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Purpose: Prevailing evidences have demonstrated that circular RNAs (circRNAs) are closely
associated with various stages of carcinogenesis. However, very few studies have delineated the
specific mechanism of association between circRNAs and osteosarcoma (OS). It offers a novel
insight that circRNAs can be explored as a potential therapeutic strategy for OS.

Materials and Methods: In this study, circTUBGCP3 was chosen from the existing
reported circRNA microarray data obtained from OS cell lines and normal bone cells.
Subsequently, qRT-PCR was performed to evaluate the expression level of circTUBGCP3
in OS samples and cell lines. Functional assays were conducted to estimate the impact of
circTUBGCP3 on human OS cells proliferation, vitality, survivability, and migration.
Western blot, luciferase reporter and in vivo tumorigenesis assays were performed to analyze
the signaling pathways underlying the interaction of circTUBGCP3, miR-30b, and Vimentin.
Results: The data indicate that circTUBGCP3 may act as a sponge of miR-30b that further alters
the expression of Vimentin, and promotes the proliferation and metastatic properties of OS cells.
Conclusion: circTUBGCP3 serves as a tumor promoter in tumorigenesis by increasing the
possibilities of OS initiation and proliferation.
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Introduction

Osteosarcoma (OS) is a malignant cancer of bones primarily diagnosed during
childhood and adolescence with a severe prognosis.'> The incidence rate of
Osteosarcoma has increased drastically worldwide over the past few decades. The
main effective therapy for OS is tumor excision combined with chemo- and
radiotherapy.*> Unfortunately, because of the high metastasis and invasiveness of
0S, the prognosis of osteosarcoma patients with advanced stages is unfavorable.’
Genetically, Osteosarcoma is considered a flawed differentiation disease that is
caused by genetic or epigenetic damages during osteogenic differentiation.’®
Therefore, it is essential to improve our understanding of osteosarcoma biology
and its molecular pathogenesis for better diagnosis and prognosis.

Circular RNAs (circRNAs) are non-coding RNAs with covalent closed loop
structure without 5° end cap and 3’ end poly (A) tail.” Absence of sensitivity to
exonuclease and ribonuclease results in structural conservation and sequence sta-
bility of circRNAs.® Consequently, circRNAs may serve as an ideal tumor biomar-
ker and potential therapeutic targets.
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CircRNAs have been widely studied, as they are clo-
sely associated with the occurrence and development of
cancers. Recently, for the first time Guan et al,’ through
microarray analysis, found that hsa circ 0016788 is
highly expressed in liver cancer tissues and accelerates
the proliferation of hepatocellular carcinoma cells.
Previous studies have discovered the presence of several
OS-related circRNAs such as circNASP, circHIPK3,
cireNT5C2, and circANKIB1.'""® For instance, one
study has shown that the expression of circHIPK3 is
down regulated in OS cell lines, tissues, and plasma."
Thus, we strongly believe that circRNAs have great poten-
tial to be explored as novel targets for the treatment of
osteosarcoma.

Vimentin, an abundant and highly conserved epithelial-
mesenchymal transition protein, is a major member of the
type III intermediate filament (IF) protein family.'* It is
considered to maintain the integrity and the motility of
cells during cell migration and invasion.'> A recent study
has shown that Vimentin participates in various complex
biological functions in different states of physiology and
pathology.'® Further, it is closely related to the invasive
and metastatic potential of cancer cells.'” Thus, Vimentin
has gained much attention as a canonical tumor marker. As
a result, discovering the relationship between circRNAs
and Vimentin will provide novel insights for OS treatment.

Materials and Methods
Ethical Approval

All animal experiments were approved by the Ethics
Committee of Sir Run Run Shaw Hospital and carried
out under the guidelines of the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health.

Patients and Tissue Collection

From April 2018 to April 2019, ten primary osteosarcoma
and ten chondroma patients who underwent radical surgery
at the Sir Run Run Shaw Hospital, Zhejiang, China, were
included in this study. This study was approved by the
Ethics Review Committees of Sir Run Run Shaw Hospital
in accordance with the Declaration of Helsinki, and
informed consents were signed by the patients prior to
using the clinical samples. All the resected specimens
were placed into liquid nitrogen immediately and stored
at —80°C. All the patients had received the same che-
motherapy regimen before surgery.

