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Background: Osteosarcoma is the most common bone cancer that significantly affects the quality of life of
patients. Studies have shown that overexpression of BAIAP2L2 elevates the proliferation and growth of
some types of cancer cells. However, the role of BAIAP2L2 in osteosarcoma is unclear. This study aimed
to investigate the functions of BAIAP2L2 in the development of osteosarcoma.

Methods: We used immunohistochemical and Western blot analysis to determine the expression levels of
endogenic BAIAP2L2 in osteosarcoma cells. Cell counting kit-8 assay and colony formation assay were

Ié%xvgg performed to investigate cell proliferation of tumor cells. Transwell assay was performed to detect cell
Combinational role migration. Flow cytometry assay was used to analyze cell apoptosis. The role of BAIAP2L2 in tumor
Osteosarcoma growth was further explored in vivo.

Results: We found that BAIAP2L2 was significantly upregulated in human osteosarcoma, and inhibition of

BAIAP2L2 suppressed the proliferation of osteosarcoma cells. In addition, down-regulation of BAIAP2L2

could lead to osteosarcoma cancer cell apoptosis, inhibit cell migration and invasion, and induce the inac-

tivation of the Wnt/B-catenin pathway. In addition, down-regulation of BAIAP2L2 inhibited tumor growth

in vivo.

Conclusion: In conclusion, down-regulation of BAIAP2L2 inhibited the proliferation, migration, and inva-

sion of osteosarcoma associated with the Wnt/B-catenin pathway.

© 2021 Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Wnt/B-catenin pathway

1. Introduction

Osteosarcoma, usually discovered at metaphysis that produce
immature bone, is one of the most common bone cancers [1-3].
A majority of people diagnosed with osteosarcoma are under the
age of 25, including young adults, teenagers and children [4,5].
The treatments for osteosarcoma mainly include chemotherapy
and radiation. However, therapy effectiveness is quite limited
and the recovery is not easy[6,7]. Although therapies are available,
this disease still significantly affects the quality of life of patients.
In recent years, studies have focused on the investigation of new
therapeutic targets based on tumorigenesis, such as genes and
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their functioning signaling pathways that regulate somatic disrup-
tive variant tumors|8].

[-BAR family proteins, including BAI1-associated protein 2-like
2,IRSp53 and MIM, have been shown to be associated with the reg-
ulation of cell membrane formation. It has been reported that
BAI1-associated protein 2-like 1 (BAIAP2L1) could possibly be a
marker of ovarian cancer [9]. Meanwhile, brain-specific angiogen-
esis inhibitor 1-associated protein 2-like protein 2 (BAIAP2L2) was
reported to promote the generation of planar membrane sheets. A
recent study reported that overexpression of BAIAP2L2 could pro-
mote the proliferation and growth of lung cancer cells [10]. How-
ever, the function of BAIAP2L2 in osteosarcoma is unclear. This
study therefore aimed to explore the role of BAIAP2L2 in the devel-
opment of osteosarcoma.

The Wnt signaling pathways are a family of signal transduction
pathways triggered by extracellular proteins, which transduce sig-
nals to cells via cell surface receptors. The Wnt/B-Catenin pathway
has been shown to be related to the development of various can-
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cers, including breast cancer [11], prostate cancer [12], ovarian
cancer [13] and others [14]. Previous studies have revealed that
activation or inactivation of the Wnt/B-Catenin pathway is largely
related to bone cancer, including osteosarcomal15]. It has further
been reported that inactivation of the Wnt/B-Catenin pathway
can promote the proliferation and differentiation of high-grade
osteosarcoma [16]. Regulation of the Wnt/B-Catenin pathway
could inhibit the development of bone cancer in vitro [16]. Previous
study has also demonstrated that BAIAP2L2 promotes the progres-
sion of gastric cancer via AKT/mTOR and Wnt3a/p-catenin signal-
ing pathways|[17]. This study was interested in the associations
between BAIAP2L2 and the Wnt/p-Catenin pathway, and their
combinational role in osteosarcoma.

In this study, the functions of BAIAP2L2 and its interactions
with the Wnt/B-Catenin signaling pathway in the regulation or
promotion of osteosarcoma were investigated. Immunohistochem-
ical and Western blot analysis were conducted to measure the
expression levels of BAIAP2L2. In addition, cell proliferation of
MG-63 and HOS cells was detected using cell counting kit-8 assay
and colony formation assay. Cell migration, cell cycle, and cell
apoptosis were further assessed through transwell assay and flow
cytometry. In addition, the expression of specific proteins was also
evaluated. Our findings may shed light on the functional mecha-
nism of BAIAP2L2 on the development of osteosarcoma and pro-
vide novel therapeutic directions for the treatment of bone cancer.

