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Abstract

Background: Osteosarcoma (OS) is a fatal adolescent tumor, which is suscep-
tible to remote metastases at an early stage, and its treatment remains a major
challenge. ubiquitin-specific protease 10 (USP10) is primarily located in the cyto-
plasm and can therefore deubiquitinate various cytoplasmic proteins. However,
the expression and mechanism of USP10 in OS remain ambiguous. The aim of
this study was to explore how USP10 affects Yes-associated proteinl (YAP1) to
influence the metastasis and epithelial-mesenchymal transition (EMT).
Methods: Western blotting, qRT-PCR, and immunohistochemical (IHC) analy-
ses were performed to evaluate USP10 and YAP1 levels. Using wound healing
and transwell tests, the roles and molecular pathways of USP10 and YAP1 ability
to migrate and invade of OS were investigated, and cell morphological alterations
were examined using phalloidin staining.

Results: Our results indicated that USP10, a new type of deubiquitinating pro-
tease, is increased in OS tissues and cells contrasted with adjacent healthy tis-
sues. Overexpression of USP10 correlated with tumor size, distant metastasis,
and TNM stage, and was an independent factor of poor prognosis in OS patients.
Also, USP10 expression is closely connected with the incident of OS metastasis
and tumor size. Functional assays revealed that USP10 knockdown suppressed
cell migrating and invading ability and inhibited the EMT of OS cells in vivo and
in vitro. In addition, we showed that USP10 knockdown decreased the levels
of YAP1, which is an important positive regulator of migration and invasion in
many cancers. We also found a significant positive correlation between USP10
and YAP1 levels, further demonstrating that USP10-induced migration and EMT
are based on YAP1 in OS cells. In a mechanistic way, USP10 stabilizes the expres-
sion of YAP1 by mediating its deubiquitination in OS cells.
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Conclusion: Together, this study showed that USP10 can directly interact with
YAPI to reduce ubiquitinated YAPI, thereby stabilizing its protein levels and af-

DENG ET AL.
fecting EMT and distant metastasis in OS cells.
KEYWORDS
deubiquitination, EMT, osteosarcoma, USP10, YAP1

1 | INTRODUCTION

Osteosarcoma (OS) is considered of the highest prevalent
primary bone cancers in adolescents and children and is
highly malignant." In recent decades, with the rapid de-
velopment of medicine, the 5-year overall survival rate of
individuals with early OS after surgical resection and ad-
juvant chemotherapy has reached as high as 50%-60%.>"*
However, OS has the characteristics of early lung metas-
tasis® and a high recurrence rate,® and recurrence mostly
manifests as distant lung metastasis. It has been reported
that the prognosis of metastatic patients remains poor
after treatment,” and the overall survival rate is often less
than 20%.%° Consequently, there is an immediate neces-
sity to locate effective molecular targets to reduce distant
metastasis in OS and improve the 5-year survival rate of
patients. Consequently, further clarification of the patho-
genesis of OS distant metastasis will establish a new con-
ceptual framework for OS-tailored treatment.

Ubiquitin-specific protease 10 (USP10) is one of the
main members of the family of deubiquitinating en-
zymes.' It is located in zone 1 of the long arm of chro-
mosome 16 and contains 18 exons.'! USP10 is composed
of 798 amino acids, with a relative molecular weight of
approximately 92.9 kD, and the main molecular domains
consist of Ataxin2C and a USP." Its molecular functional
structures are mainly cysteine-type endopeptidase and
ubiquitin sulfhydryl esterase. USP10 is mainly located
in the cytoplasm. It can deubiquitinate various proteins
in the cytoplasm and regulate cell proliferation, the cell
cycle, apoptosis, and autophagy through interaction with
G3BP.!* Recent research has suggested that USP10 mod-
ulates cell proliferation, migration, and apoptosis. Studies
have shown that USP10 is strongly expressed in various
tumor tissues, including hepatic,13 breast,'* and prostate
cancer.'>!> USP10 can inhibit the proliferation and me-
tastasis of lung cancer cells by upregulating PTEN expres-
sion.'® USP10 can also induce epithelial-mesenchymal
transition (EMT) in prostate cancer via deubiquitination
of substrate proteins.'” However, the expression and
mechanism of USP10 in OS remain unclear.

EMT is the process of transformation from epithelial to mes-
enchymal cells."” It confers the ability to metastasize and invade
cells, which includes stem cell characteristics, reduced apopto-
sis, and aging, and promotes immunosuppression.'® It not only

plays a key role in developmental processes but also partici-
pates in tissue healing, organ fibrosis, and cancer occurrence.
EMT of tumor cells plays a key part in the distant metastasis of
tumors. Throughout EMT, polarized epithelial cells undergo a
variety of complex changes that transform into mesenchymal
cells with high migratory and invasive capabilities. The typical
epithelial cell marker is E-cadherin, which mainly exists on the
surface of epithelial cell membranes, whereas vimentin and N-
cadherin are mainly found in mesenchymal-derived cells and
are important markers of mesenchymal cells.'**

Numerous recent research has proven that the Hippo/
YAP signaling system is a remarkably conserved growth
controlling signaling pathway, which plays a vital part in
tumor cell growth,”! and distant metastasis.** As a crucial
downstream effector of the Hippo signaling pathway, YAP1
has been shown to be overexpressed in most tumors.®
Overexpression of YAP1 can induce EMT in the triple-
negative breast cancer cell,** and Helicobacter pylori CagA
can promote EMT in stomach cancer cells by inducing the
expression of YAP1.> Our earlier research proved that over-
expression of YAP1 in OS promotes OS cell proliferation.*®
Nonetheless, YAP1function of the EMT stays unknown.

This research aimed to elucidate the roles of USP10 and
YAPI in osteosarcoma EMT as well as distant metastasis.
Our study showed that USP10 expression is increased in OS
and is correlated with disease progression and poor prog-
nosis in OS patients. USP10 enhances EMT and distant me-
tastasis of OS. We further investigated the mechanisms of
USP10 and YAP1 in osteosarcoma EMT, confirming that
USP10 regulates YAP1 expression through altering the
breakdown and ubiquitination of the downstream gene
YAP1, thereby affecting the EMT and distant metastasis
of osteosarcoma. To sum up, this research indicates that
USP10 is a potential therapeutic target for OS and provides
a theoretical basis for targeted therapy.

2 | MATERIALS AND METHODS
2.1 | Patients and human tissue
specimens

Following receiving written consent from the subjects and per-
mission from the Ethics Committee of the Second Affiliated
Hospital of Nanchang University, 51 samples of OS and
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surrounding tissues were obtained from the Second Affiliated
Hospital and the First Affiliated Hospital of Nanchang
University. All specimens were pathologically diagnosed with
OS. All patients were followed up for 3years. All specimens
were kept at —80°C in a refrigerator and used for western blot-
ting, QRT-PCR, and immunohistochemical (IHC) analyses.

