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Abstract: Osteosarcoma (OS) is the most common primary malignant bone tumor that has poor prognosis. Molecular 
mechanisms underlying disease progression remain largely unknown. Sox9, one of the Sox family transcription 
factors, is closely associated with the development of a variety of malignant tumors. This study investigates the 
expression of Sox9, Wnt1 and Fzd1 in human osteosarcoma tissues and cells and the role of Sox9 in the prolifera-
tion of human osteosarcoma cells. Immunohistochemical analyses for Sox9, Wnt1, Fzd1, and Ki-67 proteins were 
performed in human primary osteosarcoma tissues from 48 patients. The small interfering RNA (siRNA) of Sox9 was 
transfected into human osteosarcoma MG63 cells. At 24 and 48 h after transfection with Sox9 siRNA, the expres-
sion of Wnt1 and Fzd1 was analyzed by RT-qPCR, Western blot, and immunofluorescence techniques. Cell prolifera-
tion was assayed by CCK-8 method, and Ki-67 protein expression was analyzed by Western blot. Results showed 
that the expressions of Sox9, Wnt1, Fzd1, and Ki-67 proteins in human osteosarcoma tissues were higher than 
those in the adjacent non-cancerous tissues. Hyperexpressions of Sox9, Wnt1, Fzd1, and Ki-67 proteins occurred 
more frequently in human osteosarcoma tissues with an advanced clinical stage (IIb/III). Sox9 siRNA reduced both 
mRNA and protein expression levels of Wnt1 and Fzd1, which result in the distinct inhibition of MG63 cell prolif-
eration. Our study suggests that Sox9 siRNA inhibits the proliferation capability of human osteosarcoma cells by 
down-regulating the expression of Wnt1 and its receptor Fzd1, which may provide new gene targets for the clinical 
treatment of osteosarcoma. 
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Introduction

Osteosarcoma (OS), the most common primary 
malignant bone tumor, predominantly occurs in 
children and adolescents and accounts for 
8.9% of cancer-related deaths, carrying an 
overall five-year survival rate of 60%-70% [1-3]. 
OS has a high tendency for local invasion and 
early metastasis. Even with early diagnosis and 
aggressive treatment, the prognosis for OS 
remains poor. Molecular mechanisms underly-
ing disease progression remain poorly under-
stood [4, 5]. Therefore, a better understanding 
of the underlying mechanisms of human osteo-
sarcoma development and progression, as well 

as identifying molecular targets, is necessary to 
find effective therapeutic interventions. 

The Wnt/β-catenin pathway serves important 
functions in multiple biological processes, 
including regulation of cell proliferation, differ-
entiation, and migration [6-8]. The Wnt/β-ca- 
tenin signaling pathway is activated by the bind-
ing of Wnt ligands to Frizzled (Fzd) receptors 
and low-density lipoprotein receptor-related 
proteins-5/6 (LRP5/6) coreceptors. As a result, 
β-catenin accumulates in the cytoplasm and 
subsequently translocates to the nucleus, 
where it regulates the transcription of target 
genes. Aberrations in the Wnt/β-catenin path-
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way are associated with numerous human dis-
eases, including cancer, degenerative diseas-
es, and diseases of the bone [7-9]. 

The sex determining region Y (SRY) box (Sox) 
gene family belongs to the high mobility group 
(HMG) superfamily. Increasing evidence shows 
that Sox9, one of Sox transcription factors, 
serves a key function in the progression of sev-
eral kinds of tumors, such as pancreatic can-
cer, breast cancer, gastric cancer, and ovarian 
cancer [10-13]. Wang et al. [13] reported that 
Sox9-mediated Wnt/β-catenin activation is 
identified as one of the molecular mechanisms 
in the development and progression of breast 
cancer. Zhu et al [14] reported that Sox9 is 
upregulated in aggressive osteosarcoma tis-
sues indicating that Sox9 may participate in the 
osteosarcoma progression. In this study, we 
investigate the potential role and mechanism 
of Sox9 in the development and progression of 
human osteosarcoma and clarify the regulatory 
role of Sox9 on Wnt1 and its receptor Fzd1 in 
vitro and in vivo. Our study may provide new 
gene targets for the clinical treatment of oste- 
osarcoma. 

