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Introduction

Osteosarcoma is the most common primary bone mali-
gnancy derived from osteoid or immature bone produced 
by malignant mesenchymal cells (1-3). Osteosarcoma oc-
curs most frequently in adolescents aged 15 to 19 years, 
and the etiology is unknown. It is associated with rapid 
bone proliferation, and a few may be caused by radiation 
or exposure to alkylating agents (4, 5). Pain, swelling, and 
limited joint movement are typical signs and symptoms of 
osteosarcoma. Metastases occur in about 15% of patients, 
most commonly in the lung, followed by bone, and rarely 
in the lymph nodes (6, 7). Current treatment options for 
osteosarcoma, which include neoadjuvant induction che-
motherapy before surgery, followed by radical or limb 
salvage surgery, followed by postoperative adjuvant che-
motherapy, cure approximately two-thirds of patients with 
localized disease (3, 8). Although multidisciplinary thera-
pies have made remarkable progress in the treatment of 
osteosarcoma, with a 5-year survival rate of 80%, the sur-
vival rate for patients with metastatic disease remains low 
(8). Moreover, high-dose methotrexate (MTX) is highly 
toxic, has many side effects and is easy to produce drug 
resistance, which is accompanied by varying degrees of 
limb function loss, bringing great psychological pressure 
and heavy economic burden to patients and their families. 
Therefore, it is urgent to explore more effective and safe 
treatment strategies. 

Mesenchymal-epithelial transition tyrosine kinase 
receptor, c-Met, and its ligand hepatocyte growth factor 
(HGF) play a key role in embryonic development, tumor 
and tissue damage repair (9, 10). Abnormal activation of 
c-Met/HGF plays an important role in the occurrence and 
development of a variety of human cancers, regulating a 
variety of biological processes of cancer cells, such as cell 
proliferation, survival rate, apoptosis inhibition, migra-
tion, invasion, metastasis, and drug resistance (11-13). c-
Met is overexpressed in most osteosarcoma tissues (14). 
The proliferation of osteosarcoma cells is reliant on the 
overexpression of c-Met, which has been established as 
a significant contributor to osteosarcoma formation and 
maintenance in vitro (15). Targeting c-Met/HGF with 
specific drugs, such as small molecules (e.g., Crizotinib, 
Tifantinib, and Capmatinib) or antibodies (such as Leron-
limab and Onartuzumab), has shown promise in various 
tumor types (12).

In this study, we demonstrated the anticancer effect of 
Crizotinib on a variety of osteosarcoma cells. Then, we 
found that crizotinib promoted apoptosis and inhibited the 
migration and invasion ability of osteosarcoma cells. In 
addition, crizotinib decreased c-Met/Gab1/Stat5 protein 
expression. In this study, the effect and potential mecha-
nism of crizotinib in the treatment of osteosarcoma were 
investigated through in vitro trials, which provided a pro-
mising approach for crizotinib in the treatment of OS pa-
tients.
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Materials and Methods

Cell culture and treatment
Human osteosarcoma cell lines SaOS2, MG-63 and 

MNNG were purchased from the Shanghai Cell Bank 
of the Chinese Academy of Sciences (Shanghai, China). 
Cells were cultured in MEM medium supplemented with 
10% fetal bovine serum and penicillin/streptomycin mix-
ture. All cells were cultured in an incubator at 37°C and 
5% CO2.

Cell proliferation assay
Human osteosarcoma cell lines SaOS2, MG-63 and 

MNNG cells were cultured to the third generation, di-
gested, centrifuged, re-suspended in the culture medium, 
thoroughly blown and mixed, and cell count was perfor-
med. 3000-5000 cells/well were inoculated in 96-well 
culture plates. After 24 hours of cell attachment, different 
concentrations of crizotinib (0.1, 0.5, 1.0, 2.5, 5.0, 10.0 
μM) or dimethyl sulfoxide (DMSO) were added. After 72 
hours, 10 μL cell counting kit-8 (CCK-8) solution (Dojin-
do, Kumamoto, Japan) was added to each well. After incu-
bation in the incubator for 2 hours, the light absorption 
value was measured at 450 nm.

