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Introduction 

Osteosarcoma is the most prevalent type of malignant 
bone cancer, occurs mainly in children and young 
adults (Picci et al., 2010). It is the second most cause of 
cancer related death in adult’s age group (Yang et al., 
2011). Osteosarcoma metastasizes in lungs after moving 
from distal femur and proximal tibia part of bones. 
When limb amputation was the only treatment option, 
less than 10% of people survived from osteosarcoma 
during the year 1970 (Yang et al., 2010). However, 
introduction of multi-drug chemotherapy increased the 
survival rate to 60-70%. Generally, multi-drug chemo-
therapy was started after the surgical intervention in 
patients. Therefore, surgery and conventional chemo-
therapy became standard treatment protocol in OS 
(Geller et al., 2010; Ferguson et al., 2001). No substantial 
improvement in osteosarcoma therapy has been obser-
ved despite great strides in osteosarcoma treatment. 
Most of the chemotherapeutic drug administered via 

oral and intravenous route are carries high risk of short 
term and long term adverse effects (Patel et al., 2002; 
Maran et al., 2013). Moreover, high systemic concen-
tration of drug will result in high toxicity and narrow 
therapeutic index of the respective anticancer drugs. 
This could be due to the lack of potential biomarker and 
non-specific targeting of anti-cancer drugs towards the 
normal and cancer cells. In this perspective, an alterna-
tive therapeutic approach is desirable (Thomas, 2010). 
Therefore, molecular signaling pathways or biomarkers 
could be considered as a key in the treatment of 
osteosarcoma.  

In the aforementioned perspective, Wnt signalling plays 
an important role in the development of osteoblasto-
genesis and tumorigenesis (Nusse, 2005). Osteopro-
genitor cell proliferation/progression has been reported 
to increase with the Wnt signalling along with the pre-
vention of apoptosis in osteoblasts. It has been reported 
that Wnt ligands and Wnt receptors are overexpressed 
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Abstract 

Osteosarcoma is one of the most common malignant bone tumors in children 
and adults. Till this date, molecular mechanism behind the growth and 
invasiveness of osteosarcoma is poorly understood. Wnt5a plays an 
important role in the oncogenesis and cancer metastasis. Results show that 
Wnt5a has a remarkable influence on the U2OS and SaOS-2 cancer cell 
migration. The cell migration was dependent on the concentration of Wnt5a 
with low concentration (25 ng/mL) has almost no effect on the cell migration 
while it has remarkable influence at 100 ng/mL. The results revealed that 
Wnt5a can control the osteosarcoma cell migration via PI3K/Akt signalling 
pathways. We showed that Wnt5a activated the PI3K (p-Tyr458) and Akt 
phosphorylation (p-Ser473) immediately after the ligand incubation. More 
importantly, we demonstrated that chemotherapeutic drug like doxorubicin 
can effectively suppress the activity of Wnt5a ligand and thereby can inhibit 
the osteosarcoma cell growth and tumorigenesis. This lay the foundation for 
therapeutic application of Wnt5a towards the treatment of osteosarcoma.  
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in osteosarcoma while at the same time Wnt inhibitor 
was found in lowest level in bone malignancies (Bodine 
and Komm, 2006). In Wnt/β-catenin signaling path-
ways, Wnt ligands binds with the Frizzled receptors 
and low-density lipoprotein receptor-related protein 
5/6 (LRP5/6) coreceptors leading to the activation of 
disheveled (Dsh) that releases β-catenin from the axin-
adenomatous polyposis coli (APC)-glycogen synthase 
kinase-3β(GSK-3β) complex (Bodine, 2008; Gaur et al., 
2005). Wnt5a has been classified in a non-canonical Wnt 
group. Wnt signalling activates Ca2+ pathways leading 
to the ultimate activation of activate protein kinase C 
(PKC) and Ca2+/calmodulin kinase II. Besides, it can 
activate various intracellular proteins including c-Jun N
-terminal kinase (JNK), extracellular signal-regulated 
kinase (ERK), and Akt (McQueen et al., 2011).  

Earlier, it has been demonstrated that trimeric G protein 
activates the phospholipase C and phosphodiesterase 
which is in turn involved in the activation of Wnt-
induced gene expression (Veeman et al., 2003). Recent-
ly, it was showed that Phosphatidylinositol-3 kinases 
(PI3Ks) could be involved in the progression of cancers 
(Kuhl et al., 2000). PI3Ks are a group of enzyme family 
that are involved in the various intracellular functions 
such as cell proliferation, progression, differentiation, 
and cell survival which are important part of cancer 
developments. Moreover, serine/threonine kinase Akt 
influences the PI3K pathways along with polypeptide 
growth factors (Almeida et al., 2005; Yamanaka et al., 
2002).  

