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Abstract
The MET receptor tyrosine kinase and its ligand hepatocyte growth factor (HGF) have been
implicated in transformation of a variety of malignancies. Chronic or dysregulated activation of the
MET/HGF pathway may lead to increased cell growth, invasion, angiogenesis, and metastasis,
reduced apoptosis, altered cytoskeletal functions and other biological changes. It has been suggested
that ligand activated MET stimulation can be sufficient for a transforming phenotype. In addition,
amplification and activation mutations (germline and/or somatic) within the tyrosine kinase domain,
juxtamembrane domain, or semaphorin domain have been identified for MET. MET gain-of-function
mutations lead to either deregulated or prolonged tyrosine kinase activity, which are instrumental to
its transforming activity. A number of therapeutic strategies targeting ligand-dependent activation
or the kinase domain have been employed to inhibit MET. The different structural requirements for
activation of signaling events and biological functions regulated by MET will be summarized.
Therapeutic targets and current pre-clinical and clinical approaches will be described. Targeting the
HGF/MET pathway, alone or in combination with standard therapies, is likely to improve present
therapies in MET-dependent malignancies.
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Introduction
The receptor tyrosine kinase c-MET (hereafter MET) is normally activated by ligation through
its natural ligand HGF (hepatocyte growth factor), also known as scatter factor. HGF is a
member of the plasminogen-related growth factor family and was originally identified as a
growth factor for hepatocytes and as a fibroblast-derived cell motility or scatter factor [1-3].
HGF is secreted as a precursor that is proteolytically cleaved to a disulfide-linked heterodimer,
predominantly produced by mesenchymal cells. HGF consists of 6 domains (N-terminal
domain (n), four kringle domains (k1-k4), and a C-terminal domain (sp, structurally similar to
the catalytic domain of serine proteinases)). There is a 2:2 stoichiometry of HGF binding to
MET. HGF has been shown to bind to the sema domain [4,5]. The MET sema domain folds
into a seven β-propeller structure, where blades 2 and 3 bottom face bind to the HGF β-chain
active site region.
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The gene for human MET is located on chromosome 7 (7q21–q31) and encodes a single
precursor that is post-transcriptionally digested and glycosylated, forming a 50 kDa
extracellular α-chain and a transmembrane 140 kDa β-chain, which are then linked by disulfide
bonds. MET is related to Ron and Sea kinases, which have extracellular structures related to
the semaphorin receptor (or plexin) family [6,7]. The MET β-chain contains structural
homologous domains shared with other proteins, including a Sema domain, a PSI domain
(found within plexins, semaphorins and integrins), four IPT repeats (found within
immunoglobulins, plexins and transcription factors), a transmembrane domain, a
juxtamembrane (JM) domain, a tyrosine kinase domain and a carboxy-terminal tail region
(Figure 1). MET is mainly expressed but not limited to epithelial cells. The MET proto-
oncogene was originally identified as the transforming fusion oncogene Tpr-MET in an
osteosarcoma cell line that had been chemically mutagenized with N-methyl-N′-nitro-N-
nitrosoguanidine in vitro [8]. The Tpr-MET translocation fuses the Tpr (chromosome 1) gene
with the MET kinase gene (chromosome 7). The Tpr sequence provides two leucine zipper
domains, which facilitate oligomerization and substitute for HGF stimulated activation. This
structural change results in constitutive activation of its kinase activity, which is required for
its transforming properties [9,10]. Nevertheless, there is little evidence that this particular
translocation is of clinical relevance. However, MET has been found to be overexpressed and
mutated (germline and somatic) in a variety of malignancies. Activation of MET can occur by
HGF ligation or through ligand-independent mechanisms, including mutations and
amplifications. Biological and biochemical functions regulated by MET will be summarized,
and novel approaches to the therapeutic inhibition of the MET/HGF axis will be described.
Recent advances in the development of targeted therapies for tyrosine kinase oncogenes
suggest that MET may be an ideal rational target in clinical therapeutics.

Phosphorylation-dependent signaling of MET
Under physiological conditions, the first step of MET activation involves ligation of the
receptor by its ligand, HGF. Subsequent MET dimerization and activation of its tyrosine kinase
is followed by activation of signaling cascades (see video) and terminated by activation of
specific phosphatases and internalization into clathrin-coated vesicles. As part of the
endosomal complex, MET is then finally degraded via the lysosomal pathway [11,12]. One of
the initial events of MET activation is the phosphorylation at Y1230, Y1234, and Y1235 in
the activation loop of the kinase domain, which correlates with increased tyrosine kinase
activity [13,14]. There are multiple substrates for MET, including downstream intermediates
and the kinase itself, but it should be noted that MET is also likely to be a substrate for other
kinases.