Cell Culture and Cell Transfection

Four human osteosarcoma cell lines (143B, HOS, U20S,
and MG-63), HEK-293 and human osteoblast cells
hFOB1.19 were commercially acquired from the Chinese
Academy of Sciences (Shanghai, China). Osteosarcoma
cell lines and HEK-293 were cultured in DMEM supple-
mented with 10% FBS (Gibco, Gran Island, NY, USA),
100 U/mL penicillin, and 100 U/mL streptomycin
(Invitrogen, Carlsbad, CA, USA), while hFOB1.19 cells
were maintained in Ham’s F12/ DMEM supplemented
with 10% FBS, 100 U/mL penicillin and 100 mg/mL
streptomycin. All the cells were incubated at 37°C with
5% CO2.

According to the information of hsa circ 0007031
(circTUBGCP3) from GenBank, the sequences of the
short siRNAs (GCAATAATGTGGTCTACAA) targeting
spliced junction of circTUBGCP3 and negative control-
siRNA (si-NC) were constructed by RiboBio (Guangzhou,
China). The synthetic siRNA sequences were subcloned
into the pcDNA3.1 vector (Invitrogen). hsa circ 0007031
down-regulation was achieved through pcDNA3.1-siRNA
transfection using Lipofectamine 3000 reagent according
to the manufacturer’s instructions. The surviving cells
were continuously cultured as stable mass transfectants.

RNA Isolation

Total RNA was isolated from cells, tissues, or serum
samples using the TRIzol kit (Invitrogen, Carlsbad, CA,
USA) following the manufacture’s guide and quantified
using a NanoDrop ND-1000 spectrophotometer at 260
nm (NanoDrop, Wilmington, DE, USA).

qRT-PCR

To detect the expression of hsa circ 0007031
(circTUBGCP3) in OS cell lines and clinical samples,
quantitative real-time PCR (qRT-PCR) analysis was per-
formed using SYBR green kit (TaKaRa, Dalian, China) on
a Roche LightCycler® 4801 PCR machine (Basel,
Switzerland) in accordance with the manufacturer’s proto-
cols. GAPDH was used for normalizing the expression of
circTUBGCP3. The corresponding expression data was
measured and relative expression was calculated by using
the equation 2-AACT method. Primers used for amplifying
hsa_circ_0007031 in this study were designed as divergent
primers cross the splicing site (F: 5’AGGCCCAGGA
TTTGGATCAC3> R: 5’CTTGTCGTGCCACAGTCGA
T3%).
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Cell Counting Kit-8 Assay

CCK-8 assay was performed to measuring cell vitality of OS
cells using CCK-8 kit (Abmole Bioscience, Shanghai,
China). After 24 h, transfected cells at the logarithmic growth
stage were seeded into 96-well plates at a density of 5 x 10*
cells in a total volume of 100 uL per well. Once the cells
adhered to the surface, 10 pL CCK-8/well was added and
incubated for 24, 48, 72 and 96h. The absorbance value of
each well was measured with a spectrophotometer set at
450 nm.

Apoptosis Assay

Detection of apoptosis was carried out by flow cytometric
assays with Annexin V-FITC/PI cell apoptosis detection
kit (BioGems). Transfected cells in logarithmic growth
phase were washed, collected, and resuspended in the
binding buffer. The cells were then stained with Annexin
V-FITC and PI and co-incubated in darkness for 15 min.
Ultimately, the samples were subjected to flow cytometry
based apoptosis analysis within an hour.

Migration Assay

The migration assay was performed using Transwell cham-
bers according to the manufacturer’s instructions.
Transfected cells in logarithmic growth phase were washed
twice with PBS and 104 cells resuspended in 250 pL serum-
free DMEM were added into the upper chamber of the
Transwell insert. The lower chamber consisted of complete
DMEM. After 24h incubation at 37 °C, the media and the
non-invading cells in the upper chamber were removed with
a cotton swab. The migrated cells were fixed with 4% paraf-
ormaldehyde solution and subsequently stained with 10%
crystal violet. The observation fields of vision were chosen

randomly using a Leica inverted microscope.

Luciferase Reporter Assays

The sequence of circTUBGCP3 and its corresponding
mutants were cloned into the pmirGLO luciferase vector.
OS cells were incubated at around 60% confluency and
subsequently seeded in 6-well plates. They were then
cotransfected with wild type or mutant luciferase reporter
vector and miR-30b mimic or negative control mimic
(mimic NC). Cell extracts were prepared 48 h after
transfection and luciferase activity was measured using
dual-luciferase reporter assay system. The fold change in
luciferase activity was calculated in the corresponding
miRNA co-transfected cells as compared with NC.

