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Circular RNA circPIP5K1A contributes 
to cancer stemness of osteosarcoma 
by miR-515-5p/YAP axis
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Abstract 

Background: Osteosarcoma is a common type of bone tumors and frequently occurs in children and adolescents. 
Cancer stem cells (CSCs) are a unique sub-type of self-renewal cancer cells and the stemness of cancer cells are 
involved in the spread, recurrence, metastasis, and even therapeutic resistance. However, the regulation mechanisms 
of CSCs in osteosarcoma are poorly understood. Circular RNA (circRNA) is a unique sort of non-coding RNAs and 
widely participate in the modulation of cancer progression. 

Methods: In this study, we identified the critical function of circular RNA circPIP5K1A in stemness of osteosarcoma 
cells.

Results: CircPIP5K1A expression was significantly enhanced in clinical osteosarcoma tissues compared with the 
adjacent normal tissues. The depletion of circPIP5K1A by siRNA repressed osteosarcoma cell viabilities and induced 
osteosarcoma cell apoptosis. The suppression of circPIP5K1A attenuated the capabilities of invasion and migration of 
osteosarcoma cells. The circPIP5K1A knockdown increased E-Cadherin expression and decreased Vimentin expres-
sion in osteosarcoma cells. The sphere formation abilities of osteosarcoma cells were repressed by the depletion of 
circPIP5K1A. The  CD133+CD44+ cell population of osteosarcoma cells was reduced by circPIP5K1A knockdown. The 
expression of ALDH1 and Nanog was decreased by the inhibition of circPIP5K1A in osteosarcoma cells. Mechanically, 
circPIP5K1A enhanced YAP expression by targeting miR-515-5p. MiR-515-5p inhibited stemness of osteosarcoma cells. 
The CSCs properties of osteosarcoma cells were repressed by circPIP5K1A knockdown or miR-515-5p mimic, while 
miR-515-5p inhibitor or YAP overexpression reversed circPIP5K1A knockdown-induced repression. Tumor xenograft 
analysis in nude mice demonstrated that the depletion of circPIP5K1A represses osteosarcoma cell growth in vivo.

Conclusion: In conclusion, we identified that circular RNA circPIP5K1A contributed to cancer stemness of osteo-
sarcoma by miR-515-5p/YAP axis. Targeting circPIP5K1A may be considered as a potential therapeutic strategy for 
osteosarcoma treatment.

Keywords: Osteosarcoma, Stemness, CSCs, circPIP5K1A, miR-515-5p, YAP

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Osteosarcoma is a form of bone tumor most frequently 
occurs in children and adolescents, especially in children 
[1]. The standard treatments for osteosarcoma include 
surgical operation with or without radiation therapy, as 
well as chemical therapy [2]. Despite the favorable out-
comes for patients with localized tumor, patients with 
advanced or metastatic osteosarcoma present poor 
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prognosis [2]. The acquired resistance to standard ther-
apy highlights the urgent need to discover novel thera-
peutic regimens. Cancer stem cells (CSC) is a unique 
sub-type of self-renewal cancer cells that participate in 
the spread, recurrence, metastasis, and even therapeu-
tic resistance [3]. In some cases, patients with osteosar-
coma who has finished the first therapy would somehow 
develop a distant metastasis, which implies the possible 
involvement of CSCs [4]. Targeting the stemness of oste-
osarcoma maybe a promising area to discover new thera-
peutical targets.

Circular RNA (circRNA) is a unique type of RNAs pre-
sented as a covalent closed loop other than the regular 
linear structure [5]. CircRNAs were initially thought to 
be low expressed in cells and an error during RNA splic-
ing [6]. Nevertheless, the development of high through-
put sequencing technologies have led to identification 
of a certain number of circRNAs differently expressed in 
cancer cells [6]. It is now widely accepted that circRNAs 
usually act as sponges for microRNAs (miRNAs) to par-
ticipate in various cellular behaviors, including cell prolif-
eration, differentiation, apoptosis and migration, etc., and 
are even recognized as oncogenes or tumour suppressors 
[6]. Among the functional circular RNAs, circPIP5K1A 
is proposed to facilitate the progression of several can-
cers, including gastric cancer [7], ovarian cancer [8], non-
small cell lung cancer (NSCLC) [9], colon cancer [10], 
and glioma [11]. However, the function of circPIP5K1A 
in osteosarcoma is not yet identified.

