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Increased circular RNA UBAP2 acts as a sponge of miR-143 to 
promote osteosarcoma progression
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ABSTRACT

Deregulated expression of circular RNA (circRNA) has been determined to be 

important in carcinogenesis and progression; however, in the most common type 

of primary malignant bone tumor osteosarcoma, the roles of circRNA in cancer 

development still remain to be elucidated. Here, we found that circRNA UBAP2 

(circUBAP2) expression is significantly increased in human osteosarcoma tissues 
as compared to those in matched controls. Increased circUBAP2 expression was 

significantly correlated with human osteosarcoma progression and prognosis. 
Furthermore, increased circUBAP2 could promote osteosarcoma growth and inhibit 

apoptosis both in vitro and in vivo. Mechanistically, circUBAP2 was found to inhibit 

the expression of microRNA-143 (miR-143), thus enhancing the expression and 

function of anti-apoptotic Bcl-2, which is a direct target of miR-143. Together, our 

results suggest the roles of circUBAP2 in osteosarcoma development and implicate 

its potential in prognosis prediction and cancer therapy.

INTRODUCTION

Circular RNA (circRNA) is a new class of 

endogenously expressed non-coding RNA, which is 

characterized by covalently closed loop structures with 

neither 5’ to 3’ polarity nor polyadenylated tail [1, 2]. 

CircRNA is conserved in mammals and seems to be 

specifically expressed in a cell type or developmental 
stage, which may indicate that it participates in diverse 

physiological and pathological processes [3–6]. Currently, it 

is accepted that endogenously expressed circRNAs contain 

conserved microRNA (miRNA) target sites, and function as 

miRNA sponges to regulate the expression of target genes 

in mammals. Up to now, the deregulation of circRNAs has 

been suggested in a set of human diseases, especially cancer 

progression [7–14]. However, it is still an ongoing process to 

reveal the expression profiles of circRNAs and elucidate and 
functions of deregulated circRNAs in cancer development.

Just like the extensive studies of microRNAs 

(miRNAs) in cancer biology, the roles of circRNAs in 

carcinogenesis and progression have attracted much 

attention. Recently, the expression profiles of circRNAs 
in some types of cancer tissues have been elucidated, 

such as colorectal cancer, hepatocellular carcinoma, and 

gastric cancer [15–18]. Among them, some deregulated 

circRNAs have been found to be potential biomarkers 

in cancer diagnosis and prognosis identification [19–23]. 
These observations have strongly suggested the potential 

usage of circRNAs in clinical practice for the treatment of 

cancer patients. However, it remains to be investigated that 

whether circRNAs are deregulated and participate in the 

carcinogenesis and progression of osteosarcoma.
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Osteosarcoma is the third most common cancer in 

childhood and young adults and the most common cancer 

of bone characterized by an aggressive clinical course [24]. 

For patients having no metastatic disease at diagnosis, 

the 5-year survival is 60% to 70% [25]. However, for 

patients who present with metastatic disease or whose 

tumor recurs, the clinical outcomes are far worse [26]. 

Currently, the mechanisms responsible for the oncogenic 

insults in the initiation and progression of osteosarcoma 

are still not fully elucidated. To date, non-coding RNAs 

including miRNAs and long non-coding RNAs have been 

extensively studied in osteosarcoma development [27–29]. 
However, as a new class of endogenously expressed non-

coding RNA, the roles and mechanisms of circRNAs in 

osteosarcoma carcinogenesis and progression still require 

further investigation.

In order to identify the deregulated circRNAs in 

osteosarcoma, we obtained paired clinically resected 

osteosarcoma tissues and adjacent normal tissues, and 

examined the expression profile of circRNAs using 
microArray in this study. CircRNA UBAP2 (circUBAP2) 

was found to be the most markedly increased circRNA 

in osteosarcoma tissue as compared to that in matched 

adjacent control. Thus, we focused on the roles and 

underlying mechanisms of circUBAP2 in osteosarcoma 

development, including clinical stages, patient survival, 

and cancer biology properties, so as to suggest new 

mechanisms of osteosarcoma progression and potential 

targets for cancer treatment and prognosis prediction.

RESULTS

The expression of circRNA circUBAP2 was 

increased in osteosarcoma

In order to investigate the expression profile of 
circRNAs in osteosarcoma, we used human osteosarcoma 

tissue and matched adjacent normal tissue, and applied 

circRNA microArray analysis form Arraystar to examine 

the deregulated circRNAs in osteosarcoma. As shown 

in Figure 1A, circRNA circUBAP2 was found to be the 

most markedly increased circRNA in osteosarcoma tissue 

as compared to that in matched normal tissue. Hence, we 

intend to focus on the roles and underlying mechanisms 

of circUBAP2 in human osteosarcoma development. 

