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Cross-communication between the Met receptor tyro-
sine kinase and the epidermal growth factor receptor
(EGFR) has been proposed to involve direct association
of both receptors and EGFR kinase-dependent phospho-
rylation. Here, we demonstrate that in human hepato-
cellular and pancreatic carcinoma cells the Met recep-
tor becomes tyrosine phosphorylated not only upon EGF
stimulation but also in response to G protein-coupled
receptor (GPCR) agonists. Whereas specific inhibition
of the EGFR kinase activity blocked EGF- but not GPCR
agonist-induced Met receptor transactivation, it was ab-
rogated in the presence of a reducing agent or treatment
of cells with a NADPH oxidase inhibitor. Both GPCR
ligands and EGF are further shown to increase the level
of reactive oxygen species within the cell. Interestingly,
stimulation of the Met receptor by either GPCR ago-
nists, EGF or its cognate ligand HGF, resulted in release
of Met-associated B-catenin and in its Met-dependent
translocation into the nucleus, as analyzed by small in-
terfering RNA-mediated knockdown of the Met recep-
tor. Our results provide a new molecular explanation for
cell surface receptor cross-talk involving the Met recep-
tor and thereby link the wide diversity of GPCRs and
the EGFR to the oncogenic potential of Met signaling in
human carcinoma cells.

The proto-oncogene MET encodes the prototypic receptor
tyrosine kinase (RTK)! for the scatter factor receptor family (1).
It has been originally discovered as the product of a human
oncogene, tpr-met (2, 3), and since then has been recognized as
a key mediator of invasive growth in both physiological but also
pathophysiological signaling. Stimulation by its cognate ligand
hepatocyte growth factor (HGF)/scatter factor induces various
biological responses such as cell dissociation, migration, cell
scattering, and invasion, but also stimulates cell proliferation
or survival depending on the cellular context (4, 5). Whereas
Met exerts essential developmental functions (6), deregulated
Met receptor signaling because of overexpression, mutation, or
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autocrine growth factor loops has been frequently implicated in
tumor invasion and metastasis (4) of tumor cells.

The Met RTK consists of a single membrane spanning -sub-
unit of 145 kDa, which is linked by disulfide bridges to an
extracellular a-chain of 50 kDa (1). Upon HGF stimulation two
receptor molecules dimerize and cross-phosphorylate each
other, thereby creating binding sites for signaling molecules
within the cell. By recruiting adaptor proteins such as Gabl
and Grb2 the Met receptor induces activation of phosphatidy-
linositol 3-kinase/Akt, phospholipase-y, extracellular signal-
regulated kinase 1/2, and the phosphorylation of signal trans-
ducers and activators of transcription factors. Moreover,
receptor-associated B-catenin was identified as a signaling
partner of the Met receptor (7, 8). In the cell, B-catenin exerts
a dual function: it allows tight intercellular adhesion, as a
member of cell adherence junctions, linking E-cadherin to the
cytoskeleton (9) and it translocates into the nucleus to induce
gene expression in complex with the transcription factor TCF
upon activation of the Wnt-signaling pathway. Independent of
Wnt signaling HGF is able to induce B-catenin phosphorylation
(10, 11), leading to dissociation of the Met-B-catenin complex,
nuclear translocation of B-catenin, and concomitant induction
of TCF target genes (7, 12).

Cross-talk between cell surface receptors can occur in several
different ways. The most direct mechanism is receptor het-
erodimerization that is well described for members of the
EGFR family (13) or for Met and its relative RON (14). Also less
related receptors have been shown to be able to associate such
as EGFR and platelet-derived growth factor receptor (15) or
Met and semaphorin receptors (16).

In the case of EGFR and Met receptor cross-communication
has been reported to occur on different levels: EGFR signal
transactivation induces metalloprotease-mediated ectodomain
shedding of Met (17) and aberrant EGFR activation elevates
Met expression and phosphorylation in thyroid carcinoma cells
(18). Moreover, EGFR function has been implicated in HGF-
induced hepatocyte proliferation (19), and a possible het-
erodimer formation of both receptors has been suggested
(20, 21).