MiRNAs are short-length, noncoding RNAs that inter-
act with the 3′-untranslated region (3′-UTR) regions of 
mRNAs, which suppress the stability or translation of 
target mRNAs [12]. MiRNAs have been proposed to par-
ticipate in the carcinogenesis and progression of various 
cancers, acting as oncogenes or suppressors depending 
on their target mRNAs [13]. MiR-515-5p is indicated as 
a tumor suppressor in several cancers. For example, low 
expression of miR-515-5p expression is correlated with 
advanced tumor stage of prostate cancer patients [14]. 
Pardo and colleagues also suggested that miR-515-5p 
overexpression inhibited tumour cell metastasis through 
targeting MARK4 in breast cancer and non-small cell 
lung cancer model [15]. Nevertheless, the precise role of 
miR-515-5p in osteosarcoma and the involved mecha-
nisms remains to be elucidated.

Yes-associated protein1 (YAP1) is a critical effector for 
signaling transduction of Hippo pathway, which partici-
pates in the proliferation, differentiation, migration, inva-
sion, and self-renewal of cells [16]. It has been testified 
that YAP1 is frequently amplified in multiple cancers 
and could promote chemoresistance through inactivat-
ing the oncogenic drivers [17, 18]. RNA sequencing and 
survival analysis suggested that YAP/TEAD is a potential 

therapeutic target for osteosarcoma [19]. In this study, 
we proposed that cirPIP5K1A could affect stemness of 
osteosarcoma through interacting with miR-515-5p and 
enhance expression of YAP1. Targeting cirPIP5K1A may 
become a promising therapy for cure of osteosarcoma.

Materials and methods
Patient samples
This work was approved by the Ethics Committee of the 
People’s Hospital of Liaoning Province. Forty-five paired 
osteosarcoma tumor tissues and adjacent normal tissues 
were collected from osteosarcoma patient. All partici-
pants have signed the written informed consent.

Cell culture and transfection
Human osteosarcoma cell line MG63, 143B, U2OS and 
Saos2 were purchased from Shanghai Institutes for Bio-
logical Sciences Cell Resource Center (China). The cell 
lines in this study were validated. The MG63 and 143B 
cell line were cultured in MEM medium (Gibco, USA) 
containing 10% FBS (Hyclone, USA) plus 1% penicil-
lin and streptomycin (Solarbio, China). The U2OS and 
Saos2 cells were maintained in McCoy’s 5A medium 
(Hyclone) added with 10% FBS (Hyclone) plus 1% peni-
cillin and streptomycin (Solarbio). All cells were placed 
in a 37  °C incubator with 5%  CO2. The siRNA targeting 
circPIP5K1A (si-PIP5K1A), miR-515-5p mimics and 
inhibitor and the negative controls (NC), andYAP1 over-
expression plasmid (pCMV-YAP1) were purchased from 
RiboBio (China). The MG63 and U2OS cell were seeded 
in 6-well plates, and cultured overnight to form a 60% 
monolayer, and transfected by the pCMV-YAP1 or RNA 
sequences through a lipofectamine 2000 (Invitrogen, 
USA) following manufactures’ description.

Cell viability
Cell viability of MG63 and 143B was detected by a MTT 
experiment. In brief, MG63 and 143B cells were trans-
fected with siPIP5K1A or the NC, and seeded into a 
96-well plate (5000 cells/well). Next, 10 µL MTT solution 
(Sigma, 5 mg/mL) was added into each well at indicated 
time, and incubated for 4 h. After that, the medium was 
replaced by 150  µL DMSO and the plates were shaken 
for 10 min in dark. A microplate detector (PerkinElmer, 
Germany) was used to detect the absorbance values at 
490 nm.