CircUBAP2 expression in osteosarcoma was further 

determined in osteosarcoma cell lines, and we found that 

circUBAP2 expression was also significantly increased 
in human osteosarcoma cell lines MG63 and U2OS as 

compared to that in normal osteoblastic cell line hFOB 

1.19 (Figure 1B). Furthermore, in the 92 pairs of human 
osteosarcoma and adjacent normal tissue specimens, 

circUBAP2 expression was determined to be significantly 
increased in osteosarcoma tissues (Figure 1C). Thus, these 

data determine that circUBAP2 expression is significantly 
increased in osteosarcoma.

Increased circUBAP2 expression is significantly 
correlated with the progression and prognosis of 
osteosarcoma patients

As circUBAP2 was found to be significantly 
increased in osteosarcoma tissues, we then examined 

whether increased circUBAP2 expression was correlated 

with osteosarcoma progression and patient survival. In 

the examined 92 human osteosarcoma tissue specimens, 
circUBAP2 expression was found to be significantly 
positive-correlated with tumor stages of osteosarcoma using 

Spearman's rank correlation assay (Figure 2A). Moreover, 

increased circUBAP2 expression in osteosarcoma tissues 

was significantly correlated with reduced survival and poor 
prognosis, shown as the Kaplan-Meier survival analysis 

of overall survival in these patients (Figure 2B). Taken 

together, these results suggest that increased circUBAP2 

expression may be important in osteosarcoma progression 

and prognosis, and examination of circUBAP2 expression 

may be useful in pathological identification and prognosis 
prediction of osteosarcoma.

CircUBAP2 promotes osteosarcoma growth both 

in vitro and in vivo

Because circUBAP2 was increased in osteosarcoma 

and corrected with poor prognosis, we next examined 

whether circUBAP2 functioned as an oncogene in 

osteosarcoma. In osteosarcoma MG63 and U2OS cells, 

we found that circUBAP2 overexpression could promote 

cell proliferation in both cell lines (Figure 3A and 3B). 

Accordingly, knockdown of circUBAP2 expression 

suppressed cell proliferation in osteosarcoma cells 

(Figure 3C and 3D). Furthermore, in circUBAP2 stably 

overexpressed osteosarcoma cell lines, cell growth in vivo 

was significantly promoted as compared to that in control 
cells (Figure 3E and 3F). Hence, these results show that 

circUBAP2 may be an oncogene to promote osteosarcoma 

growth, and inhibition of circUBAP2 expression may have 

therapeutic potential in osteosarcoma.

CircUBAP2 inhibits osteosarcoma cell apoptosis 
by upregulating the expression of anti-apoptotic 
Bcl-2

The mechanism responsible for the growth 

promoting effect of circUBAP2 on osteosarcoma cells 

was next investigated. We examined the apoptosis 

and cell cycle progression in osteosarcoma cells by 

circUBAP2 overexpression, and found that circUBAP2 

overexpression significantly inhibited cell apoptosis upon 
serum deprivation and hypoxia in osteosarcoma MG63 

and U2OS cells (Figure 4A). Moreover, knockdown of 

circUBAP2 expression significantly promoted cell apoptosis 
of osteosarcoma cells (Figure 4B). Thus, we conclude that 

circUBAP2 promotes osteosarcoma growth by inhibiting 

cell apoptosis.
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Figure 1: CircUBAP2 expression is increased in osteosarcoma tissues and cell lines. (A) circUBAP2 expression in 

osteosarcoma tissues and matched adjacent nontumor tissues was shown as indicated. (B) circUBAP2 expression was examined in human 

osteoblast cell line hFOB 1.19 and osteosarcoma cell lines MG63 and U2OS using qRT-PCR. (C) In 92 paired human osteosarcoma tissues 
and matched adjacent normal tissues, circUBAP2 expression was examined using qRT-PCR. Data are shown as mean ± s.d. (n = 3) (A, B), 

or as the horizontal lines (median), the boxes (interquartile range), and the whiskers (2.5th and 97.5th percentiles) in C. **, p<0.01.
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The underlying mechanism responsible for 

the inhibitory effect on cell apoptosis mediated by 

circUBAP2 was then studied. We screened the expression 

of intracellular molecules associated with cell apoptosis 

in circUBAP2 overexpressed MG63 and U2OS cells, 

including Bcl-2, Mcl-1, Bax, Bim, Bad, Ras, Bid, FADD, 

Bcl-xL, PTEN, XIAP, and phosphorylated ERK and 

Akt, and found that anti-apoptotic Bcl-2 expression was 

significantly increased by circUBAP2 overexpression 
(Figure 4C). Furthermore, knockdown of circUBAP2 

inhibited the expression of Bcl-2 in MG63 and U2OS 

cells. As Bcl-2 is an important anti-apoptotic molecule 

well-accepted to protect osteosarcoma cells from 

apoptosis [30, 31], we conclude that circUBAP2 may 

inhibit osteosarcoma cell apoptosis by upregulating Bcl-2 

expression.

