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Introduction

For centuries physicians have been pursuing a cure for cancer. 
Much has changed since one physician’s 1857 lament, “From the 
many and frequent failures in attempting to cure this disease, 
it is now supposed by most surgeons to be incurable…”.1 Since 
that time the treatment arsenal has improved, with patients no 
longer being instructed to ingest hemlock, mercury, cod-liver oil, 
or grey lizards by the hundreds.1 Indeed greater understanding 
of cancer’s molecular basis has yielded compounds, such as the 
small molecule inhibitor imatinib, with extraordinary effective-
ness. The success of this tyrosine kinase inhibitor has fostered 
interest in other tyrosine kinase pathways active in cancer, such 
as the MET tyrosine kinase pathway. This review discusses the 
role of MET in oncogenesis—especially lung cancer. Attention 
is paid to the molecular biology of MET, its interactions with 
the cytoskeleton and potential therapies that may one day treat 
cancer by altering MET signaling.
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Normal Physiology and Biochemistry of MET

Researchers discovered the MET oncogene in 1984 and soon rec-
ognized it to be a tyrosine kinase receptor located at 7q21-q31.2,3 
The MET tyrosine kinase is activated by a single ligand termed 
either hepatocyte growth factor (HGF) or scatter factor (SF). 
This molecule is secreted by mesenchymal cells4 especially fibro-
blasts and smooth muscle cells5,6 and activates MET via paracrine 
mechanisms.7,8 Of interest to oncologists, HGF can also be pro-
duced by tumor cells; with moderate expression observed in 45% 
of lung cancer tumors according to one study.9 Among the many 
effects of HGF signaling are increased cell movement and blood 
vessel formation.10

MET biochemistry. The MET gene contains 21 exons sepa-
rated by 20 introns.10 The transcript produces a 150 kDa pre-
cursor protein,11 which is glycosylated and cleaved, yielding an 
extracellular 50 kDa alpha chain and a transmembrane 140 kDa 
beta chain.12 The two chains are linked with disulfide bonds.12

The beta chain is often divided into seven domains (Fig. 1), which 
have functional significance and homology with other cell signaling 
proteins. The semaphorin (or Sema) domain is the HGF binding 
site, and is related to the plexin receptor.8,12 The presence of a sema-
phorin places MET in a subfamily of tyrosine kinases that includes 
Ron and Sea.11 The PSI domain is so named because it is found in 
plexins, semaphorins and integrins.12 The four IPT repeats are so 
named because they are found in immunoglobulins, plexins and 
transcription factors.12 Like all tyrosine kinases, the transmembrane 
domain contains a single alpha helix.8 There is also a juxtamem-
brane domain; a tyrosine kinase domain that shares homology with 
insulin growth factor I receptors and the Tyro 3 family of immuno-
regulatory molecules8 and a carboxy-terminal tail region.

Molecular signaling. Activation of the MET pathway involves 
a number of molecular events, yet because MET signaling affects 
many pathways, it is difficult to link specific signals to specific 
biological outcomes.12 Nevertheless, many of the molecular par-
ticipants warrant comment.

When HGF binds to its receptor, MET autophosphorylates 
the tyrosine residues Y1230/1234/1235, which are located within 
the activating loop of the tyrosine kinase domain. This activates 
the intrinsic kinase activity of MET, causing downstream signal-
ing molecules to be phosphorylated.13,14

Other phosphorylation sites have been identified as well. 
When Y1313 is phosphorylated it binds and activates phosphati-
dylinositol-3'kinase (PI3K), which likely promotes cell viability 
and motility. The Y1003 site, located in the juxtamembrane 

The MET tyrosine kinase signaling pathway is upregulated in 
many cancers, including lung cancer. The pathway normally 
promotes mitosis, cell motility and cell survival; but in cancer 
it can also promote cell proliferation, invasion, metastasis 
and angiogenesis. The activating ligand, hepatocyte growth 
factor (HGF) is normally secreted by fibroblasts and smooth 
muscle cells, but can also be produced by tumor cells. MET 
upregulation in lung cancer is caused by overexpression 
and mutation. These mutations can vary with ethnicity. MET 
signaling affects cytoskeletal proteins such as paxillin, which 
participates in cell adhesion, growth and motility. Therapeutic 
approaches that block MET signaling are being studied, and 
include the use of: small interference RNA, Geldanamycin, 
competitive HGF homologues, decoy receptors and direct MET 
inhibitors such as K252a, SU11274, PHA665752 and PF2341066. 
It is hoped that blocking MET signaling may one day become 
an effective treatment for some lung cancers.
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pathways. For instance, MET activation of FAK promotes cell 
proliferation, survival and migration by activating the RAS, 
RAC, PI3K, ERK and CAS-CRK pathways.8 MET signaling 
also promotes invasion, where cells degrade or remodel the sur-
rounding matrix and migrate through tissue boundaries, often 
using urokinase-type plasminogen activator (uPA),16 plasmino-
gen activator inhibitor-1 (PAI-1)17 and matrix metalloproteases 
(MMPs).18 Distant metastasis is promoted by MET via activation 
of Grb2, PI3K or Shc pathways.8 Additionally, HGF and MET 
promote angiogenesis, which is crucial for tumor growth.19