Doxorubicin (DOX), a topoisomerase II inhibitor, is a 
potent chemotherapeutic agent used in the treatment of 
wide variety of malignancies including lung, breast, 
ovarian, leukemia and osteosarcoma (Gabizon et al., 
2003). This drug acts by the intercalation of DNA in the 
cancer cells resulting in the inhibition of macromole-
cular biosynthesis. Till date, none demonstrated its 
potential in osteosarcoma via inhibition of Wnt signa-
lling pathways (Chamberlain et al., 2013).  

Herein, the main aim of our study was to investigate 
the role of PI3K/Akt signaling pathway in Wnt-
mediated osteosarcoma cell progression and study the 
effect of chemotherapeutic drug on the cell migration 
and bone cell apoptosis. U2OS and SaOS-2 osteosar-
coma cells were selected to study the migration of OS 
cells. The effect of Wnt5a on PI3K activation of OS cells 
was investigated. The effect of Wnt5a on cell migration 
via AKT pathways was also demonstrated. Finally, 
influence of DOX on the cell apoptosis and cell migra-
tion was noted in U2OS cells.  
 

Materials and Methods 

Cell culture: U2OS and SaOS-2 human osteosarcoma cell 
lines were procured from American Tissue Culture 
Collection (ATCC), Rockville, MD. U2OS and SaOS-2 
cells were cultured in McCoy’s 5A medium. Prior to 

that, growth medium was prepared by adding 10%fetal 
bovine serum (FBS) and 1%penicillin-streptomycin in 
the rest of the media. The cells were maintained in a 
sophisticated incubator at ambient conditions (37°C and 
5%CO2). The mouse anti-β-actin antibody was pur-
chased from KangChen Biotech, Shanghai, China. The 
rabbit anti-Akt antibody, rabbit anti-phospho-Akt (p-
Ser473) antibody, rabbit anti-PI3K p85 antibody, rabbit 
anti-phospho-PI3K p85 (Tyr458) (Cell Signaling Tech-
nology, Danvers, MA), mouse anti-β-catenin antibody, 
rabbit anti-phospho-β-catenin (p-Ser33) antibody were 
purchased from Santa Cruz Biotechnology, Santa Cruz, 
CA. 

Cell migration analysis: Boyden chamber was used to 
determine the cell migration. The Boyden chamber is 
consists of two chambers which are separated by a 
polycarbonate membrane. U2OS and SaOS-2 cells were 
seeded in tissue culture plates and allowed to reach 
90%confleuncy. The cells were detached by means of 
trypsinization. The cells were then centrifuged and 
made into a cell suspension. The serum free media was 
used to make the cell suspension which contains 5 µg/
mL of BSA.  Approximately, 6 × 104 cells were placed 
on to the wells containing the membrane at the bottom. 
Now, Wnt5a is added to the compartments located up 
and downside of chamber. The cells were allowed to 
migrate for 24 hours at 37°C in the Boyden chamber.  
Followed by this, culture medium was removed along 
with the floating cells and membranes were detached 
from the chamber. The membranes were stained with 
0.5% crystal violet. The extent of cell migration in the 
membrane was visualized using a light microscope. 
Number of cells migrated on to the membrane can also 
be counted. 

Immunoblot analysis: The cells were seeded on to well 
plates and allowed to incubate for 24 hours. siRNA du-
plexes which is particular for Akt were incubated with 
U2OS and SaOS-2 cancer cells in order to start trans-
fection. Lipofectamine 2000 reagent was used in serum 
free media as per the manufacturer’s protocol. It was 
allowed to transfect for 48 hours, following which 
protein levels in each cell was evaluated using Western 
blotting. 

The transfected cells were washed two times with PBS 
and lysed using lysis buffer. The lysis buffer was main-
tained at pH 7.4 and consists of 50 mmol/L Tris, 150 
mmol/L NaCl, 1%Triton X-100, 1%sodium deoxy-
cholate, 0.1%SDS, 1 mmol/L sodium orthovanadate, 1 
mmol/L sodium fluoride, 1 mmol/L EDTA, 1 mmol/L 
PMSF, and 1% cocktail of protease inhibitors. The cell 
lysates were collected and centrifuged at 10,000 rpm for 
20 min at 4°C. The proteins were separated using elec-
trophoresis technique in a 10% SDS-acrylamide gel 
phase. This was blotted on a nitrocellulose membrane. 
The membranes were then blocked overnight in Tris 
buffer containing 0.1% (v/v) Tween 20 and 5% (w/v) 
fat-free dry milk. This was incubated with primary anti-
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body which is followed by a secondary antibody. The 
antibodies used includes mouse anti-β-actin antibody, 
rabbit anti-Akt antibody, rabbit anti-phospho-Akt (p-
Ser473) antibody, rabbit anti-PI3K p85 anti-body, rabbit 
anti-phospho-PI3K p85 (Tyr458), mouse anti-β-catenin 
antibody, rabbit anti-phospho-β-catenin (p-Ser33) anti-
body. The protein bands were determined by incubi-
tion with horseradish peroxidase-conjugated antibodies 
and images were captured using an X-ray film detector. 
The bands were analyzed using the software provided 
by the manufacturer. 