Flow cytometry
Flow cytometry was performed to determine cell apopto-
sis and  CD133+CD44+ cell population. MG63 and 143B 
cells were transfected with siPIP5K1A or the NC for 
48  h, and were collected for further staining. To detect 
apoptotic cells, the collected cells were stained by an 
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Annexin V-FITC/PI detection kit (Beyotime, China) fol-
lowing manufacturer’s instruction. In Brief, the cells were 
stained by Annexin V and PI at room temperature in dark 
for 15 min, subsequently washed with PBS and detected 
in flow cytometer (BD Biosciences, USA). To determine 
the portion of stem-like cells, MG63 and 143B cells were 
incubated with FITC conjugated anti-CD133 (Thermo, 
USA) antibody and PE-conjugated anti-CD44 antibody 
(Thermo) and the positive staining was detected by flow 
cytometer.

Transwell assay
Transwell chambers (Corning, USA) were used to meas-
ure cell migration and invasion. Briefly, MG63 and 
143B cells transfected with siPIP5K1A or NC were sus-
pended in medium containing no FBS, and were plated 
in the upper chamber. The lower chamber was filled with 
medium containing 10% FBS. The invaded cells were 
fixed in 4% PFA after 24-h incubation, stained with crys-
tal violet (0.2%) for 20  min, photographed by a micro-
scope (Leica, Germany) and counted.

Sphere formation
MG63 and 143B cells (500 cells/well) were seeded into 
a low-attachment culturing 24-well plate (Corning, 
USA), in a medium mixture which contains DMEM/F12 
(Hyclone, USA), methylcellulose (Sigma), B27 (Sigma), 
bFGF (20  ng/mL, Sigma), and EGF (10  ng/mL, Sigma). 
After a 10-day culturing in 37  °C incubator, the formed 
spheres were captured under light microscope (Leica) 
and counted. The quantification the spheres was analyzed 
using Image J software.

RNA extraction and quantification
MG63 and 143B cells were subjected to indicated trans-
fection and lysed by a TRIzol reagent (Beyotime) to 
extract total RNA. The RNAs were reverse-transcribed 
to cDNAs by using a cDNA synthesis kit (TransGen, 
China). Next, the quantification of genes was conducted 
with a SYBY Green Mixture kit (Thermo). U6 and β-actin 
were used as internal control for normalization of YAP1, 
circPIP5K1A, miR-515-5p, separately. The relative level 
of genes was calculated via a  2−ΔΔCt method. The primers 
were listed below:

circ PIP5K1A: sense, 5′-AGA TTC CCT AAC CTC AAC 
CAGA-3′, antisense, 5′-CGA ATG TTC TTG CCA CCT 
GC-3′;

miR-515-5p: sense, 5′-CGG GTT CTC CAA AAG AAA 
GCA-3′, antisense, 5′-CAG CCA CAA AAG AGC ACA AT-3′;

YAP1: sense, 5′-CAA GAC CCA TCG GAC TGA CAG-3′, 
antisense, 5′-AGC CAT AAG CAT CAG CTC ATTTT-3′;

U6: sense, 5′-AGG GGC CAT CCA CAG TCT TC′, anti-
sense, 5’-AAC GCT TCA CGA ATT TGC GT-3′;

β-actin: sense, 5′-TGG GTG TGA ACC ACG AGA A-3′, 
anti-sense, 5′-GGC ATG GAC TGT GGT CAT GA-3′;

E-Cadherin: sense, 5′-AAA GGC CCA TTT CCT AAA 
AACCT-3′, antisense, 5′-TGC GTT CTC TAT CCA GAG 
GCT-3′;

Vimentin: sense, 5′-GCT GCG AGA GAA ATT GCA GGA-
3′, antisense, 5′-CCA CTT TCC GTT CAA GGT CAAG-3′;

ALDH1: sense, 5′-ACC TCT CAC CGC CCT TTA TCT-3′, 
antisense, 5′-GTG AAG GCG ATC TTG TTG ATCT-3′;

Nanog: sense, 5′-TTT GTG GGC CTG AAG AAA ACT-3′, 
antisense, 5′-AGG GCT GTC CTG AAT AAG CAG-3′.