In addition to RTK cross-talk, also completely unrelated cell
surface receptors are able to communicate and influence each
other. The prototype for such a pathway is the GPCR-induced
EGFR signal transactivation (22). Treatment of cells with
GPCR agonists induces phosphorylation of the EGFR by met-
alloprotease-dependent release of EGF-like ligands (23),
thereby coupling GPCRs to EGFR characteristic downstream
signaling pathways such as mitogen-activated protein kinases
or the phosphatidylinositol 3-kinase/Akt pathway (24). In ad-
dition to the EGFR other RTKs have been shown to be acti-
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vated in response to GPCR stimulation, comprising the insulin-
like growth factor-1 receptor (25), Trk receptor (26), platelet-
derived growth factor receptor (27, 28), and the vascular
endothelial growth factor receptor (29). Receptor cross-talk can
also occur in a ligand-independent manner involving for in-
stance, non-receptor tyrosine kinases such as c-Src (26, 30).
Moreover, increasing evidence implicated the reactive oxygen
species (ROS) as signaling intermediates in RTK activation
(31-35). ROS-mediated inhibition of phosphatases results in an
equilibrium shift from the non-phosphorylated to the phospho-
rylated state of the RTK. An increase in ROS levels has been
reported not only after RTK but also in response to GPCR
stimulation in vascular smooth muscle cells and endothelial
cells (36, 37). Interestingly, elevated ROS levels have been
associated with the malignant phenotype (38).

Although various cellular sources for ROS have been de-
scribed (39), plasma membrane-associated NADPH oxidases
are considered as the main source of ROS acutely produced
upon growth factor or cytokine stimulation (34, 40, 41).
Whereas these enzymes have been originally discovered in
phagocytes, homologues have also been found in non-phago-
cytic cells (40). Overexpression of the murine homologue of the
NADPH oxidase catalytic subunit was able to induce transfor-
mation of NIH-3T3 cells (42). Moreover, overexpression of
NADPH oxidase 1 induced tumor formation in mice (43), and
recently Arbiser and colleagues (44) reported that tumors in-
duced by NADPH oxidase 1 expression enhanced angiogenesis
in a ROS-dependent manner.

Here, we investigated whether and how GPCRs and EGFR
could transactivate the proto-oncogenic Met RTK. Our results
provide evidence that the Met receptor is transactivated by
both GPCRs and EGFR in pancreatic and hepatocellular car-
cinoma cell lines. This transactivation process involves the
acute production of ROS by membrane-bound NADPH oxi-
dases. Interestingly, B-catenin dissociates from transactivated
Met receptor and subsequently translocates into the nucleus,
an event previously shown to be associated with increased TCF
target gene expression and cell motility.

MATERIALS AND METHODS

Reagents—Lysophosphatidic acid (LPA), bradykinin, thrombin, and
carbachol were purchased from Sigma. The inhibitors tyrphostin
AG1478, epigallocatechin gallate (EGCG), and diphenyleneiodonium
chloride were obtained from Alexis Biochemicals. Toxin B and HGF
were from Calbiochem. The fluorescent dye 2’,7'-dichlorofluorescein
diacetate (DCF-DA) was obtained from Molecular Probes.

Cell Culture—All cell lines were obtained from ATCC (American
Type Culture Collection, Manassas, VA). The pancreatic carcinoma cell
line DAN-G was cultured in RPMI supplemented with 10% fetal bovine
serum (Invitrogen) and L-glutamine, HepG2 cells were grown in mini-
mal essential medium supplemented with 10% fetal bovine serum (In-
vitrogen) and L-glutamine, and HuH?7 cells were maintained in Dulbec-
co’s modified Eagle’s medium, high glucose, supplemented with 10%
fetal bovine serum (Invitrogen), sodium pyruvate, and L-glutamine.
Cells were seeded in 10-cm dishes and serum-starved for 24 h prior to
stimulation.

Protein Analysis—Prior to lysis, cells grown to 80% confluence were
treated with inhibitors and agonists as indicated in the figure legends
and then lysed for 10 min on ice in buffer containing 50 mm HEPES, pH
7.5, 150 mMm NaCl, 1% Triton X-100, 1 mm EDTA, 10% glycerol, 10 mm
sodium pyrophosphate, 2 mM sodium orthovanadate, 10 mM sodium
fluoride, 1 mm phenylmethylsulfonyl fluoride, and 10 ug/ml aprotinin.
Lysates were precleared by centrifugation at 13,000 rpm for 10 min at
4 °C. Precleared lysates were immunoprecipitated using the respective
antibodies and 20 pl of protein A-Sepharose for 4 h at 4 °C. Precipitates
were washed three times with 0.5 ml of HNTG buffer (20 mm HEPES,
pH 7.5, 150 mMm NaCl, 0.1% Triton X-100, 10% glycerol, 10 mmMm
Na,P,0,), suspended in 2X SDS sample buffer, boiled for 3 min, and
subjected to gel electrophoresis. Following SDS-polyacrylamide gel elec-
trophoresis, proteins were transferred to nitrocellulose membrane.
Western blots were performed according to standard methods. The
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antibody against human EGFR (108.1) has been characterized before
(23). Met was precipitated using the polyclonal C-28 antibody from
Santa Cruz Biotechnology (Santa Cruz, CA). Phosphotyrosine was de-
tected with the 4G10 monoclonal antibody (Ubi). B-Catenin was de-
tected with a monoclonal antibody purchased from UBI (Lake Placid,
NY). Data shown are representative for three independent experi-
ments. Quantification was done using the Fuji LAS1000 imaging
system.

