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Introduction: Osteosarcoma is the most common primary malignancy of the bone among
adolescents and children. Despite intensive chemotherapy and aggressive surgery, the 5-year
survival rate of osteosarcoma still falls under 70%, mainly due to its tendency to metastasize
and to develop drug resistance. Therefore, new treatments for osteosarcoma are urgently
needed. HGF/c-Met signaling pathway, when dysregulated, is involved in the onset, progres-
sion and metastasis of various cancers, making the HGF/c-Met axis a promising therapeutic
target.

Methods: In this study, we found Met to be a cancer-promoting gene in osteosarcoma as
well, and aimed to investigate the role of a c-met inhibitor (PHA-665752) in osteosarcoma.
For this purpose, two human osteosarcoma cell lines (143B and U20S) were introduced in
this study and treated with PHA-665752. CCK8 cell proliferation assay was performed to
obtain the ICsq value of PHA-665752 for 143B and U20S. After that, colony formation
assay, transwell migration and invasion assay and wound-healing assay were performed.
Furthermore, a tumor-transplanted mouse model was used for in vivo experiments.
Results: Our results showed that PHA-665752 could suppress osteosarcoma progression,
promote apoptosis and inhibit proliferation of human osteosarcoma cells. Moreover, we
found ERK1/2 pathway to be an important mediator underlying the osteosarcoma-
suppressing function of PHA-665752. LY3214996, a highly selective inhibitor of the
ERK1/2 pathway, was able to antagonize the effects of PHA-665752 in osteosarcoma.
Finally, in vivo experiments indicated that PHA-665752 suppressed tumor growth in
a tumor-transplanted mouse model.

Conclusion: Taken together, Met provided a druggable target for osteosarcoma and PHA-
665752 is a promising candidate for anti-osteosarcoma treatments.
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Introduction

Osteosarcoma (OS) originates from primitive bone-forming mesenchymal stem
cells and represents the most common primary bone malignancy in children and
adolescents.'> Before the 1970s, amputation surgery was the main treatment for
osteosarcoma due to the lack of effective chemotherapy. However, surgeries pose
a negative impact on the quality of life, and displayed a limited efficacy with more
than 80% of the patients still dying of lung metastasis.” In the past 30 years, with
the advent of advanced medical methods such as neoadjuvant chemotherapy, the

overall 5-year survival rate of osteosarcoma has increased from 20% to 70%.* The
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four basic drugs for osteosarcoma chemotherapy are meth-
otrexate, cisplatin, doxorubicin and ifosfamide. High-dose
methotrexate (HDMtx) therapy, such as MAP (methotrex-
ate, doxorubicin, and cisplatin) has become the
standard treatment in North America and Europe.’
However, for those with metastasis or drug resistance,
the efficacy of chemotherapy is limited with an overall
5-year survival rate less than 20%.®” Therefore, novel
treatments are urgently needed, especially against the
emergence of drug resistance and effective for distant
metastasis.

Hepatocyte growth factor (HGF) and its high-affinity
receptor, mesenchymal epithelial transition factor (c-Met)
serves multiple functions in embryonic development,®
organogenesis’ and wound healing.'® Previous studies
also found that the physiological function of HGF/c-Met
axis revolves around cell motility and invasive growth,
and displayed a higher activity in many cancers.'' "

PHA-665752 is a potent, selective and ATP competi-
tive c-Met inhibitor. As early as in 2003, Christensen et al'’
have found that PHA-665752 could inhibit the c-met-
dependent phenotype in vitro and exhibit anti-tumor
1'® showed that

PHA-665752 was able to cooperate with rapamycin to

activity in vivo. Since then, Ma et a

inhibit the growth of non-small cell lung cancer cells.
Puri et al'’ reported that PHA-665752 could inhibit the

tumorigenicity and angiogenesis of lung cancer xenografts
in mice to a degree reaching more than 85%. However, the
therapeutic effect of PHA-665752
remains uninvestigated. Based on its significant inhibition

in osteosarcoma

on other malignancies, we speculated that PHA-665752
also has a therapeutic effect on osteosarcoma.