Western blotting
MG63 and 143B cells were subjected to indicated trans-
fection and lysed by RIPA lysis solution (SolarBio) with 
cocktail of protease inhibitors (Sigma) to extract pro-
teins. A total of 35  μg proteins was resolved in SDS-
PAGE, shifted to PVDF membranes, and soaked in 5% 
nonfat milk for 1.5  h. The membranes were incubated 
with specific primary antibodies against E-Cadherin 
(1:1000, Abcam, USA), Vimentin (1:1000, Abcam), 
β-actin (1:1000, Abcam), ALDH1 (1:1000, Abcam), 
Nanog (1:1000, Abcam), separately, overnight at 4  °C. 
Subsequently, the membranes were incubated with HRP-
conjugated anti-mouse or anti-rabbit (1:2000, Abcam) for 
45 min. The visualization of bands was achieved by using 
an ECL solution (Millipore, USA).

Luciferase reporter gene assay
The binding site prediction was performed by an online 
tool TargetScan (http:// www. targe tscan. org/ vert_ 71/). 
The 3′UTR region of YAP1 and circPIP5K1A were syn-
thesized and cloned into pmirGLO vector (Promega, 
USA) to obtain YAP1-WT and PIP5K1A-WT. Similarly, 
the mutated luciferase reporter vectors of circPIP5K1A 
(PIP5K1A-Mut) and 3′UTR of YAP1 (YAP1-Mut) were 
obtained by inserting corresponding sequences into 
pmirGLO vector. MG63 and 143B cells were co-trans-
fected with the WT or Mut vectors with miR-515-5p 
mimics or NC for 24 h. Subsequently, the cells were lysed 
and the luciferase activity was detected by a dual-lucif-
erase reporter system (Promega).

Immunofluorescence analysis
Cells were solidified at 4% paraformaldehyde for 
30  min, treated with Triton X 100 (0.2%) for 10  min 
and treated with BSA (2%) for 30  min. The slides were 

http://www.targetscan.org/vert_71/
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hatched with the primary antibody overnight at 4  °C, 
then hatched with secondary antibodies (Proteintech, 
China) for 1 h at 37 °C. The slides were stained with the 
DAPI (Beyotime, China) for 10 min at 25 °C. The Nikon 
microscope (Tokyo, Japan) was utilized to analyze the 
immunofluorescence.

Tumor xenograft
BALB/c nude mice aged five-week were obtained from 
Charles River Laboratories (China). Osteosarcoma 
cells were transfected with siPIP5K1A or NC, and sub-
cutaneously injected in the right flank (1 ×  106 cells in 
100  μL saline). The tumor size was measured at indi-
cated time and calculated by the following formula: 
0.5 × length  ×   width2. The experiments were approved 
by the Animal Care and use Committee of the People’s 
Hospital of Liaoning Province.

Statistics
Data in this work were shown as mean  ±  SD and pro-
cessed by a SPSS software (Version 22,0). Student’s t test 
or one-way ANOVA method was used for comparison 

between two or more groups. The differences were con-
sidered as statistically significant with P values  < 0.05.