An important regulatory site in MET involves Y1003 within the juxtamembrane domain, which
recruits Cbl when phosphorylated. Cbl is a E3-ubiquitin ligase that facilitates ubiquitination
of the MET receptor, thereby directing internalization, trafficking to late endosomes, and
ultimate degradation [15]. Cbl regulates internalization by acting as an adaptor for endophilin,
an enzyme involved in membrane curvature [16,17]. Cbl itself requires dimerization through
the ubiquitin-associated (UBA) domain for its activity and tyrosine phosphorylation by MET
[18]. Ubiquitinated MET interacts with its substrate Hrs (HGF-regulated tyrosine kinase
substrate) to retain the ubiquitinated receptor within the bilayered clathrin coat and facilitate
internalization [19]. Ubiquitination-deficient MET containing the Y1003F mutation does not
show altered MET internalization but increased stability of MET due to decreased lysosomal
receptor degradation and thus further recycling to the membrane and signaling as well as
oncogenic activation [15].

Additional phosphorylation sites in MET lead to the recruitment of signaling proteins and
mediate downstream signaling events, but may also include non-tyrosine residues that can alter
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MET function. For example phosphorylation at S985 negatively regulates MET [20]. The
unique multi-substrate docking site Y1349 and Y1356 can lead to the recruitment of a variety
of proteins when phosphorylated, including SH2 (Src homology-2) domains, PTB
(phosphotyrosine binding) domains, and MBD (MET binding domain) containing signaling
proteins [21,22]. Activation of phosphatidylinositol-3′kinase (PI3K) is regulated through the
multi-substrate binding site of MET, mainly indirectly through recruitment of the scaffold
Gab1 and binding of p85PI3K to this protein [21,23]. Cell morphogenesis is mediated in part
through Y1365 [24]. Additional post-translational modifications and domain structures are
likely to contribute to the biological functions induced by the activated MET receptor.

Biological activities of activated MET
The cellular context is thought to determine the outcome of HGF induced MET activation and
may trigger a variety of responses, including growth, transformation of normal cells to
malignant cells, cell motility, invasion, metastasis, epithelial to mesenchymal transition
(EMT), angiogenesis, wound healing, and tissue regeneration. Thus it is not surprising that
mice with MET gene disruption have embryonic lethality with severe defects in liver and
placenta development and this is quite similar to mice with a disruption of the HGF gene. HGF
and MET likely have a broader role in morphogenesis and growth in multiple embryonic
tissues, including the nervous system [25-28]. There may be differences in the regulation of
MET activities in oncogenic transformation compared with normal MET signaling.
Nevertheless, overexpression of MET has been shown to be sufficient for transformation of
normal osteoblasts [29]. MET overexpression resulted in the conversion of primary human
osteoblasts into transformed osteosarcoma cells in vitro, causing an osteosarcoma-like disease
in vivo. This process was fully dependent on MET expression and functional activation.
Overexpression of MET in hepatocytes is sufficient to induce hepatocellular carcinoma in
transgenic mice [30], and overexpressing HGF in MET containing tumor cells, resulted in
pulmonary metastases in transgenic mice [31]. HGF-dependent autocrine MET activation has
been found in human primary and metastatic tumors, including breast cancer, glioblastoma,
osteosarcoma and melanoma [32-35]. In lung cancer, MET overexpression is associated with
higher pathological tumor stage and worse outcome. [36-38]. MET was overexpressed in all
eleven non-small cell lung cancer (NSCLC) cell lines studied, and in 34 of 47 adenocarcinomas
and 20 of 52 squamous cell carcinomas [36]. The level of overexpression can reach 2 to 10-
times the level compared to adjacent normal lung tissue in 25% of NSCLC tumors, and HGF
levels can be 10 to 100-fold increased in carcinoma samples as compared to adjacent normal
tissue [39]. Similar to MET, higher levels of HGF were associated with a poorer prognosis in
NSCLC [40]. In addition, HGF overexpression in the airways of transgenic mice increases
susceptibility to carcinogen induced lung cancer [41]. Thus, there is a correlation between
abnormal expression of either MET or HGF and cancer susceptibility or development and this
may include a variety of cancers [42].