Cell apoptosis assay
MG-63 cells were cultured overnight on 6-well plates 

at a density of 1×106 cells/well, and then crizotinib (2.5, 
5.0 μM) or DMSO with different concentrations was added 
into the medium. Apoptosis analysis was performed 72 h 
later. Suspension cells were stained with Annexin V and PI 
with the Annexin V-FITC apoptosis assay kit, detected by 
Attune NxT flow cytometry, and analyzed by FCS Express 
software (BD Biosciences, Franklin Lakes, NJ, USA).

Cell cycle assay
MG-63 cells were cultured overnight on 6-well plates 

at a density of 1×106 cells/well, and then crizotinib (2.5, 
5.0 μM) or DMSO with different concentrations was ad-
ded into the medium. The cells were collected 72 hours 
later, washed twice with pre-cooled PBS, and fixed with 
pre-cooled 70% ethanol at 4°C overnight. The cells were 
then stained with 50 μg/mL PI and 20 μg/mL RNase A at 
37°C for 30 min, and analyzed by flow cytometry.

Cell migration assay
MG-63 cells were evenly seeded in 6-well plates and 

allowed to form a monolayer overnight. A slit of uniform 
width was created using a 200 μL pipette tip, followed by 
washing with PBS buffer solution. The medium was then 
replaced with serum-free medium containing different 
concentrations of crizotinib (2.5, 5.0 μM) or DMSO. Cell 
migration through the slit was observed using an inver-
ted phase contrast microscope (Nikon Eclipse TE2000-S, 
Tokyo, Japan) at 0 hours and 24 hours.

Cell invasion assay
A 24-well Transwell cell culture chamber (Corning 

Costar, Corning, NY, USA, membrane with aperture of 8 
μm) was used. The upper chamber was coated with Matri-
gel. 1×105 MG-63 cells were inoculated in each well and 
serum-free medium was added. 10% FBS was added into 
the serum-free medium in the lower chamber. Different 
concentrations of crizotinib (2.5, 5.0 μM) or DMSO were 

added to the upper and lower compartments, incubated for 
24 h, and cells on the upper compartment were removed. 
Cells infiltrated into the lower compartment were fixed 
with methanol, stained with crystal violet, and counted 
under a light microscope.

Western blot
MG-63 cells were divided into 6 well plates with 3×105 

cells per well. After cell adhesion, different concentrations 
of crizotinib (2.5, 5.0 μM) or DMSO were added. After 72 
hours of culture, the protein was extracted for detection. 
The cells were rinsed with pre-cooled PBS and lysed with 
radioimmunoprecipitation test buffers (RIPA) containing 
protease and phosphatase inhibitor, centrifuged at 12000 
rpm at 4°C for 15 min and taken supernatant. Protein 
concentration was determined using a bicinchoninic acid 
(BCA) protein analysis kit. They were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel electrophoresis, transferred to polyvinylidene 
fluoride (PVDF) membrane (0.22 μm) for closure (Roche, 
Basel, Switzerland), and incubated overnight at 4°C with 
the primary antibodies. After incubation with secondary 
antibodies, immunoreactive bands were developed using 
Bio-Rad-ChemiDocXRS (Hercules, CA, USA). The gray 
value is measured by software and analyzed statistically.

Statistical analysis
All experiments were repeated three or more times, and 

relevant data were recorded in statistical software Statisti-
cal Product and Service Solutions (SPSS) 19.0 (SPSS Inc., 
Chicago, IL, USA), in which the results after scientific 
treatment were expressed as mean ± standard deviation. 
Then t test and χ2 test were taken, P<0.05 indicates statis-
tically significant difference (*, P<0.05; **, P<0.01; ***, 
P<0.001; ****, P<0.0001).

Results

Crizotinib inhibits the proliferation of osteosarcoma 
cells

Human osteosarcoma cell lines SaOS2, MG-63 and 
MNNG were sensitive to crizotinib when different concen-

Figure 1. Human osteosarcoma cell lines SaOS2 (A), MG-63 (B) and 
MNNG (C) were added with different concentrations of crizotinib 
(0.1, 0.5, 1.0, 2.5, 5.0, 10.0 μM) or DMSO. The cell activity was mea-
sured by CCK-8 assay. The data were expressed as mean ± standard 
deviation from three independent experiments. Compared with the 
control group, **, P<0.01; ***, P<0.001, t test.
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osteosarcoma cell line MG-63 was treated with crizotinib 
(2.5, 5.0μM) or DMSO at different concentrations. It was 
found that crizotinib decreased the expression of c-Met, 
Gab1 and Stat5 proteins (Figure 6).

