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  Osteosarcoma (OS) is a primary malignant bone tumor in early adolescence with high metastasis and death 
rates. Although the combination of polychemotherapy and surgical excision increased the survival rates up to 
60%, the prognosis remains poor for most patients with metastatic or recurrent osteosarcoma. However, the 
exact pathogenic mechanism and pivotal elements regulating tumor invasion and metastasis are largely un-
known. Circular RNAs (circRNAs) are novel endogenous non-coding RNA (ncRNA) molecules that generate the 
cyclic structure from back splicing. An increasing number of studies show that circRNAs can regulate transcrip-
tional or posttranscriptional gene expression by acting as microRNA (miRNA) sponges and are involved in reg-
ulation of many important biological processes. The deregulation of some circRNAs was demonstrated in os-
teosarcoma. Furthermore, some circRNAs were identified to play essential roles in osteosarcoma occurrence, 
invasion, and metastasis. This review summarizes the regulatory effect of circRNAs in the occurrence and de-
velopment of osteosarcoma, concentrating on deregulation, regulatory mechanisms, and functions of circRNAs 
and their potential value as biomarkers and therapy.
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Background

Osteosarcoma (OS) is the most common primary bone tu-
mor of the skeleton, occurring mainly in children and adoles-
cents [1]. Osteosarcoma primarily occurs in the metaphysis of 
long bones, mainly in the distal femur (43%), proximal tibia 
(23%), and humerus (10%) [2]. Before the 1970s, the treatment 
of osteosarcoma was relatively simple, with surgical resection 
of the tumor segment the only standard treatment method, 
and the long-term survival rate was less than 20% [3,4]. In re-
cent years, the application of multiagent chemotherapy reg-
imens significantly improved the prognosis for patients with 
unmetastasized osteosarcoma, and improved the long-term 
survival rate to 65–70% [5]. Approximately 15–20% of pa-
tients were found to have clinical metastasis at presentation, 
and their 5-year survival rate was less than 30% [6,7]. To im-
prove the prognosis and survival rates of osteosarcoma pa-
tients, novel biomarkers and therapeutic targets are needed 
for early diagnosis and therapy of osteosarcoma.

Non-coding RNAs (ncRNAs) are a class of endogenous RNAs 
that participate in regulation of gene expression rather than 
being translated into proteins. In recent years, the regulatory 
effect of ncRNAs in multiple pathophysiological process have 
received extensive attention [8]. According to the transcript 
length, ncRNAs can be divided into 3 types: short ncRNAs (less 
than 50 nucleotides), mid-size ncRNAs (50–200 nucleotides), 
and long non-coding RNAs (lncRNAs, longer than 200 nucle-
otides) [9–11]. Short ncRNAs, named microRNAs (miRNAs, 
18–24 nucleotides), can bind to the 3’-untranslated regions 
(3’-UTRs) of their target messenger RNAs (mRNAs) to promote 
mRNAs degradation and/or inhibit translation so as to inhibit 
target gene expression [12]. lncRNAs are versatile molecules 
that affect DNA, RNA, or protein to promote or restrain the ex-
pression of protein-coding genes [13]. In recent years, studies 
have demonstrated the regulatory effect of some miRNAs and 
lncRNAs in osteosarcoma.

Circular RNA (circRNA) is a new type of endogenous non-cod-
ing RNA, and has become a recent research hotspot in the 
field of molecular biology. Unlike the traditional linear RNAs, 
circRNAs are characterized by closed-loop structures without 
5’-3’ polarity or a polyadenylated tail, and their annular struc-
ture gives them strong resistance to RNA exonucleases or 
RNase R [14–17]. Currently, it is accepted that circRNAs act as 
miRNA sponges, regulating linear RNA transcription and pro-
tein production, and thereby regulating various pathophysio-
logical processes [18,19]. To date, the deregulation of circRNAs 
has been studied in a series of biological processes and dis-
eases, especially cancer occurrence and progression. In this 
article, we review the regulatory effect of circRNAs in osteo-
sarcoma, concentrating on the progress of the deregulation, 
regulatory mechanisms, and functions (Table 1).

CircRNAs of Functional Significance in 
Osteosarcoma

Upregulated circRNAs in osteosarcoma

CircNASP

CircNASP, also known as hsa_circ_0092340, is significantly 
overexpressed in osteosarcoma cell lines compared with nor-
mal controls [20]. In osteosarcoma cell lines, knockdown of 
circNASP inhibits the G0/G1 stage of the cell cycle, inhibit-
ing proliferation [20]. The Transwell assay result showed that 
circNASP knockdown significantly suppressed OS cell invasion 
[20]. miR-1253, a suppresser of cell proliferation and invasion 
in non-small-cell lung carcinoma by targeting FOXF1, was pre-
dicted to be associated with circNASP by bioinformatics anal-
ysis and luciferase reporter assay [20–31]. In MG63 and 143B 
cells, circNASP silencing promoted the expression level of 
miR-1253, which in turn inhibited the expression of FOXF1 at 
mRNA and protein levels, while activating miR-1253 had the 
opposite effect, demonstrating that circNASP exerts its roles 
in regulating FOXF1 by sponging miR-1253 in osteosarcoma 
cells [20]. Moreover, circNASP knockdown has inhibitory ef-
fects on osteosarcoma cell proliferation, cell cycle, and inva-
sion, while inhibition of miR-1253 significantly reverses these 
effects [20]. FOXF1, identified as a target gene of miR-1253, 
was upregulated in osteosarcoma tissues, and maintaining 
FOXF1 at the normal level abolishes the inhibitory effects of 
miR-1253 overexpression on osteosarcoma cell proliferation, 
cell cycle, and invasion [20]. These data suggest that circNASP 
modulates cell proliferation, cell cycle, and tumor invasion by 
regulating miR-1253/FOXF1, and may serve as a novel thera-
peutic target of osteosarcoma.