2. Materials and Methods
2.1. Reagents

RPMI-1640 medium was obtained from HYCLONE, USA. Gibco
fetal bovine serum (FBS), and lipofectamine 2000 were purchased
from Thermo Fisher Scientific, USA. Penicillin-Streptomycin,
0.25% trypsin digestion, and CCK-8 reagent were purchased from
Solarbio Life Sciences, China. Ultrapure RNA kit, HiFiScript cDNA
synthesis kit, and UltraSYBR mixture were purchased from CwBio,
China. The primers used in this study were synthesized by Gene-
wiz. BAIAP2L2 interference sequence and its negative control
(NC) were synthesized by RiboBio, China. Antibodies were pur-
chased from Proteintech, USA. Matrigel was purchased from BD,
USA, and transwell chambers were purchased from Millipore,
USA. Cell culture ingredients were purchased from Eppendorf,
USA. All cell lines were provided by the Chinese Academy of
Sciences, China.

2.2. Cell culture

The human osteosarcoma cell lines MG-63, U20S, SOSP-9607,
SAOS-2 and HOS, and the human osteoblast cell line hFOB were
purchased from American Type Culture Collection (ATCC, Manas-
sas, VA, USA). Cells were cultivated in a cell culture medium com-
posed of RPMI-1640 with 10% FBS, 100 U/ml penicillin and 0.1 ng/
ml streptomycin at 37 °C with 5% CO,.

2.3. Transfection

MG-63 and HOS cells were seeded in 6-well plates. When cells
were grown at logarithmic phase, the supernatant was replaced
with fresh culture medium. Lipofectamine 2000 was used to trans-
fect BAIAP2L2 siRNA and negative control siRNA (purchased from
Santa cruz, Catalog NO. sc-72606 & sc-37007) into the cancer cells.
After 6 h, culture medium was refreshed and cells were cultured
for a further 48 h.
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2.4. Fluorescence quantitative PCR for interference efficiency

Total RNAs were isolated using RNA extraction kit (Thermo

Fisher, Catalog NO.12183018A). Precision nanoScript2 Reverse
Transcription Kit (PrimerDesign) was used to perform reverse tran-
scription to synthesize cDNAs. QuantiTect SYBR Green PCR kit (Qia-
gen) was utilized to measure the interference effect. Expression
levels were normalized to the expression levels of B-actin. Anneal-
ing temperature for the primers was 55 °C and the extension tem-
perature was 72 C. A total of 35 cycles were performed. The primer
sequences were as following:

BAIAP2L2-F: 5'-CGGCACTTGAACTCTGACCT-3/,

BAIAP2L2-R: 5-CTTGTCTCTCTTGCGCTCCA-3/;

B-actin-F: 5'-GCATGGGTCAGAAGGATTCCT-3/,

B-actin-R: 5'-TCGTCCCAGTTGGTGACGAT-3'.

2.5. Proliferation and colony assays

After 24 h of transfection, osteosarcoma cancer cells were
digested. Cell numbers were then counted. Next, cells were plated
into a 96-well plate with 1,000 cells in each well. Cell viability was
measured every 24 h, and 10 pl of CCK8 reagent were added into
the plate for incubation at 37 °C for 1.5h. The absorbance at
450 nm was then measured. MG-63 and HOS cells were transfected
with BAIAP2L2 siRNA or NC siRNA with 400 cells per well. Cells
were cultured for 14 d. After this, cells were fixed with 4%
paraformaldehyde and stained with crystal violet. Finally, cell colo-
nies were photographed and cell numbers were counted.

2.6. In vitro invasion assay

In the transwell chamber, 100 pul of matrigel were added, fol-
lowed by shaking and incubation at 37 °C for 4 h. After solidifying,
600 pu of serum-free 1640 medium were placed in the upper and
lower chambers, and the membranes were hydrated for 30 min.
Osteosarcoma cancer cells, which were transfected for 24 h, were
utilized as cell suspensions in serum-free 1640 medium. Next,
100 pl of cell suspension (1 x 10* cells) were placed in the upper
chamber, and 600 pl of 10% FBS were pipetted into the bottom
chamber. After 24 h, the residual cells (upper chamber) were
removed and the chamber was washed with PBS. Subsequently,
the cells were fixed with paraformaldehyde for 15 min, dyed with
0.1% crystal violet for 5 min, and washed with PBS. A microscope
was used to observe the cells and count the cell numbers. In addi-
tion, transwell migration assay was performed using the same pro-
tocol as the invasion assay, except without a Matrigel pre-coating.