Next to the induction of cell growth and reduced apoptosis, the most profound biological effects
of activated MET include altered cytoskeletal function. The ability of HGF to induce growth
and scattering in hepatocytes has been well described [1-3]. Cell scattering is a cytoskeleton
regulated process that involves cell spreading, cell-cell dissociation, and cell migration. In
H358 lung adenocarcinoma cells spontaneous cell scattering can be induced by HGF
expression, which is accompanied by increased soft-agar colony formation and increased
capacity to form xenograft tumors in immune-deficient mice [43]. In SCLC, HGF stimulation
of MET enhances cell motility, a process that involves the formation and retraction of filopodia/
lamellopodia, changes in actin formation, and cell migration [44]. Ligand-dependent and
independent MET signaling also increases the motility of epithelial cells [45]. The mechanism
by which HGF stimulation of MET leads to increased motility, migration, and invasion is not
well understood. In renal epithelial cells PI3K activity is required for HGF-induced mito-,
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moto-, or morphogenesis, and inhibition of its activity decreased branching formation on
collagen and chemotaxis [46].

MET is a target of mutations and amplifications
The MET receptor is mainly expressed by epithelial cells but can also be found in a variety of
human cancer cell lines or tumor tissue. In human gastric carcinoma MET-mediated
tumorigenesis is thought to be a result of gene amplification, via the break-fusion-bridge (BFB)
mechanism [47]. Approximately 10-20% of gastric carcinomas have MET amplification [48],
and gastric cancer cell lines show increased susceptibility to MET kinase inhibition [49].
Interestingly, there is a strong correlation between MET amplification and expression of
paxillin, a focal adhesion protein. Paxillin is down-stream of MET and involved in the
regulation of cytoskeletal functions. It is also a target of somatic mutations in 9 % of NSCLC
(18 of 191) [50]. It would now be intriguing to evaluate the potential prognostic value of paxillin
expression in MET-dependent cancers. Also, it has recently been suggested that MET
amplification may lead to EGFR inhibitor (gefitinib) resistance of EGFR-dependent lung
tumors in an in vitro model [51]. However, these results have not been confirmed in the human
disease [52], emphasizing the need to cautiously interpret data obtained in vitro and using
relatively small data sets from patients receiving tyrosine kinase inhibition therapy. In addition
to amplification, MET can also be activated by missense mutations. Due to the essential role
of the MET kinase domain in MET-dependent transformation, efforts initially had been
directed on identifying mutations in the MET kinase domain. The majority of tyrosine kinase
domain activating mutations in MET have been described in sporadic papillary renal
carcinomas (somatic) and hereditary papillary renal cell carcinomas (germline), resulting in
an increase in kinase activity [45,53]. Recent mutational analyses have included all exons
coding for the MET kinase.

MET mutations in the juxtamembrane (JM) domain
One of the first germline mutations found to be associated with the MET JM domain was the
P1009S in a patient with gastric carcinoma. Even though the P1009S mutation does not induce
ligand-independent activation of MET, it showed increased persistent response to HGF
stimulation when expressed in fibroblasts [54]. It is possible that some of these JM domain
variations may affect cancer risk in carriers. This is also supported by the occurrence of a
specific gain-of-function germline mutation of MET (G966S occurs at frequency of 74%) in
Rottweiler dogs specifically [55]. These dogs are thought to be predisposed to certain cancers,
including osteosarcoma, lymphoma, and histiocytic sarcoma. In contrast, the best characterized
JM domain gain-of-function mutations occur in the Flt3 receptor tyrosine kinase. These Flt3
JM domain mutations have been identified as regulators of catalytic activity and are present in
about 20% of adult acute myeloid leukemias (AML) [56]. JM domain mutations of MET appear
to be rare in AML and only recently has a T1010I mutation been identified [57]. This mutation
has been found previously in hereditary papillary renal cell carcinoma and in a patient with
breast cancer [54,58]. MET-T1010I is not associated with full activation of the MET kinase
activity but athymic nude mice injected with mutant MET in NIH3T3 cells form tumors faster
than wild-type MET expressing cells [54]. Furthermore, in 126 patients with adenocarcinomas,
R988C, T1010I and T1010A germline mutations were identified and the R988C variation was
shown to be important in lung tumorigenesis of SWR/J mouse strain [59]. The T1010I mutation
is also found in the human mesothelioma cell lines H513 and H2596 [60]. Similarly, MET JM
domain mutations in tissue samples and cell lines from small cell lung cancer (SCLC),
including R988C, T1010I and S1058P, are likely to contribute to enhanced tumorigenicity,
cell migration, and phosphorylation of protein in SCLC [61]. Interestingly, this phenotype may
be in part mediated through increased levels of reactive oxygen species (ROS) that have been
found to be associated with the R988C and T1010I variants [62]. ROS do not only play an
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important role in lung cancer and MET signaling but may have a broader impact on signaling
in cancer [63]. Further, the MET-R988C mutation was also identified in melanoma cell lines
in addition to a N948S MET missense mutation in tumor tissue. Interestingly, the MET receptor
was phosphorylated at the Y1003 activation site in 21% of human melanomas [64]. The Y1003
JM tyrosine is crucial for MET activity and when replaced by phenylalanine (Y1003F), a loss
of ubiquitination of the MET receptor and transformed activity in fibroblast and epithelial cells
occurs [65].