Figure 2: Increased circUBAP2 expression is correlated with osteosarcoma progression and prognosis. (A) Correlation 

between circUBAP2 and osteosarcoma stages from I to III were analyzed by Spearman's rank correlation assay with the r and p values 

indicated. (B) Kaplan-Meier survival analysis in the 92 osteosarcoma patients according to circUBAP2 expression in tumor. The median 
value of circUBAP2 expression in tumor was chosen as the cut-off.
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CircUBAP2 binds miR-143 in osteosarcoma cells

CircRNAs may function as miRNA sponge to bind 

miRNAs and regulate expression of target genes. We 

then analyzed the association between circUBAP2 and 

miRNAs. Using MiRanda prediction algorithms (http://

www.microrna.org/), a set of miRNAs were predicted 

to have potential interaction with circUBAP2, including 

miR-150, miR-135, miR-101, miR-181, miR-23, miR-

149, miR-139, miR-491, miR-124, miR-301m miR-328, 
miR-122, miR-186, let-7, miR-132, miR-191, miR-
425, miR-125, miR-149, miR-143, and miR-146a. To 
find the direct interacted miRNAs with circUBAP2 in 
osteosarcoma cells, circUBAP2 specific probe was used 
to perform RNA precipitation (RIP) as reported [32]. 

CircUBAP2-associated RNAs were precipitated by the 

specific probe, and the potential miRNAs predicted by 
miRanda were detected using qRT-PCR. Among them, we 

found a specific enrichment of miR-143 in the precipitates 
of circUBAP2 (Figure 5A and 5B), suggesting that miR-

143 is the circUBAP2-associated miRNA in osteosarcoma 

cells.

CircUBAP2 functions as the sponge of miR-
143 to inhibit apoptosis by upregulating anti-
apoptotic Bcl-2 in osteosarcoma

In osteosarcoma, we previously reported that anti-

apoptotic Bcl-2 was directly targeted by miR-143, and 

miR-143 is downregulated in osteosarcoma and causes the 

Figure 3: CircUBAP2 promotes osteosarcoma growth both in vitro and in vivo. (A, B) Osteosarcoma MG63 and U2OS cells 

were transfected with circUBAP2 expressing plasmids, and circUBAP2 expression was examined using qRT-PCR and cell proliferation 

was measured using MTT assay. (C, D) Osteosarcoma MG63 or U2OS cells were transfected with circUBAP2 siRNA, and circUBAP2 

expression was examined using qRT-PCR and cell proliferation was measured using MTT assay. (E, F) Ctrl osteosarcoma cell lines or 

circUBAP2 stably overexpressed osteosarcoma cells were injected subcutaneously into the nude mice. Tumor growth was examined and 

the curves were shown as indicated. Data are shown as mean ± s.d. (n = 4). Similar results were obtained in three independent experiments. 

*, p<0.05; **, p<0.01.
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upregulation of anti-apoptotic Bcl-2 [33]. As circUBAP2 

was found to bind miR-143, we next examined that 

whether circUBAP2 could function as the sponge of miR-

143 and inhibit miR-143 expression, thus upregulating 

Bcl-2 expression in osteosarcoma. In MG63 and U2OS 

cells, overexpression of circUBAP2 inhibited the 

expression of miR-143, while knockdown of circUBAP2 

enhanced miR-143 expression (Figure 6A and 6B). 

Furthermore, in human osteosarcoma tissues, circUBAP2 

expression was found to be reverse-correlated with miR-

143 expression, confirming its sponge function to inhibit 
miR-143 expression (Figure 6C). Thus, we conclude that 

circUBAP2 is the sponge of miR-143 and then upregulates 

anti-apoptotic Bcl-2 expression in osteosarcoma.