2.7. Flow cytometry for apoptosis detection

Cells were first transfected for 48 h. Then, MG-63 and HOS cells
were digested and suspended at a density of 5 x 10° cells/ml. Next,
cells were incubated with Annexin V for 15 min and PI for 5 min in
the dark. After pipetting out dye liquor, cell apoptosis was detected
by flow cytometry (FACSCanto II, BD Bioscience, USA), and data
were analyzed using Flowjo software.

2.8. Immunohistochemistry analysis

Osteosarcoma tumor tissues and para-carcinoma tissue were
fixed with 10% of formalin, embedded in paraffin, and sectioned
for immunohistochemical staining. Tissue sections were treated
by dewaxing, antigen recovery, and hydrogen dioxide incubation
to remove endogenous catalase. After blocking for 1 h, the sections
were incubated with anti-BAIAP2L2 rabbit antibody (1:100;
abcam, Catalog NO. ab224323). Next, 3,3’-diaminobenzidine
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tetrahydrochloride was used to measure the stained cells in 4 ran-
domly selected areas.

2.9. Western blot analysis

After transfection for 48 h, total proteins were isolated from
MG-63 and HOS cells. Equal amount (20 pg) of protein samples
were loaded for SDS-PAGE separation, followed by transferring to
a PVDF membrane. The membrane was blocked in 5% skim milk
for 1 h, and subsequently incubated with the primary antibody at
4 °C overnight. Next, secondary antibody was added and the mem-
brane was incubated at room temperature for 1 h. After washing,
ECL was performed to quantify the expression levels of proteins.

2.10. Lentivirus packaging

The lentivector-mediated short-hairpin BAIAP2L2  (sh-
BAIAP2L2) and non-targeting plasmids (sh-control) were designed
and synthesized into pCDH-CMV-MCS-EF1-Puro (System Bio-
sciences #CD510B-1) lentiviral vector by Geneseed Biotech
(Guangzhou, China). The pCDH-CMV-MCS-EF1-Puro empty plas-
mid was used as an empty vector control (EV). Lentivirus packag-
ing was conducted by introducing the lentiviral expression
plasmids plus lentivirus packaging vectors §8.9 and VSVG into
HEK293T cells (ATCC) using Lipofectamine 3000 (Life Technologies
#L3000015). Lentiviral particles were collected by ultracentrifuga-
tion and stored at —80 °C.

A

para-carcinoma

Tumor
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2.11. Stable transfection cell model

Lentivirus was adjusted at MOI 5 to infect 1 x 10° MG-63 cells
in the presence of Polybrene (8 ng/ml). After 24 h, selection media
(containing 7 pg/ml puromycin) was used to screen the transfected
cells. Cells were maintained at 37 °C in a humidified atmosphere
containing 5% CO,. Selection media was replaced every 2-3 days.
Cells were grown in selection media for subsequent experiments
to ensure that only stably transduced cells were cultured.

2.12. In vivo tumor formation model

MG-63 cells (5 x 10°) stably transfected with sh-BAIAP2L2 or
LV-NC (control) were subcutaneously injected into BALB/c nude
mice (4-6 weeks old) at day 0 (n=6 for each group, male and
female was equally distributed in each group), housed under SPF
conditions (temperature was 22 °C, illumination time was 12 h,
humidity was 45%). All animal experiments were performed under
the institutional guidelines approved by the Use Committee for
Animal Care. Before harvesting the tumors, mice were euthanized
with isoflurane set at saturated vapor pressure. This study was
approved by the Ethics Committee of Animal Use of the University
Three Gorges Hospital. Mice were euthanized at 28 d, heart com-
pletely stopped and the dilation of pupil was used to judge the
end point. Tumors were then excised and measured.