MET mutations in the semaphorin (sema) domain
The sema domain within MET is located in the extracellular portion. In MET, the sema domain
is encoded by exon 2, and binds specifically to HGF. The three dimensional conformation of
the HGF and heparin-binding sites of MET have been established by deletion mutagenesis of
the kinase [66]. The extracellular ligand-binding domain in the MET ectodomain was identified
as adopting a seven-blade ß-propeller fold for the sema domain of MET, providing important
structural information for the development of targeted therapies [4,66]. The unique role of the
sema domain in the functional regulation of MET would also predict it to be a potential target
of activating mutations in MET dependent cancers. Indeed, 7% of mesothelioma patients (3
out of 43) were found to have mutations (N375S, M431V, and N454I) within the sema domain
[60]. The functional role of these MET mutations in transformation still needs to be evaluated.

MET as a target for cancer prevention
Whereas mutant MET has already been implicated in transformation, the role of its cellular
homolog as a tumor-promoting factor is just beginning to emerge. In KrasLA1 mice, containing
the somatic G12D mutation in K-ras, MET kinase activity is required for lung cancer
development. Normally, KrasLA1 mice develop pre-malignant lesions, including adenomatous
alveolar hyperplasia and adenomas that eventually develop to adenocarcinomas [67]. Injection
of the mice with the MET inhibitor PHA-665752 inhibits the development of lung cancer,
suggesting that MET signaling cooperates with K-ras.G12D in this process [68]. Even though
the mutational status of MET in these adenocarcinomas is not known, it was suggested that
elevated levels of HGF lead to ligand-dependent stimulation of MET. Activity of MET was
required for progression as well as maintenance of the tumor. In humans, transformation in
NSCLC is driven by a variety of mutations with up to 30% of patients with mutant K-ras
[69]. It will now be interesting to see if in these at least some requirement for active MET is
preserved.

C. elegans model for the role of MET mutations in lung cancer
Gain-of-function mutations in MET are thought to frequently act in combination with
additional mutations in a variety of key cellular genes to contribute to a complex transforming
phenotype. In addition, environmental factors may regulate the function of MET. This may be
in particular true for the interaction of MET and cigarette smoke (nicotine). Recent evidence
suggests that the nematode C. elegans is an excellent model to study the impact of nicotine on
a whole organism, with analogous biochemical addiction compared to humans. Nicotine-
dependent behavior is mostly regulated through the nicotinic acetylcholine receptors and this
pathway is functional in C. elegans. The nematodes exhibit behavioral responses to nicotine
that parallel those observed in mammals, including acute response, tolerance, withdrawal, and
sensitization. In addition, the response to nicotine appears to require TRPC (transient receptor
potential canonical) channels as well. Nematodes without these channels do not respond to
nicotine [70]. This is of interest, because recent evidence suggests that transforming MET leads
to developmental abnormalities in C. elegans and this phenotype can be amplified by nicotine
[71]. Transgenic C. elegans that harbor the MET.R988C and MET.T1010I mutations that occur
frequently in lung cancer, but not wild-type MET, have low fecundity and abnormal vulval
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development characterized by hyperplasia. Importantly, exposure of MET mutant transgenic
nematodes to nicotine resulted in significantly enhanced abnormal vulval development,
fecundity and locomotion. It should be noted that this phenotype in C. elegans cannot truly be
a reflection of a potential mammalian phenotype. Instead, this whole organism in vivo system
allows a rapid screen for the functional aspects of mutant forms of MET detected in lung cancer
or other malignancies. Transgenic C. elegans models have gained popularity for the assessment
of the role of cancer specific gene mutations in the context of a whole organism, but may be
particularly suitable in the context of MET mutations.

