development
of novel diagnostic and therapeutic strategies.

Circular RNAs (circRNAs/circs) are a class of
double-stranded closed RNAs lacking a 3' cap structure and a
5' poly tail, which are stable entities that exist widely in almost
all eukaryotes (4). The majority of circRNAs that have been
discovered and identified are non-coding RNAs (ncRNAs) that
do not encode proteins, but are able to regulate gene expres-
sion (5). Previous studies have demonstrated that circRNAs
are associated with atherosclerosis, pulmonary fibrosis,
tumors, heart failure, Alzheimer's disease and myocardial
injury (6-11). Accumulating evidence has also revealed the
differential expression of circRNAsS, including circ-SFMBT?2,
circ_0068033, circ_0043265, circHIATI1 and circ-MYBL2, in
several types of cancer (12-16).

circ-ubiquitin associated protein 2 (UBAP2), a newly iden-
tified circRNA, has been reported to serve as an oncogene in
several types of cancer (17-22). Forexample,circUBAP2 inhibits
esophageal squamous cell carcinoma cell malignant behavior
by modulating the microRNA (miRNA/miR)-422a/RABI0,
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member RAS oncogene family axis, and in triple-negative
breast cancer cells via the miR-661/metastasis associated 1
axis (18,19). In addition, in ovarian cancer (OC), circUBAP2
promotes OC progression by binding to miR-144, thereby regu-
lating chromodomain-helicase-DNA-binding protein 2 (19).
In OS, circUBAP2 promoted OS progression by sponging
miR-143 and regulating the miR-641/Yesl associated tran-
scriptional regulator axis (21,22). However, the molecular
mechanism underlying circUBAP2 in OS is not completely
understood.

miRNAs, which are ~20 nucleotides in length, inhibit the
expression of their target genes by binding to the 3' non-coding
region of target gene mRNAs (23). Previous studies have
demonstrated that miRNAs, including miR-192, miR-183
and miR-375, fulfill crucial roles with respect to OS cell
proliferation, migration, invasion and drug resistance (24-26).
miR-204-3p inhibits bladder cancer cell proliferation and
enhances glioma cell apoptosis (27,28). However, the roles of
miR-204-3p in OS are not completely understood.

High-mobility group protein A2 (HMGA?2) is a member
of the high-mobility group protein family, which is highly
expressed in certain types of malignant tumor, including
breast, non-small cell lung and pancreatic cancer, as well as
retinoblastoma (29-32). Increasing evidence has demonstrated
that HMGAZ2 is involved in malignant transformation and
epithelial-mesenchymal transition (EMT) of cells (33-35). For
example, Zha et al (33) reported that HMGA?2 participated in
EMT, activating the Wnt/p-catenin signaling pathway in gastric
cancer. In addition, Zhao et al (34) reported that in tongue
squamous cell carcinoma, HMGA?2 contributed to cancer
progression and metastasis by enhancing the EMT signaling
pathway. Hawsawi et al (35) demonstrated that HMGA?2
promoted prostate tumor progression by inducing EMT via the
MAPK signaling pathway. Moreover, HMGA2 was reported
to be negatively regulated by miRNAs, including miR-590,
miR-219-5p, miR-497 and miR-493 (36-39). However, whether
HMGAZ2 is regulated by miR-204-3p in OS requires further
investigation.

Recently, a number of studies investigating circRNAs
have focused on elucidating their underlying mechanism,
for example, determining which circRNAs serve as miRNA
sponges to competitively bind to miRNAs, thereby inhibiting
the degradation of corresponding mRNAs and regulating gene
expression (40-42). For example, Sang et al (40) demonstrated
that circRNA_0025202 served as a sponge for miR-182-5p
and further regulated the expression and activity of fork-
head box O3 in breast cancer. Song et al (41) reported that
circRNA_101996 served as a sponge of miR-8075, which
targeted TPX2 microtubule nucleation factor in cervical
cancer cells to promote cervical cancer progression (41). In
addition, Xu et al (42) reported that circTADA2A-E6 served
as an miR-203a-3p sponge to target suppressor of cytokine
signaling 3, suppressing breast cancer progression and metas-
tasis. Therefore, the present study aimed to identify whether
circUBAP?2 regulated miR-204-3p to modulate HMGA?2 in
order to influence OS progression. In addition, the mechanism
underlying circUBAP2/miR-204-3p/HMGA?2 axis-mediated
regulation of OS progression was investigated. The results of
the present study may provide theoretical guidance for further
understanding the molecular mechanism underlying OS.
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Materials and methods

