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Purpose: SOX5 plays important roles in various kinds 
of cancers. However, the expression and roles of SOX5 in 
osteosarcoma (OS) have not been investigated well. In the 
present study we aimed to investigate the mechanism of 
SOX5 in OS. 

Methods: OS and adjacent non-cancerous specimens were 
obtained from patients with OS. PCR was applied to detect 
SOX5 mRNA. Then human OS cell lines (U2OS, SoSP-M, 
SoSP-9607, and MG-63) and one immortalized normal os-
teoblast hFOB1.19 were investigated. SOX5 knocking with 
shRNA in U2OS and SOX5 upregulation with recombinant 
plasmid in MG-63 were applied. Real-time cell monitoring 
system and invasion assay were used, and Western blot 
assay was performed to detect the protein level of E-cad-

herin, N-cadherin, Vimentin and Snail, where Glyceralde-
hyde3-phosphate dehydrogenase (GAPDH) was presented as 
control. P<0.05 was considered as statistically significant. 

Results: Significant upregulation of SOX5 in OS tissues 
and cell lines was identified. The gain- and loss-of-function 
studies suggested that OS cell migration and invasion were 
promoted significantly by SOX5. Additionally, SOX5 pro-
moted epithelial–mesenchymal transition (EMT) by regu-
lation of Snail. 

Conclusion: SOX5 is a novel regulator of EMT in OS, and 
is a potential target for OS.
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OS, as a common primary bone-forming ma-
lignant mesenchymal tumor [1,2], is characterized 
by high metastatic potential (especially to the 
lung) [3]. Although neoadjuvant chemotherapy 
and surgery have been used for the treatment of 
OS patients with metastatic disease, 5-year sur-
vival is still <20% [4]. Therefore, novel therapeu-
tic strategies should be developed for the man-
agement of this malignancy. Generally, a primary 
tumor is not fatal to the organism, while cancer 
with invasion and metastasis can lead to disease 

progression and death [5]. Metastasis is the cause 
>90% deaths in OS, however, the mechanism of 
metastasis remains poorly understood.

EMT is a developmental process, in which 
epithelial cells lose polarity and develop a cell-
cell adhesion. EMT is involved in the initiation 
of metastasis. Moreover, EMT usually causes 
‘cadherin switching’ (upregulation of mesenchy-
mal cadherins and downregulation of E-cadherin) 
[6] and the accumulation of β-catenin [7]. Cancer 
cells with EMT may develop migratory and in-
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vasive properties, and ultimately develop cancer 
stem cell (CSC) properties [8]. In addition, specific 
transcription factors have been identified to ac-
complish the phenotypic changes associated with 
EMT, such as Snail, Slug, Twist1, ZEB1 and ZEB2 
[9]. Overexpression of Snail occurs in human 
solid tumors, including sarcomas, gliomas, neu-
roblastomas, and melanomas [10]. Furthermore, 
overexpression of Snail in cancer cells influences 
cell survival, angiogenesis, and chemoresistance 
in vitro, and promotes metastatic ability in vivo 
[11]. Additionally, downregulation of E-cadherin 
and induction of EMT are promoted by exogenous 
overexpression of Snail, and subsequently cancer 
cells developed invasive and metastatic character-
istics. However, the molecular mechanism for the 
upregulation of Snail in cancer cells is less clear. 

Sex determining region Y-box protein 5 
(SOX5), a transcription factor, serves important 
role in the regulation of embryonic development 
and in the determination of the cell fate [12]. SOX5 
was determined to be involved in human glioma, 
seminoma, and nasopharyngeal carcinomas [13]. 
To the best of our knowledge, SOX5 expression 
has not been investigated well in human OS. In 
this study we aimed to investigate the mecha-
nisms of SOX5 in OS.