Materials and methods 

Clinical samples and data 

Forty-eight consecutive cases of human prima-
ry osteosarcoma samples and adjacent non-
cancerous tissue samples from the same spec-
imens were collected in the pathology depart-
ment of the Affiliated Hospital of Weifang 
Medical University from 2007 to 2012. No 
patients had received radio therapy or chemo-
therapy before surgery. Of the 48 patients, 29 
were female, and 19 were male. The patient 
ages ranged from 10 to 52 years, and the mean 
age was 26.5 years. All tissues were formalin-
fixed and paraffin-embedded. The clinical stag-
es of these osteosarcoma patients were clas- 
sified according to the Enneking staging sys-
tem. Patient consent and the approval from the 
Medical Ethics Committee of Weifang Me- 
dical University were obtained prior to the use 
of clinical materials for research purposes. 

Immunohistochemical (IHC) staining 

The expressions of Sox9, Wnt1, Fzd1, and Ki-67 
proteins were examined in the human primary 
osteosarcoma samples and the adjacent non-
cancerous tissues by IHC. Formalin-fixed, par-

affin-embedded tissues were resected to 5 µm 
and placed on coated glass slides. After heat-
induced antigen retrieval, nonspecific staining 
was blocked by incubation with 10% bovine 
serum albumin at room temperature for 30 
min. The sections for IHC assay were incubated 
with Sox9 antibody (1:100, Santa Cruz 
Biotechnology, Inc, USA), Ki-67 (1:100, Santa 
Cruz Biotechnology, Inc, USA), Wnt1 (1:100, 
Bioworld, Inc, USA), and Fzd1 antibody (1:50, 
Santa Cruz Biotechnology, Inc, USA), followed 
by incubation with the corresponding second-
ary antibody conjugated with horseradish per-
oxidase. The protein of interest was visualized 
using 3,3’-diaminobenzidine (DAB) staining. 
The degree of immunostaining of the formalin-
fixed, paraffin-embedded sections was review- 
ed and evaluated independently by two observ-
ers based on the percentage of positive tumor 
cells and the intensity of staining. The percent-
age scoring of immunoreactive tumor cells was 
as follows: 0 (no positive tumor cells), 1 (< 10% 
positive tumor cells), 2 (10% to 50% positive 
tumor cells), and 3 (> 50% positive tumor cells). 
The intensity of staining was recorded at the 
following scale: 0 (no staining), 1 (weak stain-
ing, light yellow), 2 (moderate staining, yellow-
ish brown), and 3 (strong staining, brown). A 
final immunoreactivity score (IRS) was obtained 
for each case by multiplying the percentage 
and intensity score. The expression levels were 
further analyzed by classifying IRS values as 
low (based on an IRS value < 5) and high (based 
on an IRS value > 5) [15]. We performed stain-
ing in the absence of each of the primary anti-
bodies by only adding phosphate buffered 
saline (PBS) to the sections as negative con-
trols. The sections were photographed by using 
an optical microscope (Olympus, Tokyo, Japan) 
and then analyzed using the Image-ProPlus6.0 
analytic system (IPP6.0). 

Cell culture 

MG63 human osteosarcoma cells were pur-
chased from the cell bank of Shanghai Institute 
of Cell Biology (Shanghai, China) and were 
maintained in Modified Eagle’s Medium (MEM) 
with 10% fetal bovine serum (FBS) (Gibco BRL 
Co. Ltd.), 100 U/mL of penicillin, and 100 g/mL 
of streptomycin at 37°C in a humidified atmo-
sphere containing 5% CO2. 