DISCUSSION

Osteosarcoma is characterized by an aggressive 

clinical course and is the most common primary malignant 

bone tumor. Recently, molecular mechanisms responsible 

for osteosarcoma carcinogenesis and progression have 

attracted much attention in investigating osteosarcoma 

development. A set of deregulated non-coding RNAs 

have been identified to be important in osteosarcoma 

Figure 4: CircUBAP2 inhibits apoptosis by upregulating anti-apoptotic Bcl-2 expression. (A) MG-63 and U2OS cells were 

transfected with circUBAP2 expressing plasmids, and then subjected to serum deprivation and hypoxia. Cell apoptosis was detected by 

Annexin V-PI staining. (B) MG-63 and U2OS cells were transfected with circUBAP2 siRNA, and then subjected to serum deprivation and 

hypoxia. Cell apoptosis was detected by Annexin V-PI staining. (C) MG63 and U2OS cells were transfected as in A and B, Bcl-2 expression 

was detected using Western blot. Data are shown as mean ± s.d. (n = 4) or as one representative experiment. Similar results were obtained 

in three independent experiments. *, p<0.05; **, p<0.01.
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pathogenesis, including miRNAs and long non-coding 

RNAs [34]. In this study, we found that circUBAP2 

expression is significantly upregulated in osteosarcoma, 
and circUBAP2 could promote osteosarcoma growth by 

enhancing anti-apoptotic Bcl-2 expression. Furthermore, 

increased circUBAP2 expression in human osteosarcoma 

tissues is suggested to be correlated with osteosarcoma 

progression and prognosis. Thus, we have presented 

that circUBAP2 may be a new prognosis predictor and 

therapeutic target in osteosarcoma.

Previously, we reported that miR-143 expression 

was decreased in osteosarcoma tissues, and miR-143 

decrease was responsible for the increased anti-apoptotic 

Bcl-2 expression in osteosarcoma [33]. However, 

the underlying mechanism for miR-143 decrease in 

osteosarcoma was not known at that time. Here, we present 

that increased circUBAP2 expression is responsible for 

the decreased miR-143 expression in osteosarcoma, and 

circUBAP2 expression is reverse-correlated with miR-

143 expression in human osteosarcoma tissues. Thus, the 

mechanism for miR-143 decrease in osteosarcoma may 

be dependent on the increased circUBAP2 expression. 

Moreover, the mechanism responsible for circUBAP2 

upregulation in osteosarcoma is still unknown and requires 

further investigation.

Recently, it has attracted much attention to identify 

the molecular biomarkers which are correlated with cancer 

progression and prognosis of patients. We previously 

reported that a set of deregulated non-coding RNAs 

in osteosarcoma are correlated with cancer stages and 

prognosis of patients, including the decreased miR-133a 

and increased miR-148a [35–39]. Here, we presented 
that increased circUBAP2 expression in osteosarcoma 

is also corrected with cancer stages and prognosis of 

Figure 5: CircUBAP2 binds miR-143 in osteosarcoma cells. In circUBAP2 stably overexpressed MG63 cells, circUBAP2 was 

precipitated using circUBAP2 specific probe or control probe, circUBAP2 (A) and miR-143 (B) were detected in the precipitates using 

qRT-PCR. Data are shown as mean ± s.d. (n = 4). Similar results were obtained in three independent experiments. **, p<0.01.
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patients. As miRNAs and circRNAs are relatively more 

stable than other types of RNAs, combined detection 

of these deregulated miRNAs and circUBAP2 may be 

valuable to identify pathological stages and prognosis of 

osteosarcoma more accurately, and bears considerable 

potential in practice.

It is validated both in vitro and in vivo that 

circUBAP2 overexpression promotes osteosarcoma 

growth and progression. And inhibition of circUBAP2 

can suppress osteosarcoma growth and induce apoptosis. 

Thus, it is suggested that circUBAP2 may be a potential 

therapeutic target of osteosarcoma. Moreover, as 

intervention approaches to inhibit gene expression in 

vivo are becoming reliable, especially the cholesterol-

conjugated siRNAs for in vivo administration, we will 

further examine that whether inhibition of circUBAP2 

expression in vivo can suppress osteosarcoma growth in 

our future study. The attempt of in vivo administration to 

inhibit circUBAP2 expression in osteosarcoma therapy 

may raise important and interesting future work in cancer 

treatment, especially for those who respond poorly to 

radiotherapy or chemotherapy.