2.13. Statistical analyses

Data were analyzed using SPSS 10.0 and presented as the
mean * standard deviation (SD) of 3 independent replicates. Stu-
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Fig. 1. BAIAP2L2 was upregulated in human osteosarcoma tissues and cells. A. Inmunohistochemistry and B. Western blot analysis for the expression of BAIAP2L2 in tumor
and para-sarcoma tissues. C. and D. Western blot analysis results for the expression of BAIAP2L2 in human osteosarcoma cell lines of MG-663, U20S, SOSP-9607, SAOS-2 and
HOS and human osteoblasts cell line of hFOB. T-test was used to perform statistic to compare each group, *p < 0.05.
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Table 1
The correlation between expression of BAIAP2L2 and clinic pathological parameters in osteosarcoma cancer patients.
Clinic pathological parameters N =60 BAIAP2L2 Low (n%) BAIAP2L2 High (n%) P
Gender
Male 38 15 (39.5) 23 (60.5) 0.498
Female 22 8 (36.4) 14 (63.6)
Age (years)
<18 26 9 (34.6) 17 (65.4) 0.379
>18 34 14 (41.2) 20 (58.8)
Tumor diameter (cm)
<5 28 19 (67.9) 9(32.1) <0.001
>5 32 4(12.5) 28 (87.5)
Tumor location
Tibia/Femur 40 15 (37.5) 25 (62.5) 0.238
Other location 20 8 (40.0) 12 (60.0)
Histological subtype
Conventional 53 21 (39.6) 32 (60.4) 0.198
Special 7 2 (28.6) 5(71.4)
Surgical stage
I-IA 19 7 (36.8) 12 (63.2) 0.234
1B 41 16 (39.0) 25 (61.0)
Distant metastasis
Yes 27 12 (44.4) 15 (55.6) 0.012
No 33 11(33.3) 22 (66.7)
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Fig. 2. Inhibition of BAIAP2L2 suppressed the proliferation of osteosarcoma cells (MG-63 and HOS). A. The mRNA expression of BAIAP2L2 via qRT-PCR. B. Western blot
analysis for the measurement of the expression of BAIAP2L2 protein transfected with siRNA. C. CCK-8 assay for cell viability. OD value was used to indirectly indicate the cell
numbers. D. Colony formation ability of MG-63 and HOS cells. *p < 0.05.
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Fig. 3. Knockdown of BAIAP2L2 induced apoptosis of MG-63 and HOS cells via the Bcl2/Bax axis. A. and B. Flow cytometry results for cell apoptosis in MG-63, and HOS,
respectively. C. The protein expression of apoptosis signaling pathway by western blot. *p < 0.05.

dent’s t test was used to compare the differences between 2
groups. P < 0.05 was considered statistically significant.

3. Results
3.1. BAIAP2L2 was greatly upregulated in human osteosarcoma

Immunohistochemistry and Western blot analysis showed that
the expression of BAIAP2L2 was up-regulated in human osteosar-
coma tumor tissues compared to that in para-sarcoma tissues
(Fig. 1A and 1B). In addition, clinical pathological association anal-
ysis showed that the expression of BAIAP2L2 in sarcoma tissues
was closely related to tumor diameter (P < 0.05) (Table 1). Subse-
quently, the protein expression levels of BAIAP2L2 in osteosarcoma
cells and human osteoblasts cell line (hFOB) were detected. As
shown in Fig. 1C and 1D, the expression levels of BAIAP2L2 were
higher in MG- 63, U20S, SOSP-9607, Saos-2 and HOS tumor cells
compared to those in hFOB cells. The morphological analysis of
U20S, SOSP-9607 and Saos-2 showed all epithelial like cells, and
MG-63 and HOS contained both epithelial and fibroblast cells. To
investigate the role of BAIAP2L2 in a more general perspective,
MG- 63 and HOS were selected for the following experiments.

3.2. Inhibition of BAIAP2L2 suppressed the proliferation of
osteosarcoma cells

As shown in Fig. 2A, all three siRNAs could remarkably down-
regulate BAIAP2L2 mRNA in both MG-63 and HOS cells (P < 0.05).
Si-RNA2 displayed the most silencing ability for the expression of
BAIAP2L2 in both MG-63 and HOS cells, and was therefore selected
for the following experiments. Western blot analysis showed the
interference effects of protein expression levels in siRNA1
(Fig. 2B). CCK-8 assay results showed that down-regulation of
BAIAP2L2 resulted in a great reduction in cell viability of both
MG-63 and HOS cells (P < 0.05) (Fig. 2C). In addition, colony forma-
tion assay results showed that knockdown of BAIAP2L2 signifi-
cantly inhibited colony formation (P<0.05) (Fig. 2D). These
results indicated that knockdown of BAIAP2L2 could suppress the
proliferation of osteosarcoma cells.