Human tissue collection. A total of 42 OS tissues and paired
adjacent non-cancerous tissues (distance from tumor margin,
5 cm) were collected from patients with OS (age range,
8-50 years; mean age, 22.83+12.78 years; 20 male patients
and 22 female patients) at the Affiliated Cancer Hospital
of Zhengzhou University (Zhengzhou, China) between
March 2017 and December 2019. Inclusion criteria were as
follows: i) Tissues were obtained during surgery and diagnosed
with OS by two pathologists; ii) patients had not received
chemotherapy or radiotherapy; and iii) patients were willing to
participate. The exclusion criteria were as follows: i) Patients
with other diseases, including other tumors; ii) patients who
received treatment prior to participation in the present study;
and iii) patients who refused to participate in the study. All
tissue samples were confirmed by a pathologist. Tissues were
immediately placed in liquid nitrogen. The present study was
approved by the ethics committee of Zhengzhou University
(approval no. 201908). All the patients provided written
informed consent prior to specimen acquisition.

Reverse transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted from cells and tissues using TRIzol®
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA
concentration and purity was detected using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, Inc.). Total RNA
(2 ng) was reverse-transcribed into cDNA using the SuperScript
VILO cDNA Kit (Invitrogen; Thermo Fisher Scientific, Inc.),
according to the manufacturer's protocol. Subsequently, qPCR
was performed using the SYBR-Green PCR kit (Invitrogen;
Thermo Fisher Scientific, Inc.). The sequences of the primers
used for qPCR as listed in Table I. The following thermocy-
cling conditions were used for qPCR analysis of circUBAP2
and HMGA?2: 94°C for 30 sec; 40 cycles of 94°C for 15 sec,
55°C for 30 sec and 72°C for 90 sec. The following thermocy-
cling conditions were used for qPCR analysis of miR-204-3p:
95°C for 15 sec, annealing at 60°C for 30 sec and extension
at 72°C for 30 sec. GAPDH was used as the internal standard
for circUBAP2 and HMGA?2, and U6 was used as the internal
standard for miR-204-3p. Relative gene expression levels were
quantified using the 2*4°4 method (43).

Cell culture and cell transfection. Human OS cell lines
(MG63, U-20S, HOS and SaOS-2) were purchased from
American Type Culture Collection and cultured in DMEM
(Sangon Biotech Co., Ltd.) supplemented with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc.) at 37°C with 5% CO,.
The normal osteoblast cell line (hFOB1.19) was also purchased
from American Type Culture Collection and cultured in
RPMI-1640 (HyClone; Cytiva) supplemented with 10% FBS
at 33.5°C with 5% CO,.

Small interfering RNAs (siRNAs/si) targeting circUBAP2
(si-circUBAP2'" and si-circUBAP2%*), negative control
(NC) siRNA (si-NC), miR-204-3p mimic and mimic NC,
HMGAZ2-overexpression plasmid (pcDNA3.1-HMGA?2) and
pcDNA3.1 were synthesized by Shanghai GenePharma Co.,
Ltd. HOS and Sa0OS-2 cells (5x10° cells/ml) were seeded
into 6-well plates. At 70% confluence, cells were transfected
with si-circUBAP2", si-circUBAP2%, si-NC, miR-204-3p
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Table I. Sequences of siRNAs, mimics and primers used for
reverse transcription-quantitative PCR.

Gene Sequence (5'—3")

si-circUBAP2!
si-circUBAP2*
circUBAP si-NC
si-HMGA2
HMGAZ2 si-NC
miR-204-3p mimic

GCAGACUAUUCAGAUUCUACA
GACUAUUCAGAUUCUACAUCU
AAACGGUACCAUAUGGUAAGC
GGGCAAUCUUAUAUAUCUA
CCCAGUUACGAATCGCUUCCA
GCTGGGAAGGCAAAGGGACGT
UCACGCCACCUUACUGGCGCC
F: CCAGTTCTTAGCCAGTTGA
R: TGTCTCCAGGTGTTGATTC

F: GTTTGCTGGGAAGGCAAAG
R: TGTTTTGCTGGGAAGGCAAA

mimic NC
circUBAP2 primer

miR-204-3p primer

HMGAZ? primer F: GGACAAGCAAGTTGATGAAT
R: TGAGTGAGTAGACGAGTGA
U6 primer F: CTCGCTTCGGCAGCACATATACT

R: ACGCTTCACGAATTTGCGTGTC

F: CCTGTACGCCAACACAGTGC
R: ATACTCCTGCTTGCTGATCC

[-actin primer

si, small interfering RNA; NC, negative control; circ, circular RNA;
UBAP2, ubiquitin associated protein 2; miR, microRNA; HMGA2,
high mobility group A2; F, forward; R, reverse.