2.2 | Celllines

The human osteosarcoma (OS) cell lines MG-63, 143B,
Saos-2, and U2-OS as well as the human osteoblast
cell line HfobI-19, were acquired through the Chinese
Academy of Sciences. The 143B cell line was cultivated in
Dulbecco's modified Eagle's medium (DMEM, American
Type Culture Collection); the MG-63 cell line was grown
in Minimum Essential Medium (MEM, PM150410, Procell
Life Science& Technology); the Saos-2 and U2-0S cell lines
were grown in McCoy's 5A (PM150710, Procell Life Science
& Technology) media were enriched with 10% Fetal bovine
serum (FBS; Gibcod), 1% penicillin, and 1% streptomycin.
The OS cell lines were cultivated in an incubator at 37°C,
with 5% CO, and 95% humidity. The osteoblast cell line
was grown in an incubator at 34°C, with 5% CO, and 95%
humidity. Cell homology, with all the above cell lines, was
confirmed through a series of short tandem repeats. All cell
lines were used within 6 months of being procured.

2.3 | Immunohistochemical analysis

Fresh frozen OS tissue and adjacent tissue specimens were
fixed using 4% paraformaldehyde, then immersed in paraf-
fin, sectioned to the thickness of 3um, degreased, and hy-
drated. The tissues were incubated overnight with antibodies
against USP10 (Abcam, ab109219, 1:100 dilution) and YAP1
(Abcam, ab52771, 1:200 dilution) at 4°C. The sections were
then incubated with the corresponding secondary antibodies
for 1h at room temperature, followed by microscopic obser-
vation. The staining intensity and the percentage of positive
cells were scored blindly, randomly, and semi-quantitatively.
The total staining index was calculated by the score and score
multiplied by 0-9 points, and the final score was USP10 non-
overexpression (0-1) or USP10 overexpression (2-9).

2.4 | Wound healing assay

OS cells in the logarithmic growth stage were transfected
with shRNAs for 4-6h, new complete media was supplied.
After 2days, the cells were planted in a 6-well plate at a con-
centration of 1x 10° cells for each well, using a complete cul-
ture medium. After the cells had grown to cover the 6-well

plate, a 200-pL sterile pipette point was utilized to scrape off
a bare area of the same width and wash off the cell debris
with PBS. The cells were cultured in an incomplete me-
dium, placed in an incubator for 24h, and then observed
using a microscope to take pictures of the wound healing.

2.5 | CCKS8 assays and EAU assay
CCKS8 assays and EdU assay were performed as previously
described.’

2.6 | Transwell assay

OS cells in the logarithmic growth phase were mixed in
200 puL serum-free media and seeded into the upper cham-
ber of the transwell. Following the addition of 60uL of
serum-containing complete media to the lower chamber,
the cells were placed into the incubator. Following being
incubated for 24 h, the nonpenetrative cells on the inner
side of the upper lumen membrane were removed using
a swab. The cells adhered to the bottom of the membrane
were fixed with 4% paraformaldehyde for 30 min and then
dyed using 0.1% crystal violet solution for 30 min. The cells
were washed with PBS solution three times in minutes,
observed randomly under a microscope, and for counting.

2.7 | Immunofluorescence

At a concentration of (1x10%), OS cells that were in the
logarithmic growth phase were seeded into a petri plate,
cultivated for 24h, washed with pre-cooled PBS, fixed
with paraformaldehyde at a concentration of 4%, allowed
to rest at room temperature for 15min, and then washed
again. After permeabilizing the cells using Triton X-100
(0.1%) for 30min, the cells were bound by BSA at room
temperature for 1h. Following an overnight incubation
at 4°C. with diluted primary antibodies against YAP,
E-cadherin, and N-cadherin and vimentin, the cells were
then treated with Alex-Fluor-568- or FITC-conjugated
anti-mouse secondary antibodies. The cells were observed
under a laser scanning confocal microscope.

2.8 | Quantitative reverse
transcription-PCR (qRT-PCR), western
blotting, and co-immunoprecipitation
(Co-IP) analyses

gqRT-PCR, western blot, and co-IP assays were conducted
according to the earlier description.®® The primers used
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for qRT-PCR were: USP10: forward: 5-AATAAAGGGAA
CTGGTGC-3, reverse: 5-CTATCATGGGTGTTGACGT-3;
YAP1: forward: 5-GCAACTCCAACCAGCAGCAACA-3,
reverse: 5-CGCAGCCTCTCCTTCTCCATCTG-3; and
GAPDH: forward: 5-AGCCTCAAGATCATCAGCAATG-3,
reverse: 5-CCATCACGCCACAGTTTCC-3. The anti-
bodies used for western blotting were: USP10 (Abcam,
ab109219, 1:1500 dilution), YAP1 (Abcam, ab52771,
1:1000 dilution), vimentin (Abcam, ab92547, 1:1500 dilu-
tion), E-cadherin (Abcam, ab40772, 1:1500 dilution), N-
cadherin (Abcam, ab18203, 1:1500 dilution), and GAPDH
(Abcam, ab9485, 1:5000 dilution).

2.9 | Lentivirus construction,
recombinant plasmid, and siRNA
transfection

The USP10 shRNA, shNC, USP10 overexpression, and
control overexpression lentiviruses were purchased
from GenePharma. qRT-PCR and western blotting con-
firmed the stable knockdown and upregulation of USP10.
Plasmids overexpressing YAP1 and YAP1-siRNA were ob-
tained from GenePharma. Using the Lipofectamine 3000
Transfection Reagent, the plasmids were transfected into
the OS cells in a manner that was compliant with the in-
structions provided by the supplier (Invitrogen).

210 | Phalloidin staining

OS cells in the logarithmic growth phase were inoculated
in a confocal culture dish, cultured in a serum-free me-
dium for 1day, fixed on ice with 3.75% paraformaldehyde
for a period of 15min, rinsed thrice using PBS; after that,
they were washed by 0.1% Triton X-100. They were then
permeabilized with PBS solution at room temperature
for 15min, rinsed once again using PBS three times, and
incubated with phalloidin conjugated to YF@488 (UE
Everbright@ Inc) for 20 min in the dark. A laser scanning
microscope (Leica) was used to observe the images.