Detection of ROS by Flow Cytometric Analysis—Cells were seeded in
6-well dishes and grown for 48 h. Prior to stimulation cells were pre-
incubated with 20 umM DCF-DA for 30 min and subsequently stimulated
as indicated for 15 min. After trypsinization, cells were centrifuged at
800 X g and resuspended in phosphate-buffered saline with propidium
iodide. Cells were immediately analyzed on a BD Biosciences FACS-
calibur flow cytometer.

Differential Detergent Fractionation—Differential detergent frac-
tionation was carried out as described before (60). Cells were pretreated
with inhibitors as indicated in the figure legends. Following stimula-
tion, cells were washed in phosphate-buffered saline, and a cytosolic-
enriched fraction was obtained using a digitonin buffer (0.01% digito-
nin, 10 mm PIPES, pH 6.8, 300 mM sucrose, 100 mm NaCl, 3 mm MgClL,,
5 mm EDTA) and centrifugation at 480 X g. The supernatant was
carefully removed as the cytosolic-enriched fraction. The membrane-
enriched fraction was obtained by resuspending the pellet in Triton
X-100 buffer (0.5% Triton X-100, 10 mm PIPES, pH 7.4, 300 mM sucrose,
100 mMm NaCl, 3 mm MgCl,, 3 mm EDTA), centrifugation at 5000 X g for
10 min, and careful removal of the supernatant. The pellet obtained was
resuspended in Tween 40/DOC buffer (1% Tween 40, 0.5% deoxy-
cholate, 10 mm PIPES, pH 7.4, 10 mM NaCl, 1 mm MgCl,). To break up
nuclei, 20 strokes in a Dounce homogenizer were applied followed by
ultrasonication and centrifugation at 6780 X g. The supernatant was
collected as the nuclei-enriched fraction. Protein concentration was
determined using the BCA protein assay kit (Pierce), and equal
amounts of protein were subjected to gel electrophoresis and Western
blotting.

MET Modulation—MET expression was down-modulated by siRNA
using the oligo ACUCUAGAUGCUCAGACUUTT cloned in a lentiviral
vector under the control of the H1 promoter. Infections were performed
as described (61). As a negative control, cells were infected with a
lentivirus containing the same oligo mutated in three bases (AGUCUA-
CAUGCUCACACUU) or an oligo specific for GFP sequences. After
infection, cells were kept in culture for 72 h and then extracted with
boiling Laemmli buffer. Equal amounts of proteins (evaluated by BCA,;
Pierce) were loaded in each lane. Blots were probed with antibodies to
human MET (C12, Santa Cruz).

Statistical Analysis—For statistical analysis, Student’s ¢ test was
used to compare data between two groups. Values are expressed as
mean *= S.D. of three independent experiments. p < 0.05 was consid-
ered statistically significant.

RESULTS

GPCR and EGFR Stimulation Induce Met Receptor Phospho-
rylation—Because we were interested in investigating whether
the Met receptor can function as a downstream signaling part-
ner of different membrane receptors, therefore acting as a point
of convergence for heterogeneous signaling pathways, we used
immunoblot analysis to assess the phosphorylation state of this
receptor in response to treatment with different GPCR ago-
nists. As shown in Fig. 1, Met receptor tyrosine phosphoryla-
tion was rapidly induced in response to different GPCR ligands
in the pancreatic carcinoma cell line DAN-G as well as in the
hepatocellular carcinoma cell lines HepG2 and HuH7 (Fig. 1A).
This activation occurred within 3 min and declined after 7-15
min as shown for DAN-G and HepG2 cells (Fig. 1B), demon-
strating a rapid and transient transactivation of the Met re-
ceptor. Interestingly, not only GPCR ligands but also EGF
induced stimulation of the Met receptor (Fig. 1A). Met phos-
phorylation observed in these conditions was similar in terms
of intensity and timing to that elicited on stimulation with 4
ng/ml HGF (Fig. 24).

