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PHA665752 inhibits the HGF-stimulated migration and invasion of cells by 
blocking PI3K/AKT pathway in uveal melanoma
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HGF/c-MET is frequently associated with tumor metastasis in many cancers, including uveal melanoma (UM). PHA665752, 
a selective c-MET inhibitor, exhibits anticancer activity through inhibiting cell motility in some cancers. In this study, we 
investigated the effects of PHA665752 on UM cell lines M17 and SP6.5. Our data show that HGF stimulated the motility of 
UM cells, and induced the activation of both c-MET and PI3K/AKT, but not ERK1/2. Moreover, consistent with the amount 
of c-MET within the nucleus, PHA665752 significantly inhibited HGF-promoted cell motility and suppressed the phospho-
rylation of c-MET and PI3K/AKT, but not ERK1/2 induced by HGF. Additionally, the effects of PHA665752 on both the 
inhibition of HGF-induced cell motility and the suppression of active AKT are similar to those of PI3K inhibitor LY294002. In 
xenograft models, PHA665752 significantly inhibited tumor growth in nude mice and similarly suppressed the phosphoryla-
tion of c-MET and PI3K/AKT. Our current findings, combined with previous results, demonstrate that PHA665752 inhibits 
HGF-induced motility via the inhibition of PI3K/AKT. This study suggests that targeting HGF/c-MET could be a promising 
therapeutic strategy for UM by preventing cell motility.
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Uveal melanoma (UM) is the most common primary ma-
lignance in adults [1] and originates from uveal melanocytes, 
including those of the choroid, ciliarybody, and iris [2]. Despite 
the existence of a number of effective therapeutic options to 
eradicate primary UMs and to prevent their local recurrence 
[3], there are currently no systematic curative therapies for 
metastatic UMs [4, 5]. Moreover, patients with metastatic UMs 
rarely survive more than a year from the time of diagnosis 
because the metastasis usually occurs in the liver and thus 
are highly fatal [6]. On the other hand, approximately half of 
patients diagnosed with primary posterior UMs will develop 
metastasis [4]. Therefore, it is urgent and crucial to develop 
novel therapy strategies for improving survival of UM patients 
by preventing metastasis.

Given the highest propensity to develop metastasis of UM 
cells in the liver of patients, great efforts have been made to 
study whether there is any particular symbiosis, such as the 
homing ability of the metastatic UM cells in hepatic microenvi-

ronment that may carry potential for therapeutic intervention 
[6, 7]. One of the major focuses of these efforts has been to 
investigate the signal transduction of the secreted hepatocyte 
growth factor (HGF), which is produced in liver, and its cor-
responding tyrosine kinase receptor c-MET [8].

HGF/c-MET, which is tightly regulated by various mecha-
nisms under normal conditions, controls cellular signaling 
pathway cascades, such as PI3K/AKT and MAPK/ERK1/2 in 
cell growth, proliferation, survival and motility [9, 10]. Particu-
larly, PI3K/AKT and MAPK/ERK1/2 signaling pathways are 
important in mediating HGF-induced invasion and metastasis 
of tumor cells [11-13]. Aberrant HGF/c-MET activation is 
widely observed in a variety of solid and hematologic malig-
nancies by multiple mechanisms, including promoting tumor 
cell migration and metastasis [10, 14], which in turn drives 
rapid growth in drug development programs [15]. Therefore, 
HGF/c-MET inhibition has emerged as attractive targets for 
anticancer therapies with various strategies [9]. Numerous dif-
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ferent biologicals and small molecular compounds have been 
discovered with distinct binding modes, selectivity, and safety 
profiles and are under active development in clinical trials [9, 
16]. Notably, two drugs from these compounds, namely Crizo-
tinib and Cabozantinib have been approved by the U.S. Food 
and Drug Administration for treatment of some cancers [13].

