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Abstract. Circular RNA‑lipoprotein receptor 6 (circ‑LRP6) 
serves a role in promoting the tumorigenesis of retinoblas‑
toma, esophageal squamous cell cancer and oral squamous 
cell carcinoma; however, whether circ‑LRP6 demonstrates the 
same effect in osteosarcoma (OS) is yet to be fully elucidated. 
The present study aimed to analyze the expression, role and 
potential molecular mechanism of circ‑LRP6 in OS. The 
expression levels of circ‑LRP6, microRNA  (miR)‑141‑3p, 
histone deacetylase  4 (HDAC4) and high mobility group 
protein 1 (HMGB1) were evaluated by reverse transcription-
quantitative PCR in OS tissues and cell lines. Cell Counting 
Kit‑8, Transwell and Matrigel assays were conducted to eval‑
uate cell proliferation, migration and invasion, respectively. 
Western blotting was also performed to determine HDAC4 
and HMGB1 protein expression levels. Bioinformatics and 
dual‑luciferase reporter assays were used to predict and 
analyze the interactions between circ‑LRP6 and miR‑141‑3p, 
miR‑141‑3p and HDAC4, as well as between miR‑141‑3p 
and HMGB1. Additionally, RNA immunoprecipitation was 
performed to verify the association between circ‑LRP6 and 
miR‑141‑3p. The results confirmed that circ‑LRP6 was highly 
expressed in OS tissues and cell lines. In addition, circ‑LRP6 
negatively regulated the expression of miR‑141‑3p and, in turn, 
miR‑141‑3p negatively regulated HDAC4 and HMGB1 expres‑
sion. Functional assays revealed that circ‑LRP6 knockdown 
inhibited the proliferation, migration and invasion of OS cells, 
whereas the inhibition of miR‑141‑3p or the overexpression of 
either HDAC4 or HMGB1 partly reversed the inhibitory effect 
of circ‑LRP6 knockdown. In summary, the present study 
determined that circ‑LRP6 knockdown inhibited the prolif‑
eration, migration and invasion of OS cells by regulating the 
miR‑141‑3p/HDAC4/HMGB1 axis.

Introduction

Osteosarcoma (OS) is the most common primary bone tumor 
in children and adolescents; it is characterized by early 
metastasis and rapid progression (1). The treatment regimens 
of OS currently include neoadjuvant chemotherapy, surgical 
treatment and postoperative chemotherapy; however, the 
5‑year survival rate of patients remains at ~60% (2). The 
prognosis of patients with metastasis is considerably worse, 
with a 5‑year survival rate of 20‑30% (3). Therefore, there is 
an urgent requirement to identify novel therapeutic regimens 
or targets to improve the diagnosis and prognosis of patients 
with OS.

Circular (circ)RNAs are endogenous non‑coding RNAs 
that are hundreds or thousands of bases in length and 
comprise a covalently closed structure (4). In recent years, 
an increasing number of studies have demonstrated that 
circRNAs are associated with a variety of human diseases, 
including cerebrovascular diseases, inflammatory diseases 
and neurological diseases (5‑7). circRNAs are also closely 
associated with the occurrence of malignant tumors (8‑11). 
Previous studies have revealed that circRNAs serve impor‑
tant roles in the progression of OS, directly regulating cell 
proliferation, apoptosis and metastasis (12,13). For instance, 
Ma et al (8) demonstrated that overexpression of circRNA 
ubiquitin associated protein 2 (circ‑UBAP2) in OS cells 
promoted cell proliferation, invasion and migration by regu‑
lating microRNA (miRNA or miR)‑204‑3p/high‑mobility 
group AT‑hook  2 (HMGA2) signaling. In addition, 
Wen et al (11) reported that circRNA homeodomain‑inter‑
acting protein kinase  3 (circ‑HIPK3) promoted OS 
progression by modulating the miR‑637/circ‑HIPK3/histone 
deacetylase 4 (HDAC4) axis. Chen et al (12) also confirmed 
that circRNA calmodulin‑regulated spectrin‑associated 
protein  1 (circ‑CAMSAP1) facilitated OS progression 
and metastasis by sponging miR‑145‑5p and subsequently 
regulating the expression of Friend leukemia integration 1. 
circRNA low‑density lipoprotein receptor‑related protein 6 
(circ‑LRP6), a newly discovered circRNA, has been detected 
in vascular smooth muscle cells, and has been determined 
to facilitate OS, oral squamous cell carcinoma and esopha‑
geal squamous cell cancer tumorigenesis (13‑16). However, 
the role and mechanism of circ‑LRP6 has not been fully 
elucidated in OS.
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As a class of non‑coding RNA, miRNAs are short endoge‑
nous RNAs that are 22‑25 nucleotides in length (17,18). A large 
number of miRNAs have been reported to participate in OS 
progression, including miR‑873, miR‑9, miR‑708‑5p, miR‑183 
and miR‑17‑5p  (19‑23). miR‑141‑3p functions as a tumor 
suppressor in OS, colorectal cancer and gastric cancer (24‑27). 
Additionally, in recent years, a number of studies have demon‑
strated that circRNAs can competitively bind to miRNAs, 
thereby eliminating the regulatory effect of miRNAs on their 
target genes and participating in tumor progression (28,29). 
For instance, in non‑small cell lung carcinoma (NSCLC), 
circ_100395 inhibited NSCLC malignancy by sponging 
miR‑141‑3p and thereby increasing the expression levels of 
large tumor suppressor kinase 2 (30). Another study revealed 
that circRNA‑100338 functions as a sponge of miR‑141‑3p, 
inhibiting the progression of hepatocellular carcinoma (31). 
Furthermore, circ‑sine oculis‑binding protein homolog, 
a novel circRNA, promoted cell migration by regulating 
the miR‑141‑3p/myosin phosphatase target subunit 1/phos‑
phorylated myosin light chain 2 axis in prostate cancer (32). 
It has been reported that circ‑LRP6 functions as an endog‑
enous sponge for miR‑145, miR‑9‑5p and miR‑455 (14,33‑34). 
However, it has not been reported whether circ‑LRP6 sponges 
miR‑141‑3p, thus regulating the proliferation, invasion and 
migration of OS cells.