Herein, we identified a novel c-Met inhibitor (PHA-
665752), which was able to suppress osteosarcoma pro-
gression via ERK signaling pathway. Our study provided
a theoretical basis for the clinical use of PHA-665752 to
treat osteosarcoma.

Methods
OS Mouse Model

All animal experiments were carried out according to the
Guide for the Care and Use of Laboratory Animals pub-
lished by the National Institutes of Health and approved by
the Ethics Committee of Sir Run Run Shaw Hospital.
Eighteen female BALB/c-nu mice, aged 4 weeks, were
purchased from Slac Laboratory (Shanghai). About
2x107143B cells were digested and mixed in 2 mL cold
PBS. Then, a volume of 100uL cell suspension was
injected subcutaneously. When the tumors in the dorsal
area were macroscopic, mice were randomly divided into
three groups (control group and two PHA-665752 groups)
with six mice in each group. For the control group,
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a volume of 100uL 5% DMSO was injected into the
peritoneum. While the PHA-665752 groups were received
intraperitoneal injection of 100uL PHA-665752 (7.5mg/kg
and 15mg/kg) diluted with 5% DMSO. The intraperitoneal
injection was done every day, the body weight and tumor
volume of mice were measured every 5 days. Thirty days
later, the mice were sacrificed and the tumors were
removed, weighted and fixed.

Cell Culture

143B (ATCC: CRL-8303) and U20S (ATCC: HTB-
96TM) human osteosarcoma cells were obtained from
the American Type Culture Collection (ATCC, Manassas,
VA, USA). The cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with
10% FBS (Thermo Fisher Scientific, Waltham, MA,
USA). The culture was maintained in an incubator set to
37°C with 5% CO, and 100% humidity.

Transfection

Three different siRNAs of Met gene were designed and
constructed by RiboBio (Guangzhou, China). The transfec-
tion of siRNAs was performed using Lipofectamine
RNAiIMAX (ThermoFisher), according to the manufacturer’s
instructions. Relative sequences are shown in Table 1.

CCKS8 Cell Proliferation Assay

Treated 143B and U20S cells were seeded into a 96-well
plate at a density of 2x10°cells/well. The next day, cell
proliferation was detected using CCKS8 (Sigma-Aldrich),
after 4 h of incubation, the absorbance of solution at 450
nm was measured using VersaMax microplate reader
(Molecular Devices, CA, USA).

Colony-Formation Assay

Transfected or untreated cells were seeded into a 12-well
plate at a density of 5x10%cells/well. In the drug treatment
group, the medium was changed with fresh medium con-
taining PHA-665752 (3-5 nM) or LY3214996 (5—40 nM)
for about 14 days until the cells grew to visible colonies.
The cells were washed with phosphate-buffered saline

Table | Sequences of Si/shRNAs Used in This Study

Met si#l GGACTTTGTTGGACAATGA
Met si#2 CAATCATACTGCTGACATA

Met si#3 GTCGGAGGTTCACTGCATA
Met shRNA GGACTTTGTTGGACAATGA

(PBS) and fixed with 4% paraformaldehyde for 20 min.
Then, 0.5% crystal violet solution was used for staining,
followed by image capture. Finally, the colonies were
counted.

Transwell Migration and Invasion Assay
The migration and matrigel invasion assays were con-
ducted using transwell chamber (for migration assay) or
transwell precoated matrigel chamber (for invasion assay)
according to the manufacturer’s protocol (BD Science,
Bedford, MA, USA). The homogeneous single-cell sus-
pensions (5 % 10* cells/well for migration, 1 x 10°/well for
invasion) were added to the upper chambers and incubated
for 24 h. In the drug treatment group, the cells were treated
with PHA-665752 or LY3214996. The migration and inva-
sion rates were quantified by counting the migratory and
invasive cells at least three random fields.

Wound-Healing Assay

Transfected or untreated cells were seeded into a six-well
plate at a density of 2x10°cells/well. In the drug treatment
group, the cells were treated with PHA-665752 or
LY3214996. For wound-healing assay, cells were scraped
with the tip of 200 pL pipette tips. All images were
acquired using 10 high-power fields at 0 and 24 h after
injury. Remodeling was measured as diminishing distance
across the induced injury, normalized to the 0 h control,
and expressed as relative migration.