Methods

OS cell lines

Human OS cell lines U2OS, SoSP-M, SoSP-9607, 
MG-63 (American Type Culture Collection) with dif-
ferent metastatic potential and one immortalized nor-
mal osteoblast hFOB1.19 were used in this study. Cells 
(Shanghai Cell Bank, Chinese Academy of Sciences) 
were cultured in DMEM (Gibco, Inc., USA) supplement-
ed with 10% fetal bovine serum (FBS; Gibco, Inc., USA) 
in a humidified incubator with 5% CO2 at 37°C. 

Tissue specimens

The Institutional Ethics Committee of Renmin 
Hospital of Wuhan University approved our project 
for human tissue usage. Written informed consent has 
been provided by the patients. Pathological examina-
tion was applied to confirm OS. The OS and adjacent 
non-cancerous samples were obtained from patients 
who underwent surgical resection. These tissue sam-
ples were immediately frozen at -80°C until RNA ex-
traction.

RNA extraction and real-time PCR assays

Trizol Reagent (Invitrogen, Inc.) was applied for 
total RNA extraction from cultured cells. Reverse tran-
scription was conducted with Prime Script TM Mas-

ter Mix (Takara, Tokyo, Japan) according to the manu-
facturer’s instructions. Then, qRT-PCR was performed 
with SYBR Premix EX Taq TM II (Takara) according 
to its product manual on the real-time PCR detection 
system Bio-Rad IQ5 (Bio-Rad, California, USA).  GAP-
DH was used as reference. Relative gene expression 
was normalized to GAPDH and reported as 2- Δ Ct [Δ Ct 
= Ct (SOX5)-Ct (GAPDH)]. All measurements were per-
formed in triplicate. The primers for the genes (SOX5, 
GAPDH) were synthesized as follows: 

5’-CTTCATGCCTGACTGATAT-3’ (forward) and 
5’-GACGTCTCAGGACTTACG-3’ (reverse) for SOX5; 

5’-CTGCAGGTCTCATCATGGA-3’ (forward) and 
5’-ACCTGTAGACCTCGGCACTG-3’ (reverse) for GAPDH.

Western blot analysis

Mixture of ProteoJET Mammalian Cell Lysis Re-
agent (Thermo Scientific, Waltham, USA), phenylmeth-
anesulfonyl fluoride (Roche, Inc., Basel, Switzerland) 
and Phos STOP (Roche, Inc., Basel, Switzerland) were 
added in cultured cells (about 1×106) to obtain lysates. 
Samples were separated by 10% SDS-PAGE to obtain 
about 50μg protein in each sample. Following being 
blocked in nonfat milk (5%), protein was incubat-
ed with rabbit antibody against human SOX5, p-RAF, 
RAF, p-ERK1/2 (1:1000, Abcam, Cambridge, UK), p-RAF, 
N-cadherin, E-cadherin, Snail, E-cadherin or GAPDH 
(1:1000, Cell Signaling Technology, Boston, MA, USA), 
then incubated with goat anti-mouse or anti-rabbit IgG 
(1:10,000 for both; Jackson ImmunoResearch Labora-
tories, Lancaster, USA). Then, enhanced chemilumi-
nescence reagents were applied for detection (Thermo 
Fisher Scientific, Rockford, ILL, USA). Subsequently, 
1-stepTM NBT/BCIP reagents (Thermo Fisher Scien-
tific) were applied for visualization of the bands, and 
Alpha Imager (Alpha Innotech, San Leandro, CA, USA) 
was used for detection.

Plasmid, siRNA and transfection

The full-length cDNA of SOX5 (4,333bp, GenBank 
accession number NM_006940) from human liver 
cDNA library was amplified by PCR, and cloned into 
pcDNA3.1 (Thermo Scientific, Waltham, USA). siRNAs 
(synthesized by GenePharma, Suzhou, China) were ap-
plied to downregulate endogenous expression of SOX5 
in OS cells. Si-NC served as negative control. All con-
structs were to be fully sequenced. The plasmid or 
siRNA were then transfected in cells using Lipofect-
amine 2000 (Invitrogen) following the manufacturer’s 
instructions.

