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Purpose: Nucleolar and spindle-associated protein 1 (NUSAPI) is a significant mitotic
regulator and has been found to be implicated in carcinogenesis of several cancers. The aim
of this study was to explore the functional role and underlying mechanisms of NUSAP1 in
osteosarcoma.

Methods: Western blot assay and Real-time fluorescent quantitative polymerase chain
reaction (RT-qPCR) were employed to assess the expressions of NUSAPI, cell division
cycle 20 homologue (CDC20) and cyclin A2 (CCNA2) in osteosarcoma cells. Cell prolifera-
tion was evaluated by Cell Counting Kit-8 (CCK-8) assay and 5-ethynyl-2'-deoxyuridine
(EdU) assay, and flow cytometry was applied for exploring cell cycle. In addition, an
osteosarcoma tumor-bearing mouse model was established by injection of transfected osteo-
sarcoma cells. Tumor volume and protein expressions of Ki67 and PCNA were examined.
Bioinformatics analysis and immunoprecipitation were used to identify the combination of
NUSAP1 with CDC20 and CCNA2.

Results: The mRNA and protein expression of NUSAP1 were extremely upregulated in
osteosarcoma cells. Overexpression of NUSAP1 promoted whereas NUSAPI1 silencing
suppressed cell proliferation and cell cycle progression in transfected osteosarcoma cells.
In osteosarcoma mouse model, NUSAP1 expression affected tumor volume and levels of
Ki67 and PCNA. Moreover, CDC20 or CCNA2 silencing inhibited NUSAP1-induced cell
proliferation and cell cycle in osteosarcoma cells.

Conclusion: Our data demonstrated that upregulated NUSAP1 may exacerbate the devel-
opment of osteosarcoma by accelerating the proliferation and cell cycle process of osteo-
sarcoma cells by binding to CDC20 and CCNA2, suggesting NUSAP1 as a possible
therapeutic target for treatment of osteosarcoma.
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Introduction

Osteosarcoma is a primary malignant bone tumor characterized by osteoid tissue or
the formation of immature bone in childhood and adolescence.' In the past, all
patients suffering from osteosarcoma need to be amputated forcedly and the cure
rate is less than 10%. Today, with the advantages of surgery technology and
medical equipment, the percentage of patients cured is raised to 60%." However,
detectable metastases were found in 15% to 20% of patients, among which 85% of
metastatic disease occurs in the lung.*> The overall 5-year survival rate has not
been improved on account of metastasis and the tolerance to chemotherapies.®
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Thus, it is of great clinical value to further understand
molecular mechanisms of osteosarcoma and develop
more effective therapeutic strategies for cure of
osteosarcoma.

Nucleolar and spindle-associated protein 1 (NUSAP1),
as an indispensable mitotic regulator, takes part in cellular
process of mitosis including spindle assembly, cytokinesis,
spindle formation and stability.”® Previous studies have
reported that when the depletion of NUSAP1 that is
expressed selectively in cellular proliferation process
occurred, multiple abnormal cellular events were observed
such as decreased microtubules numbers in central spindle,
aberrant chromosomal segregation and spindle assembly,
G2/M arrest, and chromosomal misalignment.'®'" These
disordered movements of mitosis are important factors for
occurrence of many cancers.'> NUSAPI has been discov-
ered to be associated with tumorigenesis in many types of
cancers.® Upregulation of NUSAP1 was observed in sev-
eral cancers, such as breast cancer,” prostate cancer'® and
hepatocellular carcinomas,'® which provides evidence of
involvement of NUSAPI in cancer development and
metastasis. However, little is known about the expression
and roles of NUSAPI in human osteosarcoma.

In the current study, we revealed the high expression of
NUSAPI in several osteosarcoma cell lines. Alteration of
NUSAPIlexpression regulated cell proliferation and cell
cycle progress in osteosarcoma cells by binding to cell
division cycle 20 homologue (CDC20) and cyclin A2
(CCNA2), providing a potential novel mechanism for

therapeutic strategy for osteosarcoma.

Cell Culture

Human normal osteoblast cell line hFOB1.19 and osteo-
sarcoma cell lines MG63, U20S and 143B were purchased
from the CCTCC (China Center for Type Culture
Collection, Wuhan, China). These cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS; Thermo Fisher Scientific),
100 pg/mL streptomycin and 100 U/mL penicillin with 5%
CO, incubator at 37°C.

