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SUMMAR Y Y 

Thee hepatocyte growth factor (HGF) receptor tyrosine kinase, Met, controls 
complexx biological responses in target cells including growth, motility, and 
morphogenesis.. Uncontrolled Met signaling, e.g. by mutation or an autocrine 
HGF/Mett loop, is oncogenic and promotes tumor invasion and metastasis. Here, 
wee demonstrate that HGF induces strong tyrosine phosphorylation of the proto-
oncogenee product c-Cbl and increases its association with the Src-family tyrosine 
kinasess Fyn and Lyn, as well as with PI-3 kinase and CrkL. In addition, we 
demonstratee that c-Cbl mediates HGF-induced ubiquitination of Met, whereas the 
transformingg mutants v-Cbl and 70Z/3 Cbl, which lack the ubiquitin ligase RING 
fingerr domain, suppress Met ubiquitination. Our findings identify c-Cbl as a 
regulatorr of the HGF/Met pathway, mediating ubiquitin-targeted proteosomal 
degradationn of Met, and suggest a potential role for Cbl in Met-mediated 
tumorigenesis. . 

INTRODUCTIO N N 

Thee receptor protein tyrosine kinase (PTK) Met, the product of the proto-oncogene 
c-met,c-met, is expressed on most epithelia as well as on several other cell types 
includingg endothelium, neurons and B lymphocytes (1-3). Binding of the 
multifunctionall  cytokine hepatocyte growth factor (HGF) to Met triggers 
intracellularr signals regulating cell proliferation, migration, and survival (4-9). 
Whereass Met or HGF deficiency results in embryonic death with severe defects in 
thee development of the placenta, liver, and limb muscles (6, 9), uncontrolled 
activationn of Met has been implicated in tumor growth, invasion, and metastasis (3, 
10-12).. Constitutive activation of Met, due to either translocation or amplification 
off  the met gene, has been found in tumors cell lines as well as in primary tumors 
(13-17).. Noteworthy, studies in hereditary papillary renal carcinoma (HPRC) have 
establishedd a causative role for Met in human cancer (18). These receptor mutants 
exhibitt enhanced kinase activity upon stimulation with HGF and were shown to 
mediatedd transformation, invasive growth and protection from apoptosis (19-23). 
Besidess enhanced kinase activation, impaired down regulation of Met, leading to 
persistentt signaling, might also contribute to the oncogenic effects of Met mutants 
(23). . 

Negativee regulation of PTK-mediated signaling is achieved through a least 
twoo distinct mechanisms. Tyrosine phosphatases control PTK signaling by 
dephosphorylatingg the kinase and its downstream targets, whereas ligand-induced 
ubiquitinationn of receptor PTKs causes those receptors to be endocytosed and 
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degradedd within lysosomes or by proteasomes. Recent biochemical and genetic 
studiess have identified Cbl as a novel negative regulator of receptor and non-
receptorr PTKs through induction of ubiquitination (24-30). The multi-domain 
dockingg protein pi20 Cbl is the cellular homologue of the v-cbl oncogene from the 
murinee Cas NS-1 retrovirus, which induces pre-B cell lymphomas and myeloid 
leukemiass (31). Cbl is prominently tyrosine phosphorylated upon stimulation of a 
numberr of receptors, resulting in its interaction with Src homology 2 (SH2) domain 
containingg proteins such as the p85 subunit of the PI3-kinase, the guanine 
nucleotidee exchange factor Vav, and the Crk adaptor protein family (32). Its NH2-
terminall  part carries a phosphotyrosine-binding (PTB) domain that presumably 
mediatess binding to tyrosine phosphorylated receptors (33), while the carboxyl-
terminuss of c-Cbl comprises several proline-rich domains that allow constitutive 
associationn with Src homology 3 (SH3)-containing proteins including Grb2 and 
Nekk (32). Whereas these structural features indicate a role for Cbl as an adaptor or 
scaffoldd for assembly of signaling complexes, recent studies have established that 
Cbll  can also function as a negative regulator of PTKs. In C. elegans, the Cbl 
homologuee SLI-1 was shown to inhibit vulva development mediated by LET-23, a 
homologuee of the mammalian epidermal growth factor (EGF) receptor (34). In cell 
lines,, overexpression of Cbl inhibits activation the EGF receptor and JAK-STAT, 
whereass antisense Cbl or the oncogenic forms of Cbl promote EGF and PDGF 
receptorr activity (35-37). Recently, the biochemical basis of these regulatory 
effectss of Cbl has been elucidated. It was shown that Cbl acts as an E2-dependent 
ubiquitin-proteinn ligase mediating ubiquitination of the PDGF, EGF, and colony-
stimulatingg factor-1 (CSF-1) receptors (27-30, 38). The RING finger domain of 
Cbll  is critical for regulating this process. Transforming mutants of Cbl that are 
defectivee in promoting receptor PTKs ubiquitination contain a complete (v-Cbl) or 
partiall  (70Z/3 Cbl) deletion, or a point mutation (Cys381-Ala) in the RING finger 
domain.. In vitro studies revealed that the c-Cbl RING finger domain has intrinsic 
E33 activity and can induce substrate-independent ubiquitin-protein ligation in the 
presencee of human El and E2. In the present study, we have explored the role of 
Cbll  in Met signaling. We demonstrate that HGF induces tyrosine phosphorylation 
off  Cbl and increases its association with Fyn, Lyn, PI-3 kinase, and CrkL. In 
addition,, we demonstrate that c-Cbl, but not its oncogenic forms v-Cbl or 70Z/3 
Cbl,, negatively regulate Met by inducing ubiquitination of its cytoplasmic domain. 

