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ABSTRACT
c-Met and receptor originated from nantes (RON) are structurally related 

transmembrane phosphotyrosine kinase receptors. c-Met and RON show increased 
expression or activity in a variety of tumors leading to tumor progression and may 
play a role in acquired resistance to therapy. Although often co-expressed, the distinct 
functional roles of c-Met and RON are not fully understood. c-Met and RON form 
both activated homodimers and heterodimers with themselves and other families 
of phosphotyrosine kinase receptors. Inhibitors for c-Met and RON including small 
molecular weigh kinase inhibitors and neutralizing antibodies are in pre-clinical 
investigation and clinical trials. Several of the tyrosine kinase inhibitors have activity 
against both c-Met and RON kinases whereas the antibodies generally are target 
specific. As with many targeted agents used to treat solid tumors, it is likely that 
c-Met/RON inhibitors will have greater benefit when used in combination with 
chemotherapy or other targeted agents. A careful analysis of c-Met/RON expression 
or activity and a better elucidation of how they influence cell signaling will be useful 
in predicting which tumors respond best to these inhibitors as well as determining 
which agents can be used with these inhibitors for combined therapy. 

INTRODUCTION

c-Met and RON are structurally related proto-
oncogenes belonging to the semaphorin family of 
transmembrane receptor tyrosine kinases (RTKs) [1] 
. The semaphorin superfamily are composed of three 
protein families, the semaphorins, plexins and the c-Met 
family [2]. c-Met and RON have essential functional 
roles in embryonic development and organogenesis [3, 
4] and are over expressed and/or aberrantly activated in 
various cancer types suggesting their potential importance 
as therapeutic targets [5-10]. Evidence points to a role 
for c-Met and RON signaling in tumor progression by 
increasing proliferation, inhibiting apoptosis, contributing 
to angiogenesis, promoting metastasis and in maintenance 
of cancer stem cells [11-14]. Aberrant expression and 
activities of c-Met and RON in cancer are attributed to 
various mechanisms including increased expression of 

their ligands or receptors and by activating mutations [4, 
15]. Over expression of c-Met but seldom RON is linked 
to gene amplification [16-18]. Mutations in the RON and 
c-Met promoters are known to enhance transcription and 
point mutations have been identified that enhance tyrosine 
kinase activity [19-21]. Pro-tumorigenic activities of RON 
are also attributed to different isoforms identified in cancer 
cells. At least six isoform variants of RON are known and 
these likely originate by alternative pre-mRNA processing, 
alternative transcription or by truncation [4]. Thus, a 
variety of mechanisms account for increased expression 
and/or activity of c-Met and RON in cancer cells. This 
aberrant expression and activity of c-Met and RON 
suggest that they are important targets for cancer therapy. 
Indeed, agents targeting c-Met and RON for cancer 
therapy are FDA approved or are in various phases of 
clinical trials and/or pre-clinical testing and these include 
small molecular weight kinase inhibitors and neutralizing 
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antibodies to the receptors or their ligands [3, 22-28]. 
Although not comprehensive, this review is intended to 
provide a summary of the biology of c-Met and RON and 
the current status of drug development to these targets and 
the results of pre-clinical and clinical trials of these agents.

STRUCTURE AND FUNCTION OF C-MET 
AND RON 

c-Met and RON Receptors

The mature forms of c-Met and RON are 
approximately 180 kD heterodimeric proteins composed 
of an extracellular 35 kD α-chain and a 145 kD 
transmembrane β-chain linked by disulfide bonds. RON 
shares 25% homology with c-Met in its extracellular 
domain and 63% homology within the tyrosine kinase 
domain [29]. c-Met and RON possess remarkably 
similar functional domains. Both possess an N-terminal 