Cell Transfection

NUSAPI-specific pcDNA overexpression vector (Ov-
NUSAP1), shRNA-NUSAP1-1/2, shRNA-CDC20-1/2,
shRNA-CCNA2-1/2 and corresponding negative controls
shRNA-NC, Ov-NC were purchased from Invitrogen
(Nanjing, China). Osteosarcoma cells were transfected

with the plasmid vectors by Lipofectamine 2000

(Thermo Fisher Scientific, Inc.) in accordance with manu-
facturer’s guidance.

Cell Counting Kit-8 (CCK-8) Assay

Osteosarcoma cells transfected with shRNA-NUSAPI-1
or Ov-NUSAPI1 shRNA-CDC20/shRNA-CCNA2
were plated in 96-well plates, and were cultured for 24
h. Then, 10 uL CCK-8 reagent (Dojindo, Japan) was
added into the transfected cells. After 2 h incubation, the
absorbance of each well at 450 nm was detected by micro-

and

plate reader (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Each group was replicated for five times and all
assays were independently repeated three times.

5-Ethynyl-2'-Deoxyuridine (EdU) Assay
EdU assay was performed to assess cell proliferation of
the osteosarcoma cells. The transfected cells were added
with EdU (50 uM) and incubated at 37°C for 4 h. After
fixation with 4% formaldehyde for 15 min and permeabi-
lized with 0.5% Triton X-100 for 20 min at room tempera-
ture, the cells were incubated with 100 uL of 1x Apollo®
reaction cocktail for 30 min. Finally, cells were stained
with100 uL of Hoechst 33,342 for 30 min and visualized
with fluorescence microscopy (Bio-Rad, Japan).

RT-qPCR

Total RNA from osteosarcoma cells MG63, U20S and
143B and osteoblast cell line hFOB1.19 were extracted
by TRIzol Reagent (Invitrogen, Carlsbad). Following the
detection of purity and concentration of RNA by
NanoDrop 3000 (ThermoScientific, MA) at 260/280 nm,
the RNA was converted to cDNA by PrimeScript RT
Master Mix (Takara Bio,
Amplification of the cDNA was carried out by real-time
quantitative PCR using the SYBR Premix Ex Taq™ II kit
(Takara, Shiga, Japan) on an ABI PRISM 7900 Real-Time
system (Applied Biosystems, Foster City, CA, USA).
GAPDH was used as the internal control for NUSAPI,
CDC20 and CCNA2.

Inc., Tokyo, Japan).

Western Blot Analysis

RIPA buffer was utilized to extract proteins from trans-
fected MG63, U20S, 143B h and FOB1.19. The protein
concentrations were then measured by BCA Protein Assay
kit (Pierce Biotechnology). Total protein samples were
separated by 10% SDS-PAGE and transferred onto
PVDF membranes (Invitrogen). Membranes were incu-
bated with the primary antibodies against NUSAP1 (1
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pg/mL, ab169083), Ki67 (1:1000, ab16667), PCNA
(1:1000, ab92552), CDC20 (1:2000, ab183479), CCNA2
(1:2000, ab181591) and GAPDH (1:2500, ab9485) over-
night at 4°C and incubated with HRP-conjugated second-
ary antibodies for 2 h. Finally, the bands on the membrane
were visualized with enhanced chemiluminescence (ECL)
Western Blotting System (GE Healthcare) and quantified
with Image J software.

Xenograft Experiments

All procedures using animals were approved by Animal
Care and Use Committee of Hangzhou Children’s
Hospital. All animal studies were conducted with the
guidelines established by the Animal Care and Use
Committee of Hangzhou Children’s Hospital. To establish
an in vivo osteosarcoma model, 143B cells (5x10° cells)
transfected with Ov-NUSAP1 or shRNA-NUSAPI-1 and
control cells were subcutaneously injected into the nude
mice on flanks. Tumor volume was measured every two
days for two weeks. At the 14th day after infection, the
mice were sacrificed with cervical dislocation. The tumors
were harvested and stripped, and were homogenized for
Western blot assay.

Flow Cytometry

Flow cytometric analysis was implemented to measure cell
cycle distribution. Briefly, the adhered cells transfected
different plasmids were obtained by trypsinization and
fixed with 70% ethanol. Then, cells were stained with 50
pg/mL propidium iodide and 100 pg/mL RNase I in PBS
for 30 min at 37°C. The samples were analyzed with
a FACScan flow cytometer (BD Biosciences, San Jose,
CA) and BD CellQuest software (BD Bioscience, USA).