GPCR-induced Met Transactivation Is Independent from
EGFR Kinase Activity—The so far best characterized receptor
cross-talk mechanism is GPCR-induced EGFR signal transac-
tivation. The mechanism was shown to involve the protease-
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Fic. 1. GPCR agonists and EGF induce Met receptor transactivation. A, cells were serum-starved for 24 h, treated with lysophosphatidic
acid (LPA, 10 pm), bradykinin (BK, 2 um), thrombin (Thr, 2 units/ml), carbachol (Car, 10 um), endothelin (ET-1, 200 nm), or EGF (4 ng/ml) as
indicated for 3 min. Following immunoprecipitation (IP) of cell extracts with anti-Met antibody, proteins were immunoblotted (IB) with
anti-phosphotyrosine antibody (PY) and re-probed with anti-Met antibody. B, cells were stimulated with LPA (10 uM) for the indicated time periods.
Cell lysates were treated as described under A. Quantification of DAN-G immunoblots was carried out using the Fuji LAS1000 imaging system.

dependent shedding of an EGF-like ligand precursor. As pre-
vious reports have described the association between Met and
EGFR and the phosphorylation of Met by the EGFR (20, 21), we
addressed the question whether GPCR-Met transactivation re-
quires EGFR kinase activity. If so, the Met receptor would
behave as a direct signaling partner of the EGFR.

To address this question we used the EGFR kinase-specific
inhibitor AG1478 to block EGFR-dependent phosphorylation
events. As demonstrated in Fig. 2, pretreatment of cells with
AG1478 blocked GPCR-induced EGFR signal transactivation
(22, 23) but did not affect GPCR agonist-induced phosphoryla-
tion of the Met receptor. This finding implicates that EGFR
activity is dispensable for GPCR-induced Met receptor trans-
activation (Fig. 2, A and B).

As expected, Met transactivation by EGF was abrogated by
preincubation with AG1478 (Fig. 2, A and B), as the EGFR
kinase is mandatory to transmit the EGF-stimulated signal,
regardless of direct association or an indirect communication
with the Met receptor. In contrast to the report by Jo and
colleagues (20) we were unable to detect direct binding between
Met and EGFR in hepatocellular and pancreatic carcinoma
cells (data not shown).

GPCR- and EGF-stimulated ROS Production in Carcinoma
Cell Lines—Inactivation of tyrosine phosphatases by growth
factor-induced production of ROS has been suggested to ac-
count for the activation of RTKs (31-34, 41). Because Met
receptor transactivation occurred rapidly and transiently, we
asked whether Met receptor activation is mediated by a tran-
sient increase of ROS levels. We used the fluorescence dye
DCF-DA to detect ROS production. DCF-DA is a membrane-
permeable non-fluorescent compound, which is de-esterified
inside the cell. Subsequent oxidation of dichlorofluorescein gen-
erates the fluorescent dye itself. Flow cytometric analysis of

cells treated with DCF-DA and subsequent stimulation with
EGF or the GPCR ligands LPA and thrombin clearly demon-
strated an increase of reactive oxygen species within the cell
(Fig. 3, A and B).

Further preincubation of DAN-G and HepG2 cells with the
reducing agent EGCG interfered with EGF- and GPCR-
induced Met receptor phosphorylation, underlining the in-
volvement of ROS in this signaling pathway. On the other
hand, EGCG treatment did not affect EGFR signal transac-
tivation (Fig. 4, A and B). Taken together, these results
demonstrate that ROS are critically involved in Met receptor
transactivation.

Met Receptor Transactivation Requires NADPH Oxidase Ac-
tivity—Recent lines of research implicated membrane-bound
NADPH oxidases in the growth factor stimulated production of
ROS (reviewed in Refs. 34, 41, and 45). To investigate whether
these NADPH oxidase enzymes are involved in Met receptor
transactivation, we used the NADPH oxidase-specific inhibitor
diphenyleneiodonium chloride tointerfere with NADPH oxidase-
dependent ROS production and analyzed Met receptor phos-
phorylation by immunoblot analysis. As shown in Fig. 5, block-
ade of NADPH oxidase function interfered with both GPCR-
and EGF-induced Met phosphorylation in HepG2 and DAN-G
cells, whereas EGFR signal transactivation by GPCRs was not
affected by diphenyleneiodonium chloride treatment (Fig. 5, A
and B).