Figure 6: CircUBAP2 functions as the sponge of miR-143. (A, B) MG63 and U2OS cells were transfected with circUBAP2 

expressing plasmids (A) or siRNA (B) as indicated, miR-143 expression was examined using qRT-PCR. (C) Correlation between miR-143 

and circUBAP2 level in osteosarcoma tissues was statistically analyzed by Pearson’s correlation coefficient assay, and r and p values were 

shown as indicated. Data are shown as mean ± s.d. (n = 4). Similar results were obtained in three independent experiments. **, p<0.01.
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MATERIALS AND METHODS

Patient samples

Human osteosarcoma tumor tissues and matched 

adjacent normal tissues were surgically resected from 

92 primary osteosarcoma patients during operation. 
The detailed clinical information of these patients was 

presented previously [11, 12]. These tissues were quickly 

frozen in liquid nitrogen after surgical resection. All these 

samples were collected with the informed consents of 

these patients, and were approved by the ethics committee 

of Second Military Medical University, Shanghai, China.

circRNA microArray

circRNA microArray of osteosarcoma tissue and 

matched control tissues were performed using circRNA 

chip provided by Arraystar containing the specific probes 
for human circRNA. Total RNA of tumor and control 

tissues was extracted using TRIZOL reagent (Invitrogen) 

and passed the quality control for RNA integrity. The 

samples were hybridized and washed in the circRNA 

microArray chips, and the signals were scanned and 

gathered as the standard protocol [35].

qRT-PCR

Total RNA was extracted using TRIZOL reagent 

(Invitrogen) and reverse-transcribed using PrimeScript 

RT reagent Kit (Takara) following the standard protocol. 

qPCR was performed using SYBR Green I (Takara) and 

Lightcycler 2.0 (Roche). For evaluating the expression of 

circUBAP2, the primers were 5’-AGC CTC AGA AGC 

CAA CTC CTT TG-3’ (forward) and 5’-TCA GGT TGA 

GAT TTG AAG TCA AGA T-3’ (reverse). For miRNA 

analysis, stem-loop RT primer for miR-143 was 5'- 

GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC 

GCA CTG GAT ACG ACG AGC TA -3', and q-PCR 

primers were 5'- AGT CAG TGA GAT GAA GCA CTG 

-3' (forward) and 5’- GTG CAG GGT CCG AGG T -3’ 

(reverse). The qRT-PCR analysis was performed and 

calculated as reported [40, 41].

Cell culture and transfection

Human osteoblastic cell line hFOB 1.19, 
osteosarcoma cell lines MG63 and U2OS were cultured, 

seeded, and transfected as we described previously 

[33, 35, 36]. CircUBAP2 expressing plasmids were 

constructed into pcDNA3.1 vector (Invitrogen) and 

validated by sequencing. Plasmids were transfected using 

jetPrime transfection reagent (Polyplus-transfection) 

following the manufacturer’s instruction. CircUBAP2 

specific siRNA and the control RNA were synthesized 
by GenePharma Company. siRNAs were transfected 

at the final concentration of 10 nM using INTERFERin 

transfection reagent (Polyplus-transfection) following the 

manufacturer’s instructions.

Cell proliferation analysis

The in vitro cell proliferation assay of osteosarcoma 

MG63 and U2OS cells were presented as we reported 

previously [33, 35, 36]. In brief, cells were seeded into 

96-well plates, transfected, and analyzed using MTT 
method in the indicated time periods. The absorbance was 

measured at 570 nm.

Tumor growth analysis in vivo

All animal experiments were performed according 

to the National Institute of Health Guide for the Care 

and Use of Laboratory Animals. Osteosarcoma MG63 

and U2OS cells (1×106) were suspended in 0.1 ml PBS 

and injected subcutaneously into the posterior flank of 
BALB/c athymic nude mice. Tumor growth was measured 

as we described previously [33, 35, 36].

Detection of apoptosis

Osteosarcoma MG63 or U2OS cells were 

transfected as indicated. At 48 hours post transfection, 

spent cell culture medium was replaced with serum free 

DMEM and subjected to hypoxia. In the indicated time 

periods post serum deprivation and hypoxia, cells were 

harvested, washed, resuspended in the staining buffer, and 

examined with Vybrant Apoptosis Assay kit (Invitrogen). 

Stained cells were detected by FACSCalibur and data 

were analyzed with CellQuest software (both from Becton 

Dickinson). The Annexin V-positive cells were regarded as 

apoptotic cells [33].

circRNA precipitation

In CircUBAP2-overexpresed MG63 cells, the cells 

were fixed, lysed and sonicated. After centrifugation, 
50 ul of the supernatant was used as the input control 

and the rest was incubated with circUBAP2 specific 
probes-streptavidin beads (Invitrogen). Biotin-labeled 

circUBAP2 probe was synthesized by Sangon Biotech, 

and the sequence is 5’-AAT TCT TTT TCT TAC ACC 

CTA CAG-3’. Then, the beads-probe-circRNA precipitates 

was washed and incubated with proteinase K to reverse the 

formaldehyde crosslinking. And the precipitated RNA was 

finally extracted and examined by qRT-PCR.