CircPVT1

CircPVT1, derived from the oncogene PVT1 locus, is upregulated 
in several kinds of cancer tissues, including osteosarcoma, gas-
tric cancer, acute lymphoblastic leukemia, and head and neck 
squamous cell carcinoma [21,32–34]. Higher expression of 
circPVT1 is associated with poor clinical prognosis in osteosar-
coma patients [21]. As a diagnostic biomarker, circPVT1 is more 
reliable than ALP and is comparable to LDH [21]. Compared to 
the control, circPVT1 was significantly upregulated in osteo-
sarcoma cell lines and chemoresistant osteosarcoma cell lines, 
suggesting the regulatory role of circPVT1 in the progression 
and chemoresistance of osteosarcoma [21]. Further in vitro 
studies revealed that silencing circPVT1 partly reversed the 
chemoresistance of osteosarcoma by reducing ABCB1, a clas-
sical multidrug resistance-related gene [21]. These results re-
veal that circPVT1 may serve as a novel diagnostic and thera-
peutic biomarker of osteosarcoma.
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Hsa-circ-0016347

Hsa-circ-0016347, a circRNA assessed by bioinformatics anal-
ysis and later validated with qRT-PCR, is significantly overex-
pressed in osteosarcoma tissues and cell lines [22]. In vitro stud-
ies with CCK-8, wound-healing, and Transwell assays showed 
that circ-0016347 knockdown significantly reduces MG-63 
and Saos-2 cell proliferation and invasion [22]. In further in 
vivo studies by subcutaneous injection and tail intravenous 

injection of transfected pcDNA-circ-0016347 OS cells in nude 
mice, the tumor sizes and the numbers of pulmonary metastasis 
tumors were distinctly increased in the circ-0016347-overex-
pressed mice, indicating that circ-0016347 plays a positive role 
in the proliferation, invasion, and metastasis of osteosarcoma 
cells [22]. Caspase-1, reported to contribute to the cell pro-
liferation and invasion of osteosarcoma, was significantly in-
creased in osteosarcoma tissues and cell lines, consistent with 
circ-0016347, and silencing circ-0016347 resulted in reduced 

No. CircRNA Alias
Deregu-
lation

Gene  
symbol

Gene 
position

Functional 
role

Genes/proteins 
affected

Clinical 
value

Ref.

1 circNASP
hsa_
circ_0092340

Up NASP
chr1: 

46079180-
46079500

Proliferation(+); 
invasion and 
metastasis(+)

┤miR-1253, ®FOXF1 Therapeutic [20]

2 circPVT1
hsa_
circ_0001821

Up
TCONS_ 

00015354

chr8: 
128902834-
128903244

Chemore-
sistance(+); 
prognosis(–)

®ABCB1
Diagnostic, 
therapeutic

[21]

3
hsa_
circ_0016347

– Up KCNH1
chr1: 

211092981-
211192598

Proliferation(+); 
invasion and 
metastasis(+)

┤miR-214, 

®caspase-1
Therapeutic [22]

4 circNT5C2
hsa_
circ_0092509

Up NT5C2
chr10: 

104850367-
104850753

Proliferation(+); 
invasion(+); 
apoptosis(–)

┤miR-448
Therapeutic, 
diagnostic

[23]

5
hsa_
circ_0001564

– Up CANX
chr5: 

179132679-
179137066

Proliferation(+); 
apoptosis(–); 
tumorigenicity(+)

┤miR-29c-3p Therapeutic [24]

6
hsa_
circ_0009910

– Up MFN2
chr1: 

12049221-
12052747

Proliferation(+); 
apoptosis(–)

┤miR-449a, ®IL6R,  

®JAK1/STAT3 
signaling pathway

Therapeutic [25]

7 circUBAP2

Not 
mentioned 
in the 
manuscript

Up UBAP2 chr9
Proliferation(+); 
apoptosis(–)

┤miR-143, ®Bcl-2
Therapeutic, 
prognostic

[26]

8 circGLI2
hsa_
circ_0056288

Up GLI2
chr2: 

121708818-
121713006

Proliferation(+); 
migration and 
invasion(+)

┤miR-125b-5p
Diagnostic, 
therapeutic

[27]

9
hsa_
circ_0008717

– Up ABCB10
chr1: 

229665945-
229678118

Proliferation(+); 
migration and 
invasion(+); 
apoptosis(–)

┤miR-203, ®Bmi-1
Therapeutic, 
prognostic

[28]

10 circHIPK3
hsa_
circ_0000284

Down HIPK3
chr11: 

33307958-
33309057

Proliferation(–); 
migration and 
invasion(–)

–
Diagnostic, 
therapeutic, 
prognostic

[29]

11
hsa_
circ_0002052

– Down PAPPA
chr9: 

118969734-
118997916

Proliferation(–); 
migration and 
invasion(–); 
apoptosis(+)

┤miR-1205, ®APC2,  
┤Wnt/b-catenin 

signaling pathway

Therapeutic, 
prognostic

[30]

Table 1. Functional characterization of the deregulated circRNAs in osteosarcoma.