mimic or mimic NC using Lipofectamine® 3000 reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C. The
following treatment groups were established: i) circUBAP2
si-NC group, 60 nM si-NC; ii) si-circUBAP2' group,
60 nM si-circUBAP2'; iii) si-circUBAP2* group, 60 nM
si-circUBAP2%; iv) si-circUBAP2 + miR-204-3p mimic
group, 60 nM si-circUBAP2' + 40 nM miR-204-3p
mimic; v) mimic NC group, 40 nM miR-204-3p mimic
NC; vi) miR-204-3p mimic group, 40 nM miR-204-3p
mimic; vii) HMGA?2 si-NC group, 35 nM si-HMGA?2 NC;
viii) si-HMGAZ2 group, 35 nM si-HMGAZ2; ix) miR-204-3p
mimic + si-HMGA?2 group, 40 nM miR-204-3p mimic +
35 nM si-HMGAZ2; x) pc-DNA3.1 group, 1 ug/ul pc-DNA3.1;
xi) si-circUBAP2 + pc-DNA3.1 group, 60 nM si-circUBAP2"
+ 1 pug/ul pcDNA3.1; and xii) si circUBAP2 + pc-HMGA?2
group, 60 nM si-circUBAP2" + 1 ug/ul pcDNA3.1-HMGA2i
At 48 h post-transfection, transfection efficiencies were deter-
mined. The sequences of the siRNAs, miR-mimics and NCs
are presented in Table I.

Flow cytometric analysis of apoptosis. Briefly, cells were
digested with 0.25% trypsin and a cell suspension was prepared.
Following centrifugation at 4°C at 1,200 x g for 10 min, the
supernatant was removed, precooled PBS was added to cells
and the cells were centrifuged again at 4°C at 1,200 x g for
10 min. The supernatant was removed and cells were washed
three times with PBS (5 min per wash). Subsequently, cell
apoptosis was assessed using the Annexin V-FITC kit
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(BD Biosciences) according to the manufacturer's protocol.
Briefly, cells (1x10° cells/100 ul) were transferred to a 5 ml
culture tube and treated with Binding Buffer containing 5 ul
FITC Annexin V and 5 pl PI for 15 min at 25°C in the dark.
Subsequently, 400 p1 1X binding buffer was added to each tube.
Cell apoptosis (early and late apoptosis) was detected using
a FACSCalibur flow cytometer (BD Biosciences) within 1 h
and analyzed using CellQuest software (version no. 643274;
BD Biosciences).

Cell Counting Kit (CCK)-8 assay. Cells were seeded
(2x10* cells/well) into 96-well plates and cultured at 37°C with
5% CO,.Following incubation for 1,2, 3 or 4 days, 10 ul CCK-8
reagent (Beyotime Institute of Biotechnology) was added into
each well and incubated for 4 h. Absorbance was measured at a
wavelength of 450 nm using a microplate reader. Each reading
was based on an average of at least 5 replicate wells.

Transwell assay. Transwell invasion assays were performed
using a Transwell chamber (8-xm; Corning, Inc.) containing
a Matrigel-coated membrane (BD Bioscience). Tranwell
migration assays were performed using a Trasnwell chamber
without the Matrigel-coated membrane. Briefly, cells were
digested with trypsin and resuspended in serum-free medium.
Subsequently, 200 ul cell suspension (2x10* cells/l) was plated
into the upper chamber of the Transwell chamber and 700 ul
complete medium was added to the lower chamber. Following
incubation for 48 h at 37°C, the chamber was extracted and
washed with PBS. Non-invading/migratory cells were removed
using a wet cotton swab. Invading/migratory cells were fixed
with 4% paraformaldehyde for 20 min at room temperature,
washed at least three times with PBS and stained with 1%
crystal violet solution at room temperature for 5 min. Stained
cells were counted using a light IX51 inverted microscope
(Olympus Corporation; magnification, x200), and an average
was calculated from five randomly selected fields.