The HDAC4 gene is located in human chromatin 2q37.3 and 
is 8,980 base pairs in length, containing a total of 37 exons (35). 
Studies have determined that HDAC4 expression differs in 
various tissues and organs and serves an important role in the 
development and prognosis of tumors (35,36). In esophageal 
cancer, HDAC4 upregulation promotes tumor progression 
and is associated with poor survival (37). HDAC4 was also 
reported to promote OS cell proliferation and invasion (38). 
High mobility group box‑1 (HMGB1) is highly expressed in 
a number of tumors, including lung, breast, head and neck, 
nasopharyngeal and colorectal cancer, indicating that it may 
be associated with the occurrence, invasion and metastasis of 
tumors (39‑43). 

miRNAs exert their biological functions by regulating 
the expression of their target genes at the transcriptional or 
post‑transcriptional level (44). For example, it has been deter‑
mined that HDAC4 is regulated by miR‑200b‑3p, miR‑206, 
miR‑29b and miR‑873‑3p  (45‑48). Furthermore, HMGB1 
was demonstrated to be regulated by miR‑451, miR‑548b, 
miR‑665, miR‑142‑3p and miR‑129‑5p (49‑53). However, to the 
best of our knowledge, there are no studies that have assessed 
whether HDAC4 and HMGB1 are regulated by miR‑141‑3p 
and circ‑LRP6 in OS.

The present study aimed to elucidate the expression, role 
and potential molecular mechanism of circ‑LRP6 in OS and to 
explore the role of the circ‑LRP6/miR‑141‑3p/HDAC4/HMGB1 
axis in OS progression. The results of the current study may 
provide a potential target for the early diagnosis and clinical 
treatment of OS.

Materials and methods

Human tissue collection. OS and normal paracancerous tissues 
were obtained from 50 patients with OS (age range, 7‑55 years; 
mean age, 21.52±10.15 years; 21 male and 29 female patients) 

who underwent radical resection at the Zhengzhou Orthopedic 
Hospital (Zhengzhou, China) between January  2018 and 
January 2019. Inclusion criteria for patient recruitment were 
as follows: i) Tissue obtained during surgery and diagnosed as 
OS by two pathologists; ii) the patient had not received adju‑
vant therapy, such as chemotherapy or radiotherapy, prior to 
surgery; and iii) the patient is willing to participate. The exclu‑
sion 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. The patients with 
OS were diagnosed by histopathology according to the 
tumor‑node‑metastasis (TNM) classification of the Union for 
International Cancer Control (UICC), and lung metastasis was 
determined according to CT imaging of lungs. All 50 patients 
with OS were studied in a follow‑up. The median follow‑up 
was 31 months (range, 3‑60 months). All experiments were 
approved by the Ethics Committee of Zhengzhou Orthopedic 
Hospital (approval no. 201908) and samples were collected 
with the written informed consent of patients.

Cell culture. hFOB1.19 normal human osteoblast cells, along 
with OS cell lines (MG63, U‑2OS, HOS and SaOS‑2), were 
purchased from the American Type Culture Collection. 
hFOB1.19 cells were cultured in DMEM/F12 (Sangon Biotech 
Co., Ltd.) containing 10% FBS (HyClone; Cytiva) at 33.5˚C in 
5% CO2. All OS cell lines were cultured in DMEM (Sangon 
Biotech Co., Ltd.) containing 10% FBS at 37˚C in 5% CO2.

Reverse transcription-quantitative PCR (RT‑qPCR). Total 
RNA was extracted from tissue samples and cell lines using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.), 
after which the purified RNA was reverse transcribed into cDNA 
using the PrimeScript RT Reagent Kit (Takara Biotechnology 
Co., Ltd.) according to the manufacturer's protocol. The SYBR 
Green PCR Master Mix (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used for qPCR using an ABI  7500 Real‑Time 
PCR Instrument. β‑actin was used as an internal control for 
circ‑LRP6, HDAC4 and HMGB1, whereas U6 was used as an 
internal control for miR‑141‑3p. The relative expression level of 
each target gene was calculated using the 2‑ΔΔCq method (54). 
The thermocycling conditions were as follows: 95˚C for 15 sec; 
followed by 35 cycles at 60˚C for 60 sec, 72˚C for 40 sec. The 
expressions of circ-chaperonin‑containing TCP1 subunit 2 
(CCT2), circ‑tripartite motif‑containing  33 (TRIM33), 
circ‑eukaryotic translation initiation factor 4 γ3 (EIF4G3) and 
circ‑LRP6 in OS tissues and paracancerous tissues was also 
performed by RT‑qPCR assay following the aforementioned 
experimental procedures. All the primer sequences used for 
qPCR are presented in Table I.

Construction of the pcDNA3.1‑HMGB1 and HDAC4 
overexpress plasmids. HOS and SaOS‑2 cells in the loga‑
rithmic growth phase were trypsin digested and collected. 
HDAC4 and HMGB1 cDNA were subsequently cloned into 
pcDNA3.1 (pc; Invitrogen; Thermo Fisher Scientific, Inc.) 
to construct overexpression vectors. PCR was used to copy 
the HMGB1 (position of PCR amplified fragment on the 
chromosome, GRCh38:13:30462604‑30461435) and HDAC4 
(position of PCR amplified fragment on the chromosome, 
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GRCh38:13:239108176‑239084216) DNA from the genome 
of both HOS and SaOS‑2 cells using the following primers: 
HMGB1 forward, 5'‑TCT​TCC​TCT​TCT​GCT​CTG​A‑3' and 
reverse, 5'‑ATC​TTC​CTC​CTC​TTC​CTT​CT‑3'; and HDAC4 
forward, 5'‑GTA​TGA​CAC​GCT​GAT​GCT‑3' and reverse, 
5'‑GCC​ACG​GAG​TTG​AAG​TAG‑3'. Thermocycling condi‑
tions were as follows: Initial denaturation at 95˚C for 5 min; 
followed by 34 cycles of denaturation at 95˚C for 30  sec, 
annealing at 62˚C for 30 sec, and extension at 72˚C for 60 sec; 
and a final extension at 72˚C for 7 min. PCR products were 
cleaned up by using the AxyGen® AxyPrep PCR Clean‑Up Kit 
(Corning, Inc.) according to the manufacturer's protocol and 
linked to pGEM‑T easy vector (Promega Corporation). ApaI 
and NotI enzyme were used to cut the pGEM‑T and pcDNA3.1(‑) 
vectors). T4 DNA ligase was used to ligate the pcDNA3.1(‑) and 
the excised DNA fragments at 16˚C for 2 h using the T4 DNA 
Ligase kit (Takara Bio, Inc.) according to the manufacturer's 
protocol. Plasmids (GeneChem, Shanghai, China) were mixed 
in Opti‑MEM (Gibco, Burlington, Canada) and incubated 
with the transfection reagent Lipofectamine® 3000 reagent 

(Invitrogen; Thermo Fisher Scientific, Inc.) for 20 min at room 
temperature. The resulting vectors (2 µg/µl) were transformed 
into Escherichia coli DH5α cells and cultured on LB plates 
containing 100 µg/ml ampicillin.