”┤” – inhibitory roles; “®” – stimulatory roles. circRNA – circular RNA; FOXF1 – forkhead box F1; ABCB1 – ATP binding cassette 
subfamily B member 1; IL6R – interleukin 6 receptor; Bcl-2 – B cell lymphoma 2; Bmi-1 – Bmi1 polycomb ring finger oncogene; 
APC2 – adenomatous polyposis coli 2; Ref – reference.
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caspase-1 expression [22]. Bioinformatics analysis and dual-
luciferase reporter assay verified that caspase-1 is the direct 
target of miR-214 [22]. Further in vitro studies showed that 
the levels of miR-214 were significantly elevated in cells trans-
fected with si-circRNA-0016347, indicating that circ-0016347 
is negatively correlated with miR-214 and indirectly influences 
the expression of caspase-1 in osteosarcoma cells [22]. These 
data suggest that hsa-circ-0016347 sponges target miR-214 
and is involved in regulating the proliferation and metastasis 
of osteosarcoma.

CircNT5C2

Circ-NT5C2 (hsa_circ_0092509) was screened out to be sig-
nificantly overexpressed in osteosarcoma tissues by microar-
ray and later validated with qRT-PCR [23]. Circ-NT5C2 showed 
a diagnostic potential, with an AUC (area under the curve) 
value of 0.753 in receiver operating characteristic (ROC) curve 
analysis [23]. Further in vitro studies with CCK-8 and colony 
formation assay showed that knockdown of circ-NT5C2 in-
hibited cell proliferation and increased the apoptotic cell rate 
of osteosarcoma compared to a negative control group [23]. 
An in vivo xenograft mouse study revealed that circ-NT5C2 
knockdown reduced tumor volume and tumor weight, sug-
gesting the suppressor role of circ-NT5C2 knockdown on 
osteosarcoma tumor growth [23]. Bioinformatics prediction 
and dual-luciferase reporter assay revealed that circ-NT5C2 
sponged target miR-448, a miRNA reported to be involved in 
regulating the tumorigenesis and progression of multiple can-
cers including breast cancer, bladder cancer, pancreatic ductal 
adenocarcinoma, and osteosarcoma [23,35–38]. miR-448 ex-
pression levels were significantly downregulated in osteosar-
coma tissue, and the expression of circ-NT5C2 and miR-448 
showed a negative association [23]. CCK-8 assay and colony 
formation assay revealed that miR-448 inhibitor reverses the 
role of si-circ-NT5C2 on osteosarcoma cells (U2OS) proliferation, 
indicating that circ-NT5C2 sponges miR-448 [23]. In conclu-
sion, circ-NT5C2 may act as a novel biomarker in osteosarcoma 
diagnosis and may participate in osteosarcoma progression.

Hsa_circ_0001564

Hsa_circ_0001564, located at 5q35.3, was originally selected 
as a significantly overexpressed circRNA in osteosarcoma tis-
sue by microarray and later verified by qRT-PCR [24]. It was 
also significantly increased in osteosarcoma cell lines, espe-
cially HOS and MG-63 [24]. Function experiments revealed that 
hsa_circ_0001564 knockdown observably repressed the cell vi-
ability and colony formation ability of osteosarcoma cell lines, 
and the lower expression significantly induced cell cycle arrest 
in G0/G1 phase, indicating that hsa_circ_0001564 knockdown 
suppressed cells proliferation and promoted apoptosis and 
thus suppressed tumorigenicity of osteosarcoma cell lines [24]. 

miR-29c-3p, a downregulated miRNA in osteosarcoma tissue, 
was predicted to have binding sites with hsa_circ_0001564 
by bioinformatics analysis and then confirmed by dual-lucifer-
ase reporter assay, indicating that hsa_circ_0001564 directly 
targets miR-29c-3p by acting as a sponge [24]. Further rescue 
experiments revealed that miR-29c-3p inhibition rescued the 
suppression, proliferation, and colony formation ability, and 
reversed the cell cycle arrest in G0/G1 phase and apoptosis in-
duced by si-hsa_circ_001564 [24]. These data reveal the onco-
genesis effect of hsa_circ_001564, and also illustrate the im-
portant role of competing endogenous RNAs mechanisms of 
hsa_circ_001564 and miR-29c-3p.

Hsa_circ_0009910

Hsa_circ_0009910, located at chr1: 12049221-12052747 
with 315 bp length and gene symbol MFN2, was found to be 
overexpressed in osteosarcoma cell lines [25]. Knockdown of 
circ_0009910 induced cell proliferation inhibition, cell cycle 
arrest, and apoptosis in OS cell lines [25]. miR-449a, a down-
regulated miRNA in OS cells lines, was predicted as the tar-
get miRNA by bioinformatics analysis, and its expression level 
showed a negative correlation with that of circ_0009910 in OS 
tissues [25]. Dual-luciferase reporter assay confirmed the di-
rect interaction of circ_0009910 and miR-449a [25]. Inhibition 
of miR-449a abrogates the effect of circ_0009910 knockdown 
on cell growth and apoptosis, suggesting the ‘sponge’ role of 
circ_0009910 in regulating miR-449a [25]. IL6R, whose mRNA 
expression is inversely correlated with miR-449a in OS tis-
sues, was predicted to be a potential target of miR-449a [25]. 
Overexpression of miR-449a decreased the mRNA and protein 
levels of IL6R, and restoration of IL6R impaired the miR-449a-
induced inhibition of cell proliferation, cell cycle arrest, and 
apoptosis [25]. Further signaling pathway research revealed 
that the JAK1/STAT3 pathway, reported to be associated with 
proliferation and apoptosis, is regulated by circ_0009910/miR-
449a/IL6R axis [25]. These data indicate that hsa_circ_0009910 
functions as a sponge of miR-449a, and may serve as a poten-
tial therapeutic target to reduce OS tumor growth.