3.3. Knockdown of BAIAP2L2 promoted osteosarcoma cancer cell
apoptosis

As shown in Fig. 3A and 3B, the percentage of apoptotic cells
was greatly increased by the knockdown of BAIAP2L2 in MG-63
and HOS cells. Western blot analysis results showed that knock-
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Fig. 4. Down-regulation of BAIAP2L2 inhibited cell migration/invasion and induced inactivation of the Wnt/g-catenin pathway. A. Scratch assay showed that down-
regulation of BAIAP2L2 transfection suppressed cell migration in MG-63 and HOS cells. B. Transwell assay indicated that transfection of siRNA inhibited cell invasion in MG-
63 and HOS. C. Western blot analysis for the measurement of the expression of the Wnt/-catenin pathway. D. Western blot analysis for the measurement of the hub protein

expression of AKT/mTOR pathway and Wnt/p-catenin pathway *p < 0.05.

down of BAIAP2L2 increased the expression levels of the pro-
apoptotic protein Bax and the apoptosis executor Cleaved-
Caspase 3, and reduced the expression levels of anti-apoptotic pro-
tein Bcl2 (Fig. 3C). These results indicated that knockdown of
BAIAP2L2 could induce cell apoptosis in MG-63 and HOS cells.

3.4. Knockdown of BAIAP2L2 inhibited cell migration/invasion
and induced inactivation of the Wnt/p-catenin pathway

The transwell assay results showed that knockdown of
BAIAP2L2 significantly inhibited the migration of MG-63 and
HOS cells (Fig. 4A). In addition, knockdown of BAIAP2L2 negatively
modulated the invasion of MG-63 and HOS cells (Fig. 4B). Given
previous study revealed that BAIAP2L2 can regulate Wnt/B-

catenin pathway and AKT/mTOR pathway to promote the gastric
caner progression(17). Furthermore, knockdown of BAIAP2L2
resulted in the inactivation of the Wnt/B-catenin pathway, while
reducing the expression levels of Wnt, B-catenin and N-CAD, and
increasing the expression levels of E-CAD (Fig. 4C). There were
complex cross- talk between AKT/mTOR pathway and Wnt/B-
catenin pathway. For the detailed molecular mechanism, the
expression of p-AKT and p-mTOR were also attenuated after silenc-
ing BAIAP2L2(Fig. 4D).

3.5. Knockdown of BAIAP2L2 inhibited tumor growth in vivo

Monitoring of tumor volume showed that knockdown of
BAIAP2L2 remarkably suppressed tumor growth of the osteosar-
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coma cells MG-63, compared to the siNC group (P < 0.05) (Fig. 5A,
5B, and 5C). Immunochemistry analysis results suggested that the
expression levels of BAIAP2L2 and Ki67 were greatly lowered by
knockdown of siBAIAP2L2 (Fig. 5D). These results indicated that
knockdown of BAIAP2L2 promoted osteosarcoma tumor growth
in vivo.

4. Discussion

Osteosarcoma is the most typical bone cancer that usually
occurs in young people under 25 years old[14]|. Treatment for
osteosarcoma includes chemotherapy and physical radiation, but
the efficacy and prognosis are hindered by the natural properties
of bone cancer|[6,7]. Extensive studies have been conducted to
explore the mechanism of tumorigenesis underlying the regulation
and proliferation of human osteosarcoma tissues and cells, such as
somatic disruptive genes. In this study, we investigated the molec-
ular mechanisms of BAIAP2L2 and its association with the Wnt/p-
Catenin signaling pathway in the development of osteosarcoma.

Previous studies have revealed that BAl-associated proteins
maintain their regulatory roles in inflammation, tumorigenesis,

and phagocytosis [18]. BAIAP2L2, an important member of the I-
BAR protein family, has been identified as a possible biomarker
for some diseases. Xu et al. reported that knockdown of BAIAP2L2
could lead to the suppression of the estrogen mediated s—phase
entry pathway, suggesting that BAIAP2L2 serves as a marker for
lung cancer [9]. To the best of our knowledge, we are the first to
investigate the role of BAIAP2L2 in osteosarcoma. Our immunohis-
tochemistry and western blot results showed that expression of
BAIAP2L2 was up-regulated in human osteosarcoma tumor tissues
compared with that in normal tissues. Our findings further sug-
gested that BAIAP2L2 was positively correlated with the develop-
ment of osteosarcoma. In addition, CCK-8 assay and colony
formation assay confirmed that inhibition of BAIAP2L2 suppressed
the proliferation of osteosarcoma cells. These results further
proved that BAIAP2L2 participated in the development of human
osteosarcoma.