MET in Lung Cancer

Many of MET’s oncogenic actions are extensions of its normal 
physiologic activities. For example, unregulated MET activity 
allows mitotic signals to produce uncontrolled growth; and sig-
nals that normally enhance cell migration instead trigger invasion 
and metastasis. Two important ways that MET dysregulation 
contributes to lung cancer pathogenesis are overexpression and 
mutation.

MET overexpression has been observed in both non-small cell 
and small cell lung cancers (Table 1). As early as 1996 researchers 
observed that, in a sample of 42 primary human non-small cell 
tumors with different histotypes, 25% of the samples showed 
a 2–10-fold increase in MET expression when compared with 
adjacent normal tissue. Of note, in the same study, HGF was 
overexpressed 10–100 fold.20 An even higher incidence of MET 
overexpression was observed in a study using tissues from 32 
lung cancer patients. All samples expressed MET, with strong 
expression observed in 61% of non-small cell cancers (14 of 23), 
60% of lung carcinoids (n = 5), and 25% of small-cell cancers 
(n = 4). In contrast, there was no significant MET staining in 
the normal lung tissues used as controls.21 In a parallel finding 
involving 10 small-cell cancer lines, MET was highly expressed 
in four of the lines, moderately expressed in two, and not 
expressed in the four remaining cell lines.14 Recent work suggests 
one possible mechanism for this overexpression. A study using  
formalin-fixed paraffin-embedded archival adenocarcinoma 
tumor tissue revealed a significant increase in the number 
of MET gene copies when compared with EGFR, PXN and 
HGF.22

domain is a negative regulatory site for MET signaling that acts 
by recruiting c-CBL. Additionally, Y1365 regulates cell morpho-
genesis when phosphorylated.13

Sites Y1349 and Y1356 are located within the carboxy-ter-
minal tail, and when phosphorylated/activated they become a 
multisubstrate signal-transducer site (Y1349VHVX

3
Y1356VNV).15 

Many signaling and adaptor proteins are recruited and phos-
phorylated here: SH2 (Src homology-2), Src, Src kinase, 
SHP2 phosphatase, SHC, Gab 1, Grb2, Crk/CRKL, STAT3  
(signal transducer and activator of transcription-3), and PLC-γ 
(phospholipase C-γ).11,12,15

Results of unregulated MET signaling. Increased MET 
signaling has a number of oncogenic effects involving several 

Figure 1. Schematic of the MET beta chain (140 kDa) containing SEMA domain (HGF binding site), PSI domain, 4 IPT repeats, transmembrane domain, 
juxtamembrane domain, tyrosine kinase and carboxyterminal tail.

Table 1. MET mutations in lung cancer

Observed in 
non-small cell 

lung cancer

Observed 
in small cell 
lung cancer

MET overexpression X X

Increased MET activity X X

Sema missense MET mutations

E168D X

L229F X

S323G X

N375S X X

S178 X

L211W X

A347T X

E355K X

M362T X

Juxtamembrane missense MET 
mutations

R988C X X

T1010I X X

S1058P X

Tyrosine Kinase missense MET 
mutations

D1304 X
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East Asians, according to one recent study.23 Using tumor tis-
sue genomic DNA from 141 East Asian, 76 Caucasian and 66 
African American lung cancer patients, investigators found 
the mutation N375S to be the most frequent non-synonymous 
mutation, and found it occurred more frequently in East Asians 
than in Caucasians, and was absent from African American 
samples. Two synonymous mutations were also observed in 
the semaphorin domain, with 534C>T(S178) seen primarily in 
East Asians, and 1131C>T(1377) observed mainly in African 
Americans. Another finding was that the MET mutations in 
East Asians tended to be germline mutations. If ethnic differ-
ences correlate with the type and frequency of MET mutations 
in lung cancer, then greater knowledge of these differences 
could improve clinical understanding of lung cancer’s inci-
dence, prognosis and optimal treatments.