CircUBAP2

CircRNA UBAP2 (circUBAP2) was originally screened by circRNA 
microarray to be markedly increased circRNA in osteosarcoma 
tissue as compared to adjacent normal tissues, then confirmed 
by qRT-PCR, and the deregulation status was also verified in 
osteosarcoma cell lines [26]. Spearman’s rank correlation assay 
revealed that circUBAP2 expression was significantly positively 
correlated with tumor stages of osteosarcoma, and increased 
circUBAP2 expression in osteosarcoma tissues was significantly 
correlated with reduced survival and poor prognosis [26]. 
Function studies demonstrated that circUBAP2 overexpression 
promotes cell proliferation in osteosarcoma cell lines, whereas 
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knockdown of circUBAP2 expression suppresses cell prolifera-
tion [26]. Further in vivo experiments showed that cell growth 
was significantly promoted in circUBAP2 stably-overexpressed 
osteosarcoma cell lines [26]. Bioinformatics analysis and RNA 
precipitation demonstrated that miR-143 is the circUBAP2-
associated miRNA in osteosarcoma cells [26]. Previous re-
search suggests that anti-apoptotic Bcl-2 is directly targeted by 
miR-143, and miR-143 is downregulated in osteosarcoma and 
causes the upregulation of anti-apoptotic Bcl-2 [39]. In human 
osteosarcoma tissues, circUBAP2 expression was found to be 
reversely correlated with miR-143 expression, confirming its 
sponge function to inhibit miR-143 expression [26]. CircUBAP2 
could be used as a prognosis biomarker for poor survival of 
OS patients, and as a potential therapeutic target for inhibit-
ing OS tumor growth.

CircGLI2

CircGLI2, also known as hsa_circ_0056288, is generated from 
pre-mRNA of GLI2, which is a primary transcriptional regulator 
mediating the activation of Hedgehog (Hh) signaling [27]. 
Compared with the negative control, circGLI2 was significantly 
overexpressed in both osteosarcoma tissue and cell lines [27]. 
Function studies revealed that knockdown of circGLI2 signif-
icantly suppressed cell proliferation and migration while in-
creasing the apoptotic cell rate, suggesting the tumorigenic 
role of circGLI2 in osteosarcoma [27]. miR-125b-5p, which is 
downregulated in osteosarcoma tissues, was predicted to have 
negative regulatory relationships with circGLI2, and this was 
confirmed by dual-luciferase reporter assay [27]. Functional ex-
periments revealed that miR-125b-5p overexpression inhibits 
cell proliferation, migration, and invasion, while silencing cir-
cGLI2 rescues the inhibitory effect, demonstrating the onco-
genic role of circGLI2 by targeting miR-125b-5p [27]. These 
data suggest that circGLI2 is involved in regulating osteosar-
coma progression by acting as a sponge of miR-125b-5p, and 
may serve as a potential target for osteosarcoma treatment.

Hsa_circ-0008717

Hsa_circ-0008717, a circRNA screened by microarray and later 
validated by qRT-PCR, was found to be significantly upregulated 
in osteosarcoma tissues compared with non-tumor tissue sam-
ples, and the upregulation was closely correlated with tumor 
metastasis and poor prognosis in osteosarcoma patients [28]. 
The same deregulation condition of hsa_circ-0008717 was also 
observed in osteosarcoma cell lines [28]. Knockdown of cir-
cRNA-0008717 significantly inhibited cell proliferation, colony 
formation ability, wound-healing ability, and invasive capabil-
ities of osteosarcoma cells, while increasing the proportion of 
apoptotic cells [28]. Bioinformatics analysis and dual-luciferase 
reporter assay verified that miR-203 directly interacts with cir-
cRNA-0008717, and further RNA precipitation (RIP) result showed 

a specific enrichment of cirRNA-0008717 and miR-203, indicat-
ing that cirRNA-0008717 specifically interacts with miR-203 in 
osteosarcoma cells [28]. Further experiments demonstrated 
that miR-203 targets BMI-1 and suppresses osteosarcoma cell 
proliferation and invasion, and circRNA-0008717 regulates cell 
proliferation and invasion through sponging miR-203 and sub-
sequently elevating Bmi-1 [28]. These data suggest that hsa_
circ-0008717 regulates osteosarcoma tumor growth and me-
tastasis by acting as a sponge of miR-124-3p, and may serve 
as a prognostic and therapeutic biomarker for osteosarcoma.

Downregulated circRNAs in osteosarcoma

CircHIPK3

CircHIPK3 (hsa_circ_0000284) is derived from exon2 of the 
HIPK3 gene, a serine-threonine kinase regulating transcription 
and apoptosis, and has been reported to regulate cellular pro-
cesses by sponging multiple miRNAs [40,41]. CircHIPK3 has 
been reported to regulate cancer cell proliferation and me-
tastasis by sponging miR-7, miR-124, and miR-558 [42–45]. 
In osteosarcoma cell lines, circHIPK3 was significantly down-
regulated, and it also had stable lower expression in osteosar-
coma tissue and plasma [29]. Kaplan-Maier analysis showed 
that patients with lower expression of circHIPK3 had shorter 
overall survival time than those with higher circHIPK3 expres-
sion, and lung metastasis and advanced cancer were associ-
ated with lower expression levels of circHIPK3 [29]. The U2OS 
(or 143B) cells transfected with circHIPK3 showed lower cell 
proliferation rates and significantly suppressed cell prolif-
eration ability, demonstrating that overexpression of circH-
IPK3 suppressed proliferation in OS cells [29]. Transwell and 
wound=healing assays showed that circHIPK3 overexpression 
significantly reduced cell migration [29]. These findings sug-
gest that circ_HIPK3 is a potential diagnostic and prognostic 
biomarkers in OS, and may serve as a tumor-suppressor in os-
teosarcoma progression.