SEMA domain that contains the ligand-binding domain 
and an adjacent cysteine rich domain (CDR), [2, 29]. 
The extracellular portion of the β-chain possesses a 
plexins-semaphorin-integrin domain (PSI) and several 
immunoglobulin-plexin-transcription (IPT) domains [30]. 
Activation of the intracellular tyrosine kinase domain for 
c-Met and RON are mediated through phosphorylation of 
tyrosine residues 1234 and 1235 for c-Met and residues 
1238 and 1239 for RON. The activation of the kinase 
domain is followed by phosphorylation in the carboxy-
terminal end at tyrosine residues 1349 and 1356 for c-Met 
and 1353 and 1360 for RON. These latter phosphorylated 
residues provide docking sites for adaptor and intracellular 
kinases that regulate cell signaling cascades. Using site 
directed mutagenesis, Chaudhuri et al. [31] showed that 
Tyr-1353 but not Tyr-1360 was necessary for cell signaling 
for RON. As described in more detail below, Grb-2 
appears to be the major adaptor protein that mediates 
signaling through c-Met; whereas, Gab1 but not Grb2 
facilitates signaling by RON. The structural and functional 
domains of c-Met and RON are illustrated in figure 1.

Figure 1: An illustration representing the structural and cell signaling domains and approaches for targeting c-Met 
and RON kinases for therapy. Mature c-Met and RON are structurally similar and are composed of an extracellular α-chain and a 
β-chain The extracellular domains include the semaphorin (SEMA) that possess ligand binding function, plexin-semaphorin-integrin (PSI) 
and the immunoglobulin-like plexin transcription (ITP), a transmembrane (TM) and an intracellular tyrosine kinase (TK) domain. Ligand 
binding, HGF for c-Met and MSP for RON, results in dimerization and phosphorylation in the TK domain leading to conformational 
changes and autophosphorylation of the C-terminal end of the receptor. The C-terminal phosphorylation of the receptor recruits adaptor 
proteins generally Gab1 for RON and Grb2 for c-Met which in turn leads to activation of various signaling cascades including PI3K/AKT 
and Ras/MAPK. Current strategies for targeting c-Met and RON signaling include neutralizing antibodies to the receptors or their ligands 
and small molecular weight tyrosine kinase inhibitors.
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c-Met and RON ligands 

 Hepatocyte growth factor (HGF) and macrophage 
stimulating protein (MSP) are ligands that activate c-Met 
and RON, respectively [29, 32, 33]. HGF is expressed by 
multiple tissue types including smooth muscle, fibroblasts, 
adipose tissue as well as by epithelial derived tumors [34, 
35]. HGF was discovered in 1984 as a mitogenic protein 
for hepatocytes [36] and in 1991 was identified as the 
ligand for c-Met [37]. HGF is biosynthesized as a pre-pro 
form of 728 amino acids containing α and β chains and 
these are subsequently cleaved in several steps to form the 
active ligand [38]. The α chain of HGF binds to the Sema 
domain of c-Met with high affinity but activation of c-Met 
requires the additional binding of the β chain which binds 
c-Met with low affinity [38]. 

MSP shares a high level of sequence and structural 
homology with HGF [39]. MSP is expressed by the 
liver, lungs, adrenal glands, placenta and kidney and 
its expression is regulated mainly at the transcriptional 
level [30]. As with HGF, MSP is secreted as an inactive 
single chain that is subsequently activated by proteolytic 
cleavage yielding a dimeric peptide possessing α and β 
chains. In contrast to HGF, the high affinity RON binding 
site, for MSP, lies in the β chain. The induction of specific 
signaling pathways following ligand activation of c-Met or 
RON is dependent on tissue availability of adapter proteins 
and signaling intermediates and receptor modulation 
reflected by homo and heterodimerization. 