Another connection between MET and lung cancer involves 
the somewhat controversial “progenitor cell” hypothesis. 
Progenitor cells (or lung cancer stem cells) are located at the 
bronchioalveolar duct junction and possess stem-cell like prop-
erties such as self-renewal and multipotent clonality. They also 
express both HGF and MET. Thus it has been theorized that the 
MET-HGF signaling axis drives the mobilization and dissemina-
tion of both normal and lung cancer stem cells. Supporting this 
theory, researchers have identified a distinct cell population that 
overexpresses MET and Stem Cell Factor (SCF), and is located at 
damaged/inflamed bronchiolar and alveolar junctions.9

MET, paxillin and the cytoskeleton. The cytoskeleton plays 
a central role in oncogenesis by virtue of its involvement in cell 
division, growth, adhesion, motility and invasion. Thus, in a 
variety of cancers oncogenes have been reported to interact with 
the cytoskeleton during oncogenesis (e.g., v-src, v-crk, BCR/
ABL, E6).24 Considering MET specifically, it affects cell motil-
ity by regulating actin polymerization, depolymerization, and 
stress fiber formation. The signal pathway includes MET phos-
phorylation of the cytoskeletal proteins paxillin, p125FAK and 
Pyk2 (and potentially cdc42 and Rac), and the result is filopo-
dia and lamellipodia formation and retraction.25 This pathway 
may explain why, for example, small cell lung cancer cells have 
increased motility after HGF stimulation.26

Among the many cytoskeletal proteins, paxillin may be espe-
cially important because it is activated by MET signaling and 
it interacts with the cytoskeleton. It stands at the crossroads of 
several molecular pathways, helping to integrate diverse signals 
promoting adhesion, growth, motility, actin reorganization and 
alterations of gene expression.8

While paxillin levels are often low or absent in small-cell can-
cers,24 high levels have been observed in a variety of non-small 
cell tumors. In one study, high expression of paxillin was seen 
in 51% of large cell carcinomas, 33% of adenocarcinomas, and 
23% of squamous cell. The paxillin level also correlated with 
disease stage and was particularly high in metastatic samples. 
Many of these non-small cell lines had increased numbers of gene 
copies—for both paxillin and MET—suggesting an important 
mechanism underlying these increased paxillin levels.27

In addition to numeric expansion, mutations also increase 
paxillin’s effects. The overall rate of paxillin mutations in lung 

Along with this overexpression comes an increase in MET 
activity, which can be identified using immunohistochemi-
cal stains for activated MET (also called p-MET because it is 
phosphorylated, typically at sites Y1003 or Y1230/1234/1235). 
Investigators observed that 100% of their small-cell lung can-
cer samples showed phosphorylation at the Y1003 site, and 
50% were phosphorylated at Y1230/1234/1235. Non-small cell 
samples also showed activation/phosphorylation at Y1003 and 
Y1230/1234/1235: adenocarcinoma (44 and 33% respectively), 
large cell (86 and 57%), squamous cell (71 and 0%), carcinoid 
(40 and 0%). Importantly, there was preferential expression of 
activated p-MET in tumor cells located at the invasive front of 
the non-small cell lung cancer tumor tissues.21

Mutations provide another mechanism for MET dysregu-
lation. In one collection of small-cell lung cancer samples (ten 
cell lines and 32 paired tumor/normal tissue samples) there 
were several mutations identified. Most notably, two cell lines 
had a novel missense mutation (R988C) in the juxtamembrane 
domain (exon 14), another sample also had a novel juxtamem-
brane missense mutation (T1010I), and one more had a missense 
mutation (E168D) in the Sema domain (exon 2).14 Mutations 
at the juxtamembrane domain are significant, because this is an 
important regulatory site for the catalytic functions of tyrosine 
kinases.14 Likewise the Sema domain allows the kinase to bind 
HGF, dimerize and activate.21 Not surprisingly then, even before 
being identified in this study Sema mutations were postulated to 
play a role in small cell tumor progression.14