Small interfering RNA (siRNA) transfection 

MG63 cells were seeded in a six-well plate at a 
density of 4×105 cells per well. Cells were cul-
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tured in 6-well plates for 24 h, then transfected 
with Sox9 siRNA or negative control siRNA with 
a final concentration of 60 nM using Lipofe- 
ctamine™2000 transfection reagent (Invitro- 
gen, Carlsbad, CA, USA) following manufactur-
er’s recommendations. siRNA and negative 
control were purchased from Guangzhou Ri- 
boBio Co., Ltd. The specifications of Sox9 siRNA 
were as follows: sense was 5’-GCAGCGACGU 
CAUCUCCAAdTdT-3’ and anti-sense was 5’-dTd 
TCGUCGCUGCAGUAGAGGUU-3’. Briefly, siRNA 
and lipofectamine™2000 were diluted in Opti-
MEM (Invitrogen) separately and incubated for 
5 min at room temperature. The diluted solu-
tions were then mixed and incubated for 20 
min at room temperature. Subsequently, the 
mixtures were added to each well containing 
the cells and medium. The cell culture plates 
were then incubated for 6 h at 37°C in a CO2 
incubator. The cell medium was then re- 
placed with a complete culture medium. 
Knockdown efficiency of Sox9 gene expression 
was then assessed at 24 and 48 h hours after 
transfection using RT-qPCR and Western blot 
analysis. 

RNA isolation and quantitative real-time poly-
merase chain reaction (RT-qPCR) 

The siRNA transduction efficiency was validat-
ed using RT-qPCR analysis after transfection 
for 24 and 48 h. The total RNA from MG63 cells 
was extracted using TRIZOL Reagents (Invi- 
trogen, Carlsbad, CA, USA) at 24 and 48 h after 
transfection, and RNA quality was verified by 
measuring the OD260/OD280 ratio. Then, 2 μg 
of total RNA and oligo-dT primer were used for 
reverse transcription (Promega, Madison, WI, 
USA) according to the manufacturer’s protocol. 
The resulting complementary (c) DNA was used 
for qPCR analysis using SoFast TMEva Green 
Supermix mix (BIO-RAD, Singapore). RT-qPCR 
was then performed in triplicate using a Real-
time PCR Detection System (BIO-RAD). Target 
gene expression was normalized to that of the 
endogenous control β-actin. The reaction sys-
tem of PCR was as follows: 10 µL of 2× SoFast 
TMEva Green Supermix mix; 1 µL of each prim-
er, 2 µL of cDNA template, and 6 µL of sterile 
distilled water. The following primers were 
used: Sox9: (sense, 5’-TGC TCA AGG GCT ACG 
ACT G-3’; antisense, 5’-ACG CTT CTC GCT CTC 
ATT CA-3’); Wnt1: (sense, 5’-CCA CGA GTT TGG 
ATG TTG TAA A-3’; antisense, 5’-GCA GGG AGA 

AAG GAG AGA AGA G-3’); Fzd1: (sense, 5’-ACT 
CCC TTC TCC CAC CTT AGT T3’; antisense, 
5’-ATG CTT CTT CCC AAA TCT CAG T-3’); and 
β-actin: (sense, 5’-TGA CGT GGA CAT CCG CCA 
AG-3’; antisense, 5’-CTG GAA GGT GGA CAG 
CGA GG-3’). The initial denaturation step was at 
95°C for 5 min, followed by 40 cycles at 95°C 
for 5 sec, 57°C for 40 s, 72°C for 30 s, and 
80°C for 10 s. The relative mRNA expression 
was measured using the 2-ΔΔCT method [16]. 

Western blot analysis 

After transfection with siRNA Sox9 or negative 
control for 24 and 48 h, MG63 cells were 
washed twice with ice-cold PBS. The cells were 
then suspended in a RIPA buffer containing pro-
tease inhibitor cocktail (Sigma, St. Louis, MO, 
USA) for 30 min on ice. Suspensions were cen-
trifuged at 12,000 rpm for 15 min at 4°C, and 
the supernatant was collected for experiments. 
After the protein concentration was determined 
using a BCA protein assay kit (Pierce, South 
Logan, UT, USA), the total protein (60 μg of total 
protein per well) was separated on a 12% poly-
acrylamide gel by electrophoresis and trans-
ferred to a polyvinylidene difluoride membrane. 
The membranes were blocked with 5% non-fat 
milk for 1 h at room temperature and then 
probed overnight at 4°C with primary rabbit 
polyclonal antibodies against Sox9 (1:1000, 
Santa Cruz), Wnt1 (1:800, Bioworld), Fzd1 
(1:1000, Santa Cruz), Ki-67 (1:800, Santa 
Cruz), and mouse monoclonal antibody against 
GAPDH (1:2500, Proteintech Group. Inc, USA) 
diluted in 3% BSA in PBS. After washing with 
PBS, the membranes were incubated with the 
appropriate horseradish peroxidase-linked sec-
ondary antibody (1:20000, Jackson Immuno- 
Research, West Grove, PA, USA) diluted in 5% 
non-fat milk for 2 h at room temperature. The 
protein bands were visualized using an 
enhanced chemiluminescence assay instru-
ment (Thermo, Rockford, IL, USA) [17]. The 
house-keeping protein GAPDH was used as an 
internal control. The intensity of each band was 
measured by IPP6.0. 