MATERIAL SS AND METHOD S 

Antibodies.Antibodies. Monoclonal antibodies used were: anti-phosphotyrosine, PY20 
(Affiniti ,, Nottingham, United Kingdom); and anti-hemagglutinin tag, 12CA5 (anti-
HA)) (kindly provided by Dr C de Vries, Department of Biochemistry, Academic 
Medicall  Center, The Netherlands). The rabbit polyclonal antibodies used were: 
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anti-ubiquitinn (Dako, Glostrup, Denmark); anti-hMet (anti-human Met), C-12; anti-
mMett (anti-mouse Met), SP260; anti-Fyn, FYN3; anti-Lyn, 44; anti-CrkL, C-20 
andd anti-Cbl, C-15 (all: Santa Cruz Biotechnology, Santa Cruz, CA); anti-
regulatoryy subunit of PI-3 kinase (UBI, Lake Placid, NY). 

Plasmids.Plasmids. The c-Cbl cDNA was a kind gift from Dr WY Langdon 
(Universityy of Western Australia, Nedlands, Australia). pMT2 encoding HA-
taggedd human c-Cbl, v-Cbl and 70Z/3 Cbl were generated from this cDNA by 
PCR.. The constructs encoding Trk-Met (a chimeric receptor that consists of the 
extracellularr domain of the NGF receptor, Trk A, and the cytoplasmic domain of c-
Met)) were provided by Dr Walter Birchmeier (Max-Delbrueck-Center for 
Molecularr Medicine, Berlin, Germany). pMT2-encoding HA tagged ubiquitin was 
kindlyy provided by Dr Paul MP van Bergen en Henegouwen (Dept. of Molecular 
Celll  Biology, Utrecht University, Utrecht, The Netherlands). 

CellCell lines and transfectants. The Burkitt's lymphoma cell line Namalwa-
V3MM has been described. The cells were cultured in RPMI 1640 in the presence of 
10%% Fetal Clone I serum (HyClone Laboratories, Logan, UT), 10% fetal calf 
serumm (Integra, Zaandam, The Netherlands). Cos-7 cells were maintained in 
Dulbecco'ss Modified Eagle's Medium (DMEM) containing 10% fetal calf serum. 
Usingg DEAE-dextran as described, Cos-7 cells were transiently transfected with 1 
ĵ gg construct encoding Trk-Met, alone or together with 2 ug construct containing 
eitherr HA-tagged c-Cbl, the oncogenic Cbl 70Z/3 Cbl and v- Cbl or ubiquitin. 