Western Blot

Treated 143B and U20S cells or tissues were lysed with
radioimmunoprecipitation assay buffer (RIPA, Beyotime,
China) supplemented with 100 mM phenylmethanesulfonyl
fluoride (PMSF) on ice. Total proteins were qualified using
bicinchoninic acid (BCA) analysis (Beyotime, China). Then,
proteins were separated by 8% SDS-PAGE and transferred to
PVDF membranes (Bio-Rad), followed by blocking with 5%
nonfat milk at room temperature for 1 h and incubating with
primary antibody at 4°C overnight. The next day, the mem-
branes were washed by TBST and incubated with
a secondary antibody at room temperature for 1 h. Protein
bands were visualized using FDbio-Femto ECL (Fudebio,
Hangzhou, China) and a chemiluminescence system (Bio-
Rad, USA). Anti-GAPDH,
vimentin antibodies were purchased from Proteintech
(Chicago, USA); Anti-Cyclin D1, anti-CDK4, anti-ERK1/2
and anti-pERK1/2 (Thy202/Tyr204) antibodies were pur-
chased from Abcam (Cambridge, UK).

anti-N-cadherin and anti-
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Quantitative RT-PCR

Total RNA were extracted from 143B and U20S cells
using Ultrapure RNA Kit (CWBIO) according to the man-
ufacturer’s protocol. Quantification of Met gene was per-
formed using UltraSYBR one step RT-qPCR Kit (CWBIO)
according to the manufacturer’s instructions. Each sample
is repeated three times independently. The quantity of Met
was normalized to GAPDH. Relative primers are shown in
Table 2.

Cell Apoptosis Assay by Flow Cytometry
Transfected or untreated cells were seeded into a six-well
plate at a density of 2xcells/well. In the drug treatment
group, the cells were treated with PHA-665752 or
LY3214996 for 24 h. An Annexin V-FITC/propidium
iodide (PI) kit (BD Biosciences, San Diego, CA, USA)
was used according to the manufacturer’s instructions.
Cells were analyzed using a flow cytometer (BD
FACSCANTO 11, BD Biosciences, San Jose, CA, USA)
and FlowJo software.

Cell Cycle Assay by Flow Cytometry

Transfected or untreated cells were seeded into a six-well
plate at a density of 2x10°cells/well. In the drug treatment
group, the cells were treated with PHA-665752 or
LY3214996 for 24 h. The cells were harvested, washed
with PBS and fixed with cold 75% ethyl alcohol at 4 °C
overnight. The next day, cells were washed twice with
PBS and incubated with RNase A for 30 min, followed
by staining with 500 pL propidium iodide for 30 min at
room temperature. Cell cycle analysis was performed on
the Accuri C6 (BD Biosciences,

CA, USA).

Mountain View,

Histopathology and

Immunohistochemistry
Tumor tissues were fixed in 4% paraformaldehyde,
embedded in paraffin and sectioned at Sum. The sections

Table 2 Primer Sequences Used in This Study

were incubated with primary antibodies at 4°C overnight.
After washing thrice with PBST, the sections were incu-
bated with a secondary antibody (Beyotime Institute of
Biotechnology, Inc., Jiangsu, China) for 2 h at room tem-
perature. The assessment was independently reviewed in
parallel by two experienced pathologists.

TUNEL Staining

Tumor tissues were fixed in 4% paraformaldehyde,
embedded in paraffin and sectioned at Sum. An In Situ Cell
Death Detection kit, POD (Sigma-Aldrich) was used for
TUNEL staining according to the manufacturer’s instruc-
tions. All images were acquired using a fluorescence micro-
scope (Eclipse E600; Nikon Corporation, Tokyo, Japan).

Statistical Analysis

Statistical analysis was performed using the SPSS version
18.0 software (IBM Corporation, USA). Data were ana-
lyzed with Student’s t-test, Fisher’s Exact test, and one-
way ANOVA. The results are presented as the mean + SD.
Group differences were considered statistically different
for p<0.05 between groups.