Subcutaneous Orthotopic Xenograft

Tumor Models

Nude mice (male, 4 weeks old) were injected subcuta-
neously with a total of 5 x 10° 143B stable cells. Tumor
volume was calculated according to the length (a) and the
width (b) by using the following formula: volume (mm3)=a
b2/2. Four weeks after injection, the animals were sacri-
ficed, and tumors were harvested and fixed in 4% parafor-
maldehyde. Wet tumor weight was calculated as mean
weight + standard deviation (SD) in each group.

RNA Immunoprecipitation

RIP experiments were performed by using the Magna RIP
RNA-Binding Protein Immunoprecipitation Kit (Millipore,
Bedford, MA). HEK-293 cells were transfected with the
Ago2 vector or plasmid. Approximately 1x10” HOS cells
were pelleted and re-suspended with an equal pellet volume
of RIP Lysis Buffer (about 100 mL) combined with protease
inhibitors cocktail and RNase inhibitors. The cell lysates
(200 pL) were incubated with 5 pg of antibody against
Ago2 (Millipore) or rabbit IgG-coated beads and rotated at
4 °C overnight. After treating the lysates with proteinase
K buffer, immunoprecipitated RNA was extracted by using
the RNeasy MinElute Cleanup Kit (Qiagen) and reverse
transcribed using Prime-Script RT Master Mix (TaKaRa).
The abundance of circTUBGCP3 was detected by qRT-PCR.

Pull-Down Assay with Biotinylated
circTUBGCP3 Probe

Pull-down assay was performed as indicated: Briefly, 1x
107 osteosarcoma cells were harvested, lysed, and soni-
cated. The circTUBGCP3 probe was incubated with C-1
magnetic beads (Life Technologies) at 25°C for 2 h to
generate probe-coated beads. The cell lysates were incu-
bated with circTUBGCP3 probe or oligo probe at 4°C
overnight. After washing with the wash buffer, the RNA
complexes bound to the beads were eluted and extracted
with RNeasy Mini Kit (QIAGEN) for RT-PCR or qRT
PCR. Biotinylated circTUBGCP3 probe was designed and
synthesized by RiboBio (Guangzhou, China).

Statistical Analysis

All the experiments were performed as three independent
experiments in triplicates. Data analyses were conducted
using Graph Pad Prism 5.01 (SanDiego, CA). Error bars
represent standard deviation (SD) of a triplicate set of experi-
ments. Quantitative data were expressed as mean + SD.
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Significant differences for quantitative data were compared
by Student’s #-test. P < 0.05 was considered significant.

Results
circTUBGCP3 Is Highly Expressed in OS

Tissues and Cell Lines

A microarray expression profile comparing circRNAs in OS
cell lines with those in hFOB1.19 cells has been described
previously (GSE96964)'®. We discovered that the expres-
sion level of circTUBGCP3 was remarkably enhanced in
multiple OS cell lines compared with hFOB1.19 cells,
a normal osteoblast cell line (Figure 1A). To determine the
correlation between circTUBGCP3 expression and OS, 10
pairs of chondroma and OS tissue samples were selected,
and subjected to qRT-PCR based detection of the expression
of circTUBGCP3. Our results verified the relative abun-
dance of circTUBGCP3 between OS and chondroma tissue
(Figure 1B). According to the relative mRNA expression,
the expression of circTUBGCP3 was predominately higher

Color Key

in multiple OS cell lines (HOS, 143B, U20S, and MG63)
than in the hFOB1.19 cell line. Among the OS cell lines,
HOS and 143B cells demonstrated the highest levels of
circTUBGCP3 as compared to other cells (Figure 1C). We
further compared TUBGCP3 mRNA sequences with the
expected sequences of circTUBGCP3 acquired from
circBase and verified that circTUBGCP3 was looped com-
prising the exons 12 and 19 of its parental gene. We further
confirmed the head-to-tail splicing site of circTUBGCP3
via Sanger sequencing (Figure 1D). Furthermore, RNA
FISH exhibited that circTUBGCP3 was mostly localized
in the cytoplasm (Figure 1E).