ImmunoprecipitationImmunoprecipitation and western blot analysis. Cells were lysed in buffer 
containingg 10 mM Tris-HCl (pH 8), 150 raM NaCl, 1% Nonidet P-40, 10% 
glycerol,, 10 ug/ml aprotinin (Sigma), 10 ug/ml leupeptin (Sigma), 2 mM sodium 
orthovanadate,, 5 mM EDTA, and 5 mM sodium fluoride. The lysates were cleared 
byy centrifugation at lO.OOOg at 4°C for 20 minutes, followed by preclearance using 
Proteinn A-Sepharose. The immunocomplexes were collected by adding the 
indicatedd antibodies, precoupled to Protein A-Sepharose, for at least 2 hours. The 
immunoprecipitatess were washed three times with lysis buffer and the 
immunoprecipitatedd proteins were resolved by SDS-polyacrylamide gel 
electrophoresis.. The proteins were electrotransferred to nitrocellulose membranes. 
Detectionn of proteins by immunoblotting was performed using enhanced 
chemiluminescencee lighting (ECL). For the immunodepletion experiments, the 
lysatess were immunoprecipitated twice. The lysates remaining after the second 
immunodepletionn and the immunoprecipitates obtained from the first 
immunoprecipitationn were analyzed by Western blotting. 

ImmuneImmune Complex Kinase Assays. The Cbl immune complexes from 
unstimulatedd or HGF-stimulated cells were washed three times with lysis buffer 
followedd by washing twice with kinase buffer (50 mM HEPES (pH 7.5), 10 mM 
MgCl,, and 10 mM MnCl, 1 uM sodium orthovanadate), suspended in 20 ul of 
kinasee buffer containing 10 uCi (y-,:P)ATP, and incubated for 30 minutes at room 
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temperature.. The proteins were separated on 10 % SDS-PAGE, the gel was dried 
forr 3 hours, and the dryed gel was autoradiographed at -80°C overnight. 

RESULTS S 

CblCbl is strongly phosphorylated on tyrosine residues following HGF stimulation. 
Wee have recently demonstrated that activation of Met in Namalwa B cells leads to 
strongg tyrosine phosphorylation of two proteins with molecular weights of 110-120 
kDaa (39, 40). The smaller of these proteins was shown to represent the Grb2-
associatedd binder 1 (Gab-1), an adaptor protein that can associate with the 
cytoplasmicc docking site of Met (40). By performing immunodepletion 
experiments,, we now identified the larger prominent phosphoprotein in the lysates 
off  HGF-stimulated cells as c-Cbl (Figure 1A). Immunoblotting of Cbl 
immunoprecipitatess with antibodies against phosphotyrosine confirmed that HGF 
stimulationn leads to a rapid and transient phosphorylation of Cbl on tyrosine 
residues,, peaking at one minute and decreasing after 5 minutes (Figure IB). 

HGFHGF stimulation leads to enhanced association of c-Cbl with Fyn, Lyn, 
PI-3PI-3 kinase, and CrkL. The above observations prompted us to explore the 
functionn of Cbl in Met signaling. Although Cbl itself lacks kinase activity, its 
characteristicc modular structure enables it to act as a scaffold for various signaling 
molecules,, including cytoplasmic PTKs (32). To determine whether HGF 
stimulationn leads to changes in the kinase activity associated with Cbl, we 
conductedd in vitro kinase assays. We observed that a low level of kinase activity 
wass associated with Cbl immunoprecipitated from unstimulated B cells. However, 
HGFF stimulation greatly increased the Cbl-associated kinase activity (Figure 2). 
Thee 120 kDa in vitro phosphorylated protein present after stimulation with HGF 
representss c-Cbl itself, whereas the bands at 55-60 kDa may represent (auto-) 
phosphorylatedd Src-family tyrosine kinases associated with c-Cbl. These kinases 
presumablyy are involved in the in vitro phosphorylation of c-Cbl and associated 
proteins. . 

Inn order to identify signaling molecules that dock on Cbl following HGF 
stimulation,, the effect of HGF stimulation on the physical interaction with several 
candidatee partners of Cbl was explored. These included the Src-family tyrosine Fyn 
andd Lyn, the p85 regulatory chain of PI-3 kinase and CrkL. We observed that these 
moleculess all show a weak basal interaction with Cbl. However, upon stimulation 
withh HGF, these interactions were either moderately (Fyn) or strongly (Lyn, CrkL, 
andd PI-3K) enhanced (Figure3). Hence, HGF stimulation does not only induce 
tyrosinee phosphorylation of Cbl, but also enhances its ability to act as a docking 
proteinn for several important signaling molecules. 

105 5 



ChapterChapter 6 

I AA < til l.\sattj 

IP:: O U IP: w 
HGF:: + + + HCF: 

Mell  -m. 

cbi_»» ÊÊ m ÊÊ' 
^ WW  SBH ^̂ M P Gabll — 

IB:: aCbl IB: «C hi 

00 0.5 I 2 5 10 20 tjmin.) 