Inhibition of the MET pathway in tumors
With the advent of clinically successful small molecule tyrosine kinase inhibitors the race for
identifying similar approaches in tumors with activated MET kinase has picked up considerable
speed. In addition to small molecule tyrosine kinase inhibitors, deregulated MET activation in
tumors has led to the development of multiple approaches for targeted therapies. Not only have
MET kinase inhibitors been identified, but also approaches that disrupt the interaction of MET
with its natural ligand HGF or the expression of MET itself have been developed (Figure 2).
There is increasing evidence that MET has a broader role in a diverse set of tumors than
previously thought. It is expected that molecularly targeted therapy against MET will lead to
dramatic inhibition of cancer growth and metastasis in these cancers.

Targeting MET kinase activity with small molecule inhibitors
Small molecule inhibitors have the advantage of improved bioavailabilty in contrast to larger
peptide inhibitors, such as a carboxy-terminal MET peptide, that has shown inhibitory activity
in vitro [72] but clinical efficacy may be limited. There are a variety of novel MET kinase
inhibitors under pre-clinical and clinical evaluation [52,73-76] with better target profiles than
the first generation broad-spectrum MET inhibitor K252a, which can also inhibit serine/
threonine kinases [77]. Importantly, lessons learned from imatinib mesylate suggest that drug
resistance may occur over time, limiting the efficacy of the drug [78]. As one of the first new
generation small molecule MET inhibitors, SU11274 was shown to be effective in MET
transformed cell lines or lung cancer cells with activated MET, but not in cells with activated
ABL, JAK2 or PDGFRß kinases [75]. The inhibitor reduced MET kinase activity, cell growth,
induced G1 cell cycle arrest and apoptosis, as well as inhibited MET-dependent signaling.
Currently, there are additional MET inhibitors under development with the goal of identifying
drugs that achieve high specificity at low drug concentrations and suitable bioavailability.
Additional MET inhibitors include PHA-665752 that inhibits MET dependent effects in tumor
cells and causes regression of GTL-16 gastric carcinoma xenografts [73]. The multi-kinase
MET inhibitor GSK1363089 (formerly XL880) has shown activity against lung
adenocarcinoma cells with the drug resistant EGFR.T790M mutation and overexpressing
MET, but this drug may also target VEGFR2, PDGFRβ, KIT, FLT3, TIE2 and RON [52].
Also, the MET/ALK inhibitor PF-2341066 reduced MET-dependent proliferation, migration
and invasion of tumor cells in vitro as well as HGF-driven angiogenesis [76]. The identification
of effective inhibitors of MET tyrosine kinase activity illustrates the potential therapeutic utility
of targeting for MET in cancers associated with activated forms of this kinase. There are
currently eight different small molecule MET inhibitors that are at different stages in clinical
development for the treatment of various cancers, including ARQ197 (ArQule), GSK1363089
(GlaxoSmithKline), JNJ38877605 (Johnson & Johnson), MK2461 (Merck), MP470
(SuperGen), PF-02341066 and PF-04217903 (Pfizer) as well as XL184 (Exelixis) (see also
Table 1). These trials have the potential to ultimately validate MET as a target and improve
the outcome of patients with MET dependent cancers.

Recently phase I trial data were presented for ARQ197 [79]. Eighteen patients received doses
of 100, 200, 300, and 400 mg two times a day. Pharmacokinetics showed Cmax increased
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linearly, and two patients exhibited dose limiting toxicity of grade 3 febrile neutropenia and
grade 3 palmar-plantar erythrodysesthesia and mucositis. There were lower grade toxicities of
fatigue, nausea, vomiting and diarrhea. Prolonged disease stabilization was observed in 5
patients, and tumor regression was observed in a patient with metastatic gastric cancer. The
initial results of a dose escalating phase I trial for MetMAb (humanized one-armed anti-MET
antibody) (1, 4, 10, 20, 30 mg/kg) have also been reported. A single grade 3 dose limiting
toxicity was observed with pyrexia at 4 mg/kg. The MetMAb antibody has a half-life and
clearance of approximately 10 days and 8 mL/kg/day respectively. Pharmacokinetics are linear
in the range of 4-30 mg/kg [80].