Hsa_circ_0002052

Hsa_circ_0002052 was found to be significantly downregulated 
in osteosarcoma cell lines in a circRNA microarray dataset 
(GSE96964), and qRT-PCR validated the microarray result [30]. 
The expression levels of hsa_circ_0002052 showed a sig-
nificant negative correlation with survival and prognosis of 
osteosarcoma patients [30]. Functional studies revealed that 
overexpression of hsa_circ_0002052 obviously suppressed os-
teosarcoma cell proliferation and invasion and increased the 
apoptosis rate [30]. Bioinformatics prediction and dual-luciferase 
reporter assay verified that miR-1205 is a direct regulatory tar-
get of hsa_circ_0002052 [30]. Downstream, APC2, known as a 
negative regulatory factor of the Wnt/b-catenin pathway, was 
identified as a target of miR-1205 [30,46,47]. Further functional 
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analysis revealed that hsa_circ_0002052 overexpression res-
cues the expression level suppressed by miR-1205 mimics [30]. 
In osteosarcoma tissues, the expression level of hsa_circ_0002052 
and miR-1205, as well as of APC2 and miR-1205, both were in-
versely correlated, and overexpression of miR-1205 significantly 
abolished the effects of hsa_circ_0002052 overexpression on 
osteosarcoma cell proliferation, apoptosis, migration, and in-
vasion, demonstrating that hsa_circ_0002052 suppresses os-
teosarcoma progression by inhibiting the miR-1205/APC2 axis 

of the Wnt/b-catenin pathway [30]. These data showed that 
hsa_circ_0002052 may act as a prognosis biomarker and ther-
apeutic target of osteosarcoma.

Conclusions

Recent studies indicate that some circRNAs are deregulated in 
osteosarcoma tissues, which are closely associated with the 

CircRNA Disease type Functional role
Genes/proteins 

affected
Expression Ref.

circPVT1

Acute lymphoblastic 
leukemia

CircPVT1 promotes cell proliferation and 
inhibits apoptosis via targeting c-Myc and 
Bcl-2

®c-Myc, Bcl-2 Up [49]

Head and neck 
squamous cell 
carcinoma (HNSCC)

CircPVT1 is associated with TP53 mutations, 
and play the oncogenic role in HNSCC

┤miR-497-5p Up [34]

Gastric cancer
CircPVT1 serves as a novel proliferative factor 
and prognostic marker in gastric cancer

┤miR-125 Up [32]

circUBAP2 Lung cancer 
CircUBAP2 promotes cancer cell proliferation 
and invasion of human lung cancer

┤miR-339-5p, miR-96-
3p, miR-135b-3p

Up [50]

circHIPK3

Nasopharyngeal 
carcinoma (NPC)

CircHIPK3 facilitates NPC progression through 
protecting ELF3 from miR-4288-mediated 
silencing

┤miR-4288, ®ELF3 Up [51]

Glioma
CircHIPK3 contributes to glioma progression 
through targeting miR-654 from IGF2BP3

┤miR-654, ®IGF2BP3 Up [52]

Epithelial ovarian 
cancer (EOC)

CircHIPK3 serves as a prognostic biomarker 
for EOC

- Up [53]

Gallbladder 
cancer

CircHIPK3 promotes gallbladder cancer cell 
proliferation

┤miR-124, ®ROCK1-
CDK6

Up [54]

Colorectal 
cancer (CRC)

CircHIPK3 acts as a tumorigenic factor via the 
c-Myb/circHIPK3/miR-7 axis and may serve as 
a prognostic biomarker in CRC

┤miR-7 Up [43]

Hepatocellular 
carcinoma (HCC)

CircHIPK3 promotes HCC cell proliferation and 
migration via the circHIPK3/miR-124/AQP3 
axis

┤miR-124, ®AQP3 Up [44]

Diabetic 
retinopathy

CircHIPK3 promotes vascular endothelial cell 
proliferation and leads to vascular dysfunction

┤miR-30a-3p, ®VEGFC, 
FZD4, WNT2

Up [55]

Bladder cancer
CircHIPK3 inhibits cell migration, invasion, and 
angiogenesis in bladder cancer

┤miR-558, ®HPSE Down [45]

Human oral squamous 
cell carcinoma (OSCC)

CircHIPK3 promotes the occurrence and 
development process of OSCC

┤miR-124 Up [56]

Non-small cell lung 
cancer

CircHIPK3 promotes cancer cell proliferation 
via the circHIPK3/miR-379/IGF1 pathway

┤miR-379, ®IGF1 Up [57]

Table 2. The functional role of osteosarcomatous specifically expressed circRNAs in other diseases.