Immunoprecipitation (IP) Assay
Osteosarcoma 143B cells were seeded in 12-well plates
and harvested at 80-90% confluency. Then the cells were
lysed in immunoprecipitation lysis buffer and were cen-
trifuged at 15,000g for 10min. The supernatants were
incubated with antibodies against NUSAP1, CDC20 and
CCNAZ2 at 4°C. Protein A—Sepharose was used to preci-
pitate with the immunocomplexes and the complexes were
analyzed by SDS-PAGE using ECL system detection.

Statistical Analysis

SPSS 17.0 (IBM, Armonk, NY, USA) was executed to ana-
lyze data. Data are presented as the means + S.D. A paired or
unpaired #-test was used to evaluate statistical significance of

the differences in two groups, and the differences among over
two groups were analyzed by one-way ANOVA. P < 0.05
represents a statistically significant difference.

Results
NUSAP| Was Upregulated in

Osteosarcoma Cell Lines

To investigate the role of NUSAPI in osteosarcoma, we
examined the expression of NUSAP1 in several osteosarcoma
cells and control cells. As shown in Figure 1A and B, the
mRNA and protein level of NUSAP1 were significantly
increased in MG63, U20S and 143B cells compared with
that in the normal osteoblast cell line hFOB1.19. Given that
NUSAPI expression was the highest in 143B cell line, we
143B cells for the
Furthermore, we used the Cancer Cell Line Encyclopedia
(CCLE) and found that NUSAP1 was highly expressed in
osteosarcoma cell lines (Figure 1C). These data suggested that

chose subsequent experiments.

NUSAPI may be related to the progression of osteosarcoma.

Effects of NUSAPI| on Cell Proliferation

of Osteosarcoma 143B Cells

To explore the functions of NUSAPI1 in osteosarcoma
cells, NUSAP1 overexpressed and silenced cell models
were constructed by transfection with Ov-NUSAP1 or
shRNA-NUSAPI into 143B cells. The transfection effi-
ciency was measured by RT-qPCR and Western blot assay
(Figure 2A and B). Next, the effects of NUSAP1 on143B
cell proliferation were determined with CCK-8 assay and
BrdU assay. As shown in Figure 2C, OD value was sig-
nificantly increased in Ov-NUSAP1 group compared with
the negative control and the control group. However,
transfection with sShRNA-NUSAPI1-1 suppressed the abil-
ity of cell proliferation when compared with shRNA-NC
group and the control group. In addition, according to the
EdU incorporation assay, the number of EdU-positive cells
in the cells transfected with Ov-NUSAP1 was dramatically
increased while the number of EdU-positive cells in cells
transfected with shRNA-NUSAP1-1 was remarkably less
than that of the cells in negative control group (Figure
2D). The result indicated that the overexpression or knock-
down of NUSAPI affected the proliferation of 143B cells.

Effects of NUSAPI on Tumor Growth of

Osteosarcoma in vivo
To further investigate the influence of NUSAP1 on cell
proliferation of osteosarcoma in vivo, an osteosarcoma
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Figure | NUSAPI was highly expressed in osteosarcoma cell lines. (A) RT-qPCR analysis was used to detect NUSAPI mRNA in osteosarcoma cell lines MG63, U20S and
143B and human normal osteoblast cell line hFOBI.19. (B) Western blot assay was performed to measure the protein expression of NUSAPI in the three osteosarcoma cell
lines and control cells. (C) The expression level of NUSAPI in osteosarcoma cell lines. Data were derived with permission from The Broad Institute of MIT & Harvard.
Cancer Cell Line Encyclopedia (CCLE). Available from: http://www.broadinstitute.org/ccle.*® Results are the mean + SD. ¥*P < 0,001 versus hFOB 1.19.

mouse model was established by injection 143B cells overexpression of NUSAPI1 significantly increased the
transfected with shRNA-NUSAP1-1 or Ov-NUSAPI tumor volume of mice compared with the control.
(Figure 3A). As shown in Figure 3B and C, Nevertheless, shRNA-NUSAPI-1 resulted in decreased
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Figure 2 Effects of NUSAP| overexpression or silencing on proliferative ability of
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of Ov-NUSAPI/shRNA-NUSAPI -1 transfected cells. Results are the mean + SD. *

tumor volume in mice. Additionally, Western blot results
revealed elevated protein levels of Ki67, PCNA and
NUSAPI in mice transfected overexpressed NUSAPI.
However, knockdown of NUSAPI repressed the produc-
tions of the three proteins in mice (Figure 3D). The data
indicated the association between NUSAP1 and tumor
aggressiveness in osteosarcoma in vivo.

