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Background/Purpose: Osteosarcoma (OS), a primary bone malignancy, is characterized
by a high rate of metastasis. It has been found that Sushi repeat containing protein X-linked 2
(SRPX2) is involved in tumor cell proliferation, adhesion, invasion and migration. The
current work aimed to explore the effect of SRPX2 on OS cell invasion and proliferation.
Methods: Immunohistochemistry (IHC), Western blotting and reverse transcription-
polymerase chain reaction (RT-PCR) were used to detect the expression of the associated
protein in OS tissues and cell lines. Cell counting kit-8 (CCKS), transwell and colony
formation assays were used to determine cell viability, invasion, and proliferation, respec-
tively. The in vivo tumorigenic ability of SRPX2 gene was determined using nude mouse
tumorigenesis test.

Results: SRPX2 knockdown suppressed the viability, while SRPX2 overexpression
increased the invasion and colony formation ability of the cells in vitro. In vivo experiments
demonstrated that SRPX2 knockdown inhibited tumor growth and invasion as evidenced by
decreased Ki67 and N-cadherin levels, and increased E-cadherin level. Downregulation of
SRPX2 increased YAP phosphorylation resulting in reduced nuclear translocation to activate
Hippo signaling pathway. The promotion of cell viability, colony-forming ability, and
invasion, and the inhibition of CTGF, Cyr61, and Birc5 levels promoted by SRPX2 over-
expression were reversed by YAP inhibition.

Conclusion: SRPX2 increased cell proliferation and invasion in osteosarcoma by activating
Hippo signaling pathway.

Keywords: osteosarcoma, SRPX2, proliferation, invasion, Hippo signaling pathway

Introduction

Osteosarcoma (OS) is the most common osteoblastic malignancy among adoles-
cents and children. OS can be classified into osteoblastic osteosarcoma, chondro-
blastic osteosarcoma and fibroblastic osteosarcoma,' and is characterized by high
malignancy grade, dismal prognosis, early local recurrence, and distant metastasis.
Most of these patients have developed micro metastases in the lung and have
dismally low 5-years survival rate.” Currently, the main treatment modality for
OS is still the surgery combined with chemotherapy, however the side effects of
systemic chemotherapy are extensive, and generally results are some damage to
various organs of the human body. In addition, the surgical treatment has a serious
impact on limb function, and patients often find it difficult to accept the
consequences.” Metastasis of OS seriously affects the quality of life and prognosis

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2020:13 1737-1749 1737
© 2020 Wu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY Ne

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Wu et al

Dove

for patients. Therefore, gene therapy has become the focus
of intense research. However, its specific mechanism and
the treatment options still need further study. The identifi-
cation of effective therapeutic targets is one of the key
issues that needs to be addressed in gene therapy.

Sushi repeat containing protein X-linked 2 (SRPX2) is
a novel chondroitin sulfate proteoglycan originally identified
as a downstream target of the E2A-HLF fusion gene molecule
within leukemia cells and plays a crucial part in regulating
cellular migration and adhesion in gastric cancer.’
Additionally, SRPX2 was reported to exert the key role during
tumorigenesis in several studies. SRPX2 expression is upre-
gulated in cell lines and tissues of human colorectal cancer
(CRC).” Down-regulating SRPX2 markedly inhibited CRC
cell adhesion, proliferation, and metastasis.” SRPX2 was
also significantly upregulated in human glioblastoma tissue,
and overexpressing SRPX2 promoted glioblastoma cell inva-
sion and migration.® However, the effect of SRPX2 in osteo-
sarcoma has not been reported yet. Therefore, this work aimed
to explore the effect of SRPX2 in osteosarcoma and under-

stand its mechanism.

Materials and Methods

Tumor Specimens

Tumor and adjacent tissue specimens from 60 OS
patients (mean age, 16.72 + 3.91 years; 28 males and
32 females) were obtained between January 2015 and
December 2018 at the Fudan University. The patients’
clinical information pertaining to the patients are listed in
Table 1. Each patient was examined by two pathologists
and OS was confirmed based on the histopathologic
assessment. Following retrieval, each tissue specimen
was snap-frozen within liquid nitrogen immediately and
preserved at —80°C until further experimentation. The
study protocol was approved by the ethics committee of
the Fudan University. A written informed consent was
obtained for each sample, which was then analyzed anon-
ymously. This study was performed in accordance with
the Declaration of Helsinki. A parent or legal guardian
provided the written informed consent for any patient
under the age of 18 years.