”┤” – inhibitory roles; “®” – stimulatory roles. circRNA – circular RNA; c-Myc – Myc proto-oncogene, bHLH transcription factor c; 
Bcl-2 – B cell leukemia/lymphoma 2; ELF3 – ETS transcription factor 3; IGF2BP3 – insulin-like growth factor 2 mRNA-binding protein 3; 
ROCK1 – rho-associated protein kinase 1; CDK6 – rho-associated protein kinase; c-Myb – Myb proto-oncogene, transcription factor c; 
AQP3 – aquaporin 3; VEGFC – vascular endothelial growth factor C; FZD4 – frizzled class receptor 4; WNT2 – Wnt family member 2; 
HPSE – heparanase; IGF1 – insulin-like growth factor 1.
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clinical progress and prognosis of osteosarcoma patients [48]. 
Moreover, several osteosarcomatous that specifically express 
circRNAs were also reported to regulate the pathological process 
of other diseases, which provides new insights into the regu-
latory effect of these molecules in multiple diseases (Table 2). 
In the course of osteosarcoma progression, circRNAs can func-
tion as miRNA sponges and transcriptional regulators, mod-
ulating the expression of target miRNAs and proteins, thus 
regulating the proliferation, invasion, and metastasis of os-
teosarcoma cells. Because of their special annular structure, 
circRNAs have better stability and higher abundance, and these 
unique advantages make circRNAs promising diagnostic/prog-
nostic biomarkers and novel therapeutic targets.

CircRNAs as biomarker for osteosarcoma

CircRNAs may be secreted and circulate in body fluids, and their 
annular structure gives them strong resistance to RNA exonu-
cleases or RNase R. Recent studies suggested that circRNAs 
could serve as good candidates for tumor biomarkers with high 
specificity and high sensitivity [58,59]. In gastric cancer (GC), 
hsa_circ_0001649 is downregulated in tumor tissue, conse-
quently leading to lower expression in serum of GC patients 
after surgery, being a potential recurrence biomarker [60]. 

Hsa_circ_0001445 was detected in plasma as a biomarker to 
distinguish HCC cases from healthy controls, as well as pa-
tients with cirrhosis or hepatitis B [61]. In metabolic osteopathy, 
hsa_circ_0001275 was found to serve as a potential diagnostic 
biomarker from peripheral blood mononuclear cells (PBMCs) of 
patients with postmenopausal osteoporosis [62]. Therefore, it 
would be worthwhile to explore the potential use of these cir-
culatory circRNAs as biomarkers for osteosarcoma.

CircRNAs as therapeutic target for osteosarcoma

CircRNAs play an important role in the occurrence and progres-
sion of osteosarcoma, which determines their characteristics 
as potential therapeutic targets for treatment. CircRNAs can be 
targeted and silenced in vitro and in vivo and such approaches 
have long been evaluated for targeting critical cancer-associated 
genes in animal experiments. Although compared with coding 
RNAs, miRNAs, and lncRNAs, the studies on circRNAs are still 
in early stages, further development of targeting circRNAs for 
osteosarcoma treatment has great potential.

Conflicts of interest

None.

References:

 1. Tabone M D, Terrier P, Pacquement H et al: Outcome of radiation-related 
osteosarcoma after treatment of childhood and adolescent cancer: A study 
of 23 cases. J Clin Oncol, 1999; 17(9): 2789–95

 2. Bielack S S, Kempf-Bielack B, Delling G et al: Prognostic factors in high-
grade osteosarcoma of the extremities or trunk: An analysis of 1,702 pa-
tients treated on neoadjuvant cooperative osteosarcoma study group pro-
tocols. J Clin Oncol, 2002; 20(3): 776–90

 3. Isakoff MS, Bielack SS, Meltzer P et al: Osteosarcoma: Current treatment 
and a collaborative pathway to success. J Clin Oncol, 2015; 33(27): 3029–35

 4. Gill M, Mccarthy M, Murrells T et al: Chemotherapy for the primary treat-
ment of osteosarcoma: Population effectiveness over 20 years. Lancet, 
1988; 1(8587): 689–92

 5. Ottaviani G, Jaffe N: The epidemiology of osteosarcoma. Cancer Treat Res, 
2009; 152: 3–13

 6. Robison LL, Hudson MM: Survivors of childhood and adolescent cancer: 
Life-long risks and responsibilities. Nat Rev Cancer, 2014; 14(1): 61–70

 7. Stiller CA: International patterns of cancer incidence in adolescents. Cancer 
Treat Rev, 2007; 33(7): 631–45

 8. Anastasiadou E, Jacob LS, Slack FJ: Non-coding RNA networks in cancer. Nat 
Rev Cancer, 2018; 18(1): 5–18

 9. Place RF, Noonan EJ: Non-coding RNAs turn up the heat: An emerging lay-
er of novel regulators in the mammalian heat shock response. Cell Stress 
Chaperones, 2014; 19(2): 159–72

 10. Gomes A Q, Nolasco S, Soares H: Non-coding RNAs: Multi-tasking mole-
cules in the cell. Int J Mol Sci, 2013; 14(8): 16010–39

 11. Zhang XM, Ma ZW, Wang Q et al: A new RNA-seq method to detect the tran-
scription and non-coding RNA in prostate cancer. Pathol Oncol Res, 2014; 
20(1): 43–50

 12. Rupaimoole R, Slack FJ: MicroRNA therapeutics: Towards a new era for the 
management of cancer and other diseases. Nat Rev Drug Discov, 2017; 
16(3): 203–22

 13. Kopp F, Mendell JT: Functional classification and experimental dissection 
of long noncoding RNAs. Cell, 2018; 172(3): 393–407

 14. Jeck WR, Sorrentino JA, Wang K et al: Circular RNAs are abundant, con-
served, and associated with ALU repeats. RNA, 2013; 19(2): 141–57

 15. Suzuki H, Tsukahara T: A view of pre-mRNA splicing from RNase R resis-
tant RNAs. Int J Mol Sci, 2014; 15(6): 9331–42

 16. Liu J, Liu T, Wang X et al: Circles reshaping the RNA world: From waste to 
treasure. Mol Cancer, 2017; 16(1): 58

 17. Cortes-Lopez M, Miura P: Emerging functions of circular RNAs. Yale J Biol 
Med, 2016; 89(4): 527–37

 18. Ebbesen K K, Kjems J, Hansen TB: Circular RNAs: Identification, biogenesis 
and function. Biochim Biophys Acta, 2016; 1859(1): 163–68