211 |
in vivo

Growth and metastasis assay

In vivo proliferation and metastasis experiments, osteo-
sarcoma cells (5% 10° in 100mL of PBS) were inoculated
on the back of 5-week-old nude mice (female BALB/c-nu/
nu) and injected through the tail vein, and the nude mice
were sacrificed 30 days later for collection tumor and lung
tissue. Tumors were weighed, photographed, and stained
with HE.
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2.12 | Statistical analysis

The tests were carried out more than three times, and
the collected statistics are shown as the mean +standard
deviation (SD). For conducting the statistical analysis,
GraphPad Prism 8 and SPSS 26.0 statistical tools were uti-
lized. A Student's t-test with no matching pair of data was
used to analyze the variations between the two sets of in-
formation. When analyzing the data from various groups,
a one-way analysis of variance (ANOVA) was carried out.
At a level of statistical significance <0.05, variations were
regarded as significant.

3 | RESULTS

3.1 | USP10 expression is upregulated in
OS and significantly correlated with the
prognosis of OS patients

THC analysis of 51 cases of OS and its adjacent tissues in-
dicated that USP10 expression was increased in 68.63%
(35/51) of OS tissues but was only detected in 17.65%
(9/51) (Figure 1A,B) of adjacent tissues. Tumor and adja-
cent tissues were subjected to qRT-PCR and western blot-
ting, and the findings confirmed that USP10 was highly
expressed in OS tissues (Figure 1C-E). Furthermore, we
investigated the relationship between USP10 levels and
different clinicopathological features of OS and found that
higher USP10 expression was correlated with larger tumor
size, more metastases and worse TNM stage (Table 1).
Similarly, we found that USP10 levels were associated
with prognosis in OS patients. Survival analysis using the
Kaplan-Meier method showed that patients with high
USP10 expression had worse overall survival than those
with low USP10 expression (Figure 1F). Additionally, uni-
variate and multivariate logistic regression analyses indi-
cated that USP10 was an independent predictor of poor
prognosis in OS patients (Table 2). At the same time, our
results also showed that USP10 expression in the OS cell
line was significantly increased compared with that in typ-
ical osteoblasts (Figure 1G,H). Taken together, the above
results indicated that USP10 was significantly overexpres-
sion in OS, and the increase of USP10 was correlated with
disease progression and poor prognosis in OS patients.

3.2 | USP10 affects the invasion and
migration of OS cells

For additional examination of the role of USP10 in OS
cells, we transfected shUSP10, shNC, p-USP10, and vector
plasmids into OS cells in compliance with the supplier's
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guidelines, and we verified the effectiveness of the trans-
fection using western blotting and qRT-PCR (Figure 2A,B).
Furthermore, we performed wound healing and transwell
tests to confirm the OS cells’ migrating and invading abil-
ity after USP10 knockdown and overexpression. The re-
sults indicated that USP10 downregulation in U2-OS and
143B cells reduced their migration and invasiveness abili-
ties (Figure 2C,E). Simultaneously, upregulation of USP10
in MG-63 and Saos-2 cells increased their migration and
invasiveness abilities (Figure 2D,F). To sum up, the cur-
rent results suggest that USP10 promotes the migration
and invasiveness of OS cells.

3.3 | Downregulation of USP10 can
inhibit EMT in OS cells

Our results confirmed EMT's active contribution in
the invasiveness as well as migration of tumor cells.

In this study, qRT-PCR and western blot tests dem-
onstrated that upon reduction of USP10 in U2-OS
and 143B cells, the mRNA and protein levels of EMT-
related genes N-cadherin and vimentin reduced, while
that of E-cadherin increased (Figure 3A,B). In addition,
we observed an abnormal expression of E-cadherin,
N-cadherin, and vimentin using immunofluorescence
(Figure 3C). Confocal imaging was used to observe the
morphological changes in cells stained with phalloidin
(Figure 3D). In brief, the above experiments confirmed
that USP10 downregulation could inhibit EMT in OS
cells.

3.4 | TGF-p can block the inhibitory
effect of shUSP10 on EMT in OS cells

Transforming growth factor-f (TGF-) performs a key part
in EMT in various malignant tumors.? Thence, we further
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TABLE 1 Association of USP10 . 2 a
expression with clinical features in Total USP10 expression X p-value
osteosarcoma patients. Classification High Low
Age 0.155 0.877
<18 28 14 14
218 23 11 12
Gender 0.444 0.657
Female 29 15 14
Male 22 10 12
Tumor size (cm) 2.241 0.025*
<5 18 5 13
25 33 20 13
Location 1.552 0.121
Upper limb bone 24 9 15
Lower limb bone 27 16 11
TNM stage 1.980 0.048*
I/11 26 9 17
I1/Iv 25 16 9
Distant metastasis 4.561 0.033*
MO 32 12 20
M1 19 13 6
Vital status 1.570 0.210
Alive 29 12 17
Dead 22 13 9
Recurrence 0.954 0.329
Absence 32 14 18
Presence 19 11 8

Bold values emphasize that the p-value is statistically significant.

Chi-squared test.

*p<0.05.
TABLE 2 Univariate and multivariate .. . . o
. . Univariate analysis Multivariate analysis
analyses of the prognostic factors in OS
patients using a Cox regression model. Parameters HR 95%CI p-value HR 95%CI p-value
Age (<18 vs. 218) 1.50  0.64-3.51 0.349 — — —

Gender (female vs. male) 2.35 0.91-6.03  0.076 — — —
Tumor size (<5 vs. >5) 5.81 1.70-19.83  0.005** 211  0.47-9.44 0.327
Location (upper limbvs. 1.50  0.65-3.48  0.345 — — —

lower limb)

Stage (I/1I vs. III/IV) 9.25  2.15-39.85 0.003** 2.69  0.56-13.03 0.219

Distant metastasis (MO~ 3.01  1.29-7.04  0.011* 1.94 0.49-7.79 0.348
vs. M1)

Recurrence (absence vs. 1.21 0.46-3.18 0.698 1.35 0.50-3.62 0.551
presence)

USP10 expression (high  1.11 1.05-1.18 3.64E-04*** 1.11 1.03-1.20  0.005**
vs. low)

Bold values emphasize that the p-value is statistically significant.
Abbreviations: CI, confidence interval; HR, hazard ratio.
*p<0.05; ¥ p <0.01; **p <0.001.
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verified that USP10 can regulate the EMT of OS cells by
using TGF-f. The OS cells transfected with shUSP10 were
treated with TGF-B (5ng/mL). After 48h, the mRNA as
well as protein levels of N-cadherin and vimentin elevated
when contrasted with the control group, whereas those of
E-cadherin reduced (Figure 4A,B). Moreover, transwell
and wound healing experiments revealed that relative to
the control group, the migrating and invading capabilities
of OS cells transfected with shUSP10 increased after the
addition of TGF-p (5ng/mL) for 48h (Figures 4C-E). In
summary, these results demonstrated that TGF-p could
reverse the suppressing impact of shUSP10 on EMT in OS
cells.