Results

Silencing Met Inhibits the Proliferation,
Migration and Invasion, and Promotes
Apoptosis in OS Cells

We examined the expression of Met in multiple OS cell
lines (HOS, 143B, MG63, U20S and SJSA-1) compared
with hFOB1.19 cell line. Among the OS cell lines, 143B
and U20S cells exhibited the highest levels of Met
(Supplementary Figure 1A). To explore the role of Met in
OS cells (143B and U20S), we first constructed a small
hairpin RNA (shRNA) by selecting from three small-
interfering RNAs (siRNAs). After transfecting the shRNA
into 143B and U20S cells, we found the expression level of

Met considerably down-regulated. (Figure 1A). The results
of the colony formation assay showed that the knockdown
of Met expression considerably suppressed the colony-
forming ability in OS cells (Figure 1B). As shown in
Figure 1C, transwell migration and invasion assay demon-
strated that the migration and invasion of 143B and U20S
cells were suppressed by the Met shRNA. These results
were confirmed by wound-healing assay (Figure 1D).
Moreover, Western blot analysis indicated that the expres-
sion of endothelial-mesenchymal transition (EMT) mar-
kers, including N-cadherin and vimentin were significantly

Primer Gene Primers | Sequences
Set ID
GAPDH 2597 Forward | AGCCACATCGCTCAGACAC
Reverse GCCCAATACGACCAAATCC
Met 4233 Forward | AGCAATGGGGAGTGTAAAGAGG
Reverse CCCAGTCTTGTACTCAGCAAC
4 7 9 4 https:
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Figure | Silencing Met inhibits the proliferation, migration and invasion, while promotes apoptosis in OS cells. (A) The expression of Met after transfection of three
different Met siRNAs in 143B and U20S detected by qRT-PCR. (n=3) *p<0.05, *p<0.01, **p<0.001. (B) Colony-formation assay of 143B and U20OS after stable transfection
of Met Sh Met or N.C. (vector plasmids). (n=3) *p<0.05, **p<0.01. (C) Transwell migration and invasion assay of 143B and U20S after stable transfection of Met Sh Met or
N.C. (vector plasmids). (n=3) **p<0.01, **p<0.001. (D) Wound-healing assay of 143B and U20OS after stable transfection of Met Sh Met or N.C. (vector plasmids). (n=3)
*p<0.05, **p<0.01. (E) The expression of N-cadherin and vimentin in 143B and U20S detected by Western blot analysis after stable transfection of Met Sh Met or N.C.
(vector plasmids). (F) Cell apoptosis rate of 143B and U20S after stable transfection of Met Sh Met or N.C. (vector plasmids). (n=3) ***p<0.001.
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downregulated upon Met knockdown (Figure 1E). We also
performed cell apoptosis assay by flow cytometry, which
showed that the downregulation of Met promoted cell apop-
tosis in both 143B and U20S (Figure 1F). Taken together,
these results demonstrated that Met was a tumor-promoting
gene in OS cells. Silencing Met inhibited the proliferation,
migration and invasion, and promoted apoptosis in OS cells.

PHA-665752 Inhibits Proliferation,

Migration and Invasion of OS Cells

A novel selective c-Met inhibitor, PHA-665752, was
acquired, and the molecular formula is shown in Figure 2A.
To explore the function of PHA-665752 in OS cells, 143B
and U20S cells were treated with various concentration of
PHA-665752 for 24 h (Figure 2B). The ICs, value was 3nM
for 143B and U20S. As shown in Figure 2C, treatment of
PHA-665752 led to a compromised tumor formation. The
migration and invasion of 143B and U20S cells were sup-
pressed by PHA-665752 in transwell migration and invasion
assay (Figure 2D). Similar results were acquired by wound-
healing assay (Figure 2E). Furthermore, N-cadherin and
vimentin were significantly downregulated upon treatment
of PHA-665752 (Figure 2F). Furthermore, to assess possible
off-targets effects of c-Met inhibitor, we examined the func-
tion of PHA-665752 in Met-silenced OS cells, and the results
showed that PHA-665752 could not play a role in Met-
silenced OS cells (Supplementary Figure 1B-D), which
indicated that c-Met was the specific target of PHA-
665752. Taken together, these results proved the protective

role of PHA-665752 in osteosarcoma by inhibiting cell pro-
liferation, migration and invasion in OS cells in a dose-
dependent manner.