Discussion

c-Met is one of the most commonly altered tyrosine 
kinases in human cancer (9, 16). c-Met is overexpressed in 
most osteosarcoma tissues (14, 17, 18). The overexpres-
sion of c-Met is a common feature of osteosarcoma and 
soft tissue sarcoma. The overexpression of c-Met in sarco-
ma cell lines and clinical sarcoma specimens suggests that 
the imbalance of the HGF/c-Met signal plays an important 
role in the development of osteosarcoma (18, 19). Abnor-
mal activation of the c-Met pathway is mainly caused by 
Met14 exon jump mutation, Met amplification or Met pro-

trations of crizotinib (0.1, 0.5, 1.0, 2.5, 5.0, 10.0 μM) or 
DMSO were added, and crizotinib inhibited the prolife-
ration of the three cell lines in a concentration-dependent 
manner. When the dosage of crizotinib was 2.5 μM, 5.0 
μM and 10.0 μM, the difference was statistically signifi-
cant compared with the Control group (Figure 1).

Crizotinib promotes apoptosis of osteosarcoma cells
In order to explore the potential mechanism of crizo-

tinib inhibiting the proliferation of osteosarcoma cells, a 
cell apoptosis experiment was conducted. Human osteo-
sarcoma cell line MG-63 was selected for the experiment. 
Based on the analysis of CCK-8 results, the dosage of 
crizotinib was 2.5 μM and 5.0 μM. The experiment was 
divided into three groups, adding different concentrations 
of crizotinib (2.5, 5.0 μM) or DMSO. Flow cytometry 
showed that crizotinib significantly increased the number 
of apoptotic MG-63 cells compared with the control group 
(Figure 2).

Crizotinib blocks the cell cycle of osteosarcoma
To explore the potential mechanism by which crizo-

tinib inhibits the proliferation of osteosarcoma cells, we 
also performed cell cycle experiments. After the addition 
of different concentrations of crizotinib (2.5, 5.0 μM) or 
DMSO, the number of G0/G1 phase cells was significantly 
increased, and the number of S phase cells was significant-
ly decreased by flow cytometry compared with the control 
group (Figure 3).

Crizotinib inhibits the migration and invasion of osteo-
sarcoma cells

To further evaluate the effect of crizotinib on the migra-
tion function of osteosarcoma cells, a cell scratch assay 
was performed. Crizotinib inhibited the migration of os-
teosarcoma cells compared with controls (Figure 4).

To further evaluate the effect of crizotinib on the func-
tion of osteosarcoma cells, the cell invasion assay was also 
performed. Crizotinib significantly reduced cell invasion 
compared with the control group (Figure 5).

Crizotinib inhibits the c-Met signaling pathway
To explore the potential mechanism by which crizo-

tinib inhibits the proliferation of osteosarcoma cells, we 
evaluated the changes of the c-Met pathway-associated 
proteins c-Met, Gab1, and Stat5 by Western Blot. Human 

Figure 2. Cell apoptosis experiment, data from three independent 
experiments, each group sample size = 3. Compared with the control 
group, *: P<0.05, t-test.

Figure 4. Cell migration ability was detected by transwell. Image 
magnification 10×. 

Figure 5. Cell invasion experiment. The data were expressed as mean 
± standard deviation from three independent experiments. Compared 
with the control group, **, P<0.01; ***, P<0.001, t test.