While the overall prevalence of mutations was low in these 
small-cell tumor samples, their potential for causing disease pro-
gression has proven to be significant. For instance, cells transfected 
with the juxtamembrane mutations R988C.Met and T1010I.
Met showed transient growth factor independent proliferation 
(significant at 48 hours, but not sustained after 72 hours). When 
cultured, these cells had different cellular patterning, morphol-
ogy, and cytoarchitecture (compared with the MET wild type). 
They had longer and more numerous neurite-like projections per 
cell; features associated with an invasive and metastatic pheno-
type. They also had less cell-spreading, less cell-adhesion, and a 
small but significant increase in anchorage-independent growth 
in a soft-agar colony-formation assay. Additionally, fibroblast cells 
transfected with this mutated MET had increased motility and 
migration. In short, the R988C and T1010I mutations caused 
increased tumorigenicity in vitro, likely because disruption at the 
juxtamembrane (regulatory) domain caused enhanced constitu-
tive protein tyrosine phosphorylation.14

Mutations are found in non-small cell tumors also. In one 
study (four non-small cell lines and 127 lung adenocarcinoma 
tumor tissues) four missense mutations were found within the 
Sema domain: E168D, L229F, S323G, N375S. Notably, the 
N375S mutation was present in three different tissue samples. 
The R988C and T1010I mutations discussed previously were 
observed, as well as an additional juxtamembrane mutation 
(S1058P), and an alternative splice variant (missing the 47-amino 
acid exon 14) that also affected the juxtamembrane domain.21

MET mutations have been observed to vary along eth-
nic and racial lines, with the highest frequency occurring in 
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(siRNA). This technique has been successful with non-small cell 
lung cancer cells (A549) in vitro, reducing MET protein expres-
sion by 50–60% and inhibiting viability by 57%.20 A paxillin-
specific siRNA reduced cell viability by 40% in SK-LU-1 cancer 
cells transfected with paxillin.27 Alternatively microRNAs, which 
target messenger RNA, can potentially be used to regulate gene 
expression. In mouse models, Micro-RNA-1 (a molecule that 
targets MET, and which normally inhibits cell proliferation) 
was found to be downregulated in primary human lung cancer. 
Restoring this molecule, via ectopic expression of Micro-RNA-1, 
reduced A549 cancer cell proliferation in vivo, and reduced cell 
cancer cell migration and motility in vitro.29

Another therapeutic approach is to inhibit Heat Shock Protein 
90 (HSP90), a chaperone that is required for MET (and other 
kinases) to achieve conformational maturation and stability. 
Geldanamycins are the most developed of these compounds. 
While geldanamycin itself caused hepatotoxicity in dogs,30 the 
derivative 17-allylamino 17-demethoxy geldanamycin is less 
toxic.31 During in vitro trials with non-small cell lung cancer 
lines (H460, H358, H661 and H322) it was found to inhibit cell 
proliferation, MMP-9 secretion, and VEGF secretion.32 Phase 1 
trials of 17-allylamino 17-demethoxy geldanamycin have been 
conducted,32,33 and phase 2 trials are being conducted for a vari-
ety of cancers.

Several modified versions of HGF have been found to com-
pete with natural HGF. For instance Pro-HGF, the precursor of 
HGF, binds MET without activating it. Researchers found that 
in mice harboring A549 lung carcinoma cells, wild-type HGF 
increased tumor weight and metastasis, while mice receiving an 
uncleavable version of Pro-HGF had reduced tumor weight and 
no metastases.34 NK2 and NK4, which are variants of the HGF 
alpha chain containing just the N-terminal hairpin domain and 
either two Kringle domains (NK2) or four Kringle domains 
(NK4), also compete with HGF. NK2, a naturally occurring 
molecule, can act as an antagonist or partial agonist of MET, 
depending on the target cell and the culture conditions.8 NK2 
has limited therapeutic potential, for although it reduced mela-
noma growth in mice (which were genetically modified to over-
express NK2), it also increased metastasis nine-fold relative to 
wild type mice.35 However NK4 has shown more promising 
experimental results. NK4 is produced by proteolytic digestion of 
HGF, and acts as an antagonist—binding MET without activat-
ing it.36 NK4 also inhibits angiogenesis, possibly due to its resem-
blance to angiostatin,37 or by inhibiting extracellular fibronectin 
assembly in endothelial cells.36 In mouse models using Lewis 
Lung Carcinoma, researchers used plasmid lipofection (adeno-
associated virus vector) to administer NK4, and found reduced 
average metastatic burden compared with the untreated group.38