Immunohistochemistry (IHC)

IHC staining was performed for each tumor specimen from
human OS and nude mouse. Each section was subjected to
overnight incubation with one of the following primary
antibodies, including anti-SRPX2 (abcam; ab91584; 1:500

Table | Association Between SRPX2 Expression and Clinical
Characteristics of Patients with Osteosarcoma

Clinical Cases SRPX2 Expression
Characteristics (n=60) R
High Low P-value
(n=48) (n=12)
Sex 0.365
Male 28 21 7
Female 32 27 5
Age 0.897
<I8 31 25
|8 29 23 6
Tumor site 0.05
Distal femur 22 16 6
Proximal tibia 20 15 5
Others 18 17 |
Enneking staging 0.037*
11l 26 24 2
1l 34 24 10
Distant metastasis 0.006*
Absent 40 36
Present 20 12 8

Notes: y” test, *p < 0.05.

dilution), anti-Ki67 (abcam; ab16667; 1:500 dilution), anti-
N-cadherin (abcam; ab202030; 1:500 dilution) and anti-
E-cadherin (abcam; ab76055; 1:500 dilution), at 4°C.
Then, each section was incubated in PBS (at pH=7.4) and
washed with PBS for thrice. Subsequently, each section was
incubated with the goat anti-rabbit immunoglobulin
BS10043;
Bioworld Technology, Inc.) was added into each section

G secondary antibody (1:1,000; cat. no.

incubate at ambient temperature for 60 min. The Olympus
BX51 light microscope (Olympus Corporation; magnifica-
tion, X100 and x200) was used to examine the sections
following IHC staining. All specimens were then assigned
with scores based on the cytoplasmic staining intensity
(with, 0 indicating no staining; 1 indicating weak staining,
2 suggesting moderate staining, and 3 representing strong
staining), and the extent of stained cells (0 indicating 0%, 1
suggesting 1-24%, 2 representing 25-49%, 3 was indicat-
ing of 50-74%, and 4 for 75-100%). Moreover, the inten-
sity score was multiplied with the score of the stained cell
extent to determine the eventual immunoreactive score,
which ranged from 0 (minimal) to 12 (maximal). In addi-
tion, 0, 1-6, and >8 points were defined as negative, weak
positive, and strong positive expression, separately. Each
experiment was carried out in triplicate.

submit your manuscript

1738

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

Cell Lines and Cell Culture

143B, U20S, MG63, and Saos-2 cells were provided by
Bena Culture Collection Biotechnology Co., Ltd., (Beijing,
China). hFOBI1.19 cells were obtained from Procell
(Wuhan, China). Saos-2, MG63, hFOB1.19 and U20S
cells were cultivated within the Dulbecco’s Modified
Eagle Medium (DMEM, BD, USA) containing fetal bovine
serum (FBS, 10%, Hyclone, Logan, UT, USA). The
RMPI1640 medium containing 10% FBS was used to the
143B cells. All cells were cultivated at 37°C in an incubator
under CO, atmosphere.

Cell Transfection

SRPX2 and YAP that were silenced were achieved using
small interfering RNA (siRNA). The siRNAs were
designed by Genepharma Inc. (Shanghai, China). SRPX2
and the negative control siRNA sequences are shown
below: si-SRPX2#1 (5'-GGAUGAAAGCUACAAUGAA
-3" (sense)), si-SRPX2#2 (5'-GGAUGAAAGCUACAA
UGAA-3" (sense)), and si-YAP (5'-CCGGGAUGUCU
CAGGAAUU-3’ (sense)). Transient transfection was car-
ried out with fluorescence-labeled siRNAs using
Lipofectamine 2000 (Invitrogen, CA, United States)
according to the manufacturer’s protocol.