Western blotting. Following washing with PBS, total protein
was extracted from cells using RIPA lysate (Thermo Fisher
Scientific, Inc.). Protein concentration was determined using
BCA reagent (Invitrogen; Thermo Fisher Scientific, Inc.).
Proteins (30 ug) were separated via 10% SDS-PAGE and
transferred to a PVDF membrane. Following blocking with
5% non-fat milk for 2 h in TBST (0.1% Tween-20; Sangon
Biotech Co., Ltd.) at room temperature, the membranes were
incubated at 4°C overnight with primary antibodies (diluted in
0.1% Tween-20) targeted against: HMGAZ2 (cat. no. ab207301;
1:1,000; Abcam) and (-actin (cat. no. ab8227; 1:5,000;
Abcam). Subsequently, the membranes were incubated with a
HRP-conjugated secondary antibody (cat. no. ab6721; 1:5,000;
Abcam) at room temperature for 2 h. Following washing
three times with TBST, protein bands were visualized using
an enhanced chemiluminescence kit (Pierce; Thermo Fisher
Scientific, Inc.). Protein expression was quantified using
Imagel] software (version 4.0; Bio-Rad Laboratories, Inc.) with
[-actin as the loading control.

Bioinformatics analysis. The circular RNA interactome data-
base-CircBank (www.circbank.cn/searchCirc.html) was used
to predict the candidate downstream targets of circUBAP2.
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TargetScan (www.targetscan.org/vert_71/) was used to predict
the potential targets of miR-204-3p.

RNA immunoprecipitation (RIP) assay. RIP was performed
using a Magna RNA-binding protein immunoprecipitation kit
(EMD Millipore). At 90% confluence, HOS and SaOS-2 cells
were centrifuged at 4°C for 5 min at 1,000 x g, washed with
pre-cooled PBS and lysed with RIP lysis buffer. Subsequently,
the lysates were incubated for 10 min at 4°C with human
argonaute RISC catalytic component 2 (Ago2) antibody (cat.
no.ab186733; 1:50; Abcam; 5 ug) conjugated on magnetic beads,
with IgG antibody (cat. no. ab172730; 1:100; Abcam; 5 ug) as
the control group. Samples were treated with Proteinase K
for 30 min at 55°C with gentle agitation. Immunoprecipitated
RNA was isolated using TRIzol. Co-precipitated RNAs were
purified, identified and analyzed via RT-qPCR according to
the aforementioned protocol.

RNase R treatment. The stability of RNA was determined using
RNase R. Total RNA (10 ug) isolated from HOS and SaOS-2
using TRIzol was mixed with 40 units RNase R (Epicentre
Technologies Pvt. Ltd.) for 20 min at 37°C to remove the linear
RNA. Subsequently, RT-qPCR was performed according to
the aforementioned protocol to determine the expression levels
of circUBAP2 and UBAP2.

Luciferase reporter assay. HOS and SaOS-2 cells
were seeded (3x10° cells/well) into 24-well plates. The
wild-type (WT) and mutant (Mut) binding sites of the
3'-untranslated regions (3'-UTRs) of circUBAP2 and HMGA?2
for miR-204-3p were amplified using PCR. Briefly, total
DNA was extracted from HOS and SAOS-2 cells using
the Animal Tissues/Cells Genomic DNA Extraction Kit
(Beijing Solarbio Science & Technology Co., Ltd.). DNA was
amplified using 2X Taq PCR MasterMix (Beijing Solarbio
Science & Technology Co., Ltd.) and the following primers:
circUBAP2 forward, 5'-CTGCCGTCAACTCCTGTTCT-3'
and reverse, 5-GCTGGCTCAACTGGCTAAGA-3"; and
HMGA?2 forward, 5"-TGAGCCCAGGAGTTTGAGAC-3'
and reverse, 5'-GAAGGTCCCCAGAGGAAAGT-3". The
following thermocycling conditions were used for PCR: 3 min
at 94°C; followed by 35 cycles of 94°C for 30 sec, 58°C for
30 sec and 72°C for 45 sec. The WT and Mut 3'-UTRs were
introduced into the pmirGLO luciferase expression vector
(Promega Corporation) to construct the following plasmids,
circUBAP2-WT, circUBAP2-Mut, HMGA?2 3'-UTR-WT and
HMGA?2-Mut. HOS and SaOS-2 cells were co-transfected with
2.5 ug pmirGLO-circUBAP2-WT, pmirGLO-HMGA2-WT,
pmirGLO-circUBAP2-Mut or pmirGLO-HMGA2-Mut
and 50 nM miR-204-3p mimic or mimic NC using
Lipofectamine 3000 at 37°C. At 48 h post-transfection,
luciferase activities were measured using the dual-luciferase
reporter assay system (Promega Corporation) according to
the manufacturer's protocol. Firefly luciferase activities were
normalized to Renilla luciferase activities.