Cell grouping and transfections. The miR‑141‑3p mimic, 
mimic negative control (NC), miR‑141‑3p inhibitor, 
inhibitor NC,  small interfering (si)RNA‑circ‑LRP6#1, 
si‑circ‑LRP6#2 and si‑NC were designed and synthesized 
by Shanghai GenePharma Co., Ltd. HOS and SaOS‑2 cells 
(5x106 cells/ml) were transfected as follows: i) The si‑NC 
group transfected with 75 nM si‑NC; ii) the si‑circ‑LRP6#1 
group transfected with 75  nM si‑circ‑LRP6#1; iii)  the 
si‑circ‑LRP6#2 group transfected with 75 nM si‑circ‑LRP6#2; 
iv) the si‑circ‑LRP6 + miR‑141‑3p inhibitor group transfected 
with 75 nM si‑circ‑LRP6#1 + 50 nM miR‑141‑3p inhibitor; 
v) the si‑circ‑LRP6#1 + pc‑HDAC4 group transfected with 
75 nM si‑circ‑LRP6#1 + 2 µg/µl pcDNA3.1‑HDAC4; and 
vi) the si‑circ‑LRP6#1 + pc‑HMGB1 group transfected with 
75 nM si‑circ‑LRP6#1 + 1.8 µg/µl pcDNA3.1‑HMGB1. All 

Table I. Sequences of siRNAs, miR‑141‑3p inhibitor and mimic used for transfections, and primers used for reverse transcription-
quantitative PCR.

Gene	 Sequence (5' to 3')

si‑circ‑LRP6#1	 AAGGATGTATTTATGTTATAATG
si‑circ‑LRP6#2	 AACTAATGTATTTTTAGCTTAAG
si‑NC	 GCAGGGAGACTCGTCGCAATACC
miR‑141‑3p inhibitor	 CCAUCUUUACCAGACAGUGUUA
Inhibitor NC	 GCUGUCCCGGAGGAUCUUCACG
miR‑141‑3p mimic	 UAACACUGUCUGGUAAAGAUGG
Mimic NC	 CUCGACAAUCAGGUCACAGCGA
circ‑LRP6 primer	 F:	CTTCTGTGCCTCTTGGTTA
	 R:	ACTTGATGATGCTCCTGTAA
miR‑141‑3p primer	 F:	CGGGCTAACACTGTCTGGTAAAG 
	 R:	GTGCAGGGTCCGAGGTATTC
HDAC4 	 F:	GTATGACACGCTGATGCT
	 R:	GCCACGGAGTTGAAGTAG
HMGB1 	 F:	TCTTCCTCTTCTGCTCTGA
	 R:	ATCTTCCTCCTCTTCCTTCT
U6 	 F:	CTCGCTTCGGCAGCACA
	 R:	AACGCTTCACGAATTTGCGT
β‑actin 	 F:	CCTGTACGCCAACACAGTGC
	 R:	ATACTCCTGCTTGCTGATCC
LRP6	 F:	TATTGTCCCCCGATGGGCTG
	 R:	AGTACATGAACCCACTTGAAGGA
circ‑eukaryotic translation initiation factor 4 γ3 	 F:	CCTACCCCATCCCCTTATTC
	 R:	ACCGTGCTGTAGACTGCTGAG
circ‑chaperonin‑containing TCP1 subunit 2	 F:	TCTTTGCATAGTCCCGGCAG
	 R:	AGAGAGGCATCTCGTCCACT
circ‑tripartite motif‑containing 33	 F:	GTATGCCGCCAAGAATGCAG
	 R:	CTTTGCCCAGAAGGTGGGAT

circ, circular RNA; F, forward; HDAC4, histone deacetylase  4; HMBG1, high mobility group protein  1; LRP6, lipoprotein receptor  6; 
miR, microRNA; NC, negative control; R, reverse; si, small interfering RNA.
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cells were transfected using Lipofectamine® 3000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) at room tempera‑
ture for 48 h and then used for subsequent experimentation. 
A total of 50  nM miR‑141‑3p mimic or mimic NC were 
transfected into HOS and SaOS‑2 cells (5x106  cells/ml) 
using Lipofectamine 3000, as aforementioned, and used in 
subsequent experiments. The sequences of the transfected 
siRNAs, miRNA inhibitor, miRNA mimic and the respective 
controls are presented in Table I.

Cell Counting Kit (CCK)‑8 assay. Transfected HOS and 
SaOS‑2 cells were collected and the cell density was adjusted 
to 5x104 cells/ml, after which 100 µl cell suspension was inoc‑
ulated onto 96‑well plates and cultured at 37˚C and 5% CO2. 
After incubation for 1, 2, 3 and 4 days, 10 µl CCK‑8 solution 
(Beyotime Institute of Biotechnology) was added and the cells 
were incubated at 37˚C for a further 4 h. The absorbance value 
at 450 nm was determined using a microplate reader.

Transwell assays. At 48 h after transfection, HOS and SaOS‑2 
cells were resuspended in serum‑free RPMI‑1640 medium 
(Gibco; Thermo Fisher Scientific, Inc.). To assess migration, 
150 µl cell suspension was added into the upper chamber of 
a 24‑well Transwell insert (pore size, 8 µM) at a density of 
3x105 cells/ml. To assess invasion, the upper chamber was 
pretreated with 50 µl Matrigel and air‑dried at room tempera‑
ture for 4 h, after which 150 µl cell suspension was added 
at a density of 3x105 cells/ml. A total of 500 µl RPMI‑1640 
medium containing 10% FBS was added to the lower chamber 
and the cells were placed in an incubator at 37˚C and 5% CO2 
for 24 h. Subsequently, the cells in the lower chamber were 
washed twice with PBS, fixed with 4% paraformaldehyde 
for 30 min at room temperature and stained in 0.1% crystal 
violet for 15 min at room temperature. Five random fields of 
view of were observed, images were captured and cells were 
counted under a IX51 inverted light microscope (Olympus 
Corporation; magnification, x200).