The sequence of primers used for the human SRPX2 gene
(NCBI_NM 014467.3) was as follows, 5-GCCAGTCA
GCTAACTCAAAGAG-3' (reverse) and 5'-TCACTCGC
ATATGTCCCTTTGCTC-3"-3" (forward). The human
SRPX2 gene was cloned into the pcDNA3.1-GFP expression
vector (GenSscript Biotechnology, China). Cells were plated
and grown until 70% confluence, followed by transient trans-
fection with specific vector using the Lipofectamine 2000
according to the manufacturer’s
pcDNA3.1-GFP  vector
control. The transfection efficiency was observed under

protocol. Empty

was used as the negative

a fluorescence microscope after 48 h of culture.

Cell Grouping

Cells were divided into eight groups: negative control (NC)
group: negative control siRNAs were transfected into U20S
and 143B cells; SRPX2-knockdown (KD)1 group: siRNA-
SRPX2#1 was transfected into U20S and 143B cell; SRPX2-
KD2 group: siRNA-SRPX2#2 was transfected into 143B and
U20S cells; Control (CTRL) group: empty pcDNA3.1
vectors were transfected into Saos2 and Mg63 cells; SRPX2-
overexpression (OE) group: pcDNA3.1-SRPX2 was
transfected into Saos2 and Mg63 cells; YAP-KD group:

siRNA-YAP was transfected into Saos2 cells; SRPX2-OE+
YAP-KD group: pcDNA3.1-SRPX2 and siRNA-YAP- were
co-transfected into Saos2 cells; SRPX2-OE+Peptide 17: after
Saos2 cells were pre-treated with 10 nM of Hippo
inhibitor (Peptide 17; Selleck Chemicals, USA) for 4 h,
pcDNA3.1-SRPX2 was transfected into Saos2 cells.

Cell Viability Assay

CCKS8 was used to determine cell viability in each group. Cells
(1x10° cells/well) were planted into the 96-well plates and
cultured for 24 hrs. Then, the cell viability was determined
using the CCK8 assay (MedChemExpress, New Jersey, USA).
Cells from the respective groups were cultured for an addi-
tional 24, 48, 72 and 96 hrs. Later, CCKS solution (10 pL) was
added and cells treated for 4 h at 37°C. Subsequently, the
absorbance was read at a wavelength of 450 nm using an
iMark microplate absorbance reader (Bio-Rad Laboratories,
Inc., Hercules, CA, USA) for obtaining the growth curve.
Each experiment was carried out in triplicate.

Colony Forming Assay

Following trypsin digestion, the RPMI1640 medium was
added to the cells. Then, the cell suspension was plated in
the culture dish at 1x10° cells/well. The culture dishes
were incubated for 2 weeks at 37°C in an incubator with
5% CO2. Incubation was terminated when the cell colo-
nies became visible. Thereafter, the supernatant was
removed, and cells were washed with PBS followed by
fixation in 4% paraformaldehyde (Beyotime, Shanghai,
China) for 15 min. The cells were then air-dried after
staining with 0.1% crystal violet (Beyotime, Shanghai,
China) for 15 min. Subsequently, the number of cell colo-
nies formed were calculated. Each experiment was carried
out in triplicate.

Transwell Assay

Cells from the different groups were suspended within the
serum-free medium, followed by pancreatin digestion. The
cell number of cells were counted and 200 pL of the cell
suspension (including 5 x 10° cells) was added into the
upper chamber, while 500uL DMEM supplemented with
10% FBS was added into the lower chamber of the transwell
chamber (Corning, New York, USA). Thereafter, the cells
were incubated a humidified incubator at 37°C for 24 hrs.
The cells that have penetrated the transwell chamber were
rinsed, followed by 4% formaldehyde fixation and staining
with 0.1% crystal violet (Beyotime). The invading cells were
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observed with a microscope (Olympus Corporation, Japan)
and counted. Each experiment was carried out in triplicate.