In remarked contrast, the progress on the role of HGF/c-
MET in UM lags behind that in other cancers although many 
studies have been reported. It has been demonstrated that 
c-MET plays an important role in the death, growth, migra-
tion and metastasis in UM [17-19], and may thus represent 
a potential target for therapeutic interventions by blocking 
motility [6, 20, 21]. Moreover, UM cells become highly mobile 
and invasive when HGF is used as a chemoattractant, suggest-
ing that metastatic UM cells with higher c-MET have greater 
metastatic potential [22, 23]. These observations indicate the 
therapeutic potential of targeting HGF/c-MET pathway to 
prevent the invasiveness of tumor cells by inhibiting c-MET. 
In accordance with it, selective targeting of c-MET by Crizo-
tinib has been reported to inhibit metastasis of UM in mouse 
xenograft models [24]. However, Crizotinib has very marginal 
effects on inhibition of tumor growth from both primary and 
metastatic cell lines in UM xenografts [25], and is unable to kill 
microscopic metastases of retro-orbital injected UM cells that 
develop rapidly in both the liver and lung[24]. Thus, c-MET 
inhibition of Crizotinib in UM seems insufficient to prevent 
tumor growth in vivo [24]. Another c-MET inhibitor MK-
8033, which can inhibit cell proliferation in GNAQ mutant 
uveal melanoma cells when combined with MEK inhibitor, has 
no significant effect on cell proliferation in GNAQ wild-type 
cells [26]. Therefore, it may be required to develop alternative 
c-MET inhibitors in UM.

In this regard, PHA665752, another inhibitor of c-MET, 
could be a good candidate. It is a c-MET selective inhibitor 
with small molecular weight and displays a minimum of 50-
fold selectivity for c-MET relative to several other tyrosine 
kinases, including receptor tyrosine kinase (e.g. EGFR), 
tyrosine kinase, serine-threonine kinase, calcium/calmodulin-
dependent protein kinases, and kinases in the families of PKA, 
PKB, PKC, CDK, MAPK, GSK3 and CLK [27]. It has also been 
shown that PHA665752 blocks HGF-stimulated activities in 
cultured cells, selectively inhibits the migration of cancer cells 
[21] and tumorigenicity in well-characterized c-MET-driven 
xenograft models of gastric carcinoma [27, 28] and lung cancer 
[29]. In UM, our previous data have clearly demonstrated that 
the activation of c-MET is required for the enhancement of 
cell migration induced by HGF in M17 and SP6.5 cells [30]. 
Therefore, to study the possibility of PHA665752 in thera-
peutic application to UM, we evaluated the inhibitory effects 
of PHA665752 on HGF-promoted migration and invasion 
of UM cells M17 and SP6.5 and investigated the underlying 
molecular mechanisms. Our in vitro and in vivo results indicate 
that PHA665752 inhibits the HGF-stimulated migration and 
invasion of M17 and SP6.5 cells via HGF/c-MET-dependent 
PI3K/AKT signaling pathway.

Materials and methods

Reagents. PHA665752 (Sigma, St.Louis, MO) was dissolved 
in DMSO. LY294002 (in DMSO; Promega) were used at the 
concentration as described previously [30]. Antibodies against 
c-MET, phosphospecific (p) c-MET (Tyr 1234/1235), AKT, p-
AKT (Ser473), ERK1/2 and p-ERK1/2 (Thr202/Tyr204) were 
purchased from Cell Signaling Technology (Beverly, MA). 
Recombinant human HGF was from R&D Systems (Minne-
apolis, MN). Growth factor-reduced Matrigel was purchased 
from BD Biosciences (Bedford, MA).

Cell culture. The human UM cell lines M17 and SP6.5 [30] 
were grown in Dulbecco modified Eagle medium (DMEM) 
supplemented with 10% fetal bovine serum (FBS) and incu-
bated at 37 °C in a humidified incubator containing 5% CO2.