Figure 3. The cell cycle was measured by flow cytometry. The data 
were expressed as mean ± standard deviation from three independent 
experiments. 
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tein overexpression during tumor development (10). After 
specific binding of HGF to the c-Met receptor in the ex-
tracellular domain, c-Met undergoes polymerization and 
tyrosine phosphorylation in the cell, leading to receptor 
internalization and recruitment of adaptor proteins inclu-
ding Gab-1, Grb2, and Shc (20). Activated adaptor pro-
teins become binding sites for downstream proteins and 
mediate various physiological effects through downstream 
signaling pathways such as RAS-MAPK, PI3K-AKT, 
FAK and STAT (9, 10). In a variety of tumors, due to the 
overexpression of c-Met and HGF, and the positive para-
crine and autocratic feedback loops formed by HGF and 
c-Met. The HGF/c-Met signaling pathway is abnormally 
activated, which promotes the growth, invasion, migration 
and angiogenesis of tumor cells (21-23). The development 
of multiple malignancies in c-Met and HGF transgenic 
mice also confirms the importance of HGF/c-Met signa-
ling in cancer (24, 25). HGF transgenic mice developed 
fibrosarcoma (25). Wild-type or transfected activated c-
Met drives osteoblast and fibroblast transformation (18). 
The growth of osteosarcoma and soft tissue sarcoma cells 
depends on c-Met because silencing c-Met will inhibit 
the formation of tumors in these cells in nude mice (26, 
27). Antitumor therapies targeting overactivated tyrosine 
kinases, such as Imatinib mesylate (28) and Trastuzumab 
(29), have demonstrated significant efficacy. Therefore, c-
Met has become a molecular target for the treatment of 
osteosarcoma. This study will investigate the potential me-
chanism of the c-Met inhibitor crizotinib in the treatment 
of osteosarcoma. 

In this study, osteosarcoma cell lines SaOS2, MG-63 
and MNNG were used as models in vitro. The prolifera-
tion of osteosarcoma cell lines was significantly inhibited 
after crizotinib treatment, and there was no significant dif-
ference in the sensitivity of the three cell lines to crizoti-
nib. And we found that crizotinib significantly inhibited 
the proliferation of osteosarcoma cells in a dose-dependent 
manner. In order to investigate the potential mechanism 
of crizotinib inhibiting the proliferation of osteosarcoma 

cells, we performed cell apoptosis and cell cycle expe-
riments. Flow cytometry results showed that crizotinib 
could induce the cell cycle block in the G0/G1 phase and 
trigger cell apoptosis. It indicated that crizotinib regulates 
the development and growth of osteosarcoma by affecting 
cell cycle progression and apoptosis.

The ability of osteosarcoma cells to migrate is critical 
for early metastasis and disease recurrence, and early lung 
metastasis is a major cause of death in patients (30). The-
refore, treatments that inhibit the ability of osteosarcoma 
cells to migrate may reduce local recurrence or early me-
tastasis, thereby improving survival. Therefore, we evalua-
ted the effect of crizotinib on the migration and invasion 
ability of osteosarcoma cells. The results of the scratch test 
and transwell invasion test showed that crizotinib could 
inhibit the migration and invasion of osteosarcoma cells. 
The c-Met signaling pathway is transduced by a number 
of cytoplasmic effector proteins, including Grb2, Gab1, 
and signal transduction and transcriptional activator pro-
tein 5 (Stat5). In order to confirm that the anti-prolifera-
tive effects of crizotinib are related to c-Met signaling, the 
expression of phosphorylated c-Met, Gab1 and Stat5 was 
evaluated by Western blot. Crizotinib reduces the expres-
sion of phosphorylated c-Met and downstream signaling 
proteins in a dose-dependent manner without inhibiting 
total protein levels.

In conclusion, crizotinib, a c-Met inhibitor, inhibits the 
proliferation of osteosarcoma cells by blocking the cell 
cycle and promoting cell apoptosis. Crizotinib's inhibition 
of migration and invasion of osteosarcoma cells suggests 
that crizotinib may reduce the occurrence of early lung 
metastasis or reduce local recurrence. Crizotinib acts by 
inhibiting the c-Met/Gab1/Stat5 signaling pathway. 

We demonstrate that crizotinib inhibition of the c-MET 
signaling pathway is a key anticancer mechanism of crizo-
tinib in osteosarcoma cells. We further provide evidence 
that crizotinib therapy has an enhanced inhibitory effect 
on the growth of osteosarcoma cells in vitro, which is a 
promising new therapy for patients with osteosarcoma but 
remains to be studied in animal models.
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