Tumor Xenograft Assay

Female Balb/c nude mice (4-week-old) weighing 16-22
g were provided by Nanjing Junke Biological Engineering
Co. Ltd. (Jiangsu, China). All of the in vivo experimental
protocols were approved by the Animal Care and Use
Committee of Fudan University. The procedures were per-
formed according to the guidelines and regulations of the
Animal Care and Use Committee of the Fudan University
(Shanghai, China). All animals were raised in pathogen-free
conditions and maintained with 12:12 hrs light/dark cycle at
a temperature of 24-28°C and humidity of 40-60%. Mice
could drink water and eat food freely. Sixteen nude mice
were used in this experimental study. The Mice were
randomly divided into 4 groups (4 mice/group), and
2x10° siRNA-SRPX2 transfected U20S cells or
pcDNA3.1-SRPX2 transfected Mg63 cells were subcuta-
neously injected into the right armpit of the mice. The
body weight and tumor size of the mice were measured
using an electronic scale and vernier caliper, respectively,
every 2 days. The mice were sacrificed after 21 days and the
expression of SRPX2 (abcam; ab91584), Ki67 (abcam;
ab16667), E-cadherin (abcam; ab76055) and N-cadherin
(abcam; ab202030) were analyzed in tumors by IHC
staining.

RNA Isolation and RT-PCR Assay

The total cellular RNA was extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA), and then transcribed into
cDNA using PrimeScript” RT reagent Kit (Takara, RRO47A,
Dalian, China) according to the manufacturer’s instructions.
The SYBR® Premix Ex Taq™ II (Takara, RR820A, Dalian,
China) was used to carry out qPCR a real-time PCR machine
(Light Cycler 96, Roche) using the two-stage program vari-
ables shown below: preincubation at 95°C for 60s, followed
by 5 s at 95°C and 30 s at 60°C for 40 cycles. All the results
are shown as target mRNA levels normalized to the house-
keeping gene, P-actin. The primer sequences used in the
analysis are as follows: for SRPX2, 5- GGCACTTAC
ACCTGCACAAA-3' (forward); 5'- CCTCCACTCCATCT
CCCATC-3' (reverse); for B-actin: 5-ACTCTTCCAGC
CTTCCTTCC-3' (forward); and 5-CAATGCCAGGGTA
CATGGTG -3’ (reverse). Each experiment was carried out
in triplicate.

Western Blotting

The treated tissues or cells were subjected to lysis with
ice-cold RIPA buffer (Beyotime, China) containing
(PMSF;
Beyotime). Cell lysate or tissue samples containing

1 mmol/L phenylmethylsulfonyl fluoride
20 pg of protein were separated using 8—12% sodium
dodecyl sulfate-polyacrylamide gels electrophoresis
(SDS-PAGE) wells for 0.5 h of electrophoresis at 80
V, followed by 1 h at 120 V. The proteins were trans-
ferred onto the PVDF membranes (Millipore, Bedford,
MA), that were blocked using the 5% skim milk at
ambient temperature for 1.5 h, incubated with the
TBST buffer for 15 min for thrice (15 min each) and
then with the specific horseradish peroxidase (HRP)-
conjugated secondary antibodies (1:10,000 dilution;
Proteintech, Chicago, IL) for 1 h at ambient tempera-
ture. The proteins were detected using enhanced chemi-
luminescence reagents (NCM, China). The following
primary antibodies were used in the current study,
including anti-SRPX2 (ab91584; 1:800 dilution), anti-
E-cadherin  (ab76055; 1:500 dilution), anti-Ki67
(ab16667; 1:1000 dilution), anti-N-cadherin (ab202030;
1:800), anti-phospho-YAP (ab223126; 1:500 dilution),
anti-YAP (ab56701; 1:1000 dilution), anti-lamin
B (ab16048; 1:2000), and anti-B-actin (ab179467;
1:2500 dilution) (Abcam, Cambridge, UK). B-actin was
used as the loading control for the cytoplasm, while
lamin B was used as the loading control for the nucleus.
Each experiment was carried out in triplicate.

Statistical Analysis

In this study, we defined log2(T/N) of relative SRPX2
expression > 0 as high expression. The correlations of
SRPX2 expression with the clinicopathological features
were examined using the y2 test. The Kaplan-Meier
method was used to plot the survival curves, while the
Log-rank test was utilized for analysis. All values are
presented as means = standard deviation (SD). SPSS
software was used for all statistical analyses. ANOVA
followed by LSD test was carried out for multi-
comparison, whereas the Students’ ¢ test was used for
comparisons between two distinct groups. The differ-
ence of p < 0.05 was deemed as statistically significant.
“*” was identified as p < 0.05 and “**” was identified

as p < 0.01.
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Results was no correlation of SRPX2 expression with patient sex