3.5 | USP10 positively regulates YAP1
protein expression in osteosarcoma cells

We have previously confirmed that the Hippo/YAP
signaling pathway performs key part in the develop-
ment of OS. YAP1 is overexpressed in OS cells and
promotes their growth.? In this study, USP10 downreg-
ulation in OS cells was accompanied by a decrease in
YAP1 protein levels. Conversely, when USP10 was over-
expressed, YAP1 protein levels increased, but its mRNA
levels remained unchanged (Figure 5A,B). At the same
time, qRT-PCR, western blotting, and IHC analyses
proved that YAP1 expression increased in OS tissues
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more than in adjacent tissues (Figure 5C-E). In addi-
tion, a scatter plot assessment demonstrated that the
protein expression patterns of USP10 and YAP1 were
positively correlated (Figure 5F). In summary, USP10
positively regulates YAP1 protein expression in osteo-
sarcoma cells.

3.6 | YAP1 is essential for USP10-
mediated EMT and migration of OS cells

As mentioned above, we discovered that YAP1 plays a
role downstream of USP10. Therefore, we investigated the
function of YAP1 in the EMT of osteosarcoma cells. First,
we upregulated YAP1 in OS cells that had been trans-
fected with the shUSP10 plasmid and confirmed its over-
expression using western blotting. Meanwhile, the protein

levels of vimentin and N-cadherin elevated, whereas that
of E-cadherin reduced (Figure 6A). The findings of the
Transwell experiment revealed that shUSP10 inhibited
the invasiveness and migration of OS cells. Moreover, the
introduction of the YAP1 overexpression plasmid reversed
this inhibitory effect (Figure 6B).

Next, we knocked down YAP1 in OS cells transfected
with the p-USP10 plasmid and demonstrated its silencing
effect by western blotting. Meanwhile, the protein levels
of N-cadherin and vimentin decreased, whereas that of
E-cadherin increased (Figure 6C). The results of the tran-
swell assay showed that p-USP10 promoted the invasive
and migratory abilities of OS cells. However, the introduc-
tion of a plasmid that silences YAP1 inhibited this pro-
moting effect (Figure 6D). Taken together, these results
indicate that YAP1 mediates EMT and migration induced
by USP10 in OS cells.
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3.7 | Downregulation of USP10 can
inhibit the growth of OS cells in vitro,
inhibit the growth and metastasis in vivo

As shown in Figure 7A, EAU assays showed that USP10
downregulation inhibited OS cell growth. In addi-
tion, CCK8 assays confirmed that USP10 knockdown
inhibited the proliferation of U2-OS and 143B cells
(Figure 7B). For examining the impacts of USP10 on
OS in vivo, we constructed a tumor xenotransplanta-
tion model, in which the shUSP10 OS cells were sub-
cutaneously inoculated and administrated into the tail
vein of nude mice, respectively. Nude mice were exe-
cuted after 30days of growth. Tumor and lung tissues
were collected for weighing and photographing, and the
lung tissue was stained with HE. Histological analysis
showed that lung metastasis occurred in five cases in
the shNC group. The above data indicated that xeno-
grafts derived from the shUSP10 group grew at a signifi-
cantly slower rate in 143B cells than those derived from
the control group (Figure 7C,D). And then, only one
case of lung metastasis was observed in the shUSP10
group (Figure 7E,F). Representative photographs of the

lungs from the shNC and shUSP10 groups are shown in
Figure 7G. Collectively, these results show that down-
regulation of USP10 can inhibit the proliferation and
metastasis of OS cells in vivo.

3.8 | USPI10 stabilizes the expression of
YAP1 by mediating its deubiquitination in
OS cells

To elucidate USP10 mechanism for regulating YAPI,
we confirmed that USP10 can directly bind to YAP1 by
Co-IP (Figure 8A). In our previous study, we showed
that YAP1 can be degraded by ubiquitination in OS
cells.?® The results of a previous study confirmed that
USP10 can stabilize substrate proteins by inhibiting
their ubiquitination-mediated degradation through
deubiquitination.®® Therefore, we speculated that
USP10 could stabilize YAP1 protein expression by in-
hibiting ubiquitination and degradation of YAP1. In
eukaryotic cells, the ubiquitin-proteasome pathway
is the major mechanism for the targeted degradation
of proteins with short half-lives, proteasome inhibitor
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(carbobenzoxy-leu-leu-leucinal) can inhibit the deg-
radation of proteins by ubiquitin.* The experimental
conditions of MG132 have been discussed in our previ-
ous experimental studies.?®?® Therefore, we tested this
hypothesis by treating OS cells with MG132 (15uM) for
a specific time period. The results showed that with the
accumulation of MG132 treatment time, the accumula-
tion of endogenous YAP1 protein in U20S and MG-63
cells were more significant (Figure 8B). These outcomes
agree with the earlier studies’ findings.*®

Next, to further study whether USP10 affects YAP1
protein degradation, we knockdown or overexpression
of USP10 in osteosarcoma cells and examined the impact
of various expression patterns of USP10 on YAP1 protein
levels in cells treated with or without MG132. The findings
showed that OS cells treated with MG132 show no changes
in the expression of YAP1 protein due to the overexpres-
sion or silencing of USP10 (Figure 8C,D). Cycloheximide
(CHX), it's a protein translation inhibitor. The experi-
mental conditions of CHX have been discussed in our
previous experimental studies.”®*® Furthermore, protein

degradation kinetic tests revealed a significant extension
of the half-life of YAP1 protein in U2-OS and MG63 cells
with upregulated USP10 (Figure 8E,F). These results con-
firm that USP10 affects YAP1 protein degradation.

We assessed the function of USP10 in YAP1 degrada-
tion. The findings showed that ectopic USP10 expression
in a dose-dependent manner led to a significant rise in en-
dogenous YAP1 protein levels in U2-OS and MG-63 cells
(Figure 8G). Furthermore, HA-YAP1 and Flag-USP10
were cotransfected into OS cells. USP10 upregulation was
discovered to have a dose-dependent impact on YAP1
expression, suggesting that USP10 can stabilize YAP1 ex-
pression (Figure 8H).

Finally, we examined the method through which
USP10 stabilizes the expression of YAP1 protein; we
treated shUSP10/P-USP10 U20S and shUSP0/P-USP10
MG-63 cells with MG132. Co-IP outcomes demonstrated
that downregulation of USP10 rose the ubiquitination of
YAPI, and conversely, upregulation of USP10 decreased
the ubiquitination of YAP1 (Figure 8I). In conclusion,
the above results confirm that USP10 regulates the
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ubiquitination and breakdown of YAP1 to maintain its
levels.