It has been reported that BAI1 protein family could act as versa-
tile and promising markers for human cancers and host immune
response. Abnormal expression of BAI1 protein was linked to the
development of several malignant tumors [18]. In our study, flow
cytometry results revealed that down-regulation of BAIAP2L2



H. Guo, J. Peng, ]. Hu et al.

resulted in osteosarcoma cancer cell apoptosis. The knockdown of
BAIAP2L2 increased the expression levels of the pro-apoptotic pro-
tein Bax and apoptosis executor Cleaved-Caspase 3. Our results
were in agreement with previous findings that BAI1 activity was
altered during the development, proliferation and apoptosis of
tumor cells.

The Wnt family functions in the secretion of glycolipid proteins
and initiates a cascade of signaling pathways [19]. Aberrant regu-
lation of Wnt signaling pathways was found to be related to a
range of diseases [20]. Extensive studies have shown that modula-
tion of some specific RNAs could result in activation or inactivation
of the Wnt/B-catenin signaling pathway in human cancers, includ-
ing gastrointestinal cancers [21], prostate cancer [22], breast can-
cer [11] and many others [23,24]. Recently, two reports have also
revealed the activated status of Wnt/B-catenin signaling pathway
in Osteosarcoma|25,26]. Our results from transwell assay, migra-
tion assay, and invasion assay confirmed that down-regulation of
BAIAP2L2 inhibited cell migration/invasion and induced the inacti-
vation of Wnt /B-catenin pathway. According to previous reports
[27,28], the suppression of this pathway may also have a negative
impact on the proliferation of osteosarcoma cells.

It has been reported that regulation of BAIAP2L2 could affect
the expression of many genes, including those that are closely
involved in the development of tumors [10]. In this study, we
found that knockdown of BAIAP2L2 led to decreased cell viability
and colony formation ability in human lung cancer cell line [10].
However, overexpression of BAIAP2L2 promoted proliferation and
growth of lung cancer cells [10]. These studies revealed that
down-regulation of BAIAP2L2 may suppress tumor growth in
osteosarcoma tissues and cells. In this study, we investigated
tumor growth by monitoring the tumor weight, volume and
growth curve with the knockdown of BAIAP2L2. We found that
the expression of BAIAP2L2 and Ki67 was greatly down-regulated
by knockdown of BAIAP2L2. In addition, tumor growth in vivo
was also inhibited by down-regulation of BAIAP2L2. These findings
supported our hypothesis that knockdown of BAIAP2L2 could sup-
press tumor growth. Wnt signaling has been shown to contribute
to osteoblastogenesis[29], but sustained activation would likely
result in Osteosarcoma|30]. BAIAP212, as a negative regulator for
Wnt signaling, may be a new therapy target for Wnt signaling
abnormal activated Osteosarcoma. Since there are too many obsta-
cles for siRNA used in human, the antibody based drugs may be
more proper for this protein.

5. Conclusion
In conclusion, BAIAP2L2 promoted the proliferation, migration

and invasion of osteosarcoma associated with the Wnt/B-catenin
signaling pathway.

Declaration of Competing Interest
The authors declare that they have no known competing finan-

cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Acknowledgements

Not Applicable.

Funding

No funding.

Journal of Bone Oncology 31 (2021) 100393
Data Availability

The data that support the findings of this study are available on
request from the corresponding author: Youhao Chen*, Depart-
ment of Orthopaedics, Chong Qing University Three Gorges Hospi-
tal, Chongqging City, 404100, PR.China. Email address:
youhaochenchongqin@163.com.

The data are not publicly available due to the fact that they con-
tain information that could compromise the privacy of research
participants.

Ethical Approval and Consent to participate

Informed consent was obtained from all individual participants
included in the study. All experiments were approved by the Ethics
Committee of Chong Qing University Three Gorges Hospital.

Consent to publish

Not applicable.

References

[1] G. Ottaviani, N. Jaffe, The epidemiology of osteosarcoma. Pediatric and
adolescent osteosarcoma, Springer, 2009, pp. 3-13.

[2] P. Picci, Osteosarcoma (osteogenic sarcoma), Orphanet journal of rare diseases.
2 (1) (2007) 6.

[3] E.B. Chung, F.M. Enzinger, Extraskeletal osteosarcoma, Cancer. 60 (5) (1987)
1132-1142.

[4] A. Longhi, C. Errani, M. De Paolis, M. Mercuri, G. Bacci, Primary bone
osteosarcoma in the pediatric age: state of the art, Cancer treatment
reviews. 32 (6) (2006) 423-436.

[5] E.B.Bassin, D. Wypij, R.B. Davis, M.A. Mittleman, Age-specific fluoride exposure
in drinking water and osteosarcoma (United States), Cancer Causes & Control.
17 (4) (2006) 421-428.