Upregulated Expression of SRPX2 Was (¢ = 0.363), age (p = 0.897), or tumor site (p = 0.05,
Table 1). According to the Kaplan-Meier assay, upregu-

Detected Within OS Cells and Tissues, . . o
d Was S v A ited with P lated expression of SRPX2 was associated with dismal
an as sStrongly Associated wit oor survival in patients (Figure 1E). Furthermore, Western

Survival blotting and RT-PCR results revealed low expression
A total of 60 sets of OS tissue and para-carcinoma tissue  of SRPX2 expression within the OS cell lines
specimens were collected from our hospital. IHC staining (Figure 1F-H). Our results indicated higher SRPX2
revealed positive expression of SRPX2 mainly in the  oyoression in 143B and U20S cell lines compared to
plasmalemma and cytolymph and the intensity of .. Saos2 and Mg63 cell lines.

SRPX2 expression was higher in the tumor group than
in the normal group (Figure 1A) by IHC staining. As
expected, SRPX2 expression was upregulated in OS tis- SRPX2 RegUIated Cell Growth and

sues (Figure 1B-D). We also found that SRPX2 expres- Invasion in vitro

sion correlated with distant metastasis (p = 0.006) and The transfection efficiency of siRNA-SRPX2 or
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Figure | Expression level of SRPX2 was significantly increased in OS tissues and cell lines and associated with poor prognosis. (A) SRPX2 expression in OS tissues and
normal tissues was examined by immunohistochemical analysis; (B) the mRNA expression level of SRPX2 gene was detected by RT-PCR in OS tissues; (C and D) the protein
expression level of SRPX2 gene was detected by Western blot assay in OS tissues of 5 patients; (E) Kaplan-Meier survival analysis was performed to investigate the
relationship between SRPX2 low expression and SRPX2 high expression; (F and G) the protein expression level of SRPX2 gene was detected by Western blot assay in OS
cell lines; (H) the mRNA expression level of SRPX2 gene was detected by RT-PCR assay in OS cell lines. B-actin was used as a load control. Each experiment was carried out
in triplicate. Data are presented as the mean * standard deviation. *p<0.05 versus Normal group/or hFOBI.19 group.
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Figure 2 The transfection efficiency was determined in cells with SRPX2-KD or SRPX2-OE. (A) SRPX2 protein and mRNA level of SRPX2-KDI and SRPX2-KD2
groups in 143B and U20S cells were detected by Western blot and RT-PCR assay; (B) SRPX2 protein and mRNA level of SRPX2-OE group in Mgé3 and Saos2 cells
were detected by Western blot and RT-PCR assay; (C) Transfection efficiency of SRPX2 inhibition in 143B and U2OS cells; (D) Transfection efficiency of SRPX2
overexpression in Saos2 and Mgé3 cells. B-actin was used as a load control. Each experiment was carried out in triplicate. Data are presented as the mean * standard

deviation. **p<0.05 versus NC group/or CTRL group.

using Western blotting and RT-PCR assays. We found
that in the presence of si-SRPX2#1 or si-SRPX2#2, the
protein and mRNA levels of SRPX2 were markedly
decreased the U20S 143B
(Figure 2A). Similarly, with SRPX2 overexpression,
the protein and mRNA levels of SRPX2 were markedly
increased in the Saos2 and Mg63 cell lines (Figure 2B).
As shown in Figure 2C and D, the transfection effi-
ciency of si-SRPX2#1 or si-SRPX2#2 was <30% and
the transfection efficiency of SRPX2 overexpression

in and cell lines

construct was > 85%. These results showed that si-
SRPX2#1 or si-SRPX2#2 and pcDNA3.1-SRPX2 were
successfully transfected into the OS cell lines. The
results of the CCKS8 analysis showed that SRPX2
knockdown (KD) decreased the viability of 143B and
U20S cells, while SRPX2 overexpression (OE) pro-
moted the viability of Mg63
(Figure 3A and B). The colony-forming ability and
invasion ability were reduced in the 143B and U20S
cells following SRPX2 KD (Figure 3C and D).
Similarly, the colony-forming ability and invasion abil-

and Saos2 cells

ity were further promoted in the Mg63 and Saos2 cells
following SRPX2 OE, detected using colony formation
and transwell assays (Figure 3E and F).