Western blotting. Total protein was extracted from cells 
(5x106  cells/ml)using RIPA lysis buffer (Thermo Fisher 
Scientific, Inc.). After denaturing the protein samples at 100˚C 
for 10 min, their concentration was measured with a BCA protein 
assay kit (Pierce; Thermo Fisher Scientific, Inc.) according to 
the manufacturer's protocol. Protein (50 µg/lane) was then 
separated by 10% SDS‑PAGE. The protein isolates were trans‑
ferred onto PVDF membranes using the wet transfer method, 
after which the membranes were blocked with 1X TBS + 
0.1% Tween‑20 (TBST; Sangon Biotech Co., Ltd.) containing 
10% skimmed milk powder for 2 h at room temperature. The 
membranes were washed with TBST for 3 times (10 minutes 
each time) and subsequently incubated with anti‑HDAC4 (cat. 
no. ab235583; 1:1,000; Abcam), anti‑HMGB1 (cat. no. ab79823; 
1:10,000; Abcam) and anti‑β‑actin (cat. no. ab8227; 1:5,000; 
Abcam) primary antibodies at 4˚C overnight. HRP‑conjugated 
secondary antibodies (cat. no. ab6721; 1:5,000; Abcam) were 
then added to membranes, which were then incubated for 2 h 
at room temperature. The membranes were washed with TBST 
for 3 times (10 minutes each time), and the protein bands were 
visualized using BeyoECL Plus ECL‑like Western reagent 
(Beyotime Institute of Biotechnology) was used to visualize 

the bands. ImageJ version 1.8.0 (National Institutes of Health) 
was used for densitometric analysis; β‑actin was used as an 
internal control.

RNA immunoprecipitation (RIP) assay. The binding of 
circ‑LRP6 to argonaute RISC catalytic component 2 (AGO2) 
protein was detected using a Magna RIP RNA‑Binding Protein 
Immunoprecipitation kit (MilliporeSigma). HOS and SaOS‑2 
cells (8x106 cells/ml) were collected and lysed according to 
the manufacturer's protocol, after which the cell extract was 
incubated for 10 min with antibodies against Argonaute2 (cat. 
no.  ab32381; 1:2,000; Abcam) or immunoglobulin G (cat. 
no.  ab109489; 1:5,000; Abcam) at room temperature. The 
magnetic bead antibody complex was resuspended in 900 µl 
RIP wash buffer. Cell extract (100 µl) was then added and 
incubated overnight at 4˚C. RNA was extracted from samples 
following digestion with protease K, after which the expres‑
sion levels of circ‑LRP6 and miR‑141‑3p were detected by 
RT‑qPCR, aforementioned.

RNase R treatment. RNase R digestion was used to test the 
stability of RNA. RNA was isolated from HOS and SaOS‑2 cells 
(7x106 cells/ml) using TRIzol® (Invitrogen; Thermo Fisher 
Scientific, Inc.), after which 10 µg RNA was digested with 
40 U RNase R (Epicentre; Illumina, Inc.). Cells were divided 
into two groups: Mock control group and RNase R treatment 
group. The enrichment of circ‑LRP6 and LRP6 mRNA was 
then determined by RT‑qPCR, aforementioned.

Bioinformatics analysis. The Circular RNA Interactome 
(https://circinteractome.irp.nia.nih.gov/index.html) was 
used to predict the candidate downstream targets of 
circ‑LRP6. TargetScan  7.2 (www.targetscan.org/vert_71) 
was conducted to predict the target genes of miR‑141‑3p. 
OS chip (GSE96964 dataset; https://www.ncbi.nlm.nih.
gov/geo/geo2r/?acc=GSE96964) was used for analyzing 
the expression of circRNAs (circ‑CCT2, circ‑TRIM33 and 
circ‑EIF4G3) (55).

Dual‑luciferase reporter assay. Bioinformatics prediction 
analysis confirmed that miR‑141‑3p could bind with circ‑LRP6, 
HDAC4 and HMGB1. The wild‑type  (Wt) 3'‑untranslated 
regions (UTRs) of circ‑LRP6, HDAC4 and HMGB1 were 
incorporated into pmirGLO plasmids (Promega Corporation). 
Complementary sequence mutation sites were designed and 
introduced into the 3'‑UTRs circ‑LRP6, HDAC4 and HMGB1, 
which were also constructed using the pMIR‑reporter plasmid. 
The Wt or mutant (Mut) luciferase reporter plasmids were 
co‑transfected with either miR‑141‑3p mimic (50 nM) or NC 
(50 nM) into HOS and SaOS‑2 cells (5x104 cells/ml) using 
Lipofectamine® 3000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). At room temperature 48 h after transfec‑
tion, luciferase activity was measured using the pmirGLO 
Dual‑Luciferase Assay (Promega Corporation). Firefly lucif‑
erase activities were normalized to that of Renilla luciferase.

Statistical analysis. The data of the present study were 
statistically analyzed using SPSS 22.0 software (IBM Corp.). 
Data are expressed as the mean ± SD. Differences between 
OS and adjacent normal tissues were evaluated using a paired 
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Student's t‑test, whereas the differences between two groups 
of OS cells were evaluated using an unpaired Student's t‑test. 
Differences between multiple groups of OS cells were evalu‑
ated using one‑way ANOVA followed by a Tukey's post‑hoc 
test. Kaplan‑Meier analysis followed by log‑rank tests were 
used to assess survival curves. Receiver operating charac‑
teristic (ROC) curve analysis was performed to assess the 
sensitivity and specificity of the measured markers. Fisher's 
exact test was used to investigate the relationship between 
clinicopathological features and circ‑LRP6 expression, 
according to median expression levels. Correlations between 
circ‑LRP6 and miR‑141‑3p, miR‑141‑3p and HDAC4, and 
miR‑141‑3p and HMGB1 were determined by performing 
Pearson's correlation analysis if the data are parametric and 
continuous. P<0.05 was considered to indicate a statistically 
significant difference.