BrdU incorporation assay: The cells were seeded in a well 
plate and allowed to attach and grow overnight. Cells 
were incubated with Wnt3a conditioned medium and 
followed by doxorubicin for a specified time. Cells were 
trypsinized and harvested and incubated with 10 µM of 
5'-bromo-2-deoxy-uridine (BrdU) for 3 hours. The cells 
were fixed with cold ethanol/HCL and BrdU labelling/
detection kit (Roche Diagnostics GmbH, Mannheim, 
Germany) was employed to determine BrdU as per the 
instruction of manufacturer’s. 

Statistical analysis: For all analyses, p<0.05 was consider-
ed statistically significant. Two-tailed, unpaired Stu-
dent’s t-test was used to calculate statistical difference/
analysis using Microsoft excel or graph pad prism. The 
data are expressed as mean ± standard deviation (SD) 
and performed in triplicate. 

 

Results and Discussion 

Wnt5a signalling pathway activates a range of physio-
logical and pharmacological activities including the 
cellular proliferation, migration, invasion, cell cycle 
disruption, and suppresses the cell apoptosis in multi-
ple cancers which includes osteosarcoma (Logan and 
Nusse, 2004). Wnt5a is the main ligand that activates 
the Wnt signalling pathways. Specifically, animal with 
abnormal Wnt signalling pathways frequently develops 
facial abnormalities, dwarfism, dysmorphic ribs and 
shortened limbs/tails (Klaus and Birchmeier, 2008). It 
has also been reported that lack of Wnt pathways 
would also result in abnormal distal lung morpho-
genesis, dysmorphic vertebrae, and complete absence of 
genital tubercle. This indicates how important Wnt 
signalling in the development and growth of critical 
organs (Weeraratna et al., 2002). In addition, Wnt-
mediated cell signalling plays a unique role in the 
cancer proliferation and cancer differentiation. It has 
been reported that that Wnt5a promotes the cancer 
metastasis and proliferation in various malignant 
tissues including breast, melanoma, gastric and liver 
cancer (Zhu et al., 2012). Keeping all this facts in mind, 
present study was designed to investigate the effect of 
Wnt on osteosarcoma cancer cells including U2OS and 
SaOS-2 cancer cells. In addition, role of PI3K/Akt 
signaling pathway in Wnt pathway has been 

investigated. 

Cell migration is a clear indication of the ligands 
influence on the cell proliferation and differentiation. 
The effect of Wnt5a on U2OS and SaOS-2 osteosarcoma 
cancer cells has been carried out after treating the 
individual cells with recombinant Wnt5a. The cell 
migration was evaluated using Boyden chamber assay. 
It can be clearly seen that Wnt5a has a remarkable 
influence on the U2OS cell migration. The concentration 
of Wnt was varied from 25 to 100 ng/mL to observe the 
concentration dependent effect on the cell migration 
capacity. As can be seen (Figure 1), low concentration 
(25 ng/mL) has almost no effect on the cell migration 
capacity while when the concentration of Wnt increased 
up to 50 ng/mL, the cell migration significantly 
inhibited. Specifically, appreciable cell migration 
inhibition was observed at around 75-100 ng/mL. 
Similar trend was observed in SaOS-2 cancer cells 
although the level of migration was different between 
both the cell lines. Followed by, number of cells per 
field was calculated and as expected the trend was 
similar to that of migration rate (Figure 1). The number 
of cells was almost equal to control at lowest 
concentration however it increased for the increase in 
the concentration of the Wnt. This result clearly 
indicates that Wnt5a is an effective stimulator of osteo-
sarcoma cells.   

Phosphatidylinositol-3 kinases (PI3Ks) enzyme family 
is involved in the vital cellular functions of the body 
including cell growth proliferation, differentiation, cell 
survival and intracellular trafficking. These 
pharmacological activities have been important for the 
development of cancers. Therefore in the present study, 
molecular mechanisms behind the role of Wnt on 
cancer growth have been investigated. The downstream 
signalling pathway in U2OS and SaOS-2 cells has been 
studied in detail (Figure 2). Firstly, PI3K activation state 
has been studied. Phosphorylated-PI3K p85 is consider-
ed as the important biomarker of PI3K activation state. 
For this, cells were starved from serum for 24 hours 
then treated with highest concentration of Wnt5a at 
which it showed the maximum cell migratory ability. 
The cells were collected at a specified time interval of 
15, 30, and 60 min and SDS-PAGE and western blot 
experiments were conducted. The results clearly show-
ed that basal phosphorylation has been increased at 
increasing the incubation time. Specifically, basal phos-
phorylation was elevated after 15 min of Wnt5a 
stimulation, while it increased for 30 min incubation 
and decreased thereafter in both the cancer cell lines 
(Almeida et al., 2005).  