SRPX2 Knockdown Inhibited

Tumorigenesis in vivo

Compared to the NC group, SRPX2 KD dramatically
repressed subcutaneous tumor growth (Figure 4A). In the
SRPX2 KD 1 group, the tumor volume was markedly reduced
relative to that in the NC group (Figure 4B). On day 21, the
nude mice were sacrificed and the tumor were removed and
weighed. In the SRPX2 KD 1 group, the tumor weight was
markedly reduced relative to that in NC group (Figure 4C).
The expression of SRPX2, Ki67, N-cadherin, and E-cadherin
expression was analyzed by IHC. The results demonstrated
that the expression of SRPX2, Ki67, and N-cadherin was
markedly reduced following SRPX2 KD (Figure 4D). ITHC
further revealed that SRPX2 KD significantly increased the
expression of E-cadherin (Figure 4D).

SRPX2 Overexpression Promoted

Tumorigenesis in vivo

In vivo experiments, SRPX2 OE significantly upregulated
subcutaneous tumor growth in vivo (Figure 5A). In the
SRPX2 OE group, the tumor volume was significantly
larger compared to that in the CTRL group (Figure 5B).
On day 21, the nude mice were sacrificed and the tumors
were removed and weighed. In the SRPX2 OE group, the
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Figure 3 SRPX2 regulated the proliferation and invasion of OS cells. After 143B and U20S cells were transfection with SRPX2-KD | or SRPX2-KD2 and Mgé3
and Saos2 cells were transfection with SRPX2-OE, (A) the cell viability was detected by CCK8 assay in 143B and U2OS cells with SRPX2-KD | or SRPX2-KD2;
(B) the cell viability was detected by CCK8 assay in Mg63 and Saos2 cells with SRPX2-OE; (C) the ability of cell proliferation of 143B and U20S cells with SRPX2-
KD | or SRPX2-KD2 was detected by colony formation; (D) the ability of invasion of 143B and U20S cells with SRPX2-KD | or SRPX2-KD2 was detected by
transwell assay; (E) the ability of cell proliferation of Mgé3 and Saos2 cells with SRPX2-OE was detected by colony formation; (F) the ability of invasion of Mgé3
and Saos2 cells with SRPX2-OE was detected by transwell assay. Each experiment was carried out in triplicate. Data are presented as the mean * standard
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group/or CTRL at 72 h and 11p<0.0l versusNC group/or CTRL at 96 h.

tumor weight was markedly higher compared with that in ~ Ki67, and N-cadherin was notably increased following
the CTRL group (Figure 5C). The expressions of SRPX2, SRPX2 OE (Figure 5D). IHC also revealed that SRPX2
Ki67, N-cadherin, and E-cadherin were analyzed by IHC.  OE significantly decreased the expression of E-cadherin
The results demonstrated that the expression of SRPX2, (Figure 5D).
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was determined; (D) SRPX2, Ki67, N-cadherin and E-cadherin protein expression in the tumors collected from different groups were determined using immunohistochem-
istry assays. Each experiment was carried out in triplicate. Data are presented as the mean * standard deviation. **p<0.05 versus NC group.

Downregulation of SRPX2 Reduced
Nuclear Translocation of YAP by Enhancing
the Phosphorylation of YAP to Activate the
Hippo Signaling Pathway in vitro

SRPX2 KD increased the phosphorylation of YAP
and decreased the protein level of YAP in 143B and
U20S cells (Figure 6A). In addition, both SRPX2 KD
1 and SRPX2 KD 2 down-regulated SRPX2 levels in

cytoplasm and nucleus within 143B and U20S cell
lines (Figure 6B).

Hippo Signaling Pathway Inhibitor
Abolished SRPX2-Mediated Proliferation
and Invasion in vitro

Western blotting and RT-PCR assays revealed that the protein
and mRNA levels of YAP were decreased following the
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transfection of Saos2 cells with si-YAP (Figure 7A). The cell
viability of SRPX2-OE and YAP-KD co-transfected cells
SRPX2-OE-transfected cells
(Figure 7B). Colony formation and transwell assays revealed
that the effect of SRPX2 OE in promoting cell proliferation
and invasion were reversed by YAP KD or a Hippo inhibitor
(peptide 17) (Figure 7C and D). In addition, SRPX2 OE
inhibited the expressions of CTGF, Cyr61, and BircS. The
effect of SRPX2 OE in mediating the inhibition of CTGF,

was lower than that of

Cyr61, and Birc5 proteins was reversed by YAP KD or
peptide 17 (Figure 7E).