Results

circ‑LRP6 expression is upregulated in OS and is associated 
with poor prognosis. The OS chip dataset GSE96964 was 
analyzed and relevant literature was consulted; from these 
investigations several circRNAs (circ‑CCT2, circ‑TRIM33 
and circ‑EIF4G3 from GSE96964) and also circ‑LRP6, 
from previous studies  (14,55), were selected for RT‑qPCR 
analysis in OS tissues (Fig. 1A and S1). It was found that 
circ‑CCT2, circ‑TRIM33, circ‑EIF4G3 and circ‑LRP6 was all 
overexpressed in OS tissues compared with expression in the 
paracancerous tissue (Fig. S1). As circ‑LRP6 appeared to be 
more highly expressed compared with the other circRNAs, it 
was selected for further analysis. To investigate the relationship 
between circ‑LRP6 expression and the clinicopathological 
features of patients, the 50 patients with OS were divided into 

Figure 1. circ‑LRP6 expression is upregulated in OS and associated with poor prognosis. (A) Expression levels of circ‑LRP6 in 50 pairs of OS tissues and 
paracancerous tissues were analyzed by RT‑qPCR. (B) circ‑LRP6 expression levels in clinical stages I, II and III were analyzed by RT‑qPCR. (C) circ‑LRP6 
expression levels in OS patients with and without lung metastasis were analyzed by RT‑qPCR. (D) Comparison of overall survival in patients with high and 
low expression of circ‑LRP6. (E) Receiver operating characteristic curve showing the diagnostic value of circ‑LRP6 in distinguishing OS lung metastasis. 
(F) Expression levels of circ‑LRP6 in OS cells and hFOB1.19 normal osteoblast cell line were analyzed by RT‑qPCR. **P<0.01 vs. hFOB1.19. Detection of 
stability of circ‑LRP6 in (G) HOS and (H) SaOS‑2 cells by RNase R treatment. *P<0.05, **P<0.01, ***P<0.001. AUC, area under the curve; CI, confidence 
interval; circ, circular RNA; LRP6, lipoprotein receptor 6; OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative PCR.
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two groups according to the median expression of circ‑LRP6: 
A high expression group (n=25) and a low expression group 
(n=25) (Table II). The association between circ‑LRP6 expres‑
sion levels and the clinical stage and lung metastases of 
patients was subsequently assessed. The results revealed that 
circ‑LRP6 was significantly higher at clinical stage II and III 
compared with clinical stage  I (Fig. 1B). Furthermore, an 
increased expression of circ‑LRP6 was determined in patients 
exhibiting lung metastases compared with those that did not 
exhibit OS lung metastasis (Fig. 1C). circ‑LRP6 expression was 
significantly associated with TNM stage and distant metas‑
tasis (Table II). Kaplan‑Meier survival analysis demonstrated 
that the total survival rate of patients with high circ‑LRP6 
expression levels was significantly lower compared with that 
of patients with low circ‑LRP6 expression levels (Fig. 1D). 
ROC curve analysis was used to evaluate the diagnostic value 
of circ‑LRP6 expression levels in OS patients. The area under 
the curve value of circ‑LRP6 was determined to be 0.6960 
(95% confidence interval, 0.5414‑0.8506; Fig. 1E).

The relative expression levels of circ‑LRP6 in OS cell lines 
were also significantly higher compared with the hFOB1.19 
normal osteoblast cell line (Fig. 1F). As the relative expres‑
sion levels of circ‑LRP6 were the highest in HOS and SaOS‑2 
cell lines, they were selected for subsequent experimentation. 
Additionally, to verify the stability of circ‑LRP6, RNase 
treatment was applied, the results of which revealed that the 
expression of circ‑LRP6 was not significantly altered when 
compared with the mock group, whereas the expression of 
LRP6 was significantly decreased, indicating the stability of 
circ‑LRP6 (Fig. 1G and H).

circ‑LRP6 knockdown inhibits the proliferation, migration 
and invasion of OS cells. The expression of circ‑LRP6 in 

si‑NC, si‑circ‑LRP61# and si‑circ‑LRP62# transfected OS cells 
was detected using RT‑qPCR. The results revealed that the 
expression level of circ‑LRP6 in the si‑circ‑LRP61# and 
si‑circ‑LRP62# groups was significantly lower compared with 
the NC group (Fig. 2A), which indicated that transfection had 
been a success and that transfected cells could be used for 
subsequent experiments. As si‑circ‑LRP6#1 had a better trans‑
fection efficiency, it was chosen for subsequent experiments. 
CCK‑8, Transwell and Matrigel assays were performed to detect 
OS cell proliferation, migration and invasion, respectively. The 
results demonstrated that HOS and SaOS‑2 cell proliferation in 
the si‑circ‑LRP6 groups was significantly inhibited compared 
with the respective si‑NC group (Fig. 2B and C). In addition, 
compared with the si‑NC group, the number of migratory 
and invasive cells in the si‑circ‑LRP6 group was significantly 
decreased (Fig. 2D and E, respectively). In conclusion, these 
data suggested that circ‑LRP6 may serve as an oncogene in 
the progression of OS.

circ‑LRP6 sponges miR‑141‑3p in OS. As circRNAs can 
competitively bind to miRNAs (12,13), the miRNAs that could 
bind to circ‑LRP6 were predicted using the Circular RNA 
Interactome database. The top five miRNAs (miR‑141‑3p, 
miR‑1208, miR‑326, miR‑330‑5p and miR‑513a‑3p) 
that match circ‑LRP6 along with their ‘match degrees’ 
(Fig. SII). miR‑141‑3p was selected for further analysis as 
the matched‑degree between miR‑141‑3p and circ‑LRP6 was 
relatively high compared with other matches, and due to the 
fact that miR‑141‑3p has been previously demonstrated to 
function as a tumor suppressor gene (24‑27). Fig. 3A shows 
the pairing between miR‑141‑3p and circ‑LRP6. miR‑141‑3p 
levels in the miR‑141‑3p mimic‑transfected group were 
higher compared with the mimic NC group, indicating a 

Table II. Association of circ‑LRP6 expression with clinicopathological factors in osteosarcoma.

	 Expression level of circ‑LRP6
Clinicopathological	 Total 	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
feature	 (n=50)	 Low (n=25)	 High (n=25)	 P‑value

Sex				  
  Male	 21	 10	 11	 0.5
  Female	 29	 15	 14	
Age, years				  
  <20 	 26	 14	 12	 0.389
  ≥20	 24	 11	 13	
Tumor size, cm				  
  <8	 23	 13	 10	 0.285
  ≥8	 27	 12	 15	
Tumor‑node‑metastasis stage			 
  I‑II	 30	 19	 11	 0.021
  III	 20	 6	 14	
Distant metastasis			 
  Absent	 29	 20	 9	 0.002
  Present	 21	 5	 16

circ‑LRP6, circular RNA‑lipoprotein receptor 6.
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successful transfection (Fig. 3B). The dual‑luciferase assay 
results revealed that, compared with NC group, luciferase 
activity in the circ‑LRP6‑Wt  + miR‑141‑3p group was 
significantly decreased, whereas no significant differ‑
ence was identified between the luciferase activities of the 
circ‑LRP6‑Mut + miR‑141‑3p compared with the respective 
control group (Fig. 3C).