Invasion assay

1.0×105 cells in medium supplemented with 1% 
FBS were seeded into 24 wells. Then, medium contain-
ing 10% serum as chemoattractant, was added to the 
wells. Following 48-hr incubation, wiping with a cotton 
swab was used to remove non-invading cells from the 
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upper surface. Then, the membranes were fixed at room 
temperature by using 4% formaldehyde for 15 min, and 
subsequently, invading cells were stained with Giem-
sa (Sigma, Munich, Germany) for 25 min, and the cell 
number was counted by microscope.

Measurements of cell movement

Cell-IQ cell culturing platform (Chip-Man Technol-
ogies, Tampere, Finland) controlled by Imagen software 
(Chip-Man Technologies, Tampere, Finland) was applied 
for measurement of cell movement with phase-contrast 
microscope (Nikon, Tokyo, Japan). Achromat phase-con-
trast objective with 10x magnification) and camera 
(Nikon, Tokyo, Japan). The equipment was set at 5 min 
intervals after 72-hr shooting. In addition, image soft-
ware (Cell-IQ Imagen v2.9.5c, McMaster Biophotonics 
Facility, Hamilton, Ontario) was applied for analysis of 
time-lapse data and cell functions and morphological 
parameters were analyzed and quantified by Cell-IQ sys-
tem. The distance of cell movement in the image field 
was measured as movement of each individual cell.

Statistics

Data were presented as mean±SE. Student’s t-test 

and one way ANOVA were performed with SPSS 14.0 
software.  A p value <0.05 was considered as statistically 
significant.

Results

Overexpression of SOX5 in OS tissue and cell lines

qRT-PCR assays were performed to examine 
the expression of SOX5 in 49 pairs of matched OS 
samples. The results displayed significant upreg-
ulation of SOX5  (p<0.01; Figure 1A) in OS tissues 
compared with adjacent non-cancerous tissues. 
Subsequently, these OS specimens were random-
ly divided into two groups, including OS with 
pulmonary metastasis (PM) group and OS with-
out PM group. Interestingly, SOX5 level in the OS 
specimens with PM group was significantly high-
er (p<0.05; Figure 1B) than that in OS specimens 
without PM group. In addition, SOX5 expression 
in cells was determined in 4 OS cell lines with 
different metastatic potentials (U2OS, SoSP-M, 
SoSP-9607, and MG-63) and the immortal nor-
mal osteoblast hFOB1.19. The results showed that 

Figure 1. Overexpression of SOX5 in OS tissues and cell lines. (A) The SOX5 mRNA expression in 49 pairs of OS 
and the corresponding adjacent non-cancerous tissues. The results of (A) indicated that the expression of SOX5 in 
OS was significantly higher than that in Non-OS. (B) The mRNA expression of SOX5 in OS with PM and OS without 
PM. The results of (B) indicated that the expression of SOX5 in OS with PM was significantly higher than that in OS 
without PM. (C,D) The SOX5 mRNA expression in OS cell lines with different metastatic potentials as well as the 
normal human liver cell line. The results of (C) and (D) indicated that the expression of SOX5 was relatively higher 
in all four OS cell lines compared with that in hFO b1.19. *p<0.05, **p<0.01 versus the control.

A

C D

B
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the expression of SOX5 was relatively higher in 
all 4 OS cell lines compared with hFOB1.19 cell 
line (Figures 1C,D). These findings suggested that 
overexpression of SOX5 in OS may facilitate the 
cells’ metastatic pontential.

Promotion of OS cell migration and invasion by up-
regulation of SOX5 in vitro

To investigate whether SOX5 is involved in 
the regulation of OS cells migratory and inva-
sive properties, the recombinant plasmid pcD-
NA3.1-SOX5 was transfected into MG-63 cells 
(these cells expressed a relative low SOX5), to 
upregulate SOX5 expression (Figure 2A). Conse-
quently, SOX5 overexpression increased signifi-
cantly the migratory ability of cells with pcD-
NA3.1-SOX5 (p<0.05, Figure 3A). Similarly, SOX5 
overexpression markedly promoted cell invasion 
(p<0.05, Figure 3B). Therefore, these results deter-
mined that SOX5 promoted migratory and inva-
sive abilities of OS cells in vitro.