Based on these results, we can conclude that USP 10
changes the degradation and ubiquitin of YAP1 in osteo-
sarcoma cells, thus stabilizing the expression of YAP1
(Figure 9).

4 | DISCUSSION

Despite rapid developments in medicine, including in
the fields of surgery, radiotherapy, and chemotherapy,
the 5-year survival rate of patients with OS is low, with
one of the reasons being the metastasis of OS in the early
stages. Therefore, understanding the mechanism of OS
metastasis can provide new avenues for OS treatment.
The metastasis of malignant tumors is a complicated
process that is affected by many factors. Research has
noted that EMT performs a crucial part in distant metas-
tasis,!”3? including breast,> liver,* prostate cancers,>
and OS cells.* Studies have found that EMT and distant
metastasis in OS is strongly correlated with the abnor-
mal expression of oncogenes in tumor cells.*’ This study
proved that increased USP10 expression is a predictor of
poor OS prognosis and has a pivotal contribution in EMT
and metastasis in OS.

USP10 is a member of the deubiquitinating enzyme
family.'® Its molecular functional structures are mainly
cysteine-type endopeptidase and ubiquitin sulfhydryl
esterase. Yuan et al. found that, USP10 mainly local-
izes in the cytoplasm and regulates p53 homeostasis.
Following DNA damage, USP10 also translocates to
the nucleus and contributes to p53 activation.*® Recent
studies have shown that USP10 plays different roles in
different tumors. Lin et al. showed that USP10 inhibits
the occurrence and development of colon cancer by deu-
biquitinating SIRT6.% Sun et al. found that USP10 in-
hibits the proliferation and metastasis of tumor cells by
upregulating PTEN expression.'® Takayama et al. found
that USP10 can inhibit P53 by deubiquitinating G3BP2."
Yuan et al. found that USP10 can deubiquitinate TGF-§3
to promote distant metastasis of hepatocellular carci-
noma in Smad4-positive patients.13 These investigations
have demonstrated that USP10 has a key contribution to
malignant tumors. Our study findings revealed that the
expression of USP10 in cancerous tissues was increased
compared with that in the paracancerous tissues of pa-
tients with OS. The expression of USP10 was correlated
with tumor size, distant metastasis, and TNM stage in OS
patients. Further in vivo and in vitro experiments in this
work have shown that high USP10 expression can pro-
mote EMT and metastasis in OS cell lines. In conclusion,



DENG ET AL.

U2-08 143-B

(A)

shNC

shUSP10 shNC

EdU DAPI

Merged

(B) ©

12-08 143-B

L — ShiNC

— shUSP10

— shNC
— shUSP10

n

15

P

Weight(g)

OD values (450 nm)

e
2
OD values (450 nm)

4
>

e

T T T T T X
1 2 3 4 s 0 1 2 3 4 5

Days (d) Days (d)

o
=

F

Lung Metastasis
shNC-143B shUSP10-143B

o e 14463
Cancer Medicine _ “WI LEYJ—

shUSP10

Fed
%
]

El shNC
B shUSP10

S e
'S EN
1 1

S-phase raction (%)
B

ol
°
I

U2-08 143-B

(©)

(G)

shUSP10-143B

Lung
Metastasis

100X

143B-shNC
143B-shUSP10

5/6
1/6

400X

FIGURE 7 Downregulation of USP10 can inhibit the growth of OS cells in vitro, inhibit the growth and metastasis in vivo. (A, B) EAU
and CCKS8 assays showed that shUSP10 cell proliferation was inhibited (*p <0.05). (C, D) Nude mice were subcutaneously inoculated with

osteosarcoma cells (143B) transfected with shUSP10 and shNC plasmids to observe tumor formation in vivo, and tumors were collected and
weighed 30days later (**p <0.01). (E) Osteosarcoma cells (143B) were transfected with shUSP10 and shNC plasmids into the tail vein of
nude mice, and lung tissues were collected for HE staining 30 days later. (F) Prevalence of lung metastases in shNC and shUSP10 groups of

nude mice. (G) Representative photographs of the lungs in shNC and shUSP10 mice.

our experiments indicate that USP10 may affect OS pro-
gression as an oncogene and affect OS progression.

EMT induces a variety of signaling pathways, such as
the Hippo-YAP signaling pathway.*’ Prior research has
revealed that the Hippo/YAP signaling pathway is unusu-
ally active in multiple cancers and is widely included in
their biological processes,*' including liver cancer,** pan-
creatic cancer,” and glioma.44 Therefore, to elucidate the
pathway through which USP10 controls EMT, we decided
to focus on the Hippo-YAP signaling pathway's YAP1
downstream protein. First, we discovered that USP10 and
YAP1 expressions elevated in OS cell lines and cancerous
tissues and that the two were positively correlated. On the
one hand, silencing USP10 in OS cell lines downregulated

YAP1 expression and simultaneously reduced the EMT
ability, resulting in a decrease in distant metastasis of OS.
On the other hand, USP10 overexpression promoted YAP1
expression, improved EMT, and simultaneously increased
distant tumor metastasis. Upregulation of YAP1 can re-
verse the decrease in EMT caused by USP10 silencing and
increase the distant metastasis of OS cells, while downreg-
ulation of YAP1 can weaken the increase in EMT caused
by USP10 overexpression and decrease the distant metas-
tasis of OS cells. In summary, these results indicate that
USP10 affects EMT and metastasis in OS by regulating the
expression of YAP1.

Research has noted that USP10 can influence the bi-
ological functions of cells by limiting ubiquitination and
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FIGURE 8 USPIO0 stabilizes the expression of YAP1 by mediating its deubiquitination in OS cells. (A) The co-IP results confirmed that
USP10 and YAP1 interact directly in osteosarcoma cells. (B) The expression of YAP1 in U20S and MG-63 osteosarcoma cells treated with
protease inhibitor MG132 (15pM) was detected by western blotting. (C, D) Western blot results showed that the expression level of YAP1
did not change significantly after knockdown or upregulation of USP10 osteosarcoma cells treated with MG132. (E, F) Osteosarcoma cells
U2-0S and MG-63 were transfected with the plasmid encoding HA-YAP1, in the presence or absence of the Flag-USP10 plasmid. It was then
treated with CHX (20 uM), and finally, the interpretation of YAP1 was observed by western blotting. (G) Endogenous YAP1 expression levels
were measured by transfecting OS cells with different doses of Flag-USP10 plasmid, (H) U2-OS and MG-63 cells were transfected by plasmid
encoding HA-YAP1 or in combination with Flag-USP10 plasmid. YAP1 expression was observed by an anti-HA antibody. (I) Osteosarcoma
cells were transfected with knockout/overexpressing USP10 plasmids and treated with MG132 (15uM), and ubiquitinated YAP1 levels were
assessed by western blotting with anti-Ub antibody.