[6] A. Luetke, P.A. Meyers, I. Lewis, H. Juergens, Osteosarcoma treatment - where
do we stand? A state of the art review, Cancer Treat Rev. 40 (4) (2014) 523-
532, https://doi.org/10.1016/j.ctrv.2013.11.006.

[7] M. Szewczyk, R. Lechowski, K. Zabielska, What do we know about canine
osteosarcoma treatment?, Review Vet Res Commun. 39 (1) (2015) 61-67,
https://doi.org/10.1007/s11259-014-9623-0.

[8] Q. Tian, J. Jia, S. Ling, Y. Liu, S. Yang, Z. Shao, A causal role for circulating miR-
34b in osteosarcoma, Eur ] Surg Oncol. 40 (1) (2014) 67-72, https://doi.org/
10.1016/j.€j50.2013.08.024.

[9] L. Xu, H. Du, Q. Zhang, C. Wang, L. Yan, G. Tian, X. Fu, BAI1-associated protein -2
like 2 is a potential biomarker in lung cancer, Oncol Rep. 41 (2) (2019 Feb)
1304-1312.

[10] L. Xu, H. Du, Q. Zhang, C. Wang, L. Yan, G. Tian, et al., BAI1-associated protein 2-
like 2 is a potential biomarker in lung cancer, Oncology reports. 41 (2) (2019)
1304-1312.

[11] AL Khramtsov, G.F. Khramtsova, M. Tretiakova, D. Huo, O.I. Olopade, K.H. Goss,
Wnt/B-catenin pathway activation is enriched in basal-like breast cancers and
predicts poor outcome, The American journal of pathology. 176 (6) (2010)
2911-2920.

[12] M. Verras, Z. Sun, Roles and regulation of Wnt signaling and B-catenin in
prostate cancer, Cancer letters. 237 (1) (2006) 22-32.

[13] R.C. Arend, A.l. Londofio-Joshi, J.M. Straughn Jr, D.J. Buchsbaum, The Wnt/B-
catenin pathway in ovarian cancer: A review, Gynecologic oncology. 131 (3)
(2013) 772-779.

[14] H. Clevers, R. Nusse, Wnt/B-catenin signaling and disease, Cell. 149 (6) (2012)
1192-1205.

[15] J. Tian, H. He, G. Lei, Wnt/B-catenin pathway in bone cancers, Tumour Biol. 35
(10) (2014 Oct) 9439-9445,

[16] Y. Cai, A.B. Mohseny, M. Karperien, P.C. Hogendoorn, G. Zhou, A.M. Cleton-
Jansen, Inactive Wnt/p-catenin pathway in conventional high-grade
osteosarcoma, The Journal of Pathology: A Journal of the Pathological Society
of Great Britain and Ireland. 220 (1) (2010) 24-33.

[17] J. Liu, Y. Shangguan, J. Sun, W. Cong, Y. Xie, BAIAP2L2 promotes the progression
of gastric cancer via AKT/mTOR and Wnt3a/B-catenin signaling pathways,
Biomed Pharmacother. 129 (2020 Sep) 110414.

[18] V.B. Mathema, K. Na-Bangchang, Regulatory roles of brain-specific
angiogenesis inhibitor 1 (BAI1) protein in inflammation, tumorigenesis and
phagocytosis: A brief review, Critical reviews in oncology/hematology. 111
(2017) 81-86.

[19] C.H. Lin, T. Ji, C.-F. Chen, B.H. Hoang, Wnt signaling in osteosarcoma, Current
Advances in Osteosarcoma. Springer (2014) 33-45.

[20] R.T. Moon, A.D. Kohn, G.V. De Ferrari, A. Kaykas, WNT and B-catenin signalling:
diseases and therapies, Nature Reviews Genetics. 5 (9) (2004) 691.


http://refhub.elsevier.com/S2212-1374(21)00048-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0005
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0010
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0010
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0015
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0015
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0020
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0025
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0025
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0025
https://doi.org/10.1016/j.ctrv.2013.11.006
https://doi.org/10.1007/s11259-014-9623-0
https://doi.org/10.1016/j.ejso.2013.08.024
https://doi.org/10.1016/j.ejso.2013.08.024
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0045
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0050
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0050
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0050
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0055
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0060
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0060
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0065
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0065
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0065
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0070
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0070
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0075
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0075
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0080
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0085
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0090
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0095
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0095
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0100
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0100

H. Guo, J. Peng, ]. Hu et al.

[21] B.D. White, A.J. Chien, D.W. Dawson, Dysregulation of Wnt/B-catenin signaling
in gastrointestinal cancers, Gastroenterology. 142 (2) (2012) 219-232.