Western blot

Osteosarcoma MG63 and U2OS Cells were 

lysed with M-PER Protein Extraction Reagent 

(Pierce) supplemented with protease inhibitor cocktail 

(Calbiochem). Protein concentrations were measured with 

BCA assay (Pierce) and equalized with the extraction 
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buffer. Equal amount of the extracts were loaded and 

subjected to SDS-PAGE, transferred onto nitrocellulose 

membranes, and then blotted. Antibodies specific to human 
Bcl-2 and β-actin, and horseradish peroxidase-coupled 
secondary antibodies were reported previously [33].

Statistical analysis

Data are shown as mean ± s.d. Student’s t-test was 

used to analyze statistical comparisons between groups, 

and a two-tailed p<0.05 was considered to be statistical 

significant. Spearman's rank correlation coefficient 
assay in SPSS 17.0 was used to analyze the correlation 

between circUBAP2 expression and clinical osteosarcoma 

stages. Kaplan-Meier survival analysis with log-rank test 

in SPSS 17.0 was used to analyze the overall survival 

in osteosarcoma patients with the median value of 

circUBAP2 expression as the cutoff. Pearson’s correlation 

coefficient assay in SPSS 17.0 was used to analyze the 
correlation between circUBAP2 expression and miR-143 

expression in osteosarcoma tissues.

Author contributions

HZ, GW, CD, and PL contributed to conception 

and design, performance of experiments, data analysis 

and interpretation, and manuscript writing; and RW, WD, 

DT, DW, CL, QW, XZ, DL, PL, and HC performed data 

analysis and interpretation; and HT and FJ contributed to 

conception and design, financial support, data analysis and 
interpretation, manuscript writing, and final approval of 
the manuscript.

ACKNOWLEDGMENTS

We thank Prof. Zhiwei Wang and Prof. Yue Wang 

for their helpful discussion, and Ms Jianfang Chen and 

Liqing Fu for their excellent technical assistance. This 

project was supported by grants from the National Natural 

Science Foundation of China (81572637, 81272942, 
81202122, and 30973019).

CONFLICTS OF INTEREST

The authors indicate no potential conflicts of 
interest.

REFERENCES

1. Liu J, Liu T, Wang X, He A. Circles reshaping the RNA 

world: from waste to treasure. Mol Cancer. 2017; 16:58.

2. Cortés-López M, Miura P. Emerging functions of circular 

RNAs. Yale J Biol Med. 2016; 89:527-537.
3. Barrett SP, Salzman J. Circular RNAs: analysis, 

expression and potential functions. Development. 2016; 

143:1838-1847.

4. Salzman J. Circular RNA expression: its potential regulation 

and function. Trends Genet. 2016; 32:309-316.
5. Kumar L, Shamsuzzama, Haque R, Baghel T, Nazir A. 

Circular RNAs: the emerging class of non-coding RNAs 

and their potential role in human neurodegenerative 

diseases. Mol Neurobiol. 2016 Oct 29. [Epub ahead of 
print].

6. Bonizzato A, Gaffo E, Te Kronnie G, Bortoluzzi 

S. CircRNAs in hematopoiesis and hematological 

malignancies. Blood Cancer J. 2016; 6:e483.

7. Taborda MI, Ramírez S, Bernal G. Circular RNAs in 

colorectal cancer: possible roles in regulation of cancer 

cells. World J Gastrointest Oncol. 2017; 9:62-69.
8. Nair AA, Niu N, Tang X, Thompson KJ, Wang L, Kocher 

JP, Subramanian S, Kalari KR. Circular RNAs and their 

associations with breast cancer subtypes. Oncotarget. 2016; 

7:80967-80979. doi: 10.18632/oncotarget.13134.
9. Yang P, Qiu Z, Jiang Y, Dong L, Yang W, Gu C, Li G, Zhu 

Y. Silencing of cZNF292 circular RNA suppresses human 
glioma tube formation via the Wnt/β-catenin signaling 
pathway. Oncotarget. 2016; 7:63449-63455. doi: 10.18632/
oncotarget.11523.

10. Huang M, Zhong Z, Lv M, Shu J, Tian Q, Chen J. 

Comprehensive analysis of differentially expressed profiles 
of lncRNAs and circRNAs with associated co-expression 

and ceRNA networks in bladder carcinoma. Oncotarget. 

2016; 7:47186-47200. doi: 10.18632/oncotarget.9706.
11. Ahmed I, Karedath T, Andrews SS, Al-Azwani IK, 

Mohamoud YA, Querleu D, Rafii A, Malek JA. Altered 
expression pattern of circular RNAs in primary and 

metastatic sites of epithelial ovarian carcinoma. Oncotarget. 