Reduction of OS cell migration and invasion by SOX5 
downregulation in vitro

Knockdown of SOX5 with specific shRNA (sh-
1) was performed in U2OS cells. Then, the loss of 
function by sh-1 significantly reduced the migra-
tion capabilities (p<0.05, Figure 3A). Similarly, 
SOX5-repressed U2OS cells showed significant 
reduction of invasive capabilities (p<0.05, Figure 
3B). The results of gain-of-function and loss-of-
function assays suggested that that SOX5 plays 
key role in OS migration and invasion.

Induction of EMT by SOX5 in OS cells through mod-
ulation of Snail

Ectopic expression of SOX5 was performed 
in MG-63 cells, by transferring the recombinant 
plasmid pcDNA3.1 SOX5 into MG63 cells, and 
consequently expression of N-cadherin and vi-
mentin (mesenchymal phenotype markers) in-
creased significantly (p<0.05), while expression 
of E-cadherin (epithelial phenotype marker) was 

Figure 2. Regulation of SOX5 expression on EMT in OS cells. (A) Ectopic expression of SOX5 in MG63 and 
knockdown of endogenous SOX5 in U2OS demonstrated by Western blot assay. The results of (A) indicated that 
SOX5 was ectopically expressed in MG63 and U2O2 cells. Western blot assay indicated EMT markers in (B) 
MG63 cells ectopically expressing SOX5 and (C) U2OS cells with SOX5 depletion. The results of (B) indicated 
that expression of N-cadherin and vimentin increased, while expression of E-cadherin decreased. And, the ec-
topic expression of SOX5 resulted in a variation of Snail levels. Then the results of (C) indicated that compared 
with negative control cells, SOX5 silencing resulted in decrease of N-cadherin, vimentin and Snail, and increase 
of E-cadherin.

A

B C



SOX5 promotes EMT in osteosarcoma262

SOX5 promotes EMT (oxi ETM) in osteosarcoma

JBUON 2017; 22(1): 262

markedly decreased (p<0.05, Figure 2B). Interest-
ingly, the ectopic expression of SOX5 resulted in 
a significant variation of Snail levels (p<0.05, Fig-
ure 2B). Consistent with these results, compared 
with negative control cells, Western blot analysis 
of U2OS cells with SOX5 silencing revealed that 
the relative protein expression of N-cadherin, 
vimentin and Snail were significantly decreased 
while the expression of E-cadherin was notably 
increased (Figure 2C). Therefore, SOX5 induced 
progression of EMT possibly through regulation 
of Snail.

Induction of EMT by SOX5 overexpression via Raf1/
ERK1/2 pathway 

Activation of ERK1/2 in MG-63 cells was 
significantly enhanced by SOX5 overexpression 
(p<0.05, Figure 4A). Raf1 was identified as the up-
stream activator of ERK signaling pathway, which 
was significantly upregulated by SOX5 overex-
pression (p<0.05, Figure 4A). Moreover, U0126 
performed as inhibitor of ERK1/2. EMT markers 
were significantly inhibited by U0126 (p<0.05, 

Figure 4A), and the upregulation of Snail was also 
inhibited by SOX5 overexpression (p<0.05, Figure 
4A). On the other hand, SOX5 silencing in U2OS 
cells could inactivate p-ERK1/2, p-Raf signalling 
pathways (Figure 4B). These results indicate that 
SOX5 activated Raf/ ERK1/2/Snail pathway to in-
duce EMT. 