Targeting functional activation of MET by HGF
Probably one of the most promising approaches of disrupting the potential MET activation by
HGF involves the NK4 (N-terminal hairpin domain and kringle domain) protein. NK4
antagonizes HGF-mediated activation of MET and was originally identified as a proteolytic
fragment of HGF, lacking its ß-chain [81]. The family of NK proteins contains four variants
of the HGF α-chain, containing one (NK1) to four (NK4) kringle domains. NK4 acts as an
antagonist, whereas NK1-3 proteins are weak agonists towards MET and compete for binding
of HGF to the receptor. NK proteins would therefore only be efficient against autocrine or
paracrine activation of the MET receptor and likely not against activating mutations within
MET. NK4 protein has been extensively studied in a variety of solid tumors as well as
hematologic malignancies and has been shown to be particularly effective in targeting HGF-
dependent angiogenesis, metastasis and growth (see also for review [82]). For example, NK4
prolonged the survival of mice in a pancreatic cancer model by inhibiting growth, invasion and
disseminated metastasis [83]. NK4 was also found to reduce angiogenesis as well as affect
motility and invasion of HT115 human colorectal cancer cells [84]. Additional approaches,
targeting the interaction of HGF with its receptor have shown some success but have not come
to full fruition. Whereas NK4 competes with HGF for binding to MET, a modified MET-
specific antibody that blocks HGF binding to the receptor has shown efficacy in an intracranial
orthotopic xenograft model of MET-expressing glioblastoma [85]. In addition, a decoy MET
receptor has been suggested to neutralize HGF-dependent MET signaling by binding and
therefore neutralizing HGF activity [86,87]. Another promising strategy involves targeting
MET with the novel CE-355621 antibody. In a mouse xenograft model with subcutaneous
U87-MG glioblastoma-astrocytoma cells, CE-355621 significantly reduced glucose uptake
and tumor volume [88]. The human monoclonal antibody AMG102 against HGF [89] prevents
receptor binding and is currently in clinical trials against malignant glioma, renal cell
carcinoma, gastric and esophagogastric junction cancer (see Table 1). Humanized monoclonal
antibodies have been successfully used in solid tumors, e.g. the EGFR targeted antibody
cetuximab in colorectal cancer as well as lung cancer [90]. An unfortunate drawback of this
approach is the considerable cost associated with the production of these antibodies, which is
high in contrast to small molecule drugs. However, one can envision that any of these
approaches may show little efficacy in cancers with activating mutations of MET that do not
require ligand binding.

Targeting MET expression
MET expression can be targeted at the RNA level with MET-specific ribozymes and RNA
interference (RNAi) or at the level of protein maturation. Ribozymes are RNA-based enzymes
that bind to and cleave RNA molecules in a sequence-specific manner. Similarly, knockdown
by RNA inerference (RNAi), is a sequence specific approach, involving microRNA (miRNA),
small hairpin (shRNA) or small interference RNA (siRNA), leading to the specific silencing
of the targeted RNA. Although promising, neither approach has come to fruition and it is
uncertain if protein levels can be sufficiently reduced in clinical applications. In vivo, the
miRNAs miR-1/206, miR-23, miR-34, and miR-199a are predicted to target MET [91]. In
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vitro, MET-positive colorectal carcinomas have been targeted with ribozymes, reducing kinase
activity of MET by up to 60–90% [92]. In the MM.1S multiple myeloma cell line, MET
ribozymes and knockdown with MET siRNA demonstrated a role of this kinase in survival
signaling [93]. MET targeted RNAi has also been successfully used in human cancer cell lines,
including non-small cell lung cancer, breast cancer, prostate cancer, sarcoma, glioblastoma
and gastric cancer cells [74,94,95]. Reduction of MET expression led to cell cycle arrest,
reduced transformation, increased apoptosis, or inhibition of responsiveness to HGF
stimulation. Hopefully, with better means to apply MET RNAi in vivo, this approach may be
a suitable alternative to small molecule drug intervention in the treatment of MET-dependent
cancers.