Moreover, it is well known that PI3K is the important 
activator of Akt in the physiological systems (Kawasaki 
et al., 2007). Therefore we have next investigated the 
response of Akt for the Wnt incubation (Figure 3). For 
this, cells were starved from serum for 24 hours then 
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treated with highest concentration of Wnt5a at which it 
showed the maximum cell migratory ability. phospho-
rylated-Akt (p-Ser473) is considered as the important 
biomarker of Akt activation state. Consistent with the 
PI3K results, basal phosphorylation has been increased 
at increasing the incubation time. Specifically, basal 
phosphorylation was elevated after 15 min of Wnt5a 
stimulation, while it increased for 30 min incubation 
and decreased thereafter in both the cancer cell lines. 

It is well known that Wnt5a activates protein kinase C 

(PKC) and affect the tumor progression process in the 
cancer cells. It has been reported that Wnt5a inhibits the 
cell apoptosis by activating Akt and ERK pathways (Ko 
et al., 2014). We showed that Wnt5a activated the PI3K 
(p-Tyr458) and Akt phosphorylation (p-Ser473) 
immediately after the ligand incubation. Therefore it 
can be expected that by blocking Akt or PI3K will 
actively control the osteosarcoma cell proliferation.  

We next investigated the effect of DOX on the 
proliferation of osteosarcoma cells. For this, we have 
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Figure 1: Effect of Wnt5a on osteosarcoma cell migration. Relative cell migration rate of U2OS (A) and SaOS-2 (B) osteosarcoma 
cells. Number of cells per field (C) U2OS (D) SaOS-2 cells. The cells were incubated with increasing concentration of Wnt5a ligand 
from 25 ng/mL to 100 ng/mL  

Figure 2: Effect of Wnt5a on PI3K activation of osteosarcoma cells. U2OS (A) and SaOS-2 (B) cells were treated with 100 ng/mL of 
Wnt5a ligand and collected at specific time intervals. SDS-PAGE and western blot analysis were performed to estimate p-PI3K p85 
(p-Tyr458) and total PI3K p85  

A B 



 

treated the cells with both Wnt5a ligand as well as 
chemotherapeutic drug. As can be seen (Figure 4A, B), 
Wnt5a has a remarkable influence on the U2OS and 
SaOS-2 cell proliferation. Wnt5a remarkably increased 
the cell proliferation comparing to that control or 
untreated cells. Importantly, when DOX was exposed to 
the same cells, it resulted in decrease in the basal 
conditions. The results clearly indicate that DOX 
abolished the stimulatory effect of Wnt5a ligand in the 
cells. 

The cell migration is an important factor in the develop-

ment of osteosarcoma tumorigenesis and metastasis. 
Therefore, we have investigated the effect of DOX on 
the cell migration in an identical condition. As seen 
clearly (Figure 4C), comparing to control cells (untrea-
ted), DOX markedly inhibited the cell migration 
potential of cells.  

Overall, our results show that PI3K/Akt signaling plays 
a central role in cell viability-promoting phenotypes 
such as inhibition of cell death and cell cycle 
progression. We showed that Wnt5a could influence 
U2OS and SaOS-2 cell progression and proliferation by 
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Figure 3: Effect of Wnt5a on Akt activation of osteosarcoma cells. U2OS (A) and SaOS-2 (B) cells were treated with 100 ng/mL of 
Wnt5a ligand and collected at specific time intervals. SDS-PAGE and western blot analysis were performed to estimate p-Akt (p-
Ser473) and total Akt 

A B 

A B 

C 

Figure 4: Effect of doxorubicin on cell apoptosis and cell migration. BrdU assay was performed in U2OS (A) and SaOS-2 (B). Cells 
were treated with Wnt5a and doxorubicin and DNA replication was evaluated by BrdU incorporation (C) effect of DOX on the 
U2OS cell migration. Boyden’s chamber was used to evaluate the cell migration level  



 

activating PI3K/Akt pathways. This PI3K/Akt-depen-
dent activation of cell cycle progression plays an 
important role in the osteosarcoma proliferation in the 
body (Kawasaki et al., 2007; Ko et al., 2014). We have 
further showed the influence of chemotherapeutic 
agent on the cell proliferation and Wnt5a therapeutic 
action. Results revealed that DOX remarkably halted 
the stimulatory effects of Wnt ligands. Consistently, it 
remarkably suppressed the migration of both the 
osteosarcoma cell lines. 
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