I B B 
#üll -*— Cbl 

IP:oCbll  IB: a l 'V 

 p i . t % * J * # * 

ll ':aCbll  IB: a Cbl 

Figur ee 1. HGF induce s tyrosin e phosphorylatio n of Cbl . /A) Cbl is a prominent tyrosine 
phosphorylatedd protein in HGF-stimulated Namalwa cells. Cells were stimulated for 2 
minutess with HGF. Total cell lysates of HGF-stimulated or control Namalwa B cells were 
immunodepletedd or not with anti-Cbl (left), and their corresponding immunoprecipitates 
(right)) immunoblotted with anti-phosphotyrosine (anti-PY20). The arrows indicate the 
tyrosinee phosphorylated Cbl (upper panels). The blots were stripped and restained with anti-
Cbll antibodies, confirming equal loading of the immunoprecipitates and successful 
immunodepletionn of c-Cbl from the total cell lysates (lower panels). S) Time kinetics of HGF-
inducedd tyrosine phosphorylation of Cbl. Cells were stimulated with HGF for the indicated 
timee periods. Immunoprecipitation was performed with anti-Cbl antibodies and immunoblots 
weree stained with anti-PY20. The arrow indicates the tyrosine phosphorylated Cbl (upper 
panel).. Equal loading of the samples was confirmed by restaining the blot with anti-Cbl 
antibodiess (lower panel). 
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Figur ee 2. HGF stimulatio n induce s an increas e in the Cbl associate d kinas e activity . 
Cbll immunoprecipitates collected from cells stimulated with HGF for the indicated time 
periodss were phosphorylated in an in vitro kinase assay and resolved in 10% gel, as 
describedd in the materials and methods. The arrow indicates the in vitro phosphorylated Cbl 
protein.. The positions of prestained molecular weight markers are indicated in the left side of 
thee figure. 

HGFHGF triggers ubiquitination and degradation of Met. Ubiquitination of 
receptorr PTKs is an integral part of their ligand induced responses and is required 
forr endocytosis and lysosomal degradation. To assess whether Met on B cells is 
ubiquitinatedd in response to HGF stimulation, Met immunoprecipitates from HGF-
stimulatedd cells were analyzed for ubiquitination by immunoblotting. We observed 
thatt HGF stimulation leads to a rapid ubiquitination of c-Met, which was maximal 
att 5 minutes (Figure 4A). Since the ubiquitination machinery adds multiple and 
variablee numbers of ubiquitin moieties to a single target molecule, the poly-
ubiquitinatedd Met species is detected as a smear rather than a distinct band (Figure 
4A).. In addition to inducing ubiquitination, HGF stimulation also resulted in 
degradationn of Met, which was clearly detectable from 2 hours of incubation 
onwardss (Figure 4B). Hence, HGF stimulation of B cells leads to both 
ubiquitinationn and degradation of Met. 
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Figur ee 3. HGF stimulatio n leads to increase d associatio n of Cbl wit h Fyn, Lyn , CrkL 
andd the p85 subuni t of PI-3 kinase . Namalwa B cells were stimulated with HGF for the 
indicatedd time. The cells were lysed and immunoprecipitates were collected using the 
indicatedd antibodies. A) Increased association with Lyn and Fyn. Lyn and Fyn 
immunoprecipitatess were subjected to immunoblotting using anti-Cbl antibodies (upper 
panels).. 6) Increased association with CrkL and PI-3 kinase. Cbl immunoprecipitates were 
subjectedd to immunoblotting using anti-CrkL and anti-p85 antibodies (PI-3 kinase) (upper 
panels).. Equal loading of the samples was confirmed by restaining the blots with the same 
antibodiess used for immunoprecipitation. (lower panels). 