 19. Li J, Yang J, Zhou P et al: Circular RNAs in cancer: Novel insights into ori-
gins, properties, functions and implications. Am J Cancer Res, 2015; 5(2): 
472–80

 20. Huang L, Chen M, Pan J et al: Circular RNA circNASP modulates the malig-
nant behaviors in osteosarcoma via miR-1253/FOXF1 pathway. Biochem 
Biophys Res Commun, 2018; 500(2): 511–17

 21.  Kun-Peng Z, Xiao-Long M, Chun-Lin Z: Overexpressed circPVT1, a 
potential new circular RNA biomarker, contributes to doxorubicin and cis-
platin resistance of osteosarcoma cells by regulating ABCB1. Int J Biol Sci, 
2018; 14(3): 321–30

 22. Jin H, Jin X, Zhang H et al: Circular RNA hsa-circ-0016347 promotes prolif-
eration, invasion and metastasis of osteosarcoma cells. Oncotarget, 2017; 
8(15): 25571–81

 23. Liu X, Zhong Y, Li J et al: Circular RNA circ-NT5C2 acts as an oncogene in 
osteosarcoma proliferation and metastasis through targeting miR-448. 
Oncotarget, 2017; 8(70): 114829–38

 24. Song YZ, Li JF: Circular RNA hsa_circ_0001564 regulates osteosarcoma pro-
liferation and apoptosis by acting miRNA sponge. Biochem Biophys Res 
Commun, 2018; 495(3): 2369–75

 25. Deng N, Li L, Gao J et al: Hsa_circ_0009910 promotes carcinogenesis by pro-
moting the expression of miR-449a target IL6R in osteosarcoma. Biochem 
Biophys Res Commun, 2018; 495(1): 189–96

7049
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang C. et al.: 
Emerging roles of circular RNAs in osteosarcoma
© Med Sci Monit, 2018; 24: 7043-7050

REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



 26. Zhang H, Wang G, Ding C et al: Increased circular RNA UBAP2 acts as a 
sponge of miR-143 to promote osteosarcoma progression. Oncotarget, 
2017; 8(37): 61687–97

 27. Li JF, Song YZ: Circular RNA GLI2 promotes osteosarcoma cell proliferation, 
migration, and invasion by targeting miR-125b-5p. Tumour Biol, 2017; 39(7): 
1010428317709991

 28. Zhou X, Natino D, Qin Z et al: Identification and functional characteriza-
tion of circRNA-0008717 as an oncogene in osteosarcoma through spong-
ing miR-203. Oncotarget, 2018; 9(32): 22288–300

 29.  Xiao-Long M, Kun-Peng Z, Chun-Lin Z: Circular RNA circ_HIPK3 is 
down-regulated and suppresses cell proliferation, migration and invasion 
in osteosarcoma. J Cancer, 2018; 9(10): 1856–62

 30. Wu Z, Shi W, Jiang C: Overexpressing circular RNA hsa_circ_0002052 im-
pairs osteosarcoma progression via inhibiting Wnt/beta-catenin pathway 
by regulating miR-1205/APC2 axis. Biochem Biophys Res Commun, 2018; 
502(4): 465–71

 31. Liu M, Zhang Y, Zhang J et al: MicroRNA-1253 suppresses cell proliferation 
and invasion of non-small-cell lung carcinoma by targeting WNT5A. Cell 
Death Dis, 2018; 9(2): 189

 32. Chen J, Li Y, Zheng Q et al: Circular RNA profile identifies circPVT1 as a pro-
liferative factor and prognostic marker in gastric cancer. Cancer Lett, 2017; 
388: 208–19

 33. Hu J, Han Q, Gu Y et al: Circular RNA PVT1 expression and its roles in acute 
lymphoblastic leukemia. Epigenomics, 2018; 10(6): 723–32

 34. Verduci L, Ferraiuolo M, Sacconi A et al: The oncogenic role of circPVT1 in 
head and neck squamous cell carcinoma is mediated through the mutant 
p53/YAP/TEAD transcription-competent complex. Genome Biol, 2017; 18(1): 
237

 35. Ma P, Ni K, Ke J et al: miR-448 inhibits the epithelial-mesenchymal tran-
sition in breast cancer cells by directly targeting the E-cadherin repressor 
ZEB1/2. Exp Biol Med (Maywood), 2018; 243(5): 473–80

 36. Wang Y, Li LJ, Qiu MX et al: Effects of paclitaxel combined with miR-448 on 
growth and proliferation of bladder cancer EJ cells. Eur Rev Med Pharmacol 
Sci, 2018; 22(11): 3363–69

 37. Yu D L, Zhang T, Wu K et al: MicroRNA-448 suppresses metastasis of pan-
creatic ductal adenocarcinoma through targeting JAK1/STAT3 pathway. 
Oncol Rep, 2017; 38(2): 1075–82

 38. Wu X, Yan L, Liu Y et al: MicroRNA-448 suppresses osteosarcoma cell pro-
liferation and invasion through targeting EPHA7. PLoS One, 2017; 12(6): 
e0175553

 39. Zhang H, Cai X, Wang Y et al: microRNA-143, down-regulated in osteosar-
coma, promotes apoptosis and suppresses tumorigenicity by targeting Bcl-
2. Oncol Rep, 2010; 24(5): 1363–69