PHA-665752 Induces GO/GI Phase Arrest

and Promotes Cell Apoptosis in OS Cells

Considering the inhibiting function of PHA-665752, we
treated OS cells with PHA-665752 for 24 h and performed
cell cycle assay by flow cytometry afterwards. Results
showed that PHA-665752 induced cell accumulation in the
G1 phase, suggesting that PHA-665752 led to GO/G1 cell
cycle arrest (Figure 3A). To elucidate the underlying
mechanisms, expression levels of cycle-regulated proteins
including CDK4 and Cyclin D1 were investigated by
Western blot analysis. As shown in Figure 3B, treatment
with PHA-665752 down-regulated CDK4 and Cyclin D1
expressions. Furthermore, TUNEL staining assay indicated
that PHA-665752 promoted cell apoptosis in 143B and

U20S (Figure 3C). These results suggested that PHA-
665752 induces GO/G1 phase arrest in OS cells by regulating
the key regulators G0/G1 transition and promoted apoptosis
of OS cells.

The ERK1/2 Pathway Mediates the Role
of PHA-665752 in Proliferation, Migration

and Invasion in OS Cells

Accumulating evidences indicated that c-Met is canoni-
cally mediated by ERK1/2 pathway.'®'? Therefore, we
speculated that PHA-665752 inhibits the proliferation,
migration and invasion of OS cells through the ERK1/2
pathway. To wverify this conjecture, we performed
Western blot analysis and found that the expression of
pERK1/2 in OS cells was considerably upregulated when
treated with PHA-665752, while the expression of
ERK1/2 had no change (Figure 4A). LY3214996
(Figure 4B), a highly selective inhibitor of the ERK1/2
pathway was then introduced in this study. We confirmed
that LY3214996 downregulated pERK1/2 in OS cells as
demonstrated by Western blot analysis, and the expres-
sion levels of N-cadherin and vimentin were downregu-
lated under the treatment of PHA-665752, which was
increased by adding LY3214996 (Figure 4C). 143B and
U20S were treated with 3nM/mL of PHA665752 and
various concentrations of LY3214996 for 24 h. As shown
in Figure 4D, the function of PHA-665752 was antago-
nized by LY3214996, which exhibited a ceiling effect
when the concentration of LY3214996 exceeded 30 nM/
mL. Therefore, subsequent experiments were performed
with LY3214996 in a concentration of 30 nM/mL.
that LY3214996
reversed the results of impaired tumor formation induced
by PHA-665752 (Figure 4E). The effects of PHA-
665752 on cell migration and invasion were also

Colony-formation assay showed

reversed by LY3214996 in transwell migration and inva-
sion assay (Figure 4F). Similar results were acquired by
wound-healing assay (Figure 4G). These results con-
firmed that the ERK1/2 pathway mediates the role of
PHA-665752 in proliferation, migration and invasion in
OS cells.