Discussion

Tumor proliferation and invasion, that are regulated by
multiple genes, are essential for tumor metastasis to
occur.” SRPX2 is overexpressed in OS tissues and cells
and is implicated in patient survival rate (Figure 1).
SRPX2 has been reported to be involved in the migration
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Figure 6 SRPX2 regulated the nuclear translocation of YAP. After 143B and U20OS cells were transfection with SRPX2-KD | or SRPX2-KD2, (A) the protein level of YAP
and the phosphorylation level of YAP in 143B and U20S cells with SRPX2-KD | or SRPX2-KD2 were detected by Western blot assay; (B) the protein level of YAP and
SRPX2 in cytoplasm and nucleus of 143B and U20S cells with SRPX2-KD | or SRPX2-KD2 were detected by Western blot assay. B-actin and lamin B were used as load
control. Each experiment was carried out in triplicate. Data are presented as the mean * standard deviation. *p<0.01 versus CTRL group/or NC group.

of cells.® Therefore, we further investigated the role and
mechanism of SRPX2 in the proliferation and invasion of
OS cells. In vitro experiments indicated that SRPX2
knockdown inhibited the viability, invasion and colony
formation ability in 143B and U20S cell lines, while
SRPX2 overexpression promoted the viability, invasion
and colony formation ability in Mg63 and Saos2 cell
lines (Figures 2 and 3). These results suggested that
SRPX2 regulates OS cell proliferation and invasion. The
results of in vivo experiments indicated that SRPX2
knockdown inhibited the growth of tumors, while SRPX2
overexpression promoted tumor growth (Figures 4 and 5).
The above results demonstrate that SRPX2 regulates the
development and progression of OS.

Ki67 is a nuclear antigen with a molecular weight of
345 kDa and is closely associated with cell proliferation.
Ki67 is expressed only in the nucleus of proliferating cells
and reflects the proliferative activity of tumor cells.” Ki67
has been reported to be significantly upregulated in

a variety of tumor tissues and cells, such as lung,'

gastric,11 colon,12 ovarian,13 and 0S.'* Our results are
consistent with these reports. Ki67 expression was signifi-
cantly suppressed by SRPX2 knockdown. The invasion of
tumor cells into surrounding tissues is an intrinsic factor in
tumor development and metastasis.'””> N-cadherin and
E-cadherin belong to the classical cadherin family.'®
E-cadherin is an important adhesion molecule in cells that
phenotype When
E-cadherin expression is downregulated, it causes cytoske-

maintains the epithelial in cells.
letal changes and degradation of the basement membrane,
which leads to loosening of cell junctions, which in turn
promotes migration of tumor cell into the extracellular
matrix. In contrast, N-cadherin is upregulated in epithelial
tissues, further affecting epithelial cell morphology and
behavior. Dynamic changes in N-cadherin and E-cadherin
could reflect tumor invasion. It has been reported that the
positive expression of N-cadherin in tumor tissues is upre-
gulated in tumor tissues compared to that in the para-
carcinoma tissues, while positive E-cadherin expression
within tumor tissues is down-regulated in tumor tissues
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Figure 7 Hippo signaling pathway inhibitor abolished SRPX2-mediated proliferation and invasion in vitro. After Saos2 cells were pre-treated with 10 nM of Peptide 17 for 4
h, pcDNA3.1-SRPX2 was transfected into Saos2 cells, (A) YAP protein level was detected by Western blot assay; (B) cell viability was detected by CCKS8 assay; (C) cell
proliferation was detected by colony formation assay; (D) cell invasion was detected by transwell assay; (E) the protein levels of CTGF, Cyré1 and Birc5 were detected by
Western blot assay. B-actin was used as a load control. Each experiment was carried out in triplicate. Data are presented as the mean * standard deviation. *p<0.01 versus

vector group, #p<0.0l versus SRPX2-OE group, and *p<0.05 versus vector group.