the breakdown of substrate proteins. In our previous affects the protein levels of YAP1 but not its mRNA lev-
study,”® we found that YAP1 was degraded by ubiquitina- els. Therefore, we speculated that USP10 might stabilize
tion. Interestingly, in this study, it was found to USP10 =~ YAP1 protein levels by deubiquitinating it. Moreover,
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FIGURE 9 Proposed model for

the mechanism through which USP10
promotes the metastasis and epithelial-
mesenchymal transition of osteosarcoma
(OS) cells by regulating the expression of
YAPI.
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through co-IP experiments, Zhu et al. found that USP10
directly binds to YAP1 in liver cancer cells.*® In this study,
we found that USP10 can directly bind to YAP1 in OS
cell lines. Reduce ubiquitinated YAP1 by deubiquitina-
tion, thereby preventing its degradation by the ubiquitin-
protease system and stabilizing the expression of YAP1.

5 | CONCLUSION

In conclusion, our findings indicate that USP10 and
YAP1 expressions increased in OS tissues and cell
lines. Our study also showed that USP10 is associated
with disease progression and poor prognosis in osteo-
sarcoma patients. Simultaneously, we also observed
that USP10 could affect the EMT and osteosarcoma
cells’ invasiveness and migration in vivo and in vitro.
Through co-IP, we found that USP10 can directly inter-
act with YAP1 to reduce ubiquitinated YAP1, thereby
stabilizing its protein levels and affecting EMT and
distant metastasis in OS cells. Therefore, this study in-
dicated that USP10 is a potential predictive factor for
diagnosing EMT and distant metastasis in OS and is a
possible future treatment.

AUTHOR CONTRIBUTIONS

Jianyong Deng: Conceptualization (lead); data cura-
tion (lead); formal analysis (lead); validation (lead); writ-
ing - original draft (lead). Xuan Yi: Conceptualization
(equal); formal analysis (equal); methodology (equal);
validation (equal); writing — original draft (equal). Zuxi
Feng: Investigation (equal); methodology (equal). Jie
Peng: Validation (equal). Dan Li: Methodology (equal);
validation (equal). Chen Li: Supervision (equal). Binbin
Deng: Formal analysis (equal). Shuaigang Liu: Formal
analysis (equal). Souradeep Sahu: Validation (equal).

| USP10
g

. 14465
Cancer Medicine _ “WI LEYJ—

Low
USP10

i

0P
b Up

U

Ubiquitination
deubiquitination

/

\ﬂ /
c.pt\; é_l
“c

EMT Degradate

Liang Hao: Conceptualization (equal); funding acquisi-
tion (lead); supervision (lead); writing — review and edit-
ing (lead).

ACKNOWLEDGMENTS
We thank Elsevier's English Language Editing Service for
editing this manuscript.

FUNDING INFORMATION

This study was supported by grants from the National
Natural Science Foundation of China (Nos. 81760487 and
82060492), College Students' Innovative Entrepreneurial
Training Plan Program (No. 202110403003), and Project
of the Jiangxi Provincial Department of Science and
Technology (No. 20212ACB216011).

CONFLICT OF INTEREST STATEMENT
No potential conflict of interest was reported by the
author(s).

DATA AVAILABILITY STATEMENT

The datasets generated and analyzed during the current
study are available from the corresponding author upon
reasonable request.

ETHICS STATEMENT

The Ethics Committee of the Second Affiliated Hospital
of Nanchang University approved the use of human
data and tissues. Each participant signed a written in-
formed consent form prior to the study. All animal ex-
periments were approved by the Animal Experimental
Ethics Committee of the Second Affiliated Hospital of
Nanchang University.

ORCID

Liang Hao @ https://orcid.org/0000-0001-5658-9975


https://orcid.org/0000-0001-5658-9975
https://orcid.org/0000-0001-5658-9975

ﬂI—WI LEY_Cancer Medicine

DENG ET AL.

REFERENCES
1. Kim EH, Kim MS, Takahashi A, et al. Carbon-ion beam irra-

10.

11.

12.

13.

14.

15.

16.

17.

diation alone or in combination with zoledronic acid effec-
tively kills osteosarcoma cells. Cancers (Basel). 2020;12:698.
doi:10.3390/cancers12030698

Han G, Wang Y, Bi W. C-Myc overexpression promotes osteo-
sarcoma cell invasion via activation of MEK-ERK pathway.
Oncol Res. 2012;20:149-156. doi:10.3727/096504012x135222
27232237

Ye Z, Jingzhong L, Yangbo L, Lei C, Jiandong Y. Propofol inhib-
its proliferation and invasion of osteosarcoma cells by regula-
tion of microRNA-143 expression. Oncol Res. 2013;21:201-207.
doi:10.3727/096504014X13890370410203

Yan K, Gao J, Yang T, et al. MicroRNA-34a inhibits the prolif-
eration and metastasis of osteosarcoma cells both in vitro and
in viv 0. PLoS One. 2012;7:€33778.

Saraf AJ, Fenger JM, Roberts RD. Osteosarcoma: accelerating
Progress makes for a hopeful future. Front Oncol. 2018;38:4.
doi:10.3389/fonc.2018.00004

Xu Q, Gao T, Zhang B, Zeng J, Dai M. Primary osteosarcoma in
elderly patients: a report of three cases. Oncol Lett. 2019;18:990-
996. d0i:10.3892/01.2019.10446

Isakoff MS, Bielack SS, Meltzer P, Gorlick R. Osteosarcoma:
current treatment and a collaborative pathway to success. J
Clin Oncol. 2015;33:3029-3035. doi:10.1200/JC0.2014.59.4895
Hegyi M, Semsei AF, Jakab Z, et al. Good prognosis of localized
osteosarcoma in young patients treated with limb-salvage sur-
gery and chemotherapy. Pediatr Blood Cancer. 2011;57:415-422.
doi:10.1002/pbc.23172

Mialou V, Philip T, Kalifa C, et al. Metastatic osteosarcoma
at diagnosis: prognostic factors and long-term outcome-the
French pediatric experience. Cancer. 2005;104:1100-1109.
Soncini C, Berdo I, Draetta G. Ras-GAP SH3 domain binding
protein (G3BP) is a modulator of USP10, a novel human ubig-
uitin specific p rotease. Oncogene. 2001;20:3869-3879.