LY3214996 Antagonizes PHA-665752
Induced GO/GI| Phase Arrest and

Apoptosis in OS Cells
Since PHA-665752 inhibited cell proliferation by inducing
GO/G1 phase arrest and ERK1/2 pathway mediated the
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Figure 2 PHA-665752 inhibits proliferation, migration and invasion of OS cells. (A) The molecular formula of PHA-665752. (B) The anti-proliferative effect of PHA-665752
on 143B and U20S was detected by CCK-8 assay. (n=5) Cells were treated with different concentration of PHA-665752. Control group contained 0.1% DMSO. *p<0.05,
*#p<0.01, ¥*p<0.001. (C) Colony-formation assay of 143B and U20OS with control or PHA-665752. (n=3) *p<0.05, **p<0.01. (D) Transwell migration and invasion assay of
143B and U20S with control or PHA-665752. (n=3) *p<0.05, **p<0.01, ***p<0.001. (E) Wound-healing assay of 143B and U20S with control or PHA-665752. (n=3)
*p<0.05, *p<0.01. (F) The expression of N-cadherin and vimentin in 143B and U20S with control or PHA-665752 detected by Western blot analysis.
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concentration of PHA-665752. (C) TUNEL staining assay of 143B and U20S with control or PHA-665752. Scale bars, 100um and 200pm. (n=3) *p<0.05, **p<0.01.
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Figure 4 The ERK|/2 pathway mediates the role of PHA-665752 in proliferation, migration and invasion in OS cells. (A) The expression of ERK1/2 and pERK /2 (Thy202/Tyr204) in
143B and U20S was detected by Western blot analysis. Cells were treated with different concentration of PHA-665752. (B) The molecular formula of LY3214996. (C) The effects of
PHA-665752 and LY3214996 on the expression of pERK /2 (Thy202/Tyr204), N-cadherin and vimentin in OS cells as demonstrated by Western blot assay. (D) Proliferation of OS cells
treated with PHA-665752 (3nM/mL) and various concentrations of LY3214996 was evaluated by CCK-8 assay. (n=5) *p<0.05, **p<0.01, ***p<0.001. (E) The effects of PHA-665752 and
LY3214996 on the colony-formation ability in OS cells as demonstrated by colony-formation assay. (n=3) *p<0.05, **p<0.01. (F) Transwell migration and invasion assay demonstrated the
effects of PHA-665752 and LY3214996 on the migration and invasion ability in OS cells. (n=3) *p<0.05, *p<0.01. Wound-healing assay of demonstrated the effects of PHA-665752 and
LY3214996 on the migration ability in OS cells. (n=3) *p<0.05, **p<0.01. (G) The effects of PHA-665752 and LY3214996 on the migration ability in OS cells as demonstrated by wound-
healing assay. (n=3) *p<0.05, **p<0.01.
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proliferation-promoting function of PHA-665752, we then
performed cell cycle assay by flow cytometry after treating
with PHA-665752 and LY3214996 for 24 h. As shown in
Figure 5A, PHA-665752 led to GO/G1 cell cycle arrest in
OS cells, and the arrest effect was canceled after
LY3214996 was added. The Western blot analysis showed
that the effects of PHA-665752 on CDK4 and Cyclin D1
reversed by LY3214996 (Figure 5B).
Furthermore, TUNEL staining assay demonstrated that
LY3214996 decreased cell apoptosis rate in OS cells
(Figure 5C). Taken together, these results indicated that
LY3214996 antagonized PHA-665752-induced GO/G1
phase arrest and apoptosis in OS cells.

were also

PHA-665752 Inhibits Growth of

Osteosarcoma in vivo

A tumor-transplanted mouse model was introduced in this
study to investigate the effect of PHA-665752 in vivo
(Figure 6A). PHA-665752 at doses of 7.5mg/kg and
15mg/kg both resulted in considerably decreased tumor
volume and weight after 24 days of drug administration,
and 15mg/kg of PHA-665752 showed a more obvious
effect (Figure 6B-E). However, there were no obvious
differences of body weight among the three groups
(Figure 6F). TUNEL staining assay showed significantly
increased apoptosis cells in PHA-665752-treating groups
with higher TUNEL-positive cell rate in 15mg/kg of PHA-
665752 (Figure 6G). As shown in Figure 6H and J, PHA-
665752 treatment led to an increase in the level of pERK1/
2, while a decreased level of N-cadherin and Cyclin-D1 in
a dose-dependent manner. The major organs, including
heart, liver, kidney, lung and spleen, were collected to
investigate the potential cytotoxic effects of PHA-665752
on normal tissues. Hematoxylin and eosin (H&E) staining
of organs revealed no major organ-related toxicities of
PHA-665752 (Figure 6I). These results showed that
PHA-665752 exhibited potent antitumor activity with
low toxicity in vivo.