Results
The expression of circPIP5K1A is enhanced in clinical 
osteosarcoma tissues and contributes to osteosarcoma cell 
proliferation in vitro
In order to confirm the association of circPIP5K1A 
with osteosarcoma, we detected circPIP5K1A expres-
sion in clinical osteosarcoma samples. We found that 
circPIP5K1A expression was significantly enhanced 
in clinical osteosarcoma tissues (n  = 45) relative to 
the adjacent normal tissues (n  = 45) (Fig.  1A). Mean-
while, we assessed circPIP5K1A expression in osteosar-
coma MG63, 143B, U2OS and Saos2 cell lines, in which 
MG63 and 143B cell lines presented the highest expres-
sion and were selected for the further experiments 
(Fig.  1B). The MG63 and 143B cells were transfected 
with circPIP5K1A siRNA and the effectiveness was ver-
ified (Fig. 1C). The inhibition of circPIP5K1A by siRNA 
repressed the MG63 and 143B cell viabilities (Fig. 1D). 
The apoptosis of MG63 and 143B cells was enhanced by 
the depletion of circPIP5K1A (Fig. 1E, F).

Fig. 1 The expression of circPIP5K1A is enhanced in clinical osteosarcoma tissues and contributes to osteosarcoma cell proliferation in vitro. A 
CircPIP5K1A expression was determined by qPCR in clinical osteosarcoma tissues (n  = 45) and adjacent normal tissues (n  = 45). B CircPIP5K1A 
expression was assessed by qPCR in MG63, 143B, U2OS and Saos2 osteosarcoma cell lines. C–F MG63 and 143B cells were transfected with 
circPIP5K1A siRNA. C CircPIP5K1A expression was analyzed by qPCR. D Cell viability was examined by MTT analysis. E, F Cell apoptosis was tested by 
Annexin V-FITC/PI detection kit. Mean  ±  SD (**P  < 0.01)
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The inhibition of circPIP5K1A represses invasion 
and migration of osteosarcoma cells
Furthermore, we observed that the suppression of circ-
PIP5K1A by siRNA attenuated the capabilities of inva-
sion and migration of MG63 and 143B cells (Fig. 2A, B). 
In addition, the mRNA expression of E-Cadherin was 
enhanced but Vimentin was reduced by circPIP5K1A 
knockdown (Fig.  2C). Consistently, the inhibition of 
circPIP5K1A increased E-Cadherin expression and 

decreased Vimentin expression at the protein levels in 
MG63 and 143B cells (Fig. 2D).

The suppression of circPIP5K1A attenuates stemness 
of osteosarcoma cells
We then concerned about the effect of circPIP5K1A 
on the cancer stem cell properties of osteosarcoma 
cells. The sphere formation abilities of MG63 and 143B 
cells were repressed by the depletion of circPIP5K1A 

Fig. 2 The inhibition of circPIP5K1A represses invasion and migration of osteosarcoma cells. A–D MG63 and 143B cells were transfected with 
circPIP5K1A siRNA. A, B Cell invasion and migration were analyzed by transwell assays. C The mRNA expression of E-Cadherin and Vimentin was 
detected by qPCR. D The protein levels of E-Cadherin and Vimentin were measured by Western blot. Mean  ±  SD (**P  < 0.01)
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(Fig. 3A, B). Besides, the  CD133+CD44+ cell population 
of MG63 and 143B cells was reduced by circPIP5K1A 
knockdown (Fig. 3C, D). Meanwhile, the mRNA expres-
sion of ALDH1 and Nanog was decreased by the inhibi-
tion of circPIP5K1A in MG63 and 143B cells (Fig.  3E, 
F). Similarly, the suppression of circPIP5K1A inhibited 
ALDH1 and Nanog protein levels in MG63 and 143B 
cells (Fig. 3G).

MiR‑515‑5p is a target of circPIP5K1A in osteosarcoma cells
Next, we identified that miR-515-5p is one of the unre-
ported targets of circPIP5K1A and found the binding 
site between miR-515-5p and circPIP5K1A (Fig.  4A). 
The expression of miR-515-5p significantly enhanced 
by the transfection of miR-515-5p mimic in MG63 
and 143B cells (Fig.  4B). Meanwhile, we validated that 
the luciferase activities of circPIP5K1A, but not circ-
PIP5K1A with miR-515-5p binding site mutant, were 
repressed by miR-515-5p mimic in MG63 and 143B 
cells (Fig.  4C, D). The depletion of circPIP5K1A by 
siRNA remarkably increased the miR-515-5p expres-
sion in MG63 and 143B cells (Fig. 4E, F).