Statistical analysis. Statistical analyses were performed
using SPSS (version 24.0; IBM Corp.) and GraphPad Prism
(version 5; GraphPad Software, Inc.) software. Data are
presented as the mean + SD. All experiments were repeated
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at least three times. Comparisons between two groups, other
than comparisons between tumor and adjacent non-tumor
samples, were analyzed using the unpaired Student's t-test.
Comparisons among multiple groups were analyzed using
one-way ANOVA followed by Tukey's post hoc test. A
paired Student's t-test was used to compare circUBAP2,
miR-204-3p and HMGA?2 expression levels between tumor
and adjacent non-tumor samples. The y* test was used to
analyze the relationship between circUBAP2 expression
and clinical parameters. Survival curves were assessed by
performing Kaplan-Meier analysis followed by log-rank
tests. The correlation between circUBAP2 expression
and miR-204-3p/HMGA?2 expression was determined by
performing Spearman's correlation analysis. Receiver oper-
ating characteristic (ROC) analysis was performed to assess
the sensitivity and specificity of the measured markers.
The correlation between circUBAP2 and miR-204-3p, or
miR-204-3p and HMGA?2 in tissue samples was evaluated
using Pearson's correlation coefficient. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

circUBAP2 is upregulated in OS and is associated with
poor prognosis. First, RT-qPCR was performed to detect
circUBAP2 expression levels, which were significantly higher
in OS tissues compared with paracancerous tissues (Fig. 1A).
Kaplan-Meier survival curve analysis demonstrated that
patients with OS with high expression levels of circUBAP2
displayed lower survival rates compared with patients with OS
with low expression levels of circUBAP2 (Fig. 1B). In addition,
circUBAP2 expression was significantly associated with TNM
stage (44) and distant metastasis (Table II). To further analyze
whether circUBAP2 served as a tumor marker in OS, ROC
curve analyses were performed. The results demonstrated that
circUBAP?2 effectively distinguished OS tissues from paired
non-cancerous tissues (area under the curve =0.7664 and cutoff
value =0.524; Fig. 1C). Subsequently, RT-qPCR was performed
to evaluate circUBAP2 expression in OS cells. The results
indicated that circUBAP2 expression levels were significantly
increased in OS cell lines compared with human hFOBI.19
osteoblasts, particularly in HOS and SaOS-2 cells, which were
selected for subsequent experiments (Fig. 1D). Following
treatment with RNase, circUBAP2 expression was not signifi-
cantly altered, whereas UBAP2 expression was significantly
decreased compared with the Mock group, which confirmed
the circRNA characteristics of circUBAP2 (Fig. 1E and F).
Collectively, the results demonstrated that circUBAP2 was
highly expressed in OS.

circUBAP?2 knockdown inhibits OS cell proliferation, migra-
tion and invasion, and promotes OS cell apoptosis. siRNAs
(si-circUBAP2" and si-circUBAP2%) were transfected into
OS cells to assess the function of circUBAP2 in OS. At 48
h post-transfection, the RT-qPCR results demonstrated that
compared with the si-NC group, circUBAP2 expression
was significantly decreased in OS cells transfected with
si-circUBAP2, indicating successful transfection (Fig. 2A).
si-circUBAP2' displayed higher transfection efficiency
compared with si-circUBAP2?%, thus si-circUBAP2'
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Figure 1. circUBAP2 expression is upregulated in OS and associated with poor prognosis. (A) circUBAP2 expression in OS tissues as determined via
RT-gqPCR. (B) Kaplan-Meier analysis demonstrated an association between circUBAP2 expression and overall survival in patients with OS. (C) Receiver
operating characteristic curves indicated that circUBAP?2 effectively distinguished OS tissues from paired non-cancerous tissues (AUC =0.7664; cut-off
value =0.524). (D) circUBAP2 expression in OS cells as determined via RT-qPCR. RNase treatment in (E) HOS and (F) SaOS-2 cells significantly decreased
UBAP2 expression, but did not significantly alter circUBAP2 expression. "P<0.05 and “P<0.01. circ, circular RNA; UBAP2, ubiquitin associated protein 2;
OS, osteosarcoma; RT-qPCR, reverse transcription-quantitative PCR; AUC, area under the curve; CI, confidence interval.