Discussion

SOX family members (including SOX2 and 
SOX4) have been identified as important play-
ers in the occurrence and development of cancer 
[14,15]. SOX5 is a transcription factor of SOX fam-
ily, which plays key roles in embryonic develop-
ment and cell fate determination [16]. SOX5 is also 
involved in various cancers. For example, upregu-
lation of SOX5 associated with the early develop-
ment of distant metastasis has been determined 
in prostate cancer [17]. Then, the promotion of 
cell proliferation and invasion by SOX5 was iden-
tified in breast cancer, and the mechanism was in-
volved in the induction of EMT [13]. Additionally, 
invasive tumor growth was regulated by SOX5 in 

Figure 3. SOX5 regulates OS cell migration and invasion in vitro. (A,B) Cell movement evaluate the effect of 
SOX5 on cell motility. Then, the results in (A) indicated that SOX5 overexpression increased the migratory 
ability of MG63 cells, and (B) indicated that SOX5 overexpression increased the migratory ability of U2OS cells. 
(C,D) Trans-well assay to determine the effect of SOX5 on cell invasion capacity. And the results in (C) and (D) 
indicated that SOX5 overexpression promoted cell invasion. *p<0.05, **p<0.01 versus the control.

A

C

D

B
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testicular seminomas [13]. Moreover, our results 
showed overexpression of SOX5 in OS tissues 
and cell lines. Taken together, these suggest that 
SOX5 performed as an oncogene. Furthermore, 
gain or loss of function assay suggested that up-
regulation of SOX5 promoted cell migration and 
invasion of OS cells in vitro.

EMT enables epithelial cells to develop inva-
sive mesenchymal phenotype. and EMT was iden-
tified as a key mechanism in tumor invasion and 
metastasis [18,19]. In EMT, epithelial functions 
(such as cell-cell contacts) were lost with the ac-
quisition of mesenchymal functions, and cyto-
skeletal remodeling performed with the change 
of polarity. These processes led to increased cell 
motility and invasion [20]. 

We found that depletion of SOX5 induced 
decreased invasive capability of U2OS cell line, 
which reminded us that SOX5 might be involved 
in the regulation of EMT. Expectedly, SOX5 si-
lencing resulted in the upregulation of the epi-
thelial marker E-cadherin and downregulation 
of the mesenchymal markers N-cadherin and vi-
mentin. In addition, ectopic expression of SOX5 
was observed, which resulted in opposite results. 
Furthermore, SOX5 expression was higher in OS 
patients with PM compared with those without 
PM, which was explained by the mechanism of 
regulation of EMT by SOX5.

Snail plays key roles in promoting invasive-
ness and EMT progression [21]. Ectopic expres-

sion or dysregulated function of Snail contribut-
ed to tumor invasion and metastasis, which has 
been identified in several solid cancers, including 
esophageal squamous cell carcinoma, oral can-
cer, prostate cancer, and hepatocellular carcino-
ma [22]. In the present study, the upregulation or 
knockdown of SOX5 led to opposite expression of 
Snail.

SOX5 participated in many pathways, such 
as activation of NF-κB and AKT, and activation of 
MEK/ERK branch of the Ras downstream pathway 
[23]. Our study also confirmed the activation of 
Raf-ERK signaling pathway by SOX5, and further 
determined that SOX5 regulated the expression of 
Snail by Raf-ERK signaling pathway. Specifically, 
inactive ERK with U0126 suppressed EMT regu-
lated by SOX5. 

In conclusion, EMT was induced by SOX5 in 
OS cells by regulating Snail expression via Raf-
ERK pathway. SOX5 performs as a metastasis-as-
sociated factor in OS, rendering it a potential tar-
get for OS therapy.
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Figure 4. SOX5 regulates snail expression via Raf- ERK signalling pathway in OS cells. (A,B) Snail as well as 
ERK signalling pathway were assayed using Western blot in MG63 and U2OS with overexpression or depletion 
of SOX5 after treatment with U0126, an inhibitor of ERK1/2. The results of (A) indicated that ERK1/2 and Raf1 
were upregulated in MG-63 cells by SOX5 overexpression. Then, U0102 performed as inhibitor of EMT mark-
ers. And the upregulation of Snail was also inhibited by SOX5 overexpression. The results in (B) indicated that 
SOX5 silencing in U2OS cells inactivated p-ERK1/2, p-Raf and snail signalling pathways.
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