MiR‑515‑5p inhibits stemness of osteosarcoma cells
Next, we confirmed that the treatment of miR-515-5p 
mimic attenuated the sphere formation abilities of 
MG63 and 143B cells (Fig.  5A, B). Meanwhile, the 
mRNA expression of ALDH1 and Nanog was reduced 
by miR-515-5p in MG63 and 143B cells (Fig.  5C, D). 
Moreover, miR-515-5p mimic suppressed ALDH1 and 
Nanog protein levels in MG63 and 143B cells (Fig. 5E, 
F).

YAP is a target of miR‑515‑5p in osteosarcoma cells
We then found that YAP is one of the potential targets of 
miR-515-5p and identified the binding site between miR-
515-5p and YAP (Fig.  6A). The luciferase activities of 
YAP 3′UTR, but not YAP 3′UTR with miR-515-5p bind-
ing site mutant, were inhibited by miR-515-5p mimic in 
MG63 and 143B cells (Fig.  6B). The expression of YAP 
was significantly repressed by miR-515-5p in MG63 and 
143B cells (Fig.  6C). Importantly, the inhibition of circ-
PIP5K1A by siRNA reduced YAP expression, while miR-
515-5p inhibitor could reverse this reduction in MG63 
and 143B cells (Fig. 6D).

Fig. 3 The suppression of circPIP5K1A attenuates stemness of osteosarcoma cells. A–G MG63 and 143B cells were transfected with circPIP5K1A 
siRNA. A, B The stemness was analyzed by sphere formation assays. C, D The  CD133+CD44+ cell population was measured by flow cytometer. E, F 
The mRNA expression of ALDH1 and Nanog was determined by qPCR. G The protein levels of ALDH1 and Nanog were detected by Western blot. 
Mean  ±  SD (**P  < 0.01, ***P  < 0.001)
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CircPIP5K1A contributes to cancer cell stemness 
by targeting miR‑515‑5p/YAP axis in osteosarcoma cells
Next, we validated the effect of circPIP5K1A/miR-
515-5p/YAP axis on the cancer stem cell properties 

of osteosarcoma cells. We found that the depletion of 
circPIP5K1A or miR-515-5p mimic could attenuate 
the sphere formation abilities of MG63 and 143B cells 
(Fig. 7A, B), and the inhibition of miR-515-5p or YAP 

Fig. 4 MiR-515-5p is a target of circPIP5K1A in osteosarcoma cells. A The interacted binding site between circPIP5K1A and miR-515-5p. B–D 
MG63 and 143B cells were transfected with miR-515-5p mimic. B MiR-515-5p expression was measured using qPCR. C, D Luciferase activities of 
circPIP5K1A or circPIP5K1A mutant (miR-515-5p binding site) were analyzed by luciferase reporter gene assay. E, F MiR-515-5p expression was 
determined using qPCR in MG63 and 143B cells transfected with circPIP5K1A siRNA. Mean  ±  SD (**P  < 0.01)

Fig. 5 MiR-515-5p inhibits stemness of osteosarcoma cells. A–E MG63 and 143B cells were transfected with miR-515-5p mimic. A, B The stemness 
was analyzed by sphere formation assays. C, D The mRNA expression of ALDH1 and Nanog was determined by qPCR. E, F The protein levels of 
ALDH1 and Nanog were detected by Western blot. Mean  ±  SD (**P  < 0.01, ***P  < 0.001)
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overexpression could rescue the attenuation effect of 
circPIP5K1A MG63 and 143B cells (Fig. 7A, B). Mean-
while, the protein levels of ALDH1 and Nanog were 
repressed by circPIP5K1A knockdown or miR-515-5p 
mimic (Fig. 7C–E), while miR-515-5p inhibitor or YAP 
overexpression reversed circPIP5K1A knockdown-
induced repression of the ALDH1 and Nanog expres-
sion in MG63 and 143B cells (Fig. 7C, D).