Discussion

Current treatment of osteosarcoma mainly includes surgi-
cal intervention and systemic chemotherapy. This yields an
overall 5-year survival rate of approximately 70% for
patients with localized osteosarcoma. However, the survi-
val rate plunges to less than 20% for patients with meta-
static or recurrent disease.””° A major, as yet unsolved,
problem is the dismal prognosis for patients with

unresectable or relapsed osteosarcomas. Novel approaches
and molecular targets are needed to improve prognosis.*
Aberrant activation of the HGF/c-Met signaling path-
way was reported to be associated with several tumors,
including cervical cancer,”' non-small-cell lung cancer®
and gastrointestinal cancer.”> However, as the most com-
mon primary bone malignancy, the role of HGF/c-met
signaling pathway in osteosarcoma was less studied.
With the in-depth study of c-Met gene, researches have
confirmed that c-Met oncogene plays a crucial role in OS
initiation and progression, and some of its inhibitors were
proved to be effective for the treatment of osteosarcoma.
1** Reported that a c-Met inhibitor cabo-
zantinib affects osteosarcoma growth through a direct

Fioramonti et a

effect on tumor cells and modifications in bone microen-
vironment. Sampson et al*> showed met inhibitor PF-
2341066 inhibits osteosarcoma growth and osteolysis/
matrix production in a xenograft model. In our present
study, we used loss-of-function approaches in vitro and
demonstrate that Met gene was an oncogene in osteosar-
coma, mainly by promoting cell proliferation, migration
and invasion, and inhibiting cell apoptosis in 143B and
U20S. Therefore, HGF/c-Met signaling pathway serves as
a promising candidate for osteosarcoma treatment.

PHA-665752, a novel c-Met inhibitor, was introduced
in this study, with an ICso value of 3nM for 143B and
U20S. The role of PHA-665752 was investigated in this
study. We found that PHA-665752 could inhibit cell pro-
liferation, migration and invasion in OS cells in a dose-
dependent manner. Previous researches have only reported
the role of PHA-665752 in OS cells migration and
invasion.’*?” In this study, we found PHA-665752
induced GO/G1 phase arrest and promoted cell apoptosis
through the key regulators of GO/G1 transition. Moreover,
in a tumor-transplanted mouse model, we exhibited the
potent antitumor activity of PHA-665752 as well as its
low toxicity in vivo for the first time.

Previous studies demonstrated that c-Met were canoni-
cally mediated by ERKI/2 pathway and PI3K-AKT
pathway.”**%*° The ERK signaling is activated by numerous
extracellular signals and was reported to participate in var-
ious biological cellular functions, including proliferation,
migration and differentiation.’**' Most cancer-associated
lesions leading to an activation of ERK signaling occur
early in the pathway.*”> Our results further indicated that
ERK signaling pathway was activated by PHA-665752,
while LY3214996, a highly selective inhibitor of the ERK1/
2 pathway, significantly downregulated the expression of
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Figure 5 LY3214996 antagonizes PHA-665752 induced GO/G| phase arrest and apoptosis in OS cells. (A) Cell cycle assay of 143B and U20S was performed when treated
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200pm. (n=3) *p<0.05, *p<0.01.
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pERK1/2 and antagonized the effects of PHA-665752 in
osteosarcoma. We demonstrated that PHA-665752 sup-
pressed osteosarcoma progression via the ERK1/2 pathway.

However, inhibiting the ERK1/2 pathway failed to
completely reverse the effects of PHA-665752, suggesting
the presence of other downstream pathways of PHA-
665752. Moreover, we proved that ERK1/2 pathway was
an important mediator of PHA665752 in osteosarcoma,
though the specific target of the PHA-665752 -ERK1/2
interaction was unknown, which merit additional studies
and further clarification.

In conclusion, we found a c-Met inhibitor, PHA-
665752, effective in suppressing osteosarcoma progression
via the ERK1/2 pathway. Meanwhile, it posed little toxi-
city in vivo. Our study provided a theoretical basis for the
clinical use of PHA-665752 to treat osteosarcoma.

Conclusions

This study demonstrates that met provided a druggable
target for osteosarcoma, and PHA-665752 is a promising
candidate for anti-osteosarcoma treatments, which sup-
press osteosarcoma progression via the ERK1/2 pathway
in human osteosarcoma cells.
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