Results of the RIP experiments demonstrated that 
circ‑LRP6 competitively bound to miR‑141‑3p in HOS and 
SaOS‑2 cells (Fig.  3D  and  E). In addition, the results of 
RT‑qPCR demonstrated that, compared with the si‑NC group, 
the relative expression levels of miR‑141‑3p in the si‑circ‑LRP6 

group was significantly increased (Fig. 3F), indicating that the 
expression of miR‑141‑3p may be regulated by circ‑LRP6. 
RT‑qPCR results further demonstrated that miR‑141‑3p expres‑
sion was downregulated in OS tissues (Fig. 3G). miR‑141‑3p 
expression was determined to be negatively associated with 
circ‑LRP6 expression (Fig. 3H). Kaplan‑Meier survival curve 
analysis was subsequently demonstrated that the survival rate 
of patients with high miR‑141‑3p expression levels was signifi‑
cantly higher compared with patients with low miR‑141‑3p 
expression levels (Fig. 3I). The expression of miR‑141‑3p was 
also determined in OS cells. It was revealed that miR‑141‑3p 
was decreased in these cell lines (Fig. 3J).

Figure 2. Knockdown of circ‑LRP6 inhibits the proliferation, migration and invasion of OS cells. si‑circ‑LRP6#1, si‑circ‑LRP#2 or si‑NC was transfected into 
HOS and SaOS‑2 cells. (A) Expression levels of circ‑LRP6 in the transfected OS cells were analyzed by reverse transcription‑quantitative PCR. The prolifera‑
tive ability of (B) HOS and (C) SaOS‑2 cells was detected by CCK‑8 assay. (D) Migratory and (E) invasive abilities of HOS and SaOS‑2 cells was detected 
by Transwell and Matrigel assay, respectively. *P<0.05, **P<0.01, ***P<0.001. CCK‑8, Cell Counting Kit‑8; circ, circular RNA; LRP6, lipoprotein receptor 6; 
NC, negative control; OS, osteosarcoma; si, small interfering RNA.
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HDAC4 and HMGB1 are targets of miR‑141‑3p in OS. It has 
been reported that miRNAs can bind to the 3'‑UTR of target 
genes and subsequently regulate the occurrence and progres‑
sion of cancer (47‑51). Therefore, the current study aimed to 
elucidate the targets of miR‑141‑3p. The TargetScan bioin‑
formatics database predicted that miR‑141‑3p could bind to 
HDAC4 and HMGB1 (Fig. 4A and D). To verify these results, a 

dual‑luciferase assay was performed, the data of which revealed 
that, when compared with the respective NC group, the lucif‑
erase activity of the HDAC4‑ or HMGB1‑Wt + miR‑141‑3p 
mimic group was inhibited, whereas no significant difference 
was identified in the luciferase activities between HDAC4‑ or 
HMGB1‑Mut+ miR‑141‑3p mimic group and the NC groups in 
the OS cell lines (Fig. 4B, C, E and F). RT‑qPCR and western 

Figure 3. circ‑LRP6 sponges miR‑141 3p in OS. (A) Binding sites between circ‑LRP6 and miR‑141‑3p. (B) Expression levels of miR‑141‑3p in HOS and SaOS‑2 
cells transfected with miR‑141‑3p inhibitor were analyzed by RT‑qPCR. (C) The binding relationship between circ‑LRP6 and miR‑141‑3p was verified by 
dual‑luciferase assays in HOS and SaOS‑2 cells. circ‑LRP6 binding to miR‑141‑3p was verified by RIP assays in (D) HOS and (E) SaOS‑2 cells. (F) Expression 
levels of miR‑141‑3p in HOS and SaOS‑2 cells transfected with si‑circ‑LRP6 were analyzed by RT‑qPCR. (G) Expression levels of miR‑141‑3p in 50 pairs of 
OS tissues and paracancerous tissues were analyzed by RT‑qPCR. **P<0.05, ***P<0.001. (H) miR‑141‑3p expression is negatively correlated with circ‑LRP6 
expression in OS tissues. (I) Comparison of overall survival in patients with high and low expression levels of miR‑141‑3p. (J) Expression levels of miR‑141‑3p 
in OS cells and hFOB1.19 normal osteoblast cells were analyzed by RT‑qPCR. **P<0.01 vs. hFOB1.19. Ago2, argonaute RISC catalytic component 2; 
circ, circular RNA; LRP6, lipoprotein receptor 6; miR, microRNA; Mut, mutant; NC, negative control; OS, osteosarcoma; RIP, RNA immunoprecipitation; 
RT‑qPCR, reverse transcription‑quantitative PCR; Wt, wild‑type.
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Figure 4. HDAC4 and HMGB1 are the targets of miR‑141‑3p in OS. (A) Binding sites between HDAC4 and miR‑141‑3p. Binding relationship between 
HDAC4 and miR‑141‑3p were verified by dual‑luciferase assays (B) HOS and (C) SaOS‑2 cells. (D) Binding sites between HMGB1 and miR‑141‑3p. Binding 
relationship between HMGB1 and miR‑141‑3p were verified by dual‑luciferase assays in (E) HOS and (F) SaOS‑2 cells. (G) mRNA and (H) protein expression 
levels of HDAC4 in HOS and SaOS‑2 cells transfected with miR‑141‑3p mimic were analyzed by RT‑qPCR and western blotting, respectively. (I) mRNA 
and (J) protein expression levels of HMGB1 in HOS and SaOS‑2 cells transfected with miR‑141‑3p mimic were analyzed by RT‑qPCR and western blotting, 
respectively. (K) Expression levels of HDAC4 mRNA in 50 pairs of OS tissues and paracancerous tissues were analyzed by RT‑qPCR. *P<0.05, **P<0.01, 
***P<0.001. (L) HDAC4 expression was negatively correlated with miR‑141‑3p expression in OS tissues. (M) Expression levels of HDAC4 mRNA in OS cells 
and in hFOB1.19 normal osteoblast cells were analyzed by RT‑qPCR. **P<0.01 vs. hFOB1.19. (N) Expression levels of HMGB1 mRNA in 50 pairs of OS 
tissues and paracancerous tissues were analyzed by RT‑qPCR. **P<0.01. (O) HMGB1 expression was negatively correlated with miR‑141‑3p expression in OS 
tissues. (P) Expression levels of HMGB1 mRNA in OS cell lines and in hFOB1.19 normal osteoblast cells were analyzed by RT‑qPCR. **P<0.01 vs. hFOB1.19. 
HDAC4, histone deacetylase 4; HMBG1, high mobility group protein 1; miR, microRNA; Mut, mutant; NC, negative control; OS,  osteosarcoma; 
RT‑qPCR, reverse transcription‑quantitative PCR; Wt, wild‑type.
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blotting data revealed that the mRNA and protein expression 
levels of HDAC4 and HMGB1 in the miR‑141‑3p mimic-
transfected group was significantly decreased compared with 
the NC group (Fig. 4G‑J). HDAC4 mRNA expression levels 
were then determined in OS tissues, and the results demon‑
strated that HDAC4 expression was upregulated compared 
with expression in the paracancerous tissue (Fig. 4K); this 
increased HDAC4 expression was negatively correlated with 
miR‑141‑3p expression in OS  tissues (Fig.  4L). Similarly, 
HDAC4 was upregulated in OS cells compared with expres‑
sion in hFOB1.19 cells (Fig. 4M). HMGB1 mRNA expression 
levels were also upregulated and negatively correlated with 
miR‑141‑3p expression in OS tissues (Fig. 4N and O); simi‑
larly, HMGB1 mRNA expression was upregulated in OS cells 
compared with hFOB1.19 (Fig. 4P).