Down-Regulating circTUBGCP3 Inhibits
the Proliferation, Migration and

Survivability of OS Cells

To knock down the expression of circTUBGCP3 in the cells
stably, circTUBGCP3 small hairpin RNAs (shRNAs) were
constructed to investigate the function of circTUBGCP3 in
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Figure | The verification and expression of circTUBGCP3 in osteosarcoma tissues and cells. (A) CircRNA microarray based on osteosarcoma cell lines and hFOBI.19 in
GSE96964. (B) The expression of circTUBGCP3 was detected by qRT-PCR in osteosarcoma and chondroma tissues (n = 10) (*P < 0.01, Student’s t-test). (C) CircTUBGCP3
expression was detected by qRT-PCR in various human osteosarcoma cell lines (HOS, 143B, U20S, and MG63) and normal osteoblast cells (hRFOBI.19);The mRNA
expression levels of CircTUBGCP3 were higher in OS cells than in hFOBI.[9 cells. Data represent the mean # standard deviation (SD) (n = 3). *P < 0.05. (D) Schematic
illustration demonstrating the formation of circTUBGCP3 via the circularization of exons 12 and 19 in TUBGCP3 (black arrow). The presence of circTUBGCP3 was
validated by RT-PCR, followed by Sanger sequencing. The head-to-tail splicing site of circTUBGCP3 is indicated by the red arrow. (E) Representative FISH images
demonstrating circTUBGCP3 expression as detected by a junction probe in chondroma and osteosarcoma tissues; scale bars, 200pum and 50um (FISH, fluorescence in situ
hybridization).
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OS cells. One sh-circTUBGCP3 was designed specifically
to target the junction sites of this circRNA and transfected
them into 143B and HOS cells. Satisfactory transfection
efficiency was achieved 48h post-transfection which was
identified by qPCR. As shown in Figure 2A, the expression
of circTUBGCP3 was significantly reduced in OS cells,
while the expression of TUBGCP3 mRNA did not change.
CCK-8 assay was performed to detect the vitality of OS cell
in presence or absence of circTUBGCP3, which demon-
strated the crucial role of circTUBGCP3 in OS cell prolif-
eration (Figure 2B). To explore whether circTUBGCP3 was
involved in OS cell migration, transwell migration assays
were performed. The results indicated that the motility of
OS cells was evidently reduced wupon silencing
circTUBGCP3 using shRNA (Figure 2C). In addition, the
results of apoptosis assay suggest that the knockdown of
circTUBGCP3 expression prominently enhances the apop-
tosis in OS cells (Figure 2D). To investigate the impact of
circTUBGCP3 in vivo, circTUBGCP3 knockdown or con-
trol 143B cells were subcutaneously injected into nude mice

and tumorigenicity was assessed. The results revealed that
the cells lacking circTUBGCP3 exhibited a reduced growth
rate as compared with the control cells (Figure 2E-G).

circTUBGCP3 Functions as a miR-30b
Sponge in OS Cells

Various studies have demonstrated that circRNAs could
bind to miRNA and function as miRNA sponges and
partially hinder the function of the respective miRNAs.
The Ago-RIP assay was conducted in HOS cells stably
expressing vector or shcircTUBGCP3, and we found that
the endogenous circTUBGCP3 pulled down by anti-AGO2
antibodies was notably enriched in the AGO2 overexpres-
sion group by qRT-PCR compared with the control group,
indicating that circTUBGCP3 could bind and interact with
miRNAs through AGO2 protein (Figure 3A). Three data-
bases (miRanda, TargetScan, and RNAhybrid) were used
to predict the potential target miRNAs for circTUBGCP3,
and 22 candidate miRNAs were selected from the overlap
between the databases (Figure 3B). Next, to confirm
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Figure 2 CircTUBGCP3 down-regulation suppresses cell proliferation, migration, and survivability of OS cells. (A) The expression of circTUBGCP3 and TUBGCP3 mRNA
in HOS and 143B cells after stable transfection of circTUBGCP3 short hairpin RNAs or vector plasmids were detected by gRT-PCR. (B) CCK-8 assays were conducted to
detect cell viability of OS cells after transfection with circTUBGCP3 shRNA. (C) Transwell migration assays were used to examine the migration potential of OS cells after
upon silencing circTUBGCP3 using shRNA. (D) Flow cytometric analysis was used to detect apoptosis of OS cells after transfection with circTUBGCP3 shRNA. (E) Nude
mice were injected with either parental or sh-circTUBGCP3 transfected 5 x 10° 143B stable cells and photographed after 4 weeks. (F) The graph exhibits tumor volume (v
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end of the experiment (day 28). Data represent the mean * SD (n = 2). *P < 0.05.
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whether circTUBGCP3 could sponge candidate miRNA:s,
we conducted a pull-down assay with a biotin-labeled
circTUBGCP3 probe in OS cells, and 3 microRNAs
were pulled down by circTUBGCP3 in HOS cells
(Figure 3C). We further confirmed the binding of 3
miRNAs by the results of the luciferase assay (Figure
3D). We mutated this response element in the 3'-
untranslated region (3’-UTR) of circTUBGCP3 and cloned
it into a luciferase reporter vector. Three miRNAs (miR-
30b, miR-1266 and miR-6812) were co-transfected with
mutant (Mut) or wild-type (WT) 3’ UTR of circTUBGCP3
into HEK-293 cells, and luciferase activity was measured.
The results revealed that the luciferase activities of the
Mut reporter had obviously higher luciferase activity
than the wild-type (WT) reporter (Figure 3D).The sche-
matic diagram of the binding sites for miR-30b in
circTUBGCP3 are represented in Figure 3E. In silico
analysis of Circular RNA Interactome suggests that
circTUBGCP3 may bind to miR-30b. Moreover,
circTUBGCP3 is identified to possess a miRNA response