 40. Curtin JF, Cotter TG: JNK regulates HIPK3 expression and promotes resis-
tance to Fas-mediated apoptosis in DU 145 prostate carcinoma cells. J Biol 
Chem, 2004; 279(17): 17090–100

 41. Zheng Q, Bao C, Guo W et al: Circular RNA profiling reveals an abundant 
circHIPK3 that regulates cell growth by sponging multiple miRNAs. Nat 
Commun, 2016; 7: 11215

 42. Kai D, Yannian L, Yitian C et al: Circular RNA HIPK3 promotes gallblad-
der cancer cell growth by sponging microRNA-124. Biochem Biophys Res 
Commun, 2018; 503(2): 863–69

 43. Zeng K, Chen X, Xu M et al: CircHIPK3 promotes colorectal cancer growth 
and metastasis by sponging miR-7. Cell Death Dis, 2018; 9(4): 417

 44. Chen G, Shi Y, Liu M et al: circHIPK3 regulates cell proliferation and migra-
tion by sponging miR-124 and regulating AQP3 expression in hepatocellu-
lar carcinoma. Cell Death Dis, 2018; 9(2): 175

 45. Li Y, Zheng F, Xiao X et al: CircHIPK3 sponges miR-558 to suppress hepa-
ranase expression in bladder cancer cells. EMBO Rep, 2017; 18(9): 1646–59

 46.  Dokanehiifard S, Soltani BM: Hsa-miR-11181 regulates Wnt sig-
naling pathway through targeting of APC2 transcripts in SW480 cell line. 
Gene, 2018; 641: 297–302

 47. Yang X, Wang L, Wang Q et al: MiR-183 inhibits osteosarcoma cell growth 
and invasion by regulating LRP6-Wnt/beta-catenin signaling pathway. 
Biochem Biophys Res Commun, 2018; 496(4): 1197–203

 48. Liu W, Zhang J, Zou C et al: Microarray expression profile and function-
al analysis of circular RNAs in osteosarcoma. Cell Physiol Biochem, 2017; 
43(3): 969–85

 49. Hu J, Han Q, Gu Y et al: Circular RNA PVT1 expression and its roles in acute 
lymphoblastic leukemia. Epigenomics, 2018; 10(6): 723–32

 50. Yin Y, Gao H, Guo J et al: [Effect of circular RNA UBAP2 silencing on prolif-
eration and invasion of human lung cancer A549 cells and its mechanism]. 
Zhongguo Fei Ai Za Zhi, 2017; 20(12): 800–7 [in Chinese]

 51. Ke Z, Xie F, Zheng C et al: CircHIPK3 promotes proliferation and invasion 
in nasopharyngeal carcinoma by abrogating miR-4288-induced ELF3 inhi-
bition. J Cell Physiol, 2018 [Epub ahead of print]

 52. Jin P, Huang Y, Zhu P et al: CircRNA circHIPK3 serves as a prognostic mark-
er to promote glioma progression by regulating miR-654/IGF2BP3 signal-
ing. Biochem Biophys Res Commun, 2018; 503(3): 1570–74

 53.  Liu N, Zhang J, Zhang LY et al: CircHIPK3 is upregulated and pre-
dicts a poor prognosis in epithelial ovarian cancer. Eur Rev Med Pharmacol 
Sci, 2018; 22(12): 3713–18

 54. Kai D, Yannian L, Yitian C et al: Circular RNA HIPK3 promotes gallblad-
der cancer cell growth by sponging microRNA-124. Biochem Biophys Res 
Commun, 2018; 503(2): 863–69

 55.  Shan K, Liu C, Liu BH et al: Circular noncoding RNA HIPK3 mediates 
retinal vascular dysfunction in diabetes mellitus. Circulation, 2017; 136(17): 
1629–42

 56.  Wang J, Zhao SY, Ouyang SS et al: [Circular RNA circHIPK3 acts as 
the sponge of microRNA-124 to promote human oral squamous cell carci-
noma cells proliferation]. Zhonghua Kou Qiang Yi Xue Za Zhi, 2018; 53(8): 
546–51 [in Chinese]

 57. Tian F, Wang Y, Xiao Z et al: [Circular RNA CircHIPK3 promotes NCI-H1299 
and NCI-H2170 cell proliferation through miR-379 and its target IGF1]. 
Zhongguo Fei Ai Za Zhi, 2017; 20(7): 459–67 [in Chinese]

 58. Li S, Sun X, Miao S et al: hsa_circ_0000729, a potential prognostic biomark-
er in lung adenocarcinoma. Thorac Cancer, 2018; 9(8): 924–30

 59. Li XM, Ge HM, Yao J et al: Genome-wide identification of circular RNAs as 
a novel class of putative biomarkers for an ocular surface disease. Cell 
Physiol Biochem, 2018; 47(4): 1630–42

 60. Li WH, Song YC, Zhang H et al: Decreased expression of hsa_circ_00001649 
in gastric cancer and its clinical significance. Dis Markers, 2017; 2017: 
4587698

 61. Zhang X, Zhou H, Jing W et al: The circular RNA hsa_circ_0001445 regu-
lates the proliferation and migration of hepatocellular carcinoma and may 
serve as a diagnostic biomarker. Dis Markers, 2018; 2018: 3073467

 62. Zhao K, Zhao Q, Guo Z et al: hsa_circ_0001275: A potential novel diagnostic 
biomarker for postmenopausal osteoporosis. Cell Physiol Biochem, 2018; 
46(6): 2508–16

7050
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wang C. et al.: 
Emerging roles of circular RNAs in osteosarcoma

© Med Sci Monit, 2018; 24: 7043-7050
REVIEW ARTICLES

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