circ‑LRP6 promotes OS cell proliferation, migration and 
invasion by regulating the miR‑141‑3p/HDAC4 axis. The 
aforementioned results indicated that circ‑LRP6 may promote 
OS cell malignancy, that circ‑LRP6 sponged miR‑141‑3p and 
that HDAC4 was the target of miR‑141‑3p in OS. Therefore, 
to determine whether circ‑LRP6 promoted OS progression by 
regulating the miR‑141‑3p/HDAC4 axis. OS cells transfected 
with either pcDNA3.1 empty vector or pc‑HDAC4 overexpres‑
sion vector; the results demonstrated that HDAC4 expression 
levels in the pc‑HDAC4 group were significantly higher 
compared with the pcDNA3.1 group, indicating that transfec‑
tion was successful (Fig. 5A). Additionally, miR‑141‑3p levels 
in the miR‑141‑3p inhibitor group were lower compared with 
the inhibitor NC group, indicating successful transfection 
(Fig. 5B). si‑circ‑LRP6, miR‑141‑3p inhibitor and pc‑HDAC4 
were co‑transfected into HOS and SaOS‑2 cells in various 
combinations, after which CCK‑8 and Transwell assays 
were performed. The data revealed that inhibition of cell 
proliferation, migration and invasion induced by circ‑LRP6 
knockdown were partially reversed by miR‑141‑3p inhibition 
or HDAC4 overexpression (Fig. 5C‑F). These data suggested 
that circ‑LRP6 may facilitate OS progression through the 
miR‑141‑3p/HDAC4 axis.

circ‑LRP6 promotes OS cell proliferation, migration and 
invasion by regulating the miR‑141‑3p/HMGB1 axis. As 
aforementioned, circ‑LRP6 may promote OS  cell malig‑
nancy and sponge miR‑141‑3p, and the results also revealed 
that HMGB1 was a target of miR‑141‑3p in OS. Therefore, 
whether circ‑LRP6 promoted OS progression by regulating 
the miR‑141‑3p/HMGB1 axis was investigated. The expres‑
sion of HMGB1 in OS cells transfected with pcDNA3.1 empty 
vector or pc‑HMGB1 overexpression vector was detected 
using RT‑qPCR, and the results demonstrated that HMGB1 
expression levels in the pc‑HMGB1 group were significantly 
higher compared with the pcDNA3.1 group, indicating that 
transfection had been successful (Fig.  6A). Subsequently, 
si‑circ‑LRP6, miR‑141‑3p inhibitor and pc‑HMGB1 were 
variously co‑transfected into HOS and SaOS‑2 cells. Results 
from CCK‑8, Transwell and Matrigel assays demonstrated 
that the significant inhibition of proliferation, migration and 
invasion of OS cells caused by circ‑LRP6 knockdown were 
partially reversed by miR‑141‑3p inhibition or of HDAC4 over‑
expression (Fig. 6B‑E). These results indicated that circ‑LRP6 

may facilitate OS progression through the miR‑141‑3p/
HMGB1 axis.

Discussion

In recent years, non‑coding RNAs, including circRNAs, long 
non‑coding RNAs and miRNAs, have been widely reported 
as molecular markers for the genesis and development of 
various malignant tumors, including OS  (8,23,56). For 
example, circ_0003074, circ‑cytosolic 5' nucleotidase II and 
circ_0081001 can be used as biomarkers for the early diag‑
nosis of OS (57‑59). Additionally, various circRNAs mediate 
tumor progression by regulating cancer cell proliferation, 
invasion and migration. For example, Ma et al (8) revealed that 
circ‑UBAP2 was highly expressed in OS tissues, and that high 
levels of circ‑UBAP2 were positively associated with poor 
patient survival. Furthermore, Wang et al (60) demonstrated 
that circ‑03955 overexpression could significantly promote 
the invasion, migration and epithelial to mesenchymal 
transformation of OS cells. Wan et al  (61) also stated that 
circRNA‑plasmacytoma variant translocation 1 facilitated 
OS cell invasion and metastasis. The results of the present study 
determined that circ‑LRP6 was highly expressed in OS tissues 
and cell lines, and that low expression of circ‑LRP6 signifi‑
cantly inhibited the proliferation, invasion and migration of 
OS cells. The GSE96964 OS microarray data identified several 
circRNAs (circ‑CCT2, circ‑TRIM33, circ‑EIF4G3) and also 
circ‑LRP6 were all highly‑expressed in OS tissues (14,55). 
However, only circ‑LRP6 was studied at present, and the roles 
of circ‑CCT2, circ‑TRIM33 and circ‑EIF4G3 from GSE96964 
shall be investigated in future studies.

circRNAs act as competing endogenous RNAs to sponge 
miRNAs, and to subsequently regulate the expression of target 
genes (28,56,61,62). As Ma et al (8) reported, circ‑UBAP2 
knockdown inhibited the progression of OS cells by upregu‑
lating the expression of miR‑204‑3p and, thus, downregulating 
the expression of its target gene, HMGA2. In addition, 
Wen et al (11) reported that circ_HIPK3 promoted OS cell 
proliferation, migration and invasion by regulating miR‑637 
and HDAC4 signaling. As a tumor suppressor‑related miRNA, 
miR‑141‑3p has been reported to serve as a tumor suppressor 
in several types of cancer, including OS (24‑27). With use of a 
Circular RNA Interactome database, the present study predicted 
that circ‑LRP6 may have a binding site with miR‑141‑3p, which 
was confirmed by dual luciferase assay. Following circ‑LRP6 
knockout, OS cell proliferation, migration and invasion were 
inhibited, whereas combined miR‑141‑3p inhibition reversed 
this effect, which suggested that circ‑LRP6 may facilitate the 
malignant behavior of OS cells by competitively binding to 
miR‑141‑3p.