CELL SIGNALING BY c-MET AND RON

Modulation of phosphotyrosine kinase receptor 
signaling by interactions of c-Met and RON

RON and c-Met are reported to be co-expressed in 
many tumor types [40-42] and cross talk between these two 
receptor pathways is known to occur [43]. Their structural 
homology suggests that they may interact and indeed 
recent studies, including our own, indicate that c-Met and 
RON can form heterodimers and can transphosphorylate 
one another [44]. A study in four different tumor cell 
lines showed that oncogenic addiction to c-Met requires 
co-expression of RON [29]. In this scenario RON was 
constitutively activated and this constant activation of 
RON was dependent on transphosphorylation of RON 
by c-Met [29]. In each of these four cell lines the c-Met 
gene but not the RON gene was amplified. Experimentally, 
c-Met is shown to have stronger kinase activity than 
RON [45] and thus it is possible that c-Met may be more 
efficient at activating RON than RON-RON homodimers. 
The requirement of RON for oncogenic addiction to c-Met 
implies that c-Met-RON heterodimers promote different 

signaling cascades because of diverse platforms. However, 
c-Met and RON possess remarkably similar tyrosine 
binding sites that serves as docking sites for adaptor or 
signaling molecules and thus the signaling platforms 
may be redundant. This appears to not be the case given 
their differences in strengths as kinases and the recent 
finding that Grb2 binds directly and is responsible for the 
biologic activity of c-Met; whereas, RON relies chiefly 
on Gab1; whereas, Gab2 binding to RON attenuates Gab1 
recruitment and represses signaling [31].

As is the case with heterodimers from the EGFR 
family of receptors, signaling from heterodimers creates 
signaling diversity. Thus, depending on the relative 
abundance of each receptor type RON expression may in 
part modulate c-Met activity and vice versa. In this context, 
we recently showed that knockdown of RON enhanced the 
level and duration of HGF mediated activation of MAPK 
and AKT [44]. The functional relevance of c-Met-RON 
heterodimers has not been fully investigated. However, 
two separate studies suggest that genetic knock down of 
RON leads to up regulation on c-Met signaling [44, 46]. 
Thus, separately inhibiting either of these receptor kinases 
may lead to compensation by the other. 

Studies also indicate that c-Met and RON may 
interact with other phosphotyrosine kinases. Lowy and 
his colleagues recently showed that MSP stimulated 
RON was unable to activate IGF1-R but that IGF1 or 
EGF treatment caused phosphorylation of RON [47, 48]. 
Thus IGF1-R activation of Ron was unidirectional. In 
contrast, MSP was able to phosphorylate both c-Met and 
EGFR in a RON dependent manner and activated RON 
was co-immunoprecipitated with each of these receptors 
[47, 48]. Similarly c-Met is known to activate IGF1-R 
[5]. However, activation of c-Met or RON by IGF or EGF 
is relatively weak and the significance of this in vivo is 
yet to be firmly established. A separate study showed that 
activated EGFR is able to phosphorylate c-Met indirectly 
through Src [49]. Regardless of the mechanisms, c-Met 
and RON are likely to modulate signaling by direct or 
indirect interaction with other phosphotyrosine kinase 
receptors. 

Pathways activated and biologic consequence of 
c-Met and Ron activation

The recruitment and binding of substrates/adaptor 
proteins to the phosphorylated carboxy-terminal docking 
sites of activated c-Met and RON provides the platform 
to activate signaling cascades. As described above, the 
docking sites are Tyr-1349 and Tyr-1356 for c-Met and 
Tyr-1353 and Tyr-1360 for RON. Potential signaling 
cascades are illustrated in Figure 2 and most appear 
dependent on PI3K and MAPK activation as central 
switches. Major signaling molecules activated through 
c-Met and RON signaling include MAPK, PI3K/AKT, 
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c-Src, STAT3, NF-κB, FAK and β-catenin and most 
of these may be dependent on PI3K and MAPK. The 
mediators of c-Src and STAT3 by c-Met and RON are 
not fully determined although JAK inhibitors blocked 
STAT3 activation by HGF stimulation in some cell lines 
suggesting that JAK could interact directly or indirectly 
with c-Met. These activated signaling molecules in turn 
govern the cellular responses to activated c-Met or RON. 