Effects of NUSAPI on Cell Cycle of 143B
Cells

Cell cycling is connected with cancer cell proliferation and
G2/M arrest contributes to suppression of proliferation.'> To
evaluate the impact of NUSAP1 expression on the cell cycling
of 143B cells, flow cytometric analysis was performed. As
presented in Figure 4, upregulation of NUSAP1 reduced the

4P < 0.01, P < 0.001 versus Ov-NC group. P < 0.001 versus shRNA-NC group.

G1 phase population and enhanced the S phase population,
compared with those in negative control. However, the per-
centage of cells in S phase was decreased and the fractions of
cells in G1 phases were increased in shRNA-NUSAPI-1
group. The data suggested that NUSAP1 overexpression pro-
moted cell cycle progression while NUSAP1 silencing inhib-
ited cell proliferation by blocking cell cycle.

NUSAPI Regulates the Expressions of
CDC20 and CCNA2

Next, we implemented the bioinformatics analysis to inves-
tigate the molecule mechanisms of NUSAP1-induced effects
on osteosarcoma cells. Using STRING database (https://
string-db.org/), we predicted the combination of NUSAPI
with CDC20 and CCNAZ2 (Figure 5A). Then, RT-qPCR and

OncoTargets and Therapy 2021:14

3447

Dove:


https://string-db.org/
https://string-db.org/
https://www.dovepress.com
https://www.dovepress.com

Wang et al Dove
iControl . 5hRNJ\ NUS 1-1 -e- Control -e- Control
' 2 2500, -= Ov-NUSAP1 217 -= Ov-NUSAP1
k ) —+ ShRNA-NUSAP1-1 s -+ shRNA-NUSAP1-1
5~ 2000
"’E 204
i o
ov- NUSAP1 B £ 5 : £
E 3 -
b Z 1000 2
-E- =
18-
F 500
0 e e e . . ——_—
0 2 4 6 8 10 12 14
Ki67 — o——m
NUSAP1 — - —
PCNA e amm—
cAPDH EEEED GEED G- oo (D
*%
1.51 -+— 2.0- oy .20 i
= S5 Sz T
§3 = 23 T 23
2| 25 £
g g 10 BE 58
32 it =g
52 £ 5 104 %5 1.0
T E OF g ]
25 0.5 S5 Z5 T
2e £ o & e
®BE £5 051 T 25 08
= e T c e
- [ & =
0.0 — . . 0.0 . 0.0
y A A A A A A A A
Xt ¥ A- 0 p¥ A- iQ p¥ As
o S b ot S p¥ ot S p®
v ot A o G o A o3 o v o A . e

s““‘“h

oF

Figure 3 NUSAPI affected osteosarcoma tumor growth in vivo. (A) Xenografted animals were established by injection with osteosarcoma cells transfected with Ov-
NUSAP[/shRNA-NUSAPI - 1. Tumor volume (B) and body weight (C) of mouse models were measured every two days for two weeks. (D) Western blotting analysis was
carried out to detect the protein expressions of NUSAPI, Ki67 and PCNA. Results are the mean + SD. *P < 0.05, **P < 0.01, ***P < 0.00| versus control.

immunoblotting assay were carried out to verify the predic-
tion. As shown in Figure 5B and C, overexpression of
NUSAPI1 significantly increased the mRNA and protein
expressions of CDC20 and CCNA2 but transfection with
shRNA-NUSAPI-1 displayed the opposite effects in 143B
cells. Also, the immunoprecipitation result showed that
CDC20 and CCNA2 were present with the anti-NUSAP1
antibody in the IP assay but not with the control IgG (Figure
5D). The proteins of NUSAP1, CCNA2 and CDC20 were
detected with the anti-CDC20 and anti-CCNA2 antibody in
the IP assay (Figure S5E and F). The findings suggested that
NUSAPI might combine with CCNA2 and CDC20, and
regulated the expressions of them in osteosarcoma.