[22] R.M. Kypta, ]. Waxman, Wnt/B-catenin signalling in prostate cancer, Nature
Reviews Urology. 9 (8) (2012) 418.

[23] T. Reya, H. Clevers, Wnt signalling in stem cells and cancer, Nature. 434 (7035)
(2005) 843.

[24] R. Fodde, T. Brabletz, Wnt/B-catenin signaling in cancer stemness and
malignant behavior, Current opinion in cell biology. 19 (2) (2007) 150-158.

[25] M. Kansara, M. Tsang, L. Kodjabachian, N.A. Sims, M.K. Trivett, M. Ehrich, A.
Dobrovic, J. Slavin, P.F. Choong, P.J. Simmons, I.B. Dawid, D.M. Thomas, Wnt
inhibitory factor 1 is epigenetically silenced in human osteosarcoma, and
targeted disruption accelerates osteosarcomagenesis in mice, J Clin Invest. 119
(4) (2009 Apr) 837-851.

[26] T. Hirozane, M. Masuda, T. Sugano, T. Sekita, N. Goto, T. Aoyama, T. Sakagami,
Y. Uno, H. Moriyama, M. Sawa, N. Asano, M. Nakamura, M. Matsumoto, R.
Nakayama, T. Kondo, A. Kawai, E. Kobayashi, T. Yamada, Direct conversion of

Journal of Bone Oncology 31 (2021) 100393

osteosarcoma to adipocytes by targeting TNIK, JCI Insight. 6 (3) (2021 Feb 8)
e137245.

[27] B.H. Hoang, T. Kubo, ].H. Healey, R. Yang, S.S. Nathan, E.A. Kolb, et al., Dickkopf
3 inhibits invasion and motility of Saos-2 osteosarcoma cells by modulating
the Wnt-p-catenin pathway, Cancer research. 64 (8) (2004) 2734-2739.

[28] H. Zhao, W. Hou, ]J. Tao, Y. Zhao, G. Wan, C. Ma, et al., Upregulation of IncRNA
HNF1A-AS1 promotes cell proliferation and metastasis in osteosarcoma
through activation of the Wnt/p-catenin signaling pathway, American
journal of translational research. 8 (8) (2016) 3503.

[29] I. Takada, A.P. Kouzmenko, S. Kato, Wnt and PPARgamma signaling in
osteoblastogenesis and adipogenesis, Nat Rev Rheumatol. 5 (8) (2009 Aug)
442-447.

[30] XJ. Yi, Y.H. Zhao, LX. Qiao, C.L. Jin, ]. Tian, Q.S. Li, Aberrant Wnt/p-catenin
signaling and elevated expression of stem cell proteins are associated with
osteosarcoma side population cells of high tumorigenicity, Mol Med Rep. 12
(4) (2015 Oct) 5042-5048.


http://refhub.elsevier.com/S2212-1374(21)00048-8/h0105
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0105
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0110
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0110
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0115
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0115
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0120
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0120
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0125
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0125
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0125
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0125
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0125
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0130
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0135
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0140
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0145
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0150
http://refhub.elsevier.com/S2212-1374(21)00048-8/h0150

	BAIAP2L2 promotes the proliferation, migration and invasion of osteosarcoma associated with the Wnt/β-catenin pathway
	1 Introduction
	2 Materials and Methods
	2.1 Reagents
	2.2 Cell culture
	2.3 Transfection
	2.4 Fluorescence quantitative PCR for interference efficiency
	2.5 Proliferation and colony assays
	2.6 In vitro invasion assay
	2.7 Flow cytometry for apoptosis detection
	2.8 Immunohistochemistry analysis
	2.9 Western blot analysis
	2.10 Lentivirus packaging
	2.11 Stable transfection cell model
	2.12 In vivo tumor formation model
	2.13 Statistical analyses

	3 Results
	3.1 BAIAP2L2 was greatly upregulated in human osteosarcoma
	3.2 Inhibition of BAIAP2L2 suppressed the proliferation of osteosarcoma cells
	3.3 Knockdown of BAIAP2L2 promoted osteosarcoma cancer cell apoptosis
	3.4 Knockdown of BAIAP2L2 inhibited cell migration/invasion and induced inactivation of the Wnt/β-catenin pathway
	3.5 Knockdown of BAIAP2L2 inhibited tumor growth in&blank;vivo

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	ack26
	Acknowledgements
	Funding
	Data Availability
	Ethical Approval and Consent to participate
	Consent to publish
	References