Binding HGF before it can activate MET is another strategy. 
With this in mind, decoy MET receptors have been developed 
that bind both HGF and endogenous MET. The decoy receptors 
inhibited MET activation in vitro, and caused impaired tumor 
growth and no metastases in mice harboring various human 
tumor cells (including A549 lung carcinomas).39 There are also 
antibodies to HGF40 that have been developed, and show synergy 
with docetaxel and temozolomide in U-87 glioblastoma mouse 

cancer is reported to be 9.4% and is particularly high in non-
small cell cancers, with 18.4% of large cell carcinomas bearing a 
mutation (versus 0% of small cell carcinomas). One in particular, 
the A127T paxillin mutation, causes increased cell growth, focal 
adhesion formation, and colocalization with the anti-apoptosis 
protein Bcl-2 (likely to promote lung cancer cell survival). In vivo 
studies using mouse xenografts showed tumors with the muta-
tion have increased growth, invasiveness, and nodularity, despite 
less stroma and less microvessel density (versus normal controls 
and wild type paxillin xenografts). Researchers also found that 
small interference targeting of the A127T mutation lead to 
decreased cell viability.27 Debate continues about the role of pax-
illin though, for a recent series of 159 patients with non-small cell 
lung cancer identified only two nonsynonymous polymorphisms, 
one mutation and six amplifications, without an obvious link to 
oncogenesis.28

Met as a Therapeutic Target in Cancer

The motivation behind so much study of MET is the hope that 
disrupting the pathway will inhibit cancer growth and metas-
tasis. Various strategies have been considered (Table 2). One 
approach is to target MET RNA using small interference RNA 

Table 2. MET targeted therapies

Strategy Molecules
Developmental 

stage

Silence MET RNA
Small 

interference RNA
In vitro success

Paxillin specific 
siRNA

In vitro success

microRNA In vivo success

Inhibit HSP90 (chaperone 
protein)

Geldanamycin
Phase 2 clinical trials 

underway

Compete with HGF Pro-HGF In vivo success

NK2 Failed in vivo study

NK4 In vivo success

Bind HGF before it 
activates MET

Decoy MET 
receptor

In vivo success

Anti-HGF 
antibodies

Phase 2 clinical trials

Broad spectrum (Non-
specific) kinase inhibitors

K252a In vivo success

RPI-1 In vivo success

Narrow spectrum (MET 
specific) kinase inhibitors

SU11274 In vitro success

PHA665752 In vitro success

PF2341066 In vivo success

XL 880 Phase 2 clinical trials

XL184 Phase 3 clinical trials

ARQ197 Phase 2 clinical trials

SGX523
Stopped in Phase 1 

trials

MGCD265 Phase 2 clinical trials
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Combination therapies are also being considered, for MET 
inhibition can restore chemotherapy susceptibility in some che-
motherapy resistant tumors. In particular tyrosine kinase inhibi-
tors, such as Gefitinib and erlotinib, are used to treat non-small 
cell lung cancers that have an activating mutation in the EGFR 
gene. Most of these tumors respond initially but ultimately 
become resistant to therapy with tyrosine kinase inhibitors. 
Researchers have recently attributed some of this resistance to 
focal amplification of MET. Exposing these cells to the MET 
inhibitor PHA665752 restored sensitivity to gefitinib—inhibiting 
growth, reducing EGFR phosphorylation, and inducing apopto-
sis. Likewise, RNA interference directed against two regions of 
MET restored gefitinib sensitivity, giving further evidence that 
MET amplification causes gefitinib resistance, which can be 
overcome with MET inhibition.51

Another study reported MET amplification in 9 of 43 patients 
with acquired resistance to gefitinib or erlotinib. In contrast, only 
2 of 62 untreated patients showed similar MET amplification, 
suggesting that MET amplification is triggered (or selected) by 
EGFR kinase inhibitors such as gefitinib. These researchers also 
reported that in vitro studies (using H820 lung adenocarcinoma 
cells which harbor an EGFR mutation and MET amplification) 
demonstrated the MET inhibitor XL880 was more effective at 
inhibiting lung adenocarcinoma cell viability than EGFR inhibi-
tors (namely erlotinib and CL-387,785). Perhaps compounds like 
XL880 will become an important treatment for patients with 
EGFR mutant lung adenocarcinomas, where MET amplification 
occurs and treatment resistance appears.52

Recent reports have identified Tolfenamic acid, a non-steroidal 
anti-inflammatory drug, as another anti-cancer molecule that can 
decrease MET expression. It acts by downregulating or degrad-
ing several Sp-dependent genes and proteins, especially Sp1 and 
Sp3, which mediate MET expression. In nude mice harboring 
A549 and CRL5803 human lung cancer cells, Tolfenamic acid 
inhibited cell survival and increased apoptosis in a dose depen-
dent manner, ultimately causing mice to have smaller tumors.53