compared to that in the para-carcinoma tissues.'’ According
to our findings, SRPX2 knockdown significantly reduced
the positive expression of N-cadherin and elevated the
positive expression of E-cadherin in OS tissues. SRPX2
overexpression exerted the opposite effects of SRPX2
knockdown in OS. The above results demonstrated that

SRPX2 knockdown could regulate the expression of the
associated proteins and then inhibit tumor growth in OS.
Regulation of organ volume, maintenance of cell prolifera-
tion and apoptotic balance, maintenance of an undetermined
internal environment, regulation of migration and invasion,
and maintenance of stem cell self-renewal and pluripotency
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are the basic biological effects of Hippo signaling.'® Hippo
signaling has been reported to be suppressed in a variety of
tumors. Inactivation of the Hippo core kinase and overexpres-
sion of downstream transcriptional co-activators can promote
cell proliferation and invasion, which can in turn cause malig-
nant transformation of cells.'” The Hippo signal transduction
pathway has been recognized as the novel signal transduction
pathway to suppress tumorigenesis, and the Yes-associated
protein 1 (YAP) is a core protein in this pathway.'® In mam-
mals, the Hippo signal transduction is regulated by the main
kinases that regulate YAP activity.”> When macrophage sti-
mulating (Mst) 1/2 is activated by activation of Hippo signal-
ing, Mstl/2 kinase and the scaffolding protein Savl form the
complex that phosphorylates and activates Lats1/2 (Large
tumor suppressor; LATS) kinase.”' Further, phosphorylated
Lats1/2 is in combination with the scaffolding protein Mobl
forms complex that phosphorylate YAP. Phosphorylation of
S127 of YAP produces a 14-3-3 binding motif, leading to its
retention cytoplasm through binding with the intracytoplasmic
14-3-3 proteins, resulting in decreased nuclear entry of YAP or
further was phosphorylation by the proteasome pathway.
Activation of the Hippo signal transduction pathway can
inhibit OS occurrence and progression. YAP, as the key
protein downstream of the Hippo signal transduction path-
way, is overexpressed in various tumors.”’ YAP lacks DNA
binding activity. Thus, YAP enters the non-phosphorylated
state of the nucleus in an unphosphorylated state to bind to
other transcription factors and exerts its biological effects.”’
Intranuclear YAP binds to the transcription factor TEAD
(TEA-domain) and promotes or represses the expression of
TEAD target gene expression, including Cyr61, CTGF, and
Birc5, thereby regulating various biological functions, such
as cell growth, cell contact inhibition, control of tissue and
organ size, and self-renewal of stem cells.”> Overexpressed
YAP binds to TEAD thereby inhibiting activating the activa-
tion through the Hippo signaling pathway. Based on our
findings, SRPX2 knockdown promotes YAP phosphoryla-
tion before inhibiting its nuclear translocation (Figure 6).
The above findings suggested that SRPX2 knockdown
reduced the invasion and proliferation of OS cells by reducing
the nuclear translocation of YAP and subsequent activation of
the Hippo signaling pathway. Further, we found that YAP
inhibition reversed the SRPX2 overexpression-mediated OS
cell invasion and proliferation (Figure 7). Cysteine-rich 61
(Cyr61), connective tissue growth factor (CTGF), and bacu-
loviral IAP repeat containing 5 (Birc5), are target genes of
TEAD.* Binding of YAP TEAD can upregulate the expres-
sion of growth factors, including CTGF, Cyr61, Birc5 and

Ki67, which in turn cause cell proliferation.”* Our results
indicate that SRPX2 overexpression inhibits the expression
of CTGF, CYRG61 and Birc5. SRPX2 overexpression sup-
pressed CTGF, and the effects of Cyr61 and Birc5 expression
were counteracted by YAP inhibition. The above results con-
firmed that SRPX2 overexpression promotes osteosarcoma
growth and metastasis by inhibiting the activation of the
Hippo signaling pathway activation.

In conclusion, SRPX2 was upregulated in osteosar-
coma tissues and cells. SRPX2 is the upstream modulating
factor of the Hippo signal transduction pathway transcrip-
tion factors, which activates the transcriptional activity of
YAP, thereby promoting osteosarcoma cell proliferation
and invasion. SRPX2 may be a potential new target for
osteosarcoma prevention and treatment.
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