(si-circUBAP2) was used for subsequent experiments. The
functional assays revealed that circUBAP2 knockdown
significantly inhibited OS cell proliferation, migration and
invasion, and increased OS cell apoptosis compared with the
si-NC group (Fig. 2B-F), which demonstrated that circUBAP2
might serve as a tumor promoter in OS.

circUBAP2 sponges miR-204-3p, and miR-204-3p is
downregulated in OS. By analyzing the circular RNA
interactome database, miR-204-3p was identified as a
potential target of circUBAP2 (Fig. 3A). Subsequently,
the dual-luciferase reporter assays results suggested that
circUBAP2 could bind directly to miR-204-3p in OS
cells (Fig. 3B and C). In addition, anti-Ago2 antibody was
employed in an RIP assay to capture Ago2 protein and the
binding RNAs. The results demonstrated that circUBAP2
could bind to miR-204-3p (Fig. 3D and E). The expression
levels of circUBAP2 and miR-204-3p were subsequently
detected via RT-qPCR. Compared with the si-NC group,
miR-204-3p expression was significantly increased following
circUBAP2 knockdown (Fig. 3F). In OS tissues, miR-204-3p
expression was significantly downregulated compared with
paracancerous tissues (Fig. 3G). Moreover, miR-204-3p
expression was negatively correlated with circUBAP2 expres-
sion (Fig. 3H). Further analysis revealed that patients with OS
with low expression levels of miR-204-3p displayed a lower
overall survival rate compared with patients with OS with
high expression levels of miR-204-3p (Fig. 31). Moreover,
miR-204-3p was expressed at significantly lower levels in OS

cells compared with hFOB1.19 cells (Fig. 3J). Collectively, the
results demonstrated that circUBAP2 sponged miR-204-3p,
and miR-204-3p expression was downregulated in OS.

circUBAP2 promotes OS cell proliferation, migration
and invasion, and inhibits OS cell apoptosis by sponging
miR-204-3p. The transfection efficiency of miR-204-3p is
presented in Fig. 4A. Subsequently, HOS and SaOS-2 cells were
co-transfected with miR-204-3p mimic and si-circUBAP2'
(si-circUBAP?2). circUBAP2 knockdown significantly reduced
OS cell proliferation, migration and invasion, and promoted
OS cell apoptosis compared with the si-NC group. Following
co-transfection with miR-204-3p mimic, circUBAP2
knockdown-mediated effects on proliferation, migration
and invasion were significantly increased (Fig. 4B-E),
whereas circUBAP2-knockdown-induced cell apoptosis was
significantly inhibited, which suggested that miR-204-3p was
associated with circUBAP2-mediated promotion of OS cell
malignant behavior.

HMGA?2 is a target of miR-204-3p. miRNAs are able to
mediate downregulation of the expression of their target genes
by targeting the mRNA 3'-UTR downstream of the target
gene (45). TargetScan was used to identify HMGA?2 as a poten-
tial target gene of miR-204-3p (Fig. 5A). To further confirm
regulation of the HMGA?2 gene by miR-204-3p, dual-luciferase
reporter assays were performed. The results obtained verified
the interaction between miR-204-3p and HMGA?2 in HOS and
Sa0S-2 cells (Fig. 5B and C). In addition, the western blotting
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results demonstrated that miR-204-3p overexpression signifi-
cantly decreased the expression levels of HMGA?2 in HOS
and SaOS-2 cells compared with mimic NC (Fig. 5D). In OS
tissues, HMGA?2 expression levels were significantly higher

compared with paracancerous tissues (Fig. SE). Moreover,
Pearson's correlation analysis demonstrated that HMGA?2
expression levels were negatively correlated with miR-204-3p
expression levels (Fig. SF).
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Table II. Association between circUBAP2 expression and

clinical parameters of patients with osteosarcoma.

Clinical parameter n

circUBAP2 expression

Low (n=21) High (n=21) P-value

Sex
Male
Female
Age (years)
<18
>18
Location
Femur
Other
Tumor size (cm)
<8
>8
TNM stage
I-1I
11T
Distant metastasis
No
Yes

0.758

22 10 12

20 11 9
1.00

25 13 12

17 8 9
0.085

30 12 18

12 9 3
0.111

26 16 10

16 5 11
0.012¢

23 16 7

19 5 14
0.029°

20 14 6

22 7 15

*P<0.05. circ, circular RNA; UBAP2, ubiquitin associated protein 2.

miR-204-3p inhibits OS cell proliferation, migration and
invasion, and promotes OS cell apoptosis by regulating
HMGA?2. To investigate whether HMGA?2 was involved in
miR-204-3p-induced OS cell malignant behavior, HOS and
Sa0S-2 cells were transfected with si-HMGA?2 or si-NC. The
transfection efficiency of si-HMGA?2 is presented in Fig. 6A.
Subsequently, HOS and SaOS-2 cells were co-transfected with
miR-204-3p mimic and si-HMGA2. miR-204-3p overexpres-
sion significantly decreased OS cell proliferation, migration
and invasion, and promoted OS cell apoptosis compared with
mimic NC (Fig. 6B-E). miR-204-3p overexpression-mediated
effects were significantly enhanced by HMGA?2 knockdown.
Collectively, the results demonstrated that HMGA2 was
associated with miR-204-3p-mediated inhibition of OS cell
malignant behavior.