Conclusion

Many future directions exist for research on MET. Room exists to 
improve the specificity of tyrosine kinase inhibitors. Many com-
bination therapies have yet to be studied. Genetic profiling might 
identify subsets of patients likely to benefit from MET kinase 
inhibitors. Various MET mutations in tumors may respond dif-
ferently to kinase inhibitors, with some having resistance and 
others having increased susceptibility. Targeting proteins down-
stream from MET could also interfere with MET induced onco-
genesis. Another frontier involves experimenting with C. elegans 
worms that have been genetically modified to express MET 
mutations. Compared with mouse studies, this may prove to be a 
cheaper and faster way to screen for MET inhibitors.54 Resolving 
the crystal structure of MET could also assist the rational design 
of specific MET kinase inhibitors.

Knowledge about MET signaling in cancer has grown tre-
mendously since the oncogene was discovered in the early 1980s. 
Still there is much work to be done to clarify the molecular 

models.41 Currently anti-HGF (AMG 102) is being tested on 
lung cancer and several other cancers in phase II clinical trials.

A variety of direct MET inhibitors can also interfere with 
signaling. RPI-1 was previously known to inhibit Ret tyrosine 
kinase oncoproteins, but recently was found to inhibit the MET 
receptor in vitro. Additionally, in vivo studies of H460 non-
small cell lung cancer cells in mice indicated orally administered 
RPI-1 significantly reduced lung metastases and angiogenesis.42 
Another molecule, K252a, is a broad spectrum kinase inhibi-
tor, derived from a group of natural alkaloids. It inhibits kinase 
activity by competing with ATP for binding at the catalytic 
domain. While active against MET, particularly MET pro-
teins with the activating mutation M1268T, it is not particu-
larly selective for MET; it is also active against serine/threonine 
kinases, it inhibits members of the Trk family, and is a partial 
inhibitor of the PDGF receptor tyrosine kinase.43 Consequently 
enthusiasm for broad spectrum inhibitors is tempered by con-
cerns that they will have more adverse effects than narrow spec-
trum inhibitors.8

The narrow spectrum kinase inhibitor SU11274 is active 
against MET, but not active against other tyrosine kinase onco-
proteins such as BCR-ABL, TEL-JAK2, TELPDGFβR and 
TEL-ABL. Indeed it is 50x more selective for MET than for 
other tyrosine kinases. SU11274 acts by competing with ATP 
for the catalytic site on MET. It also inhibits autophosphoryla-
tion at TPR-MET domains TYR361/365/366 (autophosphory-
lation sites), Tyr480 (Grb2 binding site), and Tyr 496 (important 
in cell morphogenesis). The downstream effect is inhibition of 
molecules in the PI3K pathway: AKT, FKHR, GSK3β. In vitro 
Studies conducted with TPR-MET transformed BaF3 cells and 
lung cancer cells overexpressing MET (H69 and H345 cell lines) 
showed that SU11274 causes a dose-dependent reduction of cell 
growth, induction of G

1
 cell cycle arrest, promotion of apoptosis 

with increased caspase 3 activity and Annexin V staining and 
reduced migration.25

Two other narrow spectrum kinase inhibitors warrant men-
tion. PHA665752 selectively inhibits MET in tumor cells (BaF3 
cells with TPR-MET mutation and H441 non-small cell lung 
cancer cells), thus causing cell cycle arrest, decreasing motility 
and migration, and inducing apoptosis. Activity of this drug was 
enhanced by simultaneous use of rapamycin, suggesting a pos-
sible combination therapy.44 In further studies of mouse xeno-
grafts, PHA665752 reduced tumorigenicity by 99% in small cell 
lung cancer and by 75% in non-small cell lung cancer (NCI-
H69 and NCI H441 mouse models), probably via significant 
inhibition of angiogenesis.45 Another compound, PF2341066, 
is an orally available selective competitor for MET that inhib-
its tumor cell growth both in vitro and in vivo (mouse xeno-
grafts).46 Recently, PF2341066 has been shown also to inhibit the 
ALK (anaplastic lymphoma kinase) pathway,46 which suggests it 
could be effective against non-small cell lung cancers harboring 
ALK gene alterations.47 Several other kinase inhibitors also show 
promise, and have reached clinical trials: XL 880,48 XL184,49 
ARQ197, SGX523,50 (stopped in phase I due to renal toxicity),6 
and MGCD265.
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