Immunofluorescence 

Cells were plated onto coverslips in MEM medi-
um with 10% FBS for 24 h. The cells were then 
transfected with siRNA Sox9 or negative con-
trol. At 24 and 48 h after transfection, the cells 
were fixed with 4% paraformaldehyde for 20 
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min, incubated in 0.3% Triton X-100-PBS for 10 
min at room temperature, followed by blocking 
with 5% goat serum at 37°C for 30 min. The 
cells were then incubated with the following pri-
mary antibodies at 4°C overnight: rabbit anti-
Sox9 IgG (1:100, Santa Cruz), rabbit anti-Wnt1 
IgG (1:100, Bioworld), and rabbit anti-Fzd1 IgG 
(1:100, Santa Cruz). The samples were soaked 
in goat anti-rabbit IgG conjugated to Cy3 
(1:400; Jackson ImmunoResearch) at 37°C for 
1 h. Subsequently, the nuclei were counter 
stained with Hoechst33258 (1:1000; Sigma-
Aldrich, Inc., MO, USA). Images were obtained 
using an inverted fluorescence microscope 
(Olympus). The primary antibody was replaced 
with PBS as the negative control. 

Cell counting Kit-8 (CCK-8) assay 

MG63 cells were seeded in 96-well plates at a 
density of 5×103 cells/well. After 24 h of incu-
bation, 60 nM siRNA-sox9 or negative control 
was added to each well. The plates were then 
incubated for 6 h at 37°C, and the cell medium 
was replaced with 100 µL of culture medium. 
Cell proliferation was measured using a CCK-8 
assay. At 24 h intervals, 10 µL of CCK-8 reagent 
(Roche Biochemicals, Mannheim, Germany) 
was added to each well, and the cells were fur-
ther incubated for 2 h at 37°C. The optical 
absorbance (OD) was then measured at 450 
nm using a 96-well microplate reader. All exper-
iments were performed in triplicate. 

Figure 1. Immunohistochemistry of Sox9, Wnt1, Fzd1, and Ki-67 protein expression in osteosarcoma tissues and 
the adjacent non-cancerous tissue, bar = 50 μm. 
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Statistical analysis 

Statistical analyses were performed using 
SPSS 13.0 software. All the data were 
expressed as mean ± standard deviation (SD). 
Comparison between two groups was carried 
out using a Student’s t test. The Chi-square test 
was used to analyze the relationship among 
Sox9, Wnt1, Fzd1, Ki-67 expression and clinico-
pathologic characteristics. A p value < 0.05 
was considered statistically significant. 

Results 

Expressions of Sox9, Wnt1, Fzd1, and Ki-67 
proteins in human osteosarcoma tissues 

The expression and localization of Sox9 were 
examined by using IHC staining. Sox9 proteins 
were expressed mainly in the nucleus of human 
osteosarcoma cells. Results show that the 
expression level of Sox9 in osteosarcoma tis-
sues was distinctly higher than the adjacent 
non-cancerous tissues (Figure 1). Among 48 
osteosarcoma specimens, 32 (66.7%) cases 
were identified as high-level Sox9 expression 
(IRS value > 5) and 16 (33.3%) as low-level 
Sox9 expression (IRS value < 5). We then ana-
lyzed the associations of Sox9 expression with 
various clinicopathological parameters of 
osteosarcoma tissues. As shown in Table 1, 
the rates of high Sox9 expression in stages IIa 
and IIb/III of osteosarcoma tissues were 40.9% 
(9/22) and 88.5% (23/26), respectively (Table 
1). This finding suggests that the level of Sox9 

expression is strongly correlated to tumor stag-
es. No significant difference was observed 
between Sox9 expression and the patient age 
or gender. 