The depletion of circPIP5K1A represses osteosarcoma cell 
growth in vivo
We then verified the effect of circPIP5K1A on osteo-
sarcoma cell growth in  vivo. Tumor xenograft analy-
sis in nude mice demonstrated that the suppression of 
circPIP5K1A remarkably attenuated the growth abil-
ity of MG63 cells in the mice (Fig. 8A–C). The inhibi-
tion of circPIP5K1A enhanced miR-515-5p expression 
in the tumor tissues (Fig. 8D). Besides, the expression 
of YAP was reduced by circPIP5K1A depletion in the 
tumor tissues (Fig. 8E).

Discussion
Osteosarcoma serves as a prevalent kind of bone cancers 
in children and adolescents. CSCs are self-renewal can-
cer cells and affect the spread, recurrence, metastasis, 
and even therapeutic resistance. However, the regulation 
mechanisms of CSCs in osteosarcoma are still unclear. 
CircRNAs widely participate in the modulation of can-
cer progression. In this study, we identified the novel role 
of circular RNA circPIP5K1A in regulating stemness of 
osteosarcoma cells.

CircRNAs have been identified to participate in oste-
osarcoma development and CSCs. Circular RNA circ-
SAMD4A contributes to osteosarcoma cell proliferation 
via targeting miR-1244/MDM2 expression [20]. Circular 
RNA circTADA2A enhances metastasis and progression 
of osteosarcoma by targeting miR-203a-3p to enhance 
CREB3 [21]. Circular RNA circCPA4/let-7/PD-L1 sign-
aling modulates immune evasion, drug resistance, 
stemness, and cell growth of in non-small cell lung can-
cer [22]. Circular RNAs modulate CSCs of hepatocellu-
lar carcinoma by competing binding with FMRP against 

Fig. 6 YAP is a target of miR-515-5p in osteosarcoma cells. A The interacted binding site between YAP and miR-515-5p. B, C MG63 and 143B cells 
were transfected with miR-515-5p mimic. B Luciferase activities of YAP or YAP mutant (miR-515-5p binding site) were analyzed by luciferase reporter 
gene assay. C YAP mRNA expression was detected by qPCR. D YAP protein levels were tested by Western blot analysis in MG63 and 143B cells 
transfected with circPIP5K1A siRNA, or co-transfected with circPIP5K1A siRNA and miR-515-5p inhibitor. Mean  ±  SD (**P  < 0.01)
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Fig. 7 CircPIP5K1A contributes to cancer cell stemness by targeting miR-515-5p/YAP axis in osteosarcoma cells. A–D MG63 and 143B cells were 
transfected with circPIP5K1A siRNA or miR-515-5p mimic, or co-transfected with circPIP5K1A siRNA and YAP overexpression vector or miR-515-5p 
inhibitor. A, B The stemness was analyzed by sphere formation assays. C, D The protein levels of ALDH1 and Nanog were detected by Western blot. 
E The expression of Nanog was measured by immunofluorescence analysis. Mean  ±  SD (**P  < 0.01)
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CCAR1 [23]. It has been reported that circPIP5K1A con-
tributes to progression of gastric cancer by miR-376c-3p/
ZNF146 signaling [24]. CircPIP5K1A promotes develop-
ment of ovarian cancer by regulating miR-661/IGFBP5 
axis [8]. CircPIP5K1A enhances metastasis and prolif-
eration of non-small cell lung cancer by the regulation of 
miR-600/HIF-1α [9]. Our data showed that CircPIP5K1A 
expression was significantly enhanced in clinical osteo-
sarcoma tissues compared with the adjacent normal tis-
sues. The depletion of circPIP5K1A by siRNA repressed 
osteosarcoma cell viabilities and induced osteosarcoma 
cell apoptosis. The suppression of circPIP5K1A attenu-
ated the capabilities of invasion and migration of osteo-
sarcoma cells. The circPIP5K1A knockdown increased 
E-Cadherin expression and decreased Vimentin expres-
sion in osteosarcoma cells. The cancer stem cell abilities 
of osteosarcoma cells were repressed by the depletion 