Numerous cellular responses are attributed to c-Met 
and RON signaling and these induce but are not limited 
to cytoskeletal changes, EMT, migration and invasion, 
stemness, resistance to apoptosis, angiogenesis and 
proliferation. It is likely that activation of down stream 
molecular targets and subsequent biologic responses 
are cell context dependent and require critical levels of 
adaptor and singling molecules and are highly dependent 
on cross talk with other signaling molecules. c-Met can 
directly interact with E-cadherin, disrupting adherens 
junctions and leading to nuclear accumulation of β-catenin 
which potentially drives EMT in epithelial derived tumors 
[50, 51]. Similarly, RON signaling is known to activate 
HIF-1α down stream of mTOR [52]. The stem cell marker 
and hyaluronan receptor CD44 modulates c-Met signaling 
by several mechanism, first by acting as a co-receptors 
for HGF [53, 54] and second by interacting directly with 

E-cadherin and forming a complex with ERM proteins 
and the actin cytoskeleton [54]. c-Met and RON signaling 
stimulates angiogenesis primarily by inducing VEGF 
likely through up regulation of HIF-1α. RON signaling 
was known to activate HIF-1α down stream of mTOR 
[52, 55]. Both RON and c-Met signaling are reported to 
activate STAT3 [46, 55] and it is possible that this may 
JAK dependent although other tyrosine kinases including 
Src and c-Abl may play roles depending on the cell type. 
RON and c-Met signaling may mediate resistance to 
apoptosis through multiple pathways. A study by Logan-
Collins et al [46] showed that overexpression of Ron lead 
to up regulation of anti-apoptotic molecules including 
bcl2. Similarly, inhibition of c-Met signaling increases 
mitochondrial release of cytochrome C and increased 
the Bax/bcl2 ratio [56]. Thus, c-Met and Ron regulate 
a number of pro-tumorigenic pathways supporting their 
potential value as therapeutic target. 

Role of c-Met and RON in maintenance of cancer 
stem cells 

There is increasing evidence that c-Met is involved 
in expansion and maintenance of cancer stem cells. 

Figure 2: An illustration representing interaction of c-Met or RON with other cell surface receptors. Homodimerization 
of c-Met or RON appears preferable although c-Met and RON can form heterodimers leading to transphosphorylation. c-Met and RON may 
interact with and transphosphorylate other receptor tyrosine kinases including members of the EGFR family. A separate type of interaction 
for c-Met is with CD44, a non-kinase transmembrane receptor. Isoforms of CD44 bind and apparently sequester HGF at the membrane, 
acting a co-receptor for presentation of ligand to c-Met.
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However, evidence of RON signaling in stemness is not 
clear. The function of c-Met in maintenance of cancer stem 
cell phenotype is consistent with its role in embryogenesis 
and tissue development. The suggestion that c-Met was 
involved in stem cells has been around for a number of 
years including a study by Kmiecik et al [57] who showed 
that HGF and c-Met expression were required for colony 
formation of hematopoietic progenitor cells. The requisite 
for c-Met for the cancer stem cell phenotype is clearly 
established for glioblastomas (GBM), [58, 59]. More 
recently, Boccaccio and colleagues [6] showed that c-Met 
signaling was a crucial regulator of the genetic program 
related to EMT, invasive growth and maintenance of 
a GBM stem cell phenotype. A study in head and neck 
squamous cell carcinoma (HNSCC) show that c-Met 
positive cells display cancer stem cell properties and 
are responsible for resistance to cisplatin [6]. Similarly, 
prostate cancer stem-like cells expressed c-Met and 
HGF/c-Met signaling was required in these cells for 
self renewal [60]. High expression of c-Met was also 
showed to be found in pancreatic cancer stem cells [15, 
61] and as shown here, knockdown of c-Met or treatment 
with a c-Met inhibitor blocked the ability to form tumor 

spheres in a population of pancreatic cancer cells with 
stem cell like properties (Figure 3). The role of RON in 
maintenance of a cancer stem cell phenotype is not fully 
studied. Sustained expression of RON was reported for a 
pancreatic stem cell like population of cells isolated from 
the L3.6pl cell line [61]. It is possible that inhibiting both 
RON and c-Met will more fully eliminate the cancer stem 
cell population. This further suggests that inhibitors that 
block kinases activities of both c-Met and RON may be 
preferable over specific agents; especially where both 
kinases are co-expressed. 