circUBAP2 promotes OS cell proliferation, migration and
invasion, and inhibits OS cell apoptosis by regulating
HMGA2. The aforementioned results demonstrated
that circUBAP2 promoted OS cell malignant behavior,
and HMGA?2 was a target of miR-204-3p, Therefore,
whether circUBAP2 affected OS cell malignant
behavior by regulating HMGA?2 was examined. Firstly,
pcDNA3.1-HMGA?2 and pcDNA3.1 were transfected into
cells (Fig. 7A). Subsequently, cells were co-transfected with
pcDNA3.1-HMGA?2 and si-circUBAP2. The results revealed
that circUBAP2 knockdown significantly decreased OS cell
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Figure 4. circUBAP2 promotes OS cell proliferation, migration and invasion, and inhibits OS cell apoptosis by sponging miR-204-3p. (A) Transfection
efficiency of miR-203-3p mimic. (B) Cell Counting Kit-8 assays were performed to examine the effect of circUBAP2 and miR-204-3p on HOS and SaOS-2 cell
proliferation. (C) Transwell assays were performed to assess the effect of circUBAP2 and miR-204-3p on HOS and SaOS-2 cell (C) migration and (D) invasion
(scale bar, 500 ym). (E) Flow cytometry was performed to assess the effect of circUBAP2 and miR-204-3p on HOS and SaOS-2 cell apoptosis. “P<0.05 and
“P<0.01. circ, circular RNA; UBAP2, ubiquitin associated protein 2; OS, osteosarcoma; miR, microRNA; NC, negative control; si, small interfering RNA;

OD, optical density.

proliferation, migration and invasion, and promoted OS
cell apoptosis compared with the si-NC group. However,
circUBAP2 knockdown-mediated effects were significantly

reversed by HMGA?2 overexpression, which further indi-
cated that circUBAP2 affected OS cell biological behavior
by regulating HMGA?2 (Fig. 7B-E).
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Discussion

Increasing evidence has demonstrated that ncRNAs are
involved in the development of different types of cancer,
including nasopharyngeal carcinoma, breast cancer, osteo-
sarcoma and esophageal squamous cell carcinoma (46-50).
circRNAs, which are a group of ncRNAs, are also associated
with various diseases (51-55). Hao et al (56) reported that
circ_0016760 promoted lung cancer cell proliferation by regu-
lating the miR-577/zinc finger and BTB domain containing
7A axis. Wang et al (57) demonstrated that the circRNA

mitochondrial fission and apoptosis-related could regulate
expression of mitochondrial fission process 1 via miR-652-3p,
thereby participating in the process of mitochondrial division.
circUBAP2 has been reported to serve roles in several types
of tumor, including clear cell renal cell carcinoma, esopha-
geal squamous cell carcinoma, triple-negative breast cancer,
ovarian cancer and osteosarcoma (17-21); however, the roles of
circUBAP2 in OS are not completely understood.

In the present study, circUBAP2 expression was signifi-
cantly upregulated in OS tissues and cell lines compared
with paracancerous tissues and hFOBI1.19 cells, respectively.



MA et al: circUBAP2 REGULATES OSTEOSARCOMA PROGRESSION BY REGULATING THE miR-204-3p/HMGA2 AXIS

A

c 1.57 == HOS
o mm Sa0S-2
¢
£ 1.0
[
Py
1T}
E 0.5
2
=
&
F&F
S

B

2.0

0D450 value
- -
o n
2 L

2
wn
1

0.0

HOS
— miR-204-3p mimic+si-HMGA2
~=~ miR-204-3p mimic

—— mimic NC

Migration

Time (days)

HOsS

Sa0s-2

mimic NC

miR-204-3p mimic

Invasion

miR-204-3p mimic
+si-HMGA2

HOS

$a08-2

mimic NC

mi-204-p mimic
+si-HMGA2

> pj

HOS

S$a0s-2

w0t w0t

mimic NC

miR-204-3p mimic

~ > FIT
miR-204-3p mimic
+si-HMGA2

Number of migrated cells

Apoptosis rate (%)

3.04

0D450 value

= = NN
(=] @ =3 wm
1 1 '

bod
o
1

2
o

307

Sa0s-2
— miR-204-3p mimic+si-HMGA2
—=— miR-204-3p mimic
— mimic NC {:E

0 1 2 3 4
Time (days)