of circPIP5K1A. Tumor xenograft analysis in nude 
mice demonstrated that the depletion of circPIP5K1A 
represses osteosarcoma cell growth in  vivo. These data 
indicate a new function of circPIP5K1A in the modula-
tion of stemness in osteosarcoma development and pre-
sent a new evidence of the fundamental roles of circRNAs 
in osteosarcoma. Due to the close association of CSCs 
with metastasis and therapeutic resistance, the effect of 
circPIP5K1A on metastasis and therapeutic resistance in 
osteosarcoma deserve to investigate in future.

Furthermore, the correlation of YAP with CSCs and 
osteosarcoma has been identified. The inhibition of HuR 
represses osteosarcoma cells stemness, invasion, and 
migration by repressing YAP activation and enhances 
chemotherapy resistance [25]. Long non-coding RNA 
B4GALT1-AS1 contributes to stemness and migration of 
osteosarcoma cells by inducing YAP [26]. Sox2 maintains 

Fig. 8 The depletion of circPIP5K1A represses osteosarcoma cell growth in vivo. A–E Nude mice (n  = 5) were injected with MG63 cells transfected 
with circPIP5K1A siRNA. The tumor xenograft was conducted in the mice. A The tumor images. B The tumor volume. C The tumor weight. D 
MiR-515-5p expression was measured using qPCR. E YAP protein levels were tested by Western blot analysis. F A snapshot of this study was shown. 
Mean  ±  SD (**P  < 0.01)
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stemness of cancer cells by regulating the Hippo pathway 
[27]. It has been reported that miR-515-5p serves as an 
inhibitor in prostate cancer by regulating TRIP13 [14]. 
LINC00673 enhances breast cancer cell proliferation 
by miR-515-5p/MARK4 axis [28]. Circ_0057553/miR-
515-5p signaling modulates glycolysis, invasion, migra-
tion, apoptosis, and proliferation of prostate cancer cells 
by regulating YES1 [29]. MiR-515-5p modulates migra-
tion of cancer cells by targeting MARK4 [15]. In this 
study, our data revealed that circPIP5K1A enhanced YAP 
expression by targeting miR-515-5p. MiR-515-5p inhib-
ited stemness of osteosarcoma cells. The CSCs proper-
ties of osteosarcoma cells were repressed by circPIP5K1A 
knockdown or miR-515-5p mimic, while miR-515-5p 
inhibitor or YAP overexpression reversed circPIP5K1A 
knockdown-induced repression. These data present a 
novel insight into the mechanism involving miR-515-5p/
YAP signaling of circPIP5K1A-mediated stemness of 
osteosarcoma cells. MiR-515-5p is one of the down-
stream miRNAs of circPIP5K1A and YAP is one of the 
targets of miR-515-5p. Hence, miR-515-5p/YAP axis may 
just one of the mechanisms of circPIP5K1A-regulated 
cancer development. Meanwhile, the clinical relationship 
of circPIP5K1A, miR-515-5p, and YAP needs to explore 
in future studies. In addition, we analyzed the stemness 
markers by Western blot analysis and we will validate it 
by immunofluorescence in future investigations. Unfor-
tunately, despite the cancer inhibitory function of miR-
515-5p has been identified in this investigation and some 
previous studies, the significance and knowledge of the 
therapeutic applications of miR-515-5p in metastatic 
cancers have not been explored, which should be investi-
gated in the future.

Conclusion
In conclusion, we identified that circular RNA circ-
PIP5K1A contributed to cancer stemness of osteo-
sarcoma by miR-515-5p/YAP axis (Fig.  8F). Targeting 
circPIP5K1A may be considered as a potential therapeu-
tic strategy for osteosarcoma treatment.
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