c-MET AND RON AS MOLECULAR TARGETS

Pre-clinical and clinical studies

c-Met and RON are over expressed in many cancer 
types leading to aberrant signaling that contributes to 
cancer development and progression [30, 62]. MET 
expression is associated with worse clinical prognosis 
and aggression in different tumor types [33, 63-66]. 

Figure 3: Inhibiting c-Met expression or activity prevents growth of tumor spheres. Cells from CFPac-1 pancreatic cancer 
cell line were separated by flow cytometry on the basis of high CD44 expression. The high CD44 expressing cell population show high 
expression of c-Met and where able to grow after repeated passages as tumor spheres. (A) c-Met was knocked down using a shRNA 
approach in high CD44 expressing pancreatic cancer cells; (B) photo showing that CD44 high expressing cells were able to grow as tumor 
spheres in stem cell medium; (C) Knockdown of c-Met by shRNA inhibited the ability of high CD44 expressing pancreatic cancer cells 
to grow as tumor spheres and (D) treatment of high CD44 expressing cancer cells with a c-Met tyrosine kinase inhibitor prevented their 
growth as tumor spheres.
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These findings lead to strategies for targeting c-Met 
and RON for cancer therapy. Preclinical studies as 
reviewed by Wang and colleagues [27] indicate that 
c-Met and RON are clinically relevant therapeutic 
targets in multiple types of cancers. For example, MET 
abnormalities have been reported in a small number of 
patients with gastroesophageal adenocarcinoma, although 
prognostic and predictive implications of this remains 
to be investigated [67]. Most studies focus on inhibiting 
either c-Met or RON separately, although, as discussed 
below, many of the current small molecular weight 
tyrosine kinase inhibitors (TKIs) developed against c-Met 
have varying levels of activity against RON. Others 
and we [8, 14, 46, 68] have reported that RON is over 
expressed in pancreatic cancers. A recent study showed 
that RON is increasingly expressed during progression 
of pancreatic cancer (68) and that RON shows sustained 
expression in pancreatic cancer stem cells [69] suggesting 
its potential value as a therapeutic target for this disease. 
Moreover, inhibiting RON expression suppressed 
growth of pancreatic cancer orthotopic implants [44, 46]

and increased sensitivity to gemcitabine [46]. Genetic 
knockdown of RON by itself delayed but did not prevent 
tumor progression and resulting tumors showed increased 
activation of c-Met which is generally co-expressed with 
RON in pancreatic cancer cell lines [44]. Thus, it is likely 
that therapeutic strategies designed to specifically target 
c-Met or RON could be problematic due to compensatory 
mechanisms caused by increased activity by the other 
receptor. 

The major successes of biologic targeted therapies 
along with preclinical findings showing that c-Met and 
RON are aberrantly expressed in cancer cell lines and 
tissues led to efforts to develop agents that inhibit their 
function or activities. As with other tyrosine kinase 
receptors, various approaches are being investigated for 
inhibiting c-Met and RON. These approaches include 
natural inhibitors of ligand binding, ribozymes and 
siRNAs, decoy receptors that capture ligand, neutralizing 
antibodies to ligands or antibodies to the receptors that 
block signaling and small molecular weight tyrosine kinase 
inhibitors (TKIs). These approaches and preclinical testing 
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are detailed in numerous reviews including [10, 27, 30, 70, 
71]. The strategies receiving the most attention and that 
have moved onto clinical trials are humanized monoclonal 
antibodies to the ligands or receptors and TKIs. A partial 
list of agents currently approved or in various phases 
of clinical trials is provided in Table 1. A brief but not 
comprehensive description of a few of these is provided 
below. It should be noted that strategies to target c-Met 
are further along than those for RON. However, because 
of structural homologies in their kinase domains, many of 
the TKIs generated for c-Met show activity against RON 
as mentioned above. Moreover, several of these TKIs are 
considered multi-kinase inhibitors and have activities 
against tyrosine kinases belonging to other families. 