CDC20 and CCNAZ2 Silencing Inhibits
Cell Proliferation and Cell Cycle in

NUSAP | -Mediated 143B Cells
To evaluate the influence of CDC20 and CCNA2 on

NUSAPI1-mediated osteosarcoma cells, we transfected

shRNA-CDC20-1/2 or shRNA-CCNA2-1/2 into 143B cells
and detect the efficiency (Figure 6A and B). Then, cell
proliferation was assessed by CCK-8 and EdU assay. As
illustrated in Figure 6C and D, capacity of cell proliferation
was greatly improved in NUSAP1-overexpressed cells while
shRNA-CDC20-1 or shRNA-CCNAZ2-1 reversed the effects
of NUSAP1 on proliferation of 143B cells. In addition, flow
cytometric analysis showed that the G1 phase population was
reduced and the percentage of cells in S and G2/M phase was
increased by overexpression of NUSAPI. Nevertheless,
transfection with shRNA-CDC20-1 or shRNA-CCNA2-1
elevated the fractions of cells in G1 phases but reduced the
percentage of cells in S and G2/M phase in NUSAPI-
mediated 143B cells (Figure 7). These data revealed the
inhibitory effects of CDC20 and CCNA2 on cell proliferation
and cell cycle in NUSAP1-overexpressed 143B cells.

Discussion
Osteosarcoma derives from primitive bone-forming

mesenchymal cells. It can usually bring about intense
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Figure 4 Influence of NUSAPI on cell cycle progression of 143B cells. Flow cytometric analysis was employed to measure the percentage of cells in G, S and G2/M phase
after transfection of Ov-NUSAPI or shRNA-NUSAPI-1. Results are the mean + SD. *¥*P < 0.001 versus Ov-NC group. *P < 0.01, "#P < 0.001 versus shRNA-NC group.

pain and metastasis to other organs, leading to poor patient
prognosis.>'® In this study, we demonstrated that NUSAP1
was highly expressed in several osteosarcoma cell lines.
NUSAPI1 was associated with osteosarcoma proliferation
both in vitro and in vivo. In addition, we also revealed the
regulatory effect of NUSAPI on cell cycling of osteosar-
coma and the combination of NUSAP1 with CDC20 and
CCNAZ2. Moreover, inhibition of CDC20 and CCNA2
reversed the NUSAPI-induced aberrant proliferation and
cell cycle progress. These findings provide evidence for
carcinogenesis of NUSAP1 in osteosarcoma and revealed
the potential mechanism underlying NUSAP1-mediated
osteosarcoma.

NUSAPI plays significant roles in the stability and
accuracy of mitotic progression in organisms.'’
Accumulating evidence have indicated that abnormal
expression of NUSAP1 was implicated in tumorigenesis,
drug resistance and patient survival.'"® 2% Lj et al reported
that NUSAP1 contributed to cervical cancer via stimulat-
ing cancer stem cell (CSC) traits and facilitating epithelial-
mesenchyme transition (EMT) progression via Wnt/p-
catenin signaling.”' Furthermore, Okamoto et al found
that NUSAP1 expression was
Squamous Cell Carcinoma (OSCC)-derived cell lines and

knockdown of NUSAPI inhibited cell proliferation and

upregulated in Oral

also promoted anti-tumor effect of Paclitaxel by inducing
apoptosis in OSCC.?*> In addition, the involvement of
NUSAPI in bladder cancer has been demonstrated on
account of the effects of NUSAP1 knockdown or over-
expression on cell proliferation, migration, invasiveness
and chemosensitivity to gemcitabine by regulating the
activation of TGF-p Signaling Pathway.”

In the present study, we examined NUSAP1 expression
in some osteosarcoma cell lines and discovered the upre-
gulation of NUSAP1 in these cells compared with normal
osteoblast cells, which consistent with previously pub-
lished findings. However, we did not explore the expres-
sion of NUSAPI gene in bone mesenchymal cells-derived
tumor cells and we are exploring the expression and bio-
logical effects of NUSAP1 in bone mesenchymal cells-
derived tumor cell lines and investigating the potential
mechanism in our next study. Moreover, NUSAP1 was
revealed to be a facilitator in osteosarcoma proliferation
We transfected NUSAPI-
overexpressed plasmid into 143B cells to verify the results

and cell cycle in vitro.