CblCbl plays a critical role in the Met ubiquitination. The prominent 
phosphorylationn of Cbl in response to HGF stimulation (Figure 1) combined with 
thee recent observation that Cbl acts as an E3 ubiquitin ligase for the EGF and 
PDGFF receptors (30, 38), suggests that Cbl might be involved in the ubiquitination 
andd degradation of Met. To explore this hypothesis, Cos-7 cells were transfected 
withh Trk-Met, a chimeric receptor that consists of the extracellular domain of the 
NGFF receptor (Trk A) and the intracellular domain of Met, either alone or in 
combinationn with c-Cbl. After NGF stimulation, Trk-Met was immunoprecipitated 
andd its ubiquitination was analyzed. As shown in Figure 5, cotransfection of c-Cbl 
clearlyy enhanced the ligand-induced ubiquitination of Trk-Met. By contrast, 
overexpressionn of the oncogenic Cbl variants v-Cbl or 70Z/3 Cbl, which lack a 
functionall  Ring-finger domain (32), did not enhance the ligand-induced 
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ubiquitinationn of the transfected Trk-Met but rather suppressed the (weak) 
ubiquitinationn mediated by endogenous Cbl (figure 5). These findings demonstrate 
thatt c-Cbl is involved in Met ubiquitination, whereas the oncogenic v-Cbl and 
70Z/33 Cbl are unable to mediate ubiquitination but, instead, act in a dominant 
negativee fashion on endogenous c-Cbl. 

DISCUSSION N 

Inn the present study, we have identified the proto-oncogene product c-Cbl as an 
importantt component of the HGF/Met signaling pathway. We demonstrate that Cbl 
iss strongly phosphorylated upon HGF stimulation of B cell lymphoma cells and 
actss as a docking protein for Fyn, Lyn, PI-3 kinase, and CrkL. Most importantly, 
wee show that Cbl is involved in the negative regulation of Met by acting as E3 
ubiquitinn ligase mediating Met ubiquitination and degradation. 

Wee identified one of the most prominent phosphoproteins in lysates of 
HGFF stimulated B cell lymphoma cells as Cbl (Figure 1), thus implicating Cbl in 
HGF/Mett signaling. This finding extends the work of Fixman and colleagues (41), 
whoo reported that Cbl is hyperphosphorylated in Fr3T3 fibroblast transfected with 
thee cytoplasmic oncogenic Met fusion protein, Tpr-Met. Tyrosine phosphorylation 
off  Cbl is of great functional importance as it creates docking sites for SH2-
containingg proteins. Indeed, HGF stimulation led to an increase in the amount of 
kinasee activity associated with Cbl (Figure 2), as well as an enhanced association 
betweenn Cbl and Fyn, Lyn, the p85 chain of PI-3 kinase, and CrkL (Figure 3). 
Apartt from binding to Cbl via their SH2 domains, these proteins may also interact 
withh Cbl via their SH3 domains. This interaction with proline-rich regions on Cbl 
presumablyy is important for the stimulus independent part of their Cbl association 
(Figuree 3) (42, 43). 
Ourr observation that HGF stimulation leads to an enhanced association of PI-3 
kinasee and CrkL with Cbl is of considerable interest. PI-3 kinase is a central 
regulatorr of different biological processes induced by HGF including adhesion and 
survival,, and a specific PI-3 kinase docking has been located on Y1349 of Met 
(40).. Our present findings suggest that association of PI-3 kinase with Met via Cbl 
(Figuree 3) might represent an alternative route for the regulation of PI-3 kinase 
activityy by HGF. CrkL is an adaptor protein with two SH3 domains, which can 
specificallyy bind to the guanine exchange factor C3G, an activator of Rap-1 (44). 
Formationn of a Cbl-Crk-C3G complex may provide a mechanism for coupling Met 
withh the Rap-1 pathway, which has been implicated in integrin activation (45). 
Interestingly,, we have recently shown that HGF induces activation of integrins in B 
cellss (27). Cbl may play a critical role in this HGF-induced integrin activation as 
suppressionn of Cbl expression by antisense Cbl resulted in a marked decrease in 
integrinn activation (45, 46). 
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Receptorr ubiquitination and consequent degradation by the 
proteosomal/lysosomall  pathway constitutes an integral part of the regulation of 
receptorr PTK function (27-30). Indeed, we observed that, following stimulation of 
BB cells with HGF, Met is ubiquitinated and degraded (Figure 4). This observation 
confirmss and extends observations by Jeffers and colleagues, who reported HGF-
inducedd degradation and polyubiquitination of Met in a variety of cell lines. This 
degradationn was blocked by the proteosome inhibitor lactacystin (47). Importantly, 
wee now demonstrate that Cbl plays a key role in this negative regulation of Met 
signalingg (Figure 5), by acting as an E3 ubiquitin ligase (29). In contrast to wild 
typee c-Cbl, the oncogenic mutants v-Cbl and 70Z/3 Cbl failed to induce 
ubiquitinationn of Met but rather had a dominant negative effect on the 
ubiquitinationn induced by endogenous Cbl (Figure 5 and data not shown). These 
mutantss lack a functional RING finger domain and hence are unable to interact 
withh the E2 (ubiquitin conjugating enzyme) (32). Thus, expression of these 
oncogenicc mutants of Cbl may result in overexpression and constitutive activation 
off  Met, leading to Met-mediated tumorigenesis. 