Tivantinib (originally called ARQ 197) a c-Met TKI 
has gone through phase II trials as a single agent or in 
combination with other targeted agents or chemotherapy 
[72]. Based on encouraging phase II studies, phase III 
trials are also underway. Phase II studies using tivantinib 
as a single agent second line therapy in advanced 
hepatocellular carcinoma (HCC) showed the most 
significant benefit was obtained for patients expressing 
high levels of c-Met [73]. High levels of c-Met was 
defined as greater than 50 % of tumors showing 2 to 3 plus 
level of staining by immunohistochemistry (IHC) where 
1 plus represents weak staining. In the c-Met high group, 
there was an increase in overall survival (OS) from 3.8 
months in placebo to 7.2 months in the tivantinib treated 
group. The overexpression of c-Met in HCC has been 
reported to be near 30% [74]. There has been a great deal 
of interest in targeting c-Met in non-squamous NSCLC 
since 76% are reported to over express c-Met[75] and that 
c-Met may cause resistance to EGFR inhibitors.[76, 77]. 
A phase II study in NSCLC showed that a combination 
of tivantinib and erlotinib increased progression free 
survival (PFS) compared to erlotinib alone [78]. A 
follow-up phase III MARQUEE trial, did not reach 
primary endpoint of prolonging overall survival at interim 
analysis with addition of tivantinib to erlotinib, and so the 
study was halted. However, there was improvement in 
progression-free survival (3.6 vs. 1.9 months, p<0.0001) 
and overall response rate (10.3% vs. 6.5%, p<0.05), with 
similar tolerance and safety profiles. Molecular subgroup 
analysis, including MET expression is ongoing [79]. A 
phase II clinical trial for Foretinib (also called XL880) in 
papillary renal cell carcinoma (pRCC) showed an overall 
response rate (ORR) of only 13.5% but an ORR of 50% in 
patients with a c-Met germ line mutation; however, c-Met 
amplification was found in only 3% for this tumor type 
[80]. Crizotinib has been approved for the treatment of 
metastatic ALK-positive non-small cell lung cancer, but 
it is also a potent MET inhibitor and is undergoing phase 
I studies in patients with c-Met positive tumors [76, 81].

Role of c-Met and RON in promoting resistance to 
anti-cancer agents

A number of recent studies, as described below, 
have linked aberrant activity of c-Met or RON with 
resistance of tumor cells to cancer therapies. These 
studies imply that up regulated signaling through c-Met 
and RON may be induced in response to chemotherapy or 
biologically targeted therapy. For example, amplification 
of MET has been associated with EGFR TKI resistance. 
Patients who harbor EGFR mutations get treated with 
erlotinib or gefinitib, and will invariably develop TKI 
resistance, and ~20% of which can be associated with 
MET amplification [82]. It has been suggested that 
targeting MET may be useful in patients with acquired 
resistance to TKI therapy [16]. In most instances studies 
examining the roles of either c-Met or RON have not 
looked at the influence of c-Met and RON together. We 
found that shRNA knockdown of RON in pancreatic 
cancer cell lines leads to up regulation in expression and 
activation of c-Met, suggesting the need to co-target or 
to use an agent that inhibits both of these kinases [44]. 
There is an accumulation of data supporting a role of 
c-Met as a mediator in resistance to cancer therapies as 
reviewed by Maroun and Rowlands [70]. RON, although 
not as thoroughly studied, is also implicated in resistance 
to anti-cancer agents [11, 46, 83, 84]. It is not possible 
to review each of these studies here. An interesting 
and representative example of how c-Met activation 
mediates resistance to anti-VEGF therapies is described 
by Matsumara and colleagues [85]. The role of c-Met in 
mediating resistance to VEGF-pathways is of particular 
importance because of prominence of targeting VEGF 
signaling for anti-angiogenic therapy. To our knowledge, 
whether RON plays a similar role in promoting resistance 
to anti-angiogenic therapy has not been investigated.