above. The data revealed that 143B cell proliferation and
cell cycle progression were indeed stimulated by upregu-
lation of NUSAPI1, while NUSAP1 silencing have inverse
effects. Furthermore, to investigate whether NUSAPI
affects constructed an

osteosarcoma in Vvivo, Wwe
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Figure 5 The combination of NUSAP| with CDC20 and CCNA2 in 143B cells. (A) STRING database (https://string-db.org/) was used to predict the relationship between
NUSAPI, CDC20 and CCNAZ2. (B and C) The mRNA and protein expressions of CDC20 and CCNAZ2 in 143B cells were investigated by RT-qPCR and immunoblotting
assay after transfection with control or Ov-NUSAP|/shRNA-NUSAPI-1. (D—F) Immunoprecipitation (IP) assay was performed to verify the combination of NUSAP| with
CDC20 and CCNA2. Results are the mean * SD. *P < 0.05, **P < 0.01, **P < 0.001 versus Ov-NC group. #P < 0.05, *P < 0.01, P < 0.001 versus shRNA-NC group.

osteosarcoma mouse model and observed that the volume
of tumors was intervened after treated with NUSAPI-
overexpressed or NUSAPI1-silenced cell group compared
with the untreated tumor-bearing mice. Therefore, the
results of the study indicated the oncogenic impact of
NUSAPI Thus,
NUSAPI could be used to predict postoperative recurrent-

on development of osteosarcoma.
metastasis and serve as a crucial therapeutic target for
osteosarcoma.

It has received increasing attention in cell cycle-
related proteins for the role of these dysregulated proteins
in many types of diseases, especially in cancers.”*2°
CDC20 is a vital conserved cell cycle regulator that
modulates ubiquitin ligase activity of the APC/C complex
at the moment of the metaphase-anaphase transition in
mitosis and degrades the substrates of APC/CP<?°
including securin and cyclin A.*"*® Previous researches
have revealed that CDC20 suppressed apoptosis while
the and invasion of

accelerated proliferation

osteosarcoma cells.’*** Cyclin A2, as part of the sub-
strates of APC/C“P?°, s tightly linked with the process
of sister chromatid segregation. Wu et al analyzed the
microarray data GSE42352 and found that two mitosis
metaphase to anaphase-related genes CDC20 and cyclin
A2 were expressed highly in osteosarcoma cells.’!
Additionally, Shekhar reported that miR-449a and miR-
424 were downregulated but cyclin A2 was notably upre-
The
microRNAs inhibited aggressive osteosarcoma by cyclin

gulated in clinic osteosarcoma samples. two
A2 repression.>? Our study predicted a potential combi-
nation between NUSAP1, CDC20 and cyclin A2 by
bioinformatics analysis. According to the results of RT-
qPCR and Western blot, the expressions of CDC20 and
cyclin A2 were changed by knockdown or upregulation
NUSAPI in osteosarcoma cells. In addition, immunopre-
cipitation assay confirmed the relationship between
NUSAPI1, CDC20 and cyclin A2. We further investigated

the mechanism by which NUSAPI plays a role in
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Figure 6 CDC20 and CCNA2 silencing rescued NUSAP|-mediated cell proliferation and cell cycle in 143B cells. (A and B) RT-qPCR assay was implemented to measure
transfection efficiency in cells transfected with shRNA-CDC20-1/2 or shRNA-CCNAZ2-1/2. Results are the mean + SD. **P < 0.01, ***P < 0.001 versus shRNA-NC group.
CCK-8 assay (C) and BrdU assay (D) were applied for evaluating cell proliferation ability of sSsRNA-CDC20- |l or shRNA-CCNA2-| transfected cells. Results are the mean +
SD. *#P < 0.001 versus control. “#P < 0001 versus Ov-NUSAPI+shRNA-NC group.

osteosarcoma by binding to CDC20 and cyclin A2. The
results revealed downregulation of CDC20 and cyclin A2
rescued the NUSAPI1-mediated malignant properties of
osteosarcoma cells by cell proliferation inhibition and

cell cycle arrest.

Conclusions

Taken together, NUSAP1 exerts oncogenic roles in osteo-
sarcoma with accelerated cell proliferation and relieving
the blockage of cell cycle. Importantly, silencing of
CDC20 and cyclin A2 that were regulated by NUSAP1
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may serve as an alternative special therapy for osteosar-

coma patients.
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