Our data shows that the staining of Wnt1 and 
Fzd1 in the tissues of osteosarcoma was obvi-
ously stronger than that in the adjacent non-
cancerous tissues (Figure 1), which is consis-
tent with the expression of Sox9. We also found 
that the expression of Wnt1 and Fzd1 is corre-
lated to the tumor clinical stage in human 
osteosarcoma patients. The rates of high-level 
Wnt1 expression in stages IIa and IIb/III OS 
were 50.0% (11/22) and 92.3% (24/26), 
respectively (Table 1). The rates of high-level 
Fzd1 expression in stages IIa and IIb/III OS 
were 27.2% (6/22) and 80.8% (21/26) (Table 
1). Additionally, hyper-expressions of Wnt1 and 
Fzd1 more frequently occurred in osteosarco-
ma tissues with advanced clinical stages. 

We also found that a high level of Ki-67, a cel-
lular marker for proliferation, expression is 
strongly correlated to the osteosarcoma clini-
cal stage of the tissue specimens (Figure 1). 
The rate of high-level Ki-67 expression in stag-
es IIb/III of OS (73.1%) was higher than that in 
stage IIa of OS (31.8%) (Table 1). 

Sox9 siRNA effectively inhibited the expression 
of Sox9 mRNA and protein of human osteosar-
coma cells 

To examine the potential function of Sox9 in 
osteosarcoma progression, we targeted Sox9 
expression in MG63 cells using siRNA against 
Sox9. At 24 and 48 h after transfection, 
RT-qPCR and Western blot analysis were used 
to determine the effect of siRNA on endoge-
nous Sox9 expression. As shown in Figure 2, 
both the mRNA and protein levels of Sox9 were 
significantly decreased compared with those of 
the negative control (P < 0.05). This result sug-
gests that Sox9 siRNA effectively inhibited the 
expressions of Sox9 mRNA and protein in 
human osteosarcoma cells. 

Knockdown of Sox9 down-regulated the ex-
pression of Wnt1 and its receptor Fzd1 in 
MG63 cells in vitro 

To examine the potential role of Sox9 in regulat-
ing Wnt signaling, we detected the expression 
of Wnt1 and its receptor Fzd1 in MG63 cells 
with Sox9 siRNA using RT-qPCR and Western 

Table 1. Associations of the expressions of Sox9, 
Wnt1, Fzd1 and Ki-67 with tumor clinical stages 

IIa stage 
(n = 22) 

IIb/III stage
(n = 26) P-value

Sox9 expression
    High (n, %) 9 (40.9) 23 (88.5) P < 0.001*
    Low (n, %) 13 (59.1) 3 (11.5) 
Wnt1 expression
    High (n, %) 11 (50.0) 24 (92.3) P = 0.001*
    Low (n, %) 11 (50.0) 2 (7.7) 
Fzd1 expression
    High (n, %) 6 (27.2) 21 (80.8) P < 0.001*
    Low (n, %) 16 (72.8) 5 (19.2) 
Ki-67 expression
    High (n, %) 7 (31.8) 19 (73.1) P = 0.004*
    Low (n, %) 15 (68.2) 7 (26.9)
*With significant difference. 
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blot analysis at 24 and 48 h after transfection. 
The result showed that compared with those of 
the negative control, the mRNA and protein lev-
els of Wnt1 and Fzd1 are significantly decreased 
at 24 and 48 h after transfection (P < 0.05) 
(Figure 2). Immunofluorescence results showed 
that Wnt1 and Fzd1 expression at 24 and 48 h 
are decreased in MG63 cells transfected with 
siRNA Sox9 compared with negative control 
(Figure 3). 

Knockdown of Sox9 inhibited the proliferation 
of MG63 cells in vitro 

To investigate the effects of Sox9 on the prolif-
eration of osteosarcoma cells, CCK-8 assay 

was performed every 24 h. A proliferation curve 
was then plotted. Absorbance at 450 nm 
showed that MG63 cells transfected with Sox9 
siRNA are less than those transfected with the 
negative control (Figure 4A), which suggests 
that the knockdown of Sox9 inhibited MG63 
cell proliferation. 