Protein extraction and Western blotting. M17 and SP6.5 
cells (1×105) were seeded and grown in 12-well plates for 48 h, 
and then starved overnight without FBS. After starvation, cells 
were pretreated with either PHA665752 or DMSO control for 
4 h, followed by the addition of 40 ng/mL of recombinant hu-
man HGF for 30 min, washed with cold phosphate-buffered 
saline (PBS) and subsequently subjected to the protein ex-
traction with lysis buffer (50 mM/L Tris˙Cl, 1 mM/L EDTA, 
20 g/L sodium dodecyl sulfate (SDS), 5 mM/L dithiothreitol, 
10 mM/L phenylmethylsulfonyl fluoride). Protein lysates 
(50 μg) were separated by 10% SDS-polyacrylamide gel 
electrophoresis (PAGE), and then electrotransferred onto 
nitrocellulose membranes. The membranes were blocked with 
buffer containing 5% fat-free milk and 0.05% Tween 20 in PBS 
for 2 hours and incubated overnight with primary antibody 
at 4 °C. After a second wash of PBS with 0.05% Tween 20, the 
membranes were incubated with peroxidase conjugated sec-
ondary antibodies (Santa Cruz Biotechnology) and developed 
with electrogenerated chemiluminescence (ECL) detection kit 
(Pierce, Rockford, IL).

MTS cell proliferation assay. The Promega CellTiter 96 
AQueous One Solution Cell Proliferation Assay was used, as 
per the manufacturer’s instructions (Promega, Madison, WI). 
Briefly, cells were seeded in triplicates into 96-well plates (1000 
cells/well) and allowed to adhere for 24 hours in serum supple-
mented (10% fetal calf serum) media. Thereafter, the cells were 
treated for 24 to 96 hours as indicated in serum-reduced (2% 
fetal calf serum) media [31]. HGF (40 ng/mL), PHA665752 or 
DMSO (vehicle control) was added into the media at the time 
of cell plating. Absorbance at 490 nm was measured 2 hours 
after the addition of 20 μl of MTS reagent/well.

Wound closure assay. For wounding assay, cells were grown 
to ~85% confluence and serum-starved for 24 h, and a gap 
was introduced by scraping cells with a P200 pipette tip. Cells 
are treated as indicated to stimulate to migrate across the gap 
and photographed using a phase-contrast microscope for the 
assessment of migration inhibition at the time points of 0, 24, 
48, and 72 h after wounding.

Assays for migration and invasion. Cell migration was 
determined in Boyden chambers using uncoated filters (BD 
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Biocoat control inserts, BD Biocoat, San Jose, CA). Cell inva-
sion was examined by Polycarbonate membranes (8.0 mm pore 
size) coated with diluted growth factor-reduced Matrigel in 
the upper compartment of Transwell culture chambers. Briefly, 
cells were serum-starved for 24 h, resuspended in serum-free 
medium containing PHA665752 (1μM), LY294002 (20μM) 
or DMSO (vehicle control) and seeded at 50,000 cells/well 
into cell invasion assay inserts. The medium containing HGF 
(40 ng/mL) served as a chemoattractant in the lower chamber. 
After incubation for 24 h, the membranes were fixed with 
methanol and stained with haematoxylin and eosin (H&E). 
Cells located on the upper surface of the filter were completely 
removed by wiping the filter with a moist cotton swab, and 
cells that had migrated through the membrane to the lower 
surface were counted using a light microscope. Each assay was 
repeated at least three times.

Immunofluorescence. Location of c-MET and p-c-MET 
in M17 and SP6.5 cells was detected by immunofluorescence. 
M17 and SP6.5 cells were cultured on coated glass coverslips 
for 48 h  and pre-starved overnight in serum-free media. 
After starvation, cells were pretreated with either DMSO 
control or PHA665752 for 4 h, followed by the addition of 
40 ng/mL of HGF for 30 min. Coverslips were then rinsed 
briefly in Tris-buffered saline (TBS), and cells were fixed in 4% 
paraformaldehyde solution for 10 min at room temperature 
and permeabilized with 0.1% Triton X-100 in TBS for 3 min. 
After cells were blocked with TBS containing 5% bovine se-
rum albumin (BSA) for 1 h, primary antibody against c-MET 
and p-c-MET was incubated in the blocking solution for 1 h. 
Cy3-conjugated secondary antibody was incubated for an 
additional hour in the blocking solution. After three washes 
with TBS, DNA was counterstained with DAPI-containing 
mounting solution (Vector Laboratories Inc., Burlingame, 
CA, USA). The coverslips were visualized and images were 
captured using a  spinning disc confocal microscope (DSU; 
Olympus, Tokyo, Japan).