Zeng Z, Wu HX, Zhan N, et al. Prognostic significance of USP10
as a tumor-associated marker in gastric carcinoma. Tumour
Biol. 2014;35:3845-3853. d0i:10.1007/s13277-013-1509-1
Takayama KI, Suzuki T, Fujimura T, Takahashi S, Inoue S.
Association of USP10 with G3BP2 inhibits p53 signaling and
contributes to poor outcome in prostate cancer. Mol Cancer Res.
2018;16:846-856. doi:10.1158/1541-7786.MCR-17-0471

Yuan T, Chen Z, Yan F, et al. Deubiquitinating enzyme USP10
promotes hepatocellular carcinoma metastasis through deu-
biquitinating and stabilizing Smad4 protein. Mol Oncol.
2020;14:197-210. doi:10.1002/1878-0261.12596

Yang R, Chen H, Xing L, et al. Hypoxia-induced circWSB1 pro-
motes breast cancer progression through destabilizing p53 by
interacting with USP10. Mol Cancer. 2022;21:88. do0i:10.1186/
$12943-022-01567-z

Ballar Kirmizibayrak P, Erbaykent-Tepedelen B, Gozen O,
Erzurumlu Y. Divergent modulation of proteostasis in prostate
cancer. Adv Exp Med Biol. 2020;1233:117-151. doi:10.1007/978-
3-030-38266-7_5

Sun J, Li T, Zhao Y, et al. USP10 inhibits lung cancer cell
growth and invasion by upregulating PTEN. Mol Cell Biochem.
2018;441:1-7. doi:10.1007/s11010-017-3170-2

Acloque H, Adams MS, Fishwick K, Bronner-Fraser M, Nieto
MA. Epithelial-mesenchymal transitions: the importance of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

changing cell state in development and disease. J Clin Invest.
2009;119:1438-1449. d0i:10.1172/JCI38019

Kalluri R, Weinberg RA. The basics of epithelial-mesenchymal
transition. J Clin Invest. 2009;119:1420-1428. doi:10.1172/
JCI39104

Brabletz T, Kalluri R, Nieto M, Weinberg R. EMT in cancer. Nat
Rev Cancer. 2018;18:128-134. d0i:10.1038/nrc.2017.118
Lamouille S, Xu J, Derynck R. Molecular mechanisms of
epithelial-mesenchymal transition. Nat Rev Mol Cell Biol.
2014;15:178-196. doi:10.1038/nrm3758

He J, Bao Q, Yan M, et al. The role of Hippo/yes-associated
protein signalling in vascular remodelling associated with
cardiovascular disease. Br J Pharmacol. 2018;175:1354-1361.
doi:10.1111/bph.13806

Zhang X, Liu X, Luo J, et al. Notch3 inhibits epithelial-
mesenchymal transition by activating Kibra-mediated Hippo/
YAP signaling in breast cancer epithelial cells. Oncogenesis.
2016;5:€269. d0i:10.1038/0ncsis.2016.67

Guimei M, Alrouh S, Saber-Ayad M, et al. Inhibition of yes-
associated Protein-1 (YAP1) enhances the response of inva-
sive breast cancer cells to the standard therapy. Breast Cancer
(Dove Med Press). 2020;12:189-199. d0i:10.2147/BCTT.S268926
Cao D, Zhu GY, Lu Y, et al. Luteolin suppresses epithelial-
mesenchymal transition and migration of triple-negative
breast cancer cells by inhibiting YAP/TAZ activity. Biomed
Pharmacother. 2020;129:110462. doi:10.1016/j.biopha.2020.
110462

Li N, Feng Y, Hu Y, et al. Helicobacter pylori CagA promotes
epithelial mesenchymal transition in gastric carcinogenesis
via triggering oncogenic YAP pathway. J Exp Clin Cancer Res.
2018;37:280. doi:10.1186/s13046-018-0962-5

Yi X, Deng X, Zhao Y, et al. Ubiquitin-like protein FAT10
promotes osteosarcoma growth by modifying the ubiquitina-
tion and degradation of YAP1. Exp Cell Res. 2020;387:111804.
doi:10.1016/j.yexcr.2019.111804

Deng X, Yi X, Huang D, et al. ROCK2 mediates osteo-
sarcoma progression and TRAIL resistance by modulat-
ing O-GlcNAc transferase degradation. Am J Cancer Res.
2020;10:781-798.

Deng X, Deng J, Yi X, et al. Ubiquitin-like protein FAT10
promotes osteosarcoma glycolysis and growth by upregu-
lating PFKFB3 via stabilization of EGFR. Am J Cancer Res.
2020;10:2066-2082.

Pickup M, Novitskiy S, Moses HL. The roles of TGFbeta in the
tumour microenvironment. Nat Rev Cancer. 2013;13:788-799.
doi:10.1038/nrc3603

Zhu H, Yan F, Yuan T, et al. USP10 promotes prolifer-
ation of hepatocellular carcinoma by deubiquitinating
and stabilizing YAP/TAZ. Cancer Res. 2020;80:2204-2216.
doi:10.1158/0008-5472.CAN-19-2388

Kim Y, Kim H. Proteasome inhibitor MG132 is toxic and inhib-
its the proliferation of rat neural stem cells but increases BDNF
expression to protect neurons. Biomolecules. 2020;10:1507.
doi:10.3390/biom10111507

Neelakantan D, Zhou H, Oliphant MUJ, et al. EMT cells in-
crease breast cancer metastasis via paracrine GLI activation
in neighbouring tumour cells. Nat Commun. 2017;8:15773.
doi:10.1038/ncomms15773


https://doi.org//10.3390/cancers12030698
https://doi.org//10.3727/096504012x13522227232237
https://doi.org//10.3727/096504012x13522227232237
https://doi.org//10.3727/096504014X13890370410203
https://doi.org//10.3389/fonc.2018.00004
https://doi.org//10.3892/ol.2019.10446
https://doi.org//10.1200/JCO.2014.59.4895
https://doi.org//10.1002/pbc.23172
https://doi.org//10.1007/s13277-013-1509-1
https://doi.org//10.1158/1541-7786.MCR-17-0471
https://doi.org//10.1002/1878-0261.12596
https://doi.org//10.1186/s12943-022-01567-z
https://doi.org//10.1186/s12943-022-01567-z
https://doi.org//10.1007/978-3-030-38266-7_5
https://doi.org//10.1007/978-3-030-38266-7_5
https://doi.org//10.1007/s11010-017-3170-2
https://doi.org//10.1172/JCI38019
https://doi.org//10.1172/JCI39104
https://doi.org//10.1172/JCI39104
https://doi.org//10.1038/nrc.2017.118
https://doi.org//10.1038/nrm3758
https://doi.org//10.1111/bph.13806
https://doi.org//10.1038/oncsis.2016.67
https://doi.org//10.2147/BCTT.S268926
https://doi.org//10.1016/j.biopha.2020.110462
https://doi.org//10.1016/j.biopha.2020.110462
https://doi.org//10.1186/s13046-018-0962-5
https://doi.org//10.1016/j.yexcr.2019.111804
https://doi.org//10.1038/nrc3603
https://doi.org//10.1158/0008-5472.CAN-19-2388
https://doi.org//10.3390/biom10111507
https://doi.org//10.1038/ncomms15773

DENG ET AL.