We also detected the expression of Ki-67 in 
MG63 cells at 48 h after transfection with Sox9 
siRNA using Western blot analysis. The result 
showed that the knockdown of Sox9 decreases 
the expression of Ki-67 (Figure 4B, 4C), consis-
tent with the results of the CCK-8 assay, which 
indicated that proliferation is inhibited by the 
knockdown of Sox9. 

Figure 2. Knockdown of Sox9 down-regulated the expression of Wnt1 and its receptor Fzd1 in MG63 cells at 24 
and 48 h after transfection with Sox9 siRNA (si-Sox9) and the negative control siRNA (Con). A: Bar chart showing 
knockdown efficiency of Sox9 mRNA expression by RT-qPCR (n = 3). B: Representative Western blot of Sox9 protein. 
GAPDH was used for normalization. C: Knockdown efficiency of Sox9 protein expression analyzed by Western blot 
(n = 4). D: Bar chart showing results of RT-qPCR analysis of Wnt1 mRNA level, with β-actin used for normalization (n 
= 3). E: Representative Western blot of Wnt1 protein. F: Bar chart showing the relative intensity of Wnt1 protein as 
analyzed by Western blot (n = 4) with GAPDH used for normalization. G: Bar chart showing results of RT-qPCR analy-
sis of Fzd1 mRNA level with β-actin used for normalization (n = 3). H: Representative Western blot of Fzd1 protein. 
I: Bar chart showing the relative intensity of Fzd1 protein level as analyzed by Western blot (n = 4) with GAPDH used 
for normalization. *P < 0.05, vs. Con. 
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Figure 3. Expression of Wnt1 and its receptor Fzd1 in MG63 cells at 24 and 48 h after transfection with Sox9 siRNA (si-Sox9) and the negative control siRNA (Con) 
by immunofluorescence staining, bar = 20 μm. 
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Discussion 

Osteosarcomagenesis is a complex process 
involved in multiple factors and regulated by 
multiple genes. A disorder of the regulation 
genes results in uncontrolled cell proliferation 
and tumorigenesis. Sox gene family belongs to 
the HMG superfamily. Sox9 serves an impor-
tant function in embryonic development, cell 
proliferation, and sex differentiation [18-22]. 
Recent studies have also implicated the Sox9 
gene in the development and progression of 
different neoplasms [10-13]. Raspaglio et al. 
[11] reported that Sox9 regulates TUBB3 gene 
expression and affects ovarian cancer aggres-
siveness. Additionally, aberrant Sox9 expres-
sion by GKN1 inactivation may be involved in 
the development of sporadic gastric cancers 
[12]. Our study showed that the expression of 
Sox9 in osteosarcoma tissues is distinctly high-
er than that in adjacent non-cancerous tissues. 
A strong correlation was observed between lev-
els of Sox9 expression and the clinical stage of 
the tumor. High expression more frequently 
occurred in osteosarcoma tissues with 
advanced clinical stages, suggesting that the 
high expression levels of Sox9 in osteosarcoma 
may partly be responsible for disease progres-
sion. Our results confirmed the data of Zhu et 
al. that Sox9 is upregulated in aggressive 
osteosarcoma tissues indicating that Sox9 may 
participate in the osteosarcoma progression 
[14]. 

To investigate the function of Sox9 in osteosar-
coma cell proliferation, a CCK-8 assay was per-

formed in MG63 osteosarcoma cells. The result 
showed that the cell proliferation of MG63 
osteosarcoma cell lines is significantly inhibit-
ed by Sox9 siRNA in vitro. The rate of high-level 
Ki-67, a cellular marker for proliferation, expres-
sion significantly increased in high-grade osteo-
sarcoma clinical samples and silencing of Sox9 
decreased the expression of Ki-67 protein in 
MG63 cells. All the results demonstrated that 
the knockdown of Sox9 significantly inhibits the 
proliferation of MG63 cells, suggested that 
Sox9 is an essential factor involved in the 
growth of human osteosarcoma cells. These 
observations are in agreement with the find-
ings of similar studies on a variety of tumor 
cells, which further confirms the critical func-
tion of Sox9 in the survival and proliferation of 
tumor cells [10-13]. Thus, an investigation of 
the underlying molecular mechanism of Sox9 
on cell proliferation in OS is required. 