In vivo tumor growth assay. Animal treatments were con-
ducted in accordance with the Institute for Laboratory Animal 
Research Guide for the Care and Use of Laboratory Animals 
and with SUGEN Animal Care and Use Committee guidelines 
addressing the proper and humane use of animals. Briefly, the 
viability of UM cells was examined by trypan blue exclusion. 
UM cells with 90% or greater viability were suspended in bal-
anced salt solution with the cell density at 5x106 cells/100 μL. 
5x106 cells were inoculated into 5-week-old healthy nude 
mice subcutaneously. Caliper measurements of tumor volume 
(length × width × height) were conducted every 7 days. Daily 
treatment with PHA665752 (25 mg/kg i.v.) was initiated when 
tumors reached 80~100 mm3 in size, with balanced salt solu-
tion as negative control. After drug treatment for 21 days, mice 
were euthanized and tumor size was measured with calipers.

Immmunohistochemistry. Fresh UM tumors from nude 
mouse and their paired normal tissues were fixed in 30% 
sucrose solution and embedded in frozen blocks. Eight-mi-
crometer-thick consecutive sections were cut and mounted on 

glass slides. After antigen retrieval, sections were treated with 
0.1% (v/v) H2O2 for 10 min, blocked with serum, and incubated 
for overnight at 4oC with the following antibodies against their 
respective protein with dilution in brackets: AKT (1:300), 
p-AKT (1:100), c-MET (1:300) and p-c-MET (1:200). The 
secondary antibodies were biotinylated goat anti-rabbit IgG. 
These sections were developed using a peroxidase substrate 
kit (DAB) and counterstained with Meyer’s haematoxylin. 
Negative-control sections were subjected to the same staining 
procedure without the primary antibody.

Statistical analysis. All statistical analyses were performed 
with Statistical Product and Service Solutions (SPSS, v19.0) 
software. The data presented are mean ± SD (standard devia-
tion) of triplicates with at least three independent experiments. 
The paired student’s t-test was used for comparison when ap-
propriate. P< 0.05 is considered statistically significant.

Results

HGF does not promote and PHA665752 inhibits cell 
proliferation in UM. HGF has been shown to stimulate cell 
proliferation in the cell lines of some cancers, such as not 
only in lung [32], brain [33] and colon [34], and but also in 
melanoma [35]. To study the effects of HGF on UM cell lines, 
we first examined cell proliferation after HGF treatment. As 
shown in Figure 1A, very minimal effects were observed on 
cell proliferation after treatment of UM cells with 40 ng/mL 
of HGF for 96 h in both cell lines.

On the other hand, PHA665752 has been shown to inhibit 
cell proliferation in some other tumor types [21, 27]. There-
fore, we assumed that the inhibition of c-MET activation 
by PHA665752 would also reduce cell proliferation in UM. 
Indeed, our data show that compared with vehicle control 
(DMSO), the treatment of cancer cells with various concentra-
tion of PHA665752 decreased the number of viable UM cells 
from 48 h onwards at dose-dependent manner (Figure 1B) in 
both M17 and SP6.5 cells. A slight difference was observed 
in the responding dose between two cell lines. The number 
of viable cells dropped dramatically at 2 mM/L for M17 and 
5 mM/L onwards for SP6.5. Therefore, M17 is a little bit more 
sensitive than SP6.5 to PHA665752.

HGF stimulates cell motility in UM cells. Moreover, HGF 
has been demonstrated to be associated with metastasis in 
cell lines and animal models [36-38]. Therefore, we examined 
cell mobile ability induced by HGF. The effect of HGF on cell 
motility was assessed using routine artificial wound closure 
and Transwell migration assays. As shown in Figure 2A, 2B, 
when a wound was introduced into subconfluent cells, more 
cells migrated across the wound in cells exposed to HGF than 
in control cells in both M17 and SP6.5 from 24 to 72 hours. 
At 72 hours, the wounds were completely closed by migrated 
M17 and SP6.5 cells. Similar induction effect on migration 
was also observed by Transwell assay (Figure 2C). Moreover, 
HGF/Met signaling has been shown to promote cell invasion 
in various cancer cells, including UM [23]. Therefore, we de-
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termined HGF effects on cell invasion of UM cells by Matrigel 
cell invasion. Our data show that HGF treatment induced 
a significant increase in the number of cells detected on the 
underside of the filter (Figure 3). Therefore, they suggest that 
HGF significantly stimulates cell motility, such as migration 
and invasion in M17 and SP6.5 cells.