element for miRNA-30b. Rescue assays were further per-
formed by co-transfecting sh-circTUBGCP3 with miR-30b
sponge to verify that circTUBGCP3 functions as a miR-
30b sponge. The result of CCK-8 and Flow cytometric
based apoptosis analysis as well as transwell migration
assays prove that miR-30b sponge partially rescues the
suppression of OS cell proliferation caused by sh-
circTUBGCP3 (Figure 3F-H).

circTUBGCP3 Facilitates OS Progression

via Vimentin

After identifying the circTUBGCP3 role as a miR-30b
sponge, we further investigated whether circTUBGCP3 can
promote OS cell progression via Vimentin. To examine
whether miR-30b could directly target Vimentin, we cloned
the Vimentin mRNA into the luciferase vector and subse-
quently co-transfected the same in HEK-293 cells with miR-
30b mimics. With the overexpression of miR-30b, the
luciferase activity of the Vimentin luciferase was found to
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be reduced as compared to the control group. Furthermore,
a mutated form of the Vimentin 3’ UTR was generated by
interfering with the binding sequence of miR-30b and co-
transfected with miR-30b mimics. The results of subsequent
assessment of luciferase activity revealed that the cells trans-
fected with Mutant Vimentin 3" UTR showed higher lucifer-
ase activity as compared to those transfected with wild-type
Vimentin 3’ UTR (Figure 4A and B). These data suggest that
Vimentin might be a trigger gene in OS, and miR-30b
directly interacts with Vimentin 3’ UTR. To verify that
miR-30b targets Vimentin, qPCR and Western blot were
performed. As a result, HOS and 143B cells co-transfected
with miR-30b mimic showed decreased Vimentin expression
at the level of mRNA and protein, while those co-transfected
with miR-30b inhibitor showed enhanced Vimentin expres-
sion in the level of mMRNA and protein (Figure 4C and D). We
subsequently performed rescue assays to detect the protein
and mRNA level of Vimentin by co-transfecting sh-

circTUBGCP3 with Vimentin. The results showed that the
expression of Vimentin at the level of mRNA and protein
was enhanced after rescue assay (Figure 4E and F). Further,
Vimentin could moderately rescue the OS cell suppression
due to sh-circTUBGCP3, which was demonstrated by trans-
well migration assay and flow cytometric based apoptosis
analysis (Figure 4G and H).