2016; 7:36366-36381. doi: 10.18632/oncotarget.8917.
12. Xie H, Ren X, Xin S, Lan X, Lu G, Lin Y, Yang S, 

Zeng Z, Liao W, Ding YQ, Liang L. Emerging roles of 

circRNA_001569 targeting miR-145 in the proliferation and 
invasion of colorectal cancer. Oncotarget. 2016; 7:26680-

26691. doi: 10.18632/oncotarget.8589.
13. Fan X, Weng X, Zhao Y, Chen W, Gan T, Xu D. Circular 

RNAs in cardiovascular disease: an overview. Biomed Res 

Int. 2017; 2017:5135781.

14. van Rossum D, Verheijen BM, Pasterkamp RJ. Circular 

RNAs: novel regulators of neuronal development. Front 

Mol Neurosci. 2016; 9:74.
15. Guo JN, Li J, Zhu CL, Feng WT, Shao JX, Wan L, Huang 

MD, He JD. Comprehensive profile of differentially 
expressed circular RNAs reveals that hsa_circ_0000069 
is upregulated and promotes cell proliferation, migration, 

and invasion in colorectal cancer. Onco Targets Ther. 2016; 

9:7451-7458.
16. Yao Z, Luo J, Hu K, Lin J, Huang H, Wang Q, Zhang 

P, Xiong Z, Huang Z, He C, Liu B, Yang Y. ZKSCAN1 

gene and its related circular RNA (circZKSCAN1) both 

inhibit hepatocellular carcinoma cell growth, migration 

and invasion but through different signaling pathways. Mol 

Oncol. 2017; 11:422-437.



Oncotarget61697www.impactjournals.com/oncotarget

17. Sui W, Shi Z, Xue W, Ou M, Zhu Y, Chen J, Lin H, Liu F, 

Dai Y. Circular RNA and gene expression profiles in gastric 
cancer based on microarray chip technology. Oncol Rep. 

2017; 37:1804-1814.

18. Du WW, Yang W, Liu E, Yang Z, Dhaliwal P, Yang BB. 

Foxo3 circular RNA retards cell cycle progression via 

forming ternary complexes with p21 and CDK2. Nucleic 

Acids Res. 2016; 44:2846-2858.

19. Chen S, Li T, Zhao Q, Xiao B, Guo J. Using circular RNA 

hsa_circ_0000190 as a new biomarker in the diagnosis of 
gastric cancer. Clin Chim Acta. 2017; 466:167-171.

20. Qin M, Liu G, Huo X, Tao X, Sun X, Ge Z, Yang J, Fan 

J, Liu L, Qin W. Hsa_circ_0001649: a circular RNA and 
potential novel biomarker for hepatocellular carcinoma. 

Cancer Biomark. 2016; 16:161-169.
21. Wang X, Zhang Y, Huang L, Zhang J, Pan F, Li B, Yan 

Y, Jia B, Liu H, Li S, Zheng W. Decreased expression 

of hsa_circ_001988 in colorectal cancer and its clinical 
significances. Int J Clin Exp Pathol. 2015; 8:16020-16205.

22. Li J, Yang J, Zhou P, Le Y, Zhou C, Wang S, Xu D, Lin 

HK, Gong Z. Circular RNAs in cancer: novel insights into 

origins, properties, functions and implications. Am J Cancer 

Res. 2015; 5:472-480.

23. Bachmayr-Heyda A, Reiner AT, Auer K, Sukhbaatar N, Aust 

S, Bachleitner-Hofmann T, Mesteri I, Grunt TW, Zeillinger 

R, Pils D. Correlation of circular RNA abundance with 

proliferation--exemplified with colorectal and ovarian 
cancer, idiopathic lung fibrosis, and normal human tissues. 
Sci Rep. 2015; 5:8057.

24. Longhi A, Errani C, De Paolis M, Mercuri M, Bacci G. 

Primary bone osteosarcoma in the pediatric age: state of the 

art. Cancer Treat Rev. 2006; 32:423-436.

25. Provisor AJ, Ettinger LJ, Nachman JB, Krailo MD, Makley 

JT, Yunis EJ, Huvos AG, Betcher DL, Baum ES, Kisker 

CT, Miser JS. Treatment of nonmetastatic osteosarcoma 

of the extremity with preoperative and postoperative 

chemotherapy: a report from the Children's Cancer Group. 

J Clin Oncol. 1997; 15:76-84.
26. Ferguson WS, Goorin AM. Current treatment of 

osteosarcoma. Cancer Invest. 2001; 19:292-315.
27. Cheng DD, Yu T, Hu T, Yao M, Fan CY, Yang QC. MiR-

542-5p is a negative prognostic factor and promotes 

osteosarcoma tumorigenesis by targeting HUWE1. 