A rather non-specific way of targeting MET protein expression is through inhibition of the heat
shock protein (Hsp90) by geldanamycin or related compounds of the anisomycin antibiotic
family. Hsp90 appears to be in an activated state in cancer cells and shows a high binding
affinity for 17-allylaminogeldanamycin and increased ATPase activity, which regulates Hsp90
chaperone function [96]. Geldanamycins are active against MET in SCLC cells, leading to
reduced growth and viability [44]. They also block transformation of NIH3T3 cells expressing
activating mutations or coexpressing HGF and MET [97]. In vitro, Geladanmycins also inhibit
MET dependent scattering and invasion [98]. Since Hsp90 is not exclusively targeting MET,
it is expected that a variety of other proteins are affected in their maturation and expression as
well.

Conclusion
MET receptor tyrosine kinase is uniquely involved in cell proliferation, anti-apoptosis, cell
motility/migration, invasion, metastasis and angiogenesis. MET can be overexpressed,
mutated, or amplified in a large number of cancers. The ligand HGF can also be involved in
activating MET through autocrine, juxtacrine, paracrine, or endocrine effects. MET has long
been touted to be an essential therapeutic target in primary and metastatic tumors. Through
various discovery strategies, a number of inhibitors have come to clinical fruition, and with a
potential for a large number of cancers responding to these inhibitors. It would be useful for
the future to start considering combinational strategies with surgery, radiation, and/or
chemotherapy (or other novel targeted therapies) in the appropriate settings. The role of MET
in prevention also needs to be further defined. Ultimately, MET/HGF axis plays a crucial role
in normal homeostasis as well as tumorigenesis. Thus, targeting MET/HGF pathway may be
an important addition to our armamentarium for anti-neoplastic therapy.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. The functional domains of MET
The sema domain (semaphorin-like), the PSI domain (found in plexins, semaphorins, and
integrins), the IPT repeat domains (found in Ig-like regions, plexins and transcription factors),
the trans-membrane (TM) domain, juxta-membrane (JM) domain, the tyrosine kinase domain
and various phosphorylation sites (P) important for cellular functions are shown.
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Figure 2. Current clinical approaches for the targeting of the HGF/MET pathway
HGF-dependent activation of the MET pathway can be disrupted through extracellular
therapies that interfere with HGF binding to MET. Intracellular approaches can attenuate or
inhibit HGF dependent and independent mechanisms that lead to phosphorylation of MET
kinase substrates.
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Table 1

HGF and MET inhibitor under clinical evaluation.

Experimental Drug
(Drug Maker)

Spectrum of Targets *
(Clinical Application)

Monoclonal Anti-HGF Antibodies

AMG102
(Amgen)

A human IgG2 monoclonal antibody against HGF that prevents receptor binding.
[89]
(Malignant glioma, renal cell carcinoma, gastric or esophagogastric junction
cancer)

Monoclonal Anti-Met Antibodies

MetMAb
(Genentech)

A monovalent HGF antagonist antibody against MET [85,99]
(Advanced and metastatic solid tumors)

Small Molecule MET Inhibitors

ARQ197
(ArQule)

A selective MET tyrosine kinase inhibitor [100]
(Pancreatic neoplasms, microphthalmia transcription factor associated tumors,
alveolar soft part sarcoma, clear cell sarcoma, renal cell carcinoma, and other solid
tumors)

GSK1363089 (XL880)
(GlaxoSmithKline)

Broad spectrum tyrosine kinase inhibitor (MET, VEGFR2, PDGFRß, KIT, FLT3,
TIE2, RON) [52]
(Treatment of squamous cell carcinoma, gastric cancer, papillary renal cell
carcinoma, and other solid tumors)

JNJ38877605
(Johnson & Johnson)

A selective MET tyrosine kinase inhibitor
(Solid tumors)

MK2461
(Merck)

A small molecule inhibitor of MET [101]
(Solid tumors)

MP470
(SuperGen)

A multi-targeted inhibitor of MET, RET, KIT, AXL, PDGFRα and FLT3. MP470
also suppresses the DNA repair protein Rad51 through an unknown mechanism.
[102]
(Solid tumor, Hodgkin's lymphoma, or non-Hodgkin's lymphoma)

PF-02341066
(Pfizer)

A MET and ALK kinase inhibitor [76,103]
(Systemic Anaplastic Large-Cell Lymphoma and other malignancies, except
leukemias)

PF-04217903
(Pfizer)

A MET kinase inhibitor [103]
(Solid tumors)

XL184
(Exelixis)

A MET, VEGFR2, and RET small molecule inhibitor [104]
(Medullary thyroid cancer, non-small-cell lung cancer, lymphoma, thyroid cancer,
glioblastoma multiforme, and other malignancies)

*
see also http://clinicaltrials.gov
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