PHA665752 inhibits HGF-mediated UM migration. 
Similarly, the effect of c-MET inhibition by PHA665752 on 
cell migration was assessed. To minimize the inhibitory ef-
fects on cell survival, 1mM/L of PHA665752 was used for cell 
migration and invasion assays. We found that the addition of 
PHA665752 resulted in significantly less HGF-treated M17 
and SP6.5 cells migrating into the gap (Figure 2A and 2B) or 
through a porous membrane (Figure 2C). To analyze whether 
PI3-kinase activity is necessary for HGF-induced cell invasion, 
we performed parallel experiments in the presence of the PI3K 
inhibitor LY294002, because the role of PI3K in mediating 
HGF-induced motility has been shown previously [30]. It 
was observed that PI3K inhibition suppressed the closure 
of the gap (Figure 2A and 2B). Similar results were obtained 
in Transwell assays by analyzing the cells migrating through 
a porous membrane (Figure 2C). The treatment of cells with 
PHA665752 or LY294002 resulted in a decrease in the number 
of cells migrating into the gap or through a porous membrane 
toward HGF-containing media when compared to DMSO-
treated controls. Therefore, our above data indicate that similar 

to the effects of LY294002 on cells, PHA665752 treatment 
abolishes the migratory ability of cells induced by HGF.

PHA665752 inhibits HGF-mediated invasion in UM. The 
effect of c-MET inhibition by PHA665752 on cell invasion was 
also assessed. The data show that PHA665752 significantly 
retarded the rate of invasion (Figure 3) in M17 and SP6.5 
cells. The ability of cell invasion correlates with their motility 
observed in the migration assay in UM cell lines in Figure 2. 
Similarly, 20 μM LY294002 partially abolished HGF-induced 
invasion of M17 and SP6.5 cells (Figure 3). Taken together, 
these above results demonstrated that PHA665752 inhibits 
cell motility induced by HGF through reducing the ability of 
migration and invasion of cells.

PHA665752 inhibits HGF-induced phosphorylation of 
c-MET and AKT. Cell motility and invasion can be influenced 
by phosphorylation of a variety of key regulators of signal 
transduction pathways, such as c-MET, ERK1/2 and PI3K/
AKT [39]. Our previous data has also shown the requirement 
of c-MET and PI3K/AKT activation for tumor cell migration 
induced by HGF in these two UM cell lines [30]. We therefore 
analyzed the phosphorylation status of c-MET, AKT, and 
ERK1/2 in these cells. As shown in Figure 4A and B, their 
expression levels are at low, very low and moderate, respec-
tively before treatment (the first lane in Figure 4A and 4B). 
We found that HGF treatment induced the phosphorylation 
of c-MET and especially AKT, but not ERK1/2 (second lane 