Oncotarget. 2015; 6:42761-42772. doi: 10.18632/

oncotarget.6199.
28. Chen R, Wang G, Zheng Y, Hua Y, Cai Z. Long non-coding 

RNAs in osteosarcoma. Oncotarget. 2017; 8:20462-20475. 

doi: 10.18632/oncotarget.14726.

29. Zhou Q, Chen F, Zhao J, Li B, Liang Y, Pan W, Zhang S, 

Wang X, Zheng D. Long non-coding RNA PVT1 promotes 

osteosarcoma development by acting as a molecular sponge 

to regulate miR-195. Oncotarget. 2016; 7:82620-82633. 
doi: 10.18632/oncotarget.13012.

30. Nedelcu T, Kubista B, Koller A, Sulzbacher I, Mosberger 

I, Arrich F, Trieb K, Kotz R, Toma CD. Livin and Bcl-2 

expression in high-grade osteosarcoma. J Cancer Res Clin 

Oncol. 2008; 134:237-244.

31. Zhao Y, Zhang CL, Zeng BF, Wu XS, Gao TT, Oda Y. 

Enhanced chemosensitivity of drug-resistant osteosarcoma 

cells by lentivirus-mediated Bcl-2 silencing. Biochem 

Biophys Res Commun. 2009; 390:642-647.
32. Su X, Wang H, Ge W, Yang M, Hou J, Chen T, Li N, Cao 

X. An in vivo method to identify microRNA targets not 

predicted by computation algorithms: p21 targeting by miR-

92a in cancer. Cancer Res. 2015; 75:2875-2885.
33. Zhang H, Cai X, Wang Y, Tang H, Tong D, Ji F. 

microRNA-143, down-regulated in osteosarcoma, promotes 

apoptosis and suppresses tumorigenicity by targeting Bcl-2. 

Oncol Rep. 2010; 24:1363-1369.
34. Jin H, Jin X, Zhang H, Wang W. Circular RNA hsa-

circ-0016347 promotes proliferation, invasion and 

metastasis of osteosarcoma cells. Oncotarget. 2017; 

8:25571-25581. doi: 10.18632/oncotarget.16104.

35. Ji F, Zhang H, Wang Y, Li M, Xu W, Kang Y, Wang Z, 

Wang Z, Cheng P, Tong D, Li C, Tang H. MicroRNA-133a, 

downregulated in osteosarcoma, suppresses proliferation 

and promotes apoptosis by targeting Bcl-xL and Mcl-1. 

Bone. 2013; 56:220-226. 

36. Zhang H, Wang Y, Xu T, Li C, Wu J, He Q, Wang G, Ding 

C, Liu K, Tang H, Ji F. Increased expression of microRNA-

148a in osteosarcoma promotes cancer cell growth by 

targeting PTEN. Oncol Lett. 2016; 12:3208-3214.

37. Xie L, Liao Y, Shen L, Hu F, Yu S, Zhou Y, Zhang Y, Yang Y, 

Li D, Ren M, Yuan Z, Yang Z. Identification of the miRNA-
mRNA regulatory network of small cell osteosarcoma based 

on RNA-seq. Oncotarget. 2017; 8:42525-42536. https://doi.

org/10.18632/oncotarget.17208.

38. Cheng DD, Zhang HZ, Yuan JQ, Li SJ, Yang QC, Fan CY. 

Minichromosome maintenance protein 2 and 3 promote 

osteosarcoma progression via DHX9 and predict poor 
patient prognosis. Oncotarget. 2017; 8:26380-26393. doi: 
10.18632/oncotarget.15474.

39. Xiao Q, Yang Y, An Q, Qi Y. MicroRNA-100 suppresses 

human osteosarcoma cell proliferation and chemo-

resistance via ZNRF2. Oncotarget. 2017; 8:34678-34686. 

doi: 10.18632/oncotarget.16149.
40. Hou J, Zhou Y, Zheng Y, Fan J, Zhou W, Ng IO, Sun H, 

Qin L, Qiu S, Lee JM, Lo CM, Man K, Yang Y, et al. 

Hepatic RIG-I predicts survival and interferon-α therapeutic 
response in hepatocellular carcinoma. Cancer Cell. 2014; 

25:49-63.
41. Hou J, Lin L, Zhou W, Wang Z, Ding G, Dong Q, Qin 

L, Wu X, Zheng Y, Yang Y, Tian W, Zhang Q, Wang C, 

et al. Identification of miRNomes in human liver and 
hepatocellular carcinoma reveals miR-199a/b-3p as 
therapeutic target for hepatocellular carcinoma. Cancer 

Cell. 2011; 19:232-243.