Targeting VEGF or VEGFR represents the first 
major success in the clinic for inhibiting angiogenesis. 
Bevacizumab, a humanized anti-VEGF antibody, 
is approved for metastatic colorectal and renal cell 
carcinomas and for glioblastomas and non-small cell 
lung cancers. Tyrosine kinase inhibitors (TKIs) that 
target VEGFR with various levels of specificity including 
sunitinib, sorafenib, pazopanib, tivozanib, axitinib, 
cabozantinib and dovitinib are approved or in clinical 
trials as reviewed [86, 87]. However, the clinical benefit 
of VEGF/VEGFR based anti-angiogenic therapies is 
limited because of development of resistance. A number 
of preclinical studies including [88, 89] show that despite 
anti-tumor activity continued treatment with inhibitors 
of VEGF pathways increased invasion and malignant 
progression. Subsequent to these findings, studies by 
Sennino and colleagues [90] implicate the up regulation of 
c-Met in resistance to VEGF pathway targeted therapies. 
In this study Sennino and his colleagues used two separate 
models to show that continued treatment with anti-VEGF 
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pathway therapies leads to regression of the primary tumor 
and increased survival times. However, this treatment 
also induced a phenotypic change in a subpopulation 
of tumor cells that resulted in increased invasion and 
metastasis. The mechanism for this phenotypic switch 
and increased invasion appears to be mediated by HIF1α 
induced c-Met expression. In this context HIF1α was 
induced by hypoxia resulting from continued treatment 
with VEGF pathway inhibitors. Moreover, this study went 
on to show that selective inhibitors of c-Met were able to 
reverse this phenotypic switch and prevented the invasive 
phenotype induced by treatment with VEGF pathway 
inhibitors [90]. This study was restricted to an orthotopic 
model of pancreatic adenocarcinoma and a pancreatic 
neuroendocrine tumor model. It remains to be determined 
how general this mechanism may be in relation to other 
tumor types. However these findings support the use of 
combined targeting of the VEGF and c-Met pathways 
in tumors where inhibitors of VEGF pathway caused up 
regulation of c-Met. 

CONCLUSIONS

C-met and RON are structurally related tyrosine 
kinase receptors that contribute to tumor progression 
and promote resistance to chemotherapy. Further 
understanding of the pathogenesis and signaling pathways 
of these receptors may provide valuable insight into 
their role in cancer development and progression of 
disease. C-Met and RON are activated by separate 
ligands and following ligand activation they can homo- 
or heterodimerize with each other. Moreover, they may 
interact with and modulate signaling of other receptor 
tyrosine kinases. Expression of these receptors are 
associated with worse prognosis in various tumor types, 
and increasing expression of them have been seen in the 
progression of aggressive tumors. Moreover, c-Met and 
possibly RON are associated with maintenance of cancer 
stem cells. As a result, there continues to be advances 
in the study of these receptors and their signaling 
pathways with respect to cancer drug development. 
Numerous clinical trials are in progress using tyrosine 
kinase inhibitors directed at these receptors as potential 
molecular targets, with promising results. More studies 
remain to be seen if these drugs are effective and safe in 
improving patient survival and tumor response rates, as 
well as preventing development of tumor resistance to 
chemotherapy. 
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