. 14467
Cancer Medicine _ “WI LEYJ—

33.

34.

35.

36.

37.

38.

39.

40.

Bai F, Zhang LH, Liu X, et al. GATA3 functions downstream
of BRCA1 to suppress EMT in breast cancer. Theranostics.
2021;11:8218-8233. d0i:10.7150/thno.59280

Shi DM, Li LX, Bian XY, et al. miR-296-5p suppresses
EMT of hepatocellular carcinoma via attenuating NRG1/
ERBB2/ERBBS3 signaling. J Exp Clin Cancer Res. 2018;37:294.
doi:10.1186/513046-018-0957-2

Zhao Y, Cai C, Zhang M, et al. Ephrin-A2 promotes prostate
cancer metastasis by enhancing angiogenesis and promoting
EMT. J Cancer Res Clin Oncol. 2021;147:2013-2023. doi:10.1007/
$00432-021-03618-2

MaL, Xue W, Ma X. GATA3 is downregulated in osteosarcoma
and facilitates EMT as well as migration through regulation of
slug. Onco Targets Ther. 2018;11:7579-7589. doi:10.2147/ott.
5176534

Zhao Y, Wang Z, Wang Q, et al. Overexpression of FES might
inhibit cell proliferation, migration, and invasion of osteo-
sarcoma cells. Cancer Cell Int. 2020;20:102. doi:10.1186/
$12935-020-01181-3

Yuan J, Luo K, Zhang L, Cheville J, Lou Z. USP10 regulates
p53 localization and stability by deubiquitinating p53. Cell.
2010;140:384-396. doi:10.1016/j.cell.2009.12.032

Lin Z, Yang H, Tan C, et al. USP10 antagonizes c-Myc tran-
scriptional activation through SIRT6 stabilization to suppress
tumor formation. Cell Rep. 2013;5:1639-1649. doi:10.1016/].
celrep.2013.11.029

Liu X, Yun F, Shi L, Li ZH, Luo NR, Jia YF. Roles of signal-
ing pathways in the epithelial-mesenchymal transition in

41.

42.

43.

44.

cancer. Asian PacJ Cancer Prev.2015;16:6201-6206. d0i:10.7314/
apjcp.2015.16.15.6201

Chai J, Xu S, Guo F. TEAD1 mediates the oncogenic activities
of hippo-YAP1 signaling in osteosarcoma. Biochem Biophys Res
Commun. 2017;488:297-302. doi:10.1016/j.bbrc.2017.05.032
Sun T, Mao W, Peng H, Wang Q, Jiao L. YAP promotes
sorafenib resistance in hepatocellular carcinoma by upregulat-
ing survivin. Cell Oncol (Dordr). 2021;44:689-699. doi:10.1007/
$13402-021-00595-z

Deng X, Fu X, Teng H, et al. E3 ubiquitin ligase TRIM29 pro-
motes pancreatic cancer growth and progression via stabi-
lizing Yes-associated protein 1. J Transl Med. 2021;19:332.
doi:10.1186/s12967-021-03007-w

Zhao M, Zhang Y, Jiang Y, et al. YAP promotes autophagy and
progression of gliomas via upregulating HMGBI. J Exp Clin
Cancer Res. 2021;40:99. doi:10.1186/s13046-021-01897-8

How to cite this article: Deng J, Yi X, Feng Z, et al.
Deubiquitinating enzyme USP10 promotes
osteosarcoma metastasis and epithelial-
mesenchymal transition by stabilizing YAP1. Cancer
Med. 2023;12:14452-14467. doi:10.1002/cam4.6074



https://doi.org//10.7150/thno.59280
https://doi.org//10.1186/s13046-018-0957-2
https://doi.org//10.1007/s00432-021-03618-2
https://doi.org//10.1007/s00432-021-03618-2
https://doi.org//10.2147/ott.S176534
https://doi.org//10.2147/ott.S176534
https://doi.org//10.1186/s12935-020-01181-3
https://doi.org//10.1186/s12935-020-01181-3
https://doi.org//10.1016/j.cell.2009.12.032
https://doi.org//10.1016/j.celrep.2013.11.029
https://doi.org//10.1016/j.celrep.2013.11.029
https://doi.org//10.7314/apjcp.2015.16.15.6201
https://doi.org//10.7314/apjcp.2015.16.15.6201
https://doi.org//10.1016/j.bbrc.2017.05.032
https://doi.org//10.1007/s13402-021-00595-z
https://doi.org//10.1007/s13402-021-00595-z
https://doi.org//10.1186/s12967-021-03007-w
https://doi.org//10.1186/s13046-021-01897-8
https://doi.org/10.1002/cam4.6074

	Deubiquitinating enzyme USP10 promotes osteosarcoma metastasis and epithelial–­mesenchymal transition by stabilizing YAP1
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patients and human tissue specimens
	2.2|Cell lines
	2.3|Immunohistochemical analysis
	2.4|Wound healing assay
	2.5|CCK8 assays and EdU assay
	2.6|Transwell assay
	2.7|Immunofluorescence
	2.8|Quantitative reverse transcription-­PCR (qRT-­PCR), western blotting, and co-­immunoprecipitation (Co-­IP) analyses
	2.9|Lentivirus construction, recombinant plasmid, and siRNA transfection
	2.10|Phalloidin staining
	2.11|Growth and metastasis assay in vivo
	2.12|Statistical analysis

	3|RESULTS
	3.1|USP10 expression is upregulated in OS and significantly correlated with the prognosis of OS patients
	3.2|USP10 affects the invasion and migration of OS cells
	3.3|Downregulation of USP10 can inhibit EMT in OS cells
	3.4|TGF-­β can block the inhibitory effect of shUSP10 on EMT in OS cells
	3.5|USP10 positively regulates YAP1 protein expression in osteosarcoma cells
	3.6|YAP1 is essential for USP10-­mediated EMT and migration of OS cells
	3.7|Downregulation of USP10 can inhibit the growth of OS cells in vitro, inhibit the growth and metastasis in vivo
	3.8|USP10 stabilizes the expression of YAP1 by mediating its deubiquitination in OS cells

	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