= HOS

m HOS

Figure 6. miR-204-3p inhibits OS cell proliferation, migration and invasion, and promotes OS cell apoptosis by targeting HMGAZ2. (A) Transfection efficiency
of si-HMGAZ2. (B) Cell Counting Kit-8 assays were performed to assess the effect of miR-204-3p and HMGA?2 on HOS and SaOS-2 cell proliferation.
Transwell assays were performed to determine the effect of miR-204-3p and HMGA?2 on HOS and SaOS-2 cell (C) migration and (D) invasion (scale bar,
500 pum). (E) Flow cytometry was performed to determine the effect of miR-204-3p and HMGA2 on HOS and SaOS-2 cell apoptosis. “P<0.01 vs. si-NC.
miR, microRNA; OS, osteosarcoma; si, small interfering RNA; HMGA?2, high mobility group A2; NC, negative control; OD, optical density; d, days.

Furthermore, high expression levels of circUBAP2 in patients
with OS were associated with lower survival rates compared

with low expression levels of circUBAP2 in patients with
OS, suggesting that circUBAP2 might serve as a prognosis
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target for patients with OS. Moreover, circUBAP2 knockdown
significantly inhibited OS cell proliferation, migration and
invasion, and promoted OS cell apoptosis compared with the
si-NC group.

Increasing evidence has also suggested that circRNAs
perform regulatory roles as miRNA ‘sponges’ (40-42). To
further investigate the mechanism underlying circUBAP2 in
0OS, the present study aimed to identify miRNAs that could bind
to circUBAP2. Through bioinformatics analysis, miR-204-3p
was identified as a target of circUBAP2. Subsequently, the
dual-luciferase reporter and RIP assay results confirmed that
circUBAP2 bound miR-204-3p, which is a known tumor
suppressor in bladder cancer (27). Furthermore, miR-204-3p
expression was significantly downregulated in OS tissues and
cell lines compared with paracancerous tissues and hFOB1.19
cells, respectively. In addition, miR-204-3p expression was
negatively correlated with circUBAP2 expression in OS tissues.
miR-204-3p overexpression significantly enhanced the inhibi-
tory effect of circUBAP2 knockdown on OS cell proliferation,
migration and invasion, whereas miR-204-3p overexpression
significantly inhibited circUBAP2 knockdown-induced apop-
tosis.

As a transcription factor, HMGA?2 can regulate the tran-
scription and activation of a large number of genes, especially
those associated with cell proliferation and apoptosis (58-61).
The present study demonstrated that HMGA?2 was a target
of miR-204-3p. HMGA?2 expression was significantly
upregulated in OS tissues compared with paracancerous
tissues. Furthermore, HMGA?2 knockdown significantly
enhanced miR-204-3p overexpression-mediated effects on
OS cell proliferation, migration, invasion and apoptosis.
Based on the finding that miR-204-3p was associated with
circUBAP2-mediated promotion of OS cell malignant
behavior, it was hypothesized that circUBAP2 promoted OS
cell malignant behavior by regulating HMGA?2. Compared
with the si-NC group, circUBAP2 knockdown significantly
decreased cell proliferation, migration and invasion, and
enhanced cell apoptosis, whereas these effects were signifi-
cantly reversed by HMGA?2 overexpression, which further
supported our hypothesis. Therefore, the present study demon-
strated that the novel circUBAP2/miR-204-3p/HMGA?2 axis
was involved in the OS malignant phenotype, suggesting that
a circRNA-miRNA-mRNA regulatory network is involved in
the tumorigenesis and development of OS.

However, the present study had a number of limitations.
For example, although HMGA?2 has been reported to be
closely associated with the EMT process in tumors (33-35),
the expression levels of EMT-associated proteins were not
determined in the present study. Also, effects of HMGA2
alone on OS cell proliferation and migration require further
investigation. Another potential limitation of present study is
that only miR-204-3p mimic was used to investigate the effects
of the circUBAP2/miR-204-3p/HMGA?2 signaling pathway on
OS and an miRNA-204-3p inhibitor was not used. Therefore,
future studies should make use of an miR-204-3p inhibitor. In
addition, the effect of circUBAP2 on tumor growth should be
verified in vivo. Finally, only 42 OS tissues were used in the
present study, which was a small number of samples, thus a
larger number of tissue specimens should be utilized in future
studies.
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In conclusion, to the best of our knowledge, the present
study demonstrated that circUBAP2 was highly expressed
and served as an oncogene in OS for the first time.
Moreover, the results of the present study indicated that the
circUBAP2/miR-204-3p/HMGA?2 signaling pathway might
be involved in OS progression. Therefore, a novel regulatory
network comprising circUBAP2/miR-204-3p/HMGA?2 might
serve as a potential therapeutic target for OS.
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