Figure 1. Effects of HGF or PHA665752 on UM cell growth. (A) HGF promoted cell proliferation with very minor effect (left, M17; right, SP6.5). Cells 
were treated with HGF (40 ng/mL) and cultured for the duration indicated. (B) Cells were treated with the indicated concentration of PHA665752 and 
cultured for 3 days. The absorbance at 490 nm is presented as the mean ± SEM of triplicates. At least three independent experiments were performed. 
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Figure 2. Effects of PHA665752 or LY294002 on HGF-induced cell migration in M17 (A) and SP6.5 cells (B) by wound closure and by Transwell (C) assays. 
HGF: 40 ng/mL; PHA: PHA665752, 1 μM; LY: LY294002, 20 μM; magnification, ×100. Data presented are representative areas from triplicates with at 
least three independent experiments. HGF: 40 ng/mL; PHA: PHA665752, 1 μM; LY: LY294002, 20 μM. Data are mean±SD. **, p<0.01; *, p<0.05.
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in Figure 4A and 4B). Furthermore, PHA665752 treatment 
efficiently blocked c-MET phosphorylation induced by HGF 
in a dose dependent manner with concentration ranging from 
1 to 10 μM of PHA665752, particularly in M17 cells. Moreo-
ver, PHA665752 has an even more obvious inhibitory effect 
on AKT than on c-MET. The phosphorylation of AKT was 
markedly diminished at 1μM, completely or nearly completely 
inhibited at 5 μM and was essentially undetectable at 10μM in 
both cell lines (Figure 4A and 4B). Furthermore, consistent 
with the phosphorylation, while HGF treatment induced the 
translocation of c-MET into the nucleus, PHA665752 pre-
vents the redistribution of c-MET into the nucleus induced 
by HGF in both cell lines, as shown in Figure 5A. Moreover, 
similar results were obtained using special antibody against 
phosphorylated c-MET in these cell lines, as shown in Figure 
5B. Taken together, these results showed that both c-MET and 
AKT were phosphorylated in response to HGF treatment, and 
the translocation of c-MET and p-c-MET into the nucleus was 
attenuated by PHA665752 through inhibiting the phospho-

rylation of c-MET in these two UM cell lines. Therefore, our 
data suggest that PHA665752 is a viable strategy to inhibit 
c-MET activity induced by HGF in UM.

On the other hand, inhibition of PI3K with LY294002 at 
20 μM completely abolished HGF-induced phosphorylation 
of AKT (Figure 4C), which is correlated with a  decreased 
numbers of migrated (Figure 2) and invaded (Figure 3) cells 
in both M17 and SP6.5 cells. These results indicate that block-
ing PI3K/AKT pathway by LY294002 contributes to inhibiting 
HGF-induced cell motility. Given that PHA665752 also inhib-
ited AKT phosphorylation induced by HGF in M17 and SP6.5 
cells in similar ways, in combination with our previous findings 
that the activation of c-MET and PI3K/AKT is required for 
tumor cell migration induced by HGF in these two UM cell 
lines [30], we conclude that it is highly likely that PI3K/AKT 
signaling mediates these effects induced by c-MET inhibition 
of PHA665752.

PHA665752 reduces tumor size in nude mice. As in 
vitro data demonstrate that PHA665752 effectively targeted 

Figure 3. Effects of PHA665752 or LY294002 on HGF-induced cell invasion in UM cell lines. The upper panels are representative results from tripli-
cates. The lower panels are the representative quantification of cells that had invaded through the pores from five independent visual fields using a 20x 
microscope objective. Each group of columns corresponds to the treatment in the upper panel respectively. HGF: 40 ng/mL; PHA: PHA665752, 1 μM; 
LY: LY294002, 20 μM. Data are mean±SD. **, p<0.01; *, p<0.05.
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c-MET and downstream PI3K/AKT pathways, we investigated 
if c-MET inhibition is capable of suppressing tumor growth 
in vivo. Our results showed that PHA665752 administration 
significantly inhibited the tumor growth of M17 (Figure 
6A) and SP6.5 (Figure 6B) in xenograft models. In addition, 
PHA665752 administration inhibited the phosphorylation of 
both c-MET and AKT in tumor tissues of SP6.5 and M17 by 
immunohistochemical analysis (Figure 7). Hence, the data 
from in vivo study further support our conclusion from in 
vitro experiments.