BB Control HGF 

(II 2 4 ( 1 2 4 t l h r ! 

i^L_:l_-~-ï GG IB:oMel IB: a Mel 

IP::  a Mel IB: a Met , ^ 

IB:atRK II  IBtaERKI 

Figur ee 4. HGF stimulatio n induce s ubiquitinatio n and degradatio n of Met in B cells . A) 
HGFF induces ubiquitination of Met. Namalwa B cells were stimulated with HGF for the 
indicatedd time. Anti-Met (C12) immunoprecipitates were immunoblotted with anti-ubiquitin 
antibodiess (upper panel) or, as a loading control, with anti-Met antibodies (lower panel). B) 
HGFF induces degradation of Met. Namalwa B cells were incubated in the presence or 
absencee of HGF for the indicated time. Cell lysates were immunoblotted with anti-Met 
antibodiess (upper panel) or, as a loading control, with anti-ERK1 antibodies (lower panel). 
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Figur ee 5. c-Cbl , but not the oncogeni c Cbl variant s v-Cbl and 70Z Cbl , mediate s 
ubiquitinatio nn of Met. A) c-Cbl, but not v-Cbl, mediates Met ubiquitination. Cos-7 cells were 
transfectedd with Trk-Met plus either c-Cbl or v-Cbl and stimulated with NGF for the indicated 
timee periods. Anti-Met immunoprecipitates (sp260) were immunoblotted with anti-ubiquitin 
antibodiess (upper panel). As a control for equal Met transfection and immunoprecipitation, 
thee blot was re-stained with anti-Met antibodies (sp260) (lower panel). Right panel: The total 
celll lysates were immunoblotted with anti-HA antibodies to demonstrate equal expression of 
c-Cbll and v-Cbl. B) c-Cbl, but not 70Z/3 Cbl, mediates Met ubiquitination. Cos-7 cells were 
transfectedd with Trk-Met plus either c-Cbl or 70Z/3 Cbl and stimulated with NGF for the 
indicatedd time periods. Anti-Met immunoprecipitates (sp260) were immunoblotted with anti-
ubiquitinn antibodies (upper panel). As a control for equal Met transfection and 
immunoprecipitation,, the blot was re-stained with anti-Met antibodies (sp260) (lower panel). 
Rightt panel: The total cell lysates were immunoblotted with anti-HA antibodies to 
demonstratee equal expression of c-Cbl and 70Z/3 Cbl. 
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Ourr finding that Cbl is a negative regulator of Met identifies Cbl as a 
potentiall  partner in Met-mediated tumorigenesis. Germline and sporadic Met 
mutationss have been described in several human tumors, particularly in papillary 
renall  carcinoma (18). These mutations generally involve the kinase domain of Met 
andd result in enhanced kinase activity upon stimulation with ligand (19-21). 
Recently,, however, mutations have also been reported in the juxta-membrane 
portionn of Met (23). Interestingly, Met carrying such a missense mutation at 
P1009SS (P989) is not constitutively activated but showed increased and persistent 
Mett phosphorylation after HGF treatment. This activating mutation is localized in a 
PEST-likee sequence, which has been implicated in ubiquitination (23). 
Furthermore,, it has been reported that residue Y1001 in the juxtamembrane region 
off  Met negatively regulates the receptor activity and its mutation leads to a gain-of-
functionn resulting in constitutive scattering and fibroblastoid morphology of 
epitheliall  cells (50). This residue could be involved in the association of Cbl with 
Met.. Additional studies are required to further identify the residues or domains of 
Mett and Cbl involved in the constitutive HGF-induced Cbl-mediated ubiquitination 
off  Met. 

ABBRIVIATION S S 

CSF-1,, colony-stimulating factor-1; EGF, epidermal growth factor; HGF, 
hepatocytee growth factor; HPRC, hereditary papillary renal carcinoma; PDGF, 
platelet-derivedd growth factor; PI-3K, phosphatidylinositol 3; PTB, 
phosphotyrosine-binding;; PTK, protein tyrosine kinase; SH2, Src homology 2; 
SH3,, Src homology 3. 
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