Previous studies have demonstrated that miRNAs can bind 
to the 3'‑UTRs of target genes to achieve post‑transcriptional 
regulation, thereby modulating the occurrence and progres‑
sion of related diseases (20‑25,45,63). In the present study, 
TargetScan bioinformatics analysis and luciferase assays 
confirmed that miR‑141‑3p bound to the 3'‑UTR of HDAC4 
and HMGB1. HDAC4 belongs to the HDAC family and 
serves a role mainly through histone acetyltransferases (37). 
HDACs regulate the expression of a variety of genomic 
proteins to regulate cell apoptosis and participate in the 
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occurrence and development of tumors  (38‑41). Previous 
studies have revealed that HDAC4 is abnormally expressed in 
a variety of tumors, including glioma, breast cancer, ovarian 
cancer and OS (35,38,64,65). HMGB1 is a type of chromatin 
nucleoprotein that is associated with tumor invasion and metas‑
tasis (66‑68). It is highly expressed in a number of malignant 
tumors, including cervical cancer, breast cancer and endometrial 
carcinoma (40,52,67). It is also associated with pathological 
stage, degree of invasion and degree of tumor metastasis (68). 
The present study showed that HDAC4 and HMGB1 were 

highly expressed in OS tissues and cells, which is consistent with 
previous studies (11,65). Furthermore, the protein expression 
levels of HDAC4 and HMGB1 were significantly decreased after 
miR‑141‑3p overexpression, suggesting that miR‑141‑3p may 
bind to HDAC4 and HMGB1 to downregulate their expression.

A number of studies have demonstrated that circRNAs 
act as competitive RNAs to adsorb various miRNAs, 
thus affecting the expression of target mRNAs  (10‑15). 
As aforementioned, circ‑LRP6 promoted OS  cell malig‑
nancy by downregulating miR‑141‑3p. Furthermore, as 

Figure 5. circ‑LRP6 promotes OS cell proliferation, migration and invasion by regulating the miR‑141‑3p/HDAC4 axis. HOS and SaOS2 OS cells were 
co‑transfected with various combination of si‑circ‑LRP6, miR‑141‑3p inhibitor and pc‑HDAC4. (A) Expression levels of HDAC4 mRNA in HOS and SaOS‑2 
cells transfected with pc‑HDAC4 were analyzed by RT‑qPCR. (B) Expression levels of miR‑141‑3p in HOS and SaOS‑2 cells transfected with miR‑141‑3p 
mimic were analyzed by RT‑qPCR. The proliferative ability of (C) HOS and (D) SaOS‑2 cells was detected by CCK‑8 assay. (E) The migratory ability of 
HOS and SaOS‑2 cells was detected by Transwell assay. (F) The invasive ability of HOS and SaOS‑2 cells was detected by Matrigel assay. *P<0.05, **P<0.01, 
***P<0.001. CCK‑8, Cell Counting Kit‑8; circ, circular RNA; HDAC4, histone deacetylase 4; LRP6, lipoprotein receptor 6; miR, microRNA; NC, negative 
control; OS, osteosarcoma; RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering RNA.
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miR‑141‑3p could bind to HDAC4 and HMGB1, it was 
hypothesized that circ‑LRP6 promoted OS cell malignancy 
by regulating the miR‑141‑3p/HDAC4/HMGB1 axis. A 
series of functional assays revealed that circ‑LRP6 silencing 
inhibited cell proliferation, migration and invasion, while 
miR‑141‑3p inhibition or HDAC4 and HMGB1 overex‑
pression could reverse these effects, suggesting that the 
circ‑LRP6/miR‑141‑3p/HDAC4/HMGB1 axis participated 
in OS progression. However, there are certain limitations 
to the present study. For example, in vivo experiments were 
not performed to elucidate the effects of circ‑LRP6 on OS 
tumorigenesis and lung metastasis. 

In conclusion, the present results revealed that circ‑LRP6 
was upregulated in OS tissues and cells, and that circ‑LRP6 
could downregulate the expression of miR‑141‑3p and upregu‑
late HDAC4 and HMGB1 expression, thereby promoting the 
proliferation, migration and invasion of OS cells. To the best 
of our knowledge, the current study was the first to demon‑
strate that the circ‑LRP6/miR‑141‑3p/HDAC4/HMGB1 axis 
participated in OS progression, which provides a new area of 
research for the exploration of OS pathogenesis. However, as 
there have been no animal experiments to confirm the regula‑
tory mechanism of circ‑LRP6 in vivo, further experimentation 
is required. Additionally, future studies should assess whether 

Figure 6. circ‑LRP6 promotes OS cell proliferation, migration and invasion by regulating the miR‑141‑3p/HMGB1 axis. si‑circ‑LRP6, miR‑141‑3p inhibitor 
and pc‑HMGB1 were variously co‑transfected into OS cells. (A) Expression levels of HMGB1 mRNA in HOS and SaOS‑2 cells transfected with pc‑HMGB1 
were analyzed by reverse transcription‑quantitative PCR. The proliferative ability of (B) HOS and (C) SaOS‑2 cells was detected by CCK‑8 assay. (D) The 
migratory ability of HOS and SaOS‑2 cells was detected by Transwell assay. (E) The invasive ability of HOS and SaOS‑2 cells was detected by Matrigel 
assay. *P<0.05, **P<0.01, ***P<0.001. CCK‑8, Cell Counting Kit‑8; circ, circular RNA; HMBG1, high mobility group protein 1; LRP6, lipoprotein receptor 6; 
miR, microRNA; NC, negative control; OS, osteosarcoma; si, small interfering RNA.
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circ‑LRP6 is suitable for the clinical treatment of patients 
with OS.
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