Discussion

UM is the most common intraocular tumor in adults and 
accounts for 5% of all melanomas [1]. Ninety percent of UM 
metastasizes to the liver along a hematogenous route. Once 
metastasized, there is no effective therapy, with average sur-
vival of 2 to 8 months [4]. The extremely high incidence for 
liver metastases suggests an importance to study the homing 
pathways of metastatic tumor cells, which could provide 
potential for therapeutic intervention of UM [1]. One of the 
promising pathways is the HGF/c-MET, whose targeting 
drugs have been approved recently to apply to cancers, such 
as GIST (gastrointestinal stromal tumor) and RCC (renal cell 
carcinoma) [13]. However, in this regard, little information is 
available on HGF/c-MET pathway in UM. Here we present 
our study of the effects of a small molecule PHA665752, the 
specific inhibitor of c-MET, the receptor of HGF/c-MET 
pathway on UM. Our in vitro and in vivo results demonstrated 
that PHA665752 effectively suppressed cell proliferation, 
HGF-mediated migration and invasion through inhibiting 
HGF-induced c-MET phosphorylation, via blocking PI3K/
AKT signaling pathway in M17 and SP6.5 UM cells. There-
fore, our present study provides the therapeutic potential of 
PHA665752 by targeting c-MET to inhibit cell motility in UM.

Notably, we found that HGF seems not to stimulate the cell 
proliferation, instead, induce cell motility compared to the 
control in our experiments (Figure 1). This is not surprising, 
because the motility-inducing nature of HGF/MET has been 
well-documented at various levels. The receptor c-MET was re-
named from an initial name for an oncoprotein and represents 
metastasis [37, 40]. HGF treatment of hypoxic cancer cells 
induces synergistic increase in cell migration [41]. Moreover, 
over-expression of MET and/or HGF in human and mouse 
cell lines promotes the induction of metastatic tumors in dif-
ferent organs, such as in the lung, heart, diaphragm, salivary 
gland and retroperitoneum of nude mice [37]. Transgenic 
mice with over-expression of HGF or MET tend to develop 
a variety of histologically distinct metastatic tumors with both 
mesenchymal and epithelial origin, including the mammary 
gland, skeletal muscle, lung and melanocytes [36, 38]. It has 
been summarized the role of HGF/c-MET axis in the regula-
tion of various stages in metastatic process, including the 
stimulation of the dissociation of tumor cells from primary 
site, the mediation of matrix degradation and invasion, and 
the promotion of the interaction of tumor cells with blood 
vessels, extravasation and homing cite [42].

Our results also showed that c-MET localizes to the nu-
cleus after HGF treatment in both M17 and SP6.5 cell lines. 
However, previous results have showed the translocation of 
c-MET from cell membrane periphery to the cytoplasm in 
SP6.5 [30]. This discrepancy could partially be caused by 
the use of different antibodies, because the different subcel-
lular stainings of c-MET have been detected under the same 
conditions by using different antibodies [43]. On the other 
hand, it has been reported that PHA665752 causes a minor 
reduction in EGF-induced migration in high c-Met/EGFR-
expressing UM cell line C918 [21]. Therefore, it is possible 
that the overall inhibitory effects of PHA665752 on UM cell 
migration in this study could include those through EGFR, 

Figure 4. Effects of PHA665752 or LY294002 on HGF-induced phosphorylation of c-MET and AKT. M17 (A) and SP6.5 (B) cells were exposed to the 
indicated concentrations of PHA665752, and M17 and SP6.5 to LY294002 (C) for 4 h. These cells were then stimulated with HGF (40 ng/mL) for 30 min. 
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Figure 5. Effects of PHA665752 on HGF-induced translocation of c-MET and p-c-MET. M17 and SP6.5 cells were exposed to 1 μM/L of PHA665752 for 
4 h and then stimulated with HGF (40 ng/mL) for 30 min. The cellular redistribution of c-MET (A) and p-c-MET (B) was examined after treatments. 
Cy3, c-Met or p-c-MET (left column); DAPI, nucleus (middle column); DAPI/c-Met, merged (right column).

despite of the fact that the selectivity of PHA665752 on c-
MET is much greater than that on EGFR [27]. Even though 
this potent off-target effects, PHA665752 has relatively quite 
low IC50 with 0.018~0.05 mM [27], compared with that of 

MK-8033 with 8.5~19.2 mM [44] in a series of cell lines. In 
order to lower the drug concentration, MK-8033 has been 
employed to inhibit cell growth in UM together with an MEK 
inhibitor [26].
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Figure 6. In vivo inhibition of tumor growth of M17 (A) and SP6.5 (B) by PHA665752. Representative pictures demonstrate the tumors at the end point 
(arrow), with tumor volume reported as mean±SEM. **p<0.01; N=5-10/group.