Discussion

CircRNAs are a subclass of novel long non-coding RNA with
an uncommon circular structure.® Recent studies have
revealed that circRNAs overexpress in multiple cancers and
positively correlate with cancer progression.'® ' Thus, they
provide researchers with a new avenue for exploring their role
in identifying the cancer prognosis. Several circRNAs can
serve as clinically relevant biomarkers for the diagnosis and
prognosis of cancers. For instance, Hansen et al** have shown
that ciRS-7 is the key pathogenic factor of many neurological
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Figure 4 The oncogenic capacity of sh-circTUBGCP3 partly relies on Vimentin. (A) Schematic diagram of the complementary sequence between miR-30b and Vimentin.
Mutated nucleotides of Vimentin 3' UTR are shown in lowercase letters. (B) HEK-293 cells were cotransfected with miR-30b mimics (or N.C.) and a luciferase reporter
construct containing wild-type (WT) or mutated Vimentin 3'-UTRs. Data represent the mean * SD (n = 3). ¥ P < 0.05. (C and D) miR-30b overexpression reduced Vimentin
(C€) mRNA and (D) protein levels while miR-30b inhibition increased Vimentin (C) mRNA and (D) protein levels. Data represent the mean + SD (n = 3). * P < 0.05. (E and
F) HOS and 143B cells were transfected with sh-circTUBGCP3 or cotransfected with both sh-circTUBGCP3 and Vimentin. Western blotting and qPCR were used to detect
the ability of Vimentin to rescue the expression of Vimentin. Data represent the mean  SD (n = 3). *P < 0.05. (G and H) Vimentin rescues the sh-circTUBGCP3 mediated
suppression of migration and apoptosis of OS cells. Data represent the mean * SD (n = 3). *P < 0.05.
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and brain tumor diseases. Wang et al*®> have reported that
hsa_circ 001988 is down-regulated in colorectal cancer tis-
sues and may serve as a novel potential biomarker in the
diagnosis and treatment of colorectal cancer. Additionally,
circRNAs could inhibit the function of miRNA through
sponge action and further alter the expression of downstream
target genes to perform biological functions.** Zhu et al*
have found that circ-0013958 functions as a scaffold to inhibit
miRNA-134 and removes the inhibition of miRNA-134 on
Cyclin D1 in cancer cells. Although there has been tremen-
dous progress in circRNAs research, the progress in the under-
standing towards concrete functional mechanism and possible
clinical significance between circTUBGCP3 and OS are still
limited.

The TUBGCP3 (Tubulin Gamma Complex Associated
Protein 3) is an important part of Gamma-tubulin complex,
which is necessary for microtubule nucleation at the
studies that
TUBGCP3 plays a vital part in forming the structural consti-

centrosome.”®  Previous have reported
tuent of cytoskeleton and microtubule nucleation by inter-
phase microtubule organizing center.”” It is well established
that circRNAs originate from a series of exons. By Sanger
sequencing, we have further confirmed that circTUBGCP3 is
derived from exons 12 and 19 of TUBGCP3 gene and con-
stitutes a special loop structure by head-to-tail splicing. In the
current study, ten paired groups of OS tissues obtained from
Sir Run Run Shaw Hospital were subjected to qPCR assays
which demonstrated the up-regulation of circTUBGCP3
expression level separately in four kind of OS cells lines in
comparison to the normal osteoblast cells (hFOBI1.19).
Additionally, the expression level of circTUBGCP3 is evi-
dently up-regulated in OS samples in contrast to the chon-
droma samples suggesting that circTUBGCP3 might play an
essential role in the progression of OS. Besides, a series of
functional assays further indicated that overexpression of
circTUBGCP3 serves as an oncogenic role in OS, promoting
cell proliferation, survivability, and migration. In addition,
dual-luciferase reporter assays were conducted to further iden-
tify the mechanism of circTUBGCP3 in OS cells. The result
revealed that circTUBGCP3 sponges and negatively regulates
miR-30b. Furthermore, we have corroborated our in vitro
findings in nude mice by performing tumorigenicity
assay in vivo. To sum up, our research indicates that
circTUBGCP3 regulates the Vimentin mediated OS progres-
sion by sponging miR-30b. Vimentin is an intermediate fila-
ment protein. In multiple epithelial cancers, such as prostate
cancer, gastrointestinal tumors, breast cancer and so on, the
expression level of Vimentin is found to be increased.?® In this

study, our research demonstrates that Vimentin is a trigger
gene in OS through a variety of rescue assays. Thus, by means
of sponging miR-30b that targets Vimentin, circTUBGCP3
accelerates the proliferation, migration and survivability of OS
cells.

Conclusion

In summary, we have demonstrated that the expression level
of circTUBGCP3 is remarkably up regulated in OS tissue
specimens and cells in comparison with the normal tissues
and cells. Furthermore, down regulation of circTUBGCP3
significantly promotes OS cell proliferation, migration, and
survivability. Thus, our findings potentially accelerate the
research of circTUBGCP3 as a potential target in OS therapy.

Abbreviations

0OS, osteosarcoma; circ, circular RNA; qRT-PCR, quanti-
real-time PCR; TUBGCP3,
Complex Associated Protein 3.
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