The Wnt signaling pathway serves an important 
function in regulating cell proliferation and dif-
ferentiation. The deregulation of Wnt signaling 
pathway has been implicated in many human 
diseases, ranging from cancers to skeletal dis-
orders. Previous reports have demonstrated 
that abnormal expressions of a variety of Wnt 
signaling molecules are closely related to the 
development of osteosarcoma. Haydon et al. 
[23] demonstrated increased β-catenin accu-
mulation in 33 out of 47 OS samples. The 
deregulation of β-catenin signaling is implicat-
ed in the pathogenesis of osteosarcoma. 
Hoang et al. [24] found that the expression of 

Figure 4. Silencing of Sox9 inhibited cell proliferation of MG63 cells in vitro. A: CCK-8 assay demonstrated that 
silencing of Sox9 inhibited the cell proliferation capability of MG63 cells on the indicated time points following 
transfection with Sox9 siRNA (si-Sox9). B: Representative Western blot of Ki-67 protein in MG63 cells at 48 h after 
transfection with Sox9 siRNA and negative control siRNA (Con). C: Bar chart showing the relative intensity of Ki-67 
protein as analyzed by Western blot (n = 3) with GAPDH used for normalization. *P < 0.05 vs. Con. 
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LRP5, one of the coreceptors of Wnt ligands, is 
a novel marker for the disease progression of 
high-grade osteosarcoma. Dickkopf3 inhibits 
the invasion and motility of osteosarcoma cells 
SAOS-2 by modulating the Wnt/β-catenin sig-
naling pathway [25]. 

The function of Wnt1 and its receptor Fzd1 in 
the pathogenesis of OS is not yet fully elucidat-
ed. Our result indicated that the expressions of 
Wnt1 and Fzd1 in osteosarcoma tissues are 
significantly higher than that in adjacent non-
cancerous tissues. A strong correlation was 
found between levels of Wnt1 and Fzd1 with 
clinical tumor stage. A consistent change in the 
hyperexpression of Wnt1 and Fzd1 correspond-
ed with that of Sox9. 

Research on the relationship between the Sox 
gene family and Wnt signaling pathway has 
increased in recent years [26-29]. Sox9 has 
emerged as a modulator of the Wnt signaling 
pathway in diverse development and disease 
contexts. Sox9 regulates chondrogenesis by 
promoting efficient β-catenin phosphorylation 
in the nucleus [30]. The canonical Wnt signaling 
pathway promotes chondrocyte differentiation 
in a Sox9-dependent manner [31]. Sox9 medi-
ated the activation of Wnt/β-catenin signaling 
pathway in breast cancer [13]. 

However, limited information is known about 
the relationship between Sox9 and Wnt1 or 
Fzd1 in the OS. To examine the potential func-
tion of Sox9 in regulating Wnt signaling, we 
detected the expressions of Wnt1 and Fzd1 in 
MG63 cells at 24 and 48 h after transfection 
with Sox9 siRNA. The result showed that the 
knockdown of Sox9 down-regulates the expres-
sion of Wnt1 and its receptor Fzd1 in MG63 
cells in vitro. 

This finding suggests that the mechanism of 
osteosarcoma cell proliferation inhibited by 
Sox9 knockdown may be related to its abnor-
malities on Wnt signaling pathway. 

In conclusion, the results of this study demon-
strated that Sox9, Wnt1, Fzd1, and Ki-67 are 
highly expressed in high- grade osteosarcoma 
tissues. Knockdown of Sox9 gene decreases 
the proliferation capability of MG63 cells that 
may results by down-regulation of Wnt1 and its 
receptor Fzd1 expression, thus suggesting that 
Sox9 serves an important factor in the develop-
ment and progression of osteosarcoma by reg-

ulating Wnt1/Fzd1 signaling pathway. Theref- 
ore, Sox9, Wnt1 and Fzd1 might be critical ther-
apeutical targets for osteosarcoma. 
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