Figure 7. In vivo inhibition of the phosphorylation of both c-MET and AKT by PHA665752. Hematoxylin and eosin (H&E) staining and immuno-
histochemical analysis using anti-phospho-c-MET (Y1234/1235) and anti-phospho-AKT (S473) antibody in tumors of nude mice administered with 
PHA665752 or vehicle (magnification ×400).

On the other hand, metastasis is regulated by a variety of 
signal pathways, such as p38 MAPK in various cancers [45]. 
Specially, studies have demonstrated that proliferation and 
motility of cells in some contexts appear exclusive and that 
the status of activated p38 appears critical in cellular deci-
sions regarding proliferation and motility in responding to 
various stimuli. In our present study, HGF treatment did not 

alter proliferation but promoted cell motility, which may be 
associated with the unchanged phosphorylation level of p38, 
as seen in our previous report [30]. Similar phenomena have 
also been observed in some other studies. For example, it has 
been found that migration and invasion of cells are suppressed 
but no effect has been detected on proliferation through the 
suppression of the phosphorylation of p38 by inhibition of 
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L1CAM (L1 cell adhesion molecule) by siRNA in melanoma 
B16F10 cells [46], by p38 inhibitor SB203580 in human mela-
noma cell line MeWo cells [47], by WAVE3 siRNA in human 
breast cancer cell line MDA-MB-231 cells [39] and by p38 
inhibitor SB203580 in human pancreatic carcinoma cell line 
PANC-1 cell [48]. Conversely, cell proliferation but not motility 
is promoted by HGF-activated p38 in mouse melanomas cell 
line 37-32 [35]. Hence, it seems that the increase of activated 
p38 is to promote cell proliferation, the reduction of active 
p38 to inhibit cell motility and no change of phosphorylated 
p38 to promote motility of cells in response to some growth 
factors and other treatments.

Furthermore, HGF treatment enhanced the phospho-
rylation level of AKT and induced cell motility in M17 and 
SP6.5 cells in the present study. In contrast, PI3K inhibitor 
LY294002 significantly inhibited not only the activation of 
AKT but also cell motility induced by HGF. The activated 
PI3K/AKT pathway has been demonstrated to be required for 
the HGF-induced migration in UM, because the treatment of 
PI3K inhibitor LY294002 efficiently impeded HGF-induced 
migration [30]. Similarly to that of LY294002, the treatment 
of PHA665752 obviously suppressed not only the phospho-
rylation of AKT but tumor cell motility as well induced by 
HGF. Moreover, we found that the treatment of these UM cells 
with HGF and/or PHA665752 did not affect the expression 
levels and/or activity of some motility- or metastasis-related 
molecules, such as MMP2, MMP9, uPAR, FAK, STAT3 and 
P21-activated kinase-1(PAK1) (data not shown). On the 
other hand, a lot of similar in vitro and in vivo studies have 
also demonstrated the requirement of PI3K/AKT pathway in 
HGF-induced motility in other cancers, such as nasopharyn-
geal cancer [49], lung [50, 51], breast [50], liver cancer [52, 53] 
and cholangiocarcinoma [54]. Therefore, the inhibitory effects 
of PHA665752 on HGF-stimulated motility are highly likely 
through PI3K/AKT pathway in UM of this study.

Therefore, we demonstrated that PHA665752 is an effec-
tive c-MET inhibitor to reduce cell migration and invasion 
induced by HGF via blocking PI3K/AKT pathway in UM 
through in vitro and in vivo experiments. This is of particular 
importance for UM, because nearly 50% of patients diagnosed 
with primary posterior UM will develop metastasis, mostly 
in liver, producing highly fatal cancer [4, 5]. Therefore, this 
study suggests that targeting HGF/c-MET pathway could also 
be a novel therapy strategy for patients with highly metastatic 
and fatal UM. PHA665752 could be a promising therapeutic 
option for UM metastasis by preventing cell motility. Further 
studies are needed to characterize the prevention potential 
of PHA665752 against UM cell metastasis in animal models.
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