The small GTPase Rac has been demonstrated to be one of
the cytosolic components of the NADPH oxidase enzyme com-
plex and has been implicated in the regulation of NADPH
oxidases activity (46). Moreover, Rac has been shown as a
downstream signaling target of both GPCRs and RTKs. There-
fore we used the bacterial Toxin B, which specifically blocks
GTPases of the Rac, Rho, and Cdc42 families, to interfere with
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Fic. 2. GPCR-induced Met transactivation is independent of EGFR kinase activity. A and B, DAN-G and HepG2 cells were pretreated
with AG1478 (250 nM) or an equal volume of empty vehicle (Me,SO) for 20 min and subsequently stimulated with LPA (10 um), Thr (2 units/ml),
EGF (4 ng/ml), or HGF (4 ng/ml) as positive controls for 3 min. Following immunoprecipitation of cell extracts with anti-Met antibody, proteins
were immunoblotted with anti-phosphotyrosine antibody and reprobed with anti-Met antibody. EGFR phosphorylation content was analyzed by
immunoprecipitation of cell extracts with anti-EGFR antibody and immunoblotting with anti-phosphotyrosine. The same filters were reprobed
with anti-EGFR antibody. Quantification of DAN-G immunoblots was carried out using the Fuji LAS1000 imaging system. *, p < 0.01 for
stimulation versus control; **, p < 0.05 for inhibition versus stimulation.

Rac function (47). Indeed, preincubation with Toxin B abro-
gated both GPCR- and EGF-induced Met transactivation (Fig.
5, C and D, upper panel), whereas EGFR signal transactivation
was not influenced (Fig. 5, C and D, lower panel). Together,
these data suggest that NADPH oxidase activity is indeed
required for Met transactivation.

Met Transactivation Induces Dissociation of the B-Catenin-
Met Receptor Complex in HuH7 and DAN-G Cells—3-Catenin
has been shown to be constitutively associated with the Met
receptor in hepatoma and hepatocellular carcinoma cells (8,
48). Immunoprecipitation of Met from untreated HuH7 hepa-
tocellular carcinoma cells co-precipitated constitutively tyro-
sine phosphorylated B-catenin (Fig. 6A). Stimulation of Met
transactivation by both GPCR ligands and EGF induced the
dissociation of this B-catenin-Met receptor complex (Fig. 6A).

To analyze the translocation of B-catenin in response to Met
transactivation we used the differential detergent fractionation
technique to prepare cytoplasmic-, membrane-, and nuclei-en-
riched fractions. Fig. 6B demonstrates that stimulation of
HuH7 as well as DAN-G cells with LPA, thrombin, EGF, or
HGF induced translocation of B-catenin from the membrane to
the cytoplasmic fraction and the increase of B-catenin in the
nuclei-enriched fraction. To investigate whether the p-catenin
translocation in response to GPCR agonists or EGF depends on

the Met receptor, we used a siRNA approach to knockdown the
Met receptor protein level. As shown in Fig. 6C, infection of
HuH?7 cells with a siRNA expression vector induced efficient
knockdown of Met. Stimulation of these cells with LPA, throm-
bin, EGF, or HGF failed to induce nuclear accumulation of
B-catenin (Fig. 6D). Interestingly, knockdown of the Met recep-
tor resulted in a slightly higher basal level of nuclear B-catenin
in unstimulated cells compared with control-infected cells.

DISCUSSION

Cross-talk between cell surface receptors has been early
recognized as a crucial signaling mechanism to expand the
cellular communication network. Related RTKs such as mem-
bers of the EGFR family are capable of forming heterodimers
thereby affecting downstream signaling pathways (13). A fur-
ther layer of complexity was added by the discovery of the
heterogeneous GPCR-RTK cross-talk mechanism with EGFR
signal transactivation serving as the prototypic inter-receptor
signaling pathway (22, 23). Because in addition to the above
cross-communication, pathways involving integrins and cyto-
kine receptors have also been reported (49-51), increasing
interest is now focused on these heterogeneous inter-receptor
networks.

Here, we provide experimental evidence that the EGFR
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transactivates the Met RTK in human carcinoma cells. Previ-
ous investigations demonstrated cross-talk between these re-
ceptors on the transcriptional level and Met ectodomain shed-
ding in response to EGFR activation (17, 18). Direct association
of Met with and phosphorylation by the EGFR has been sug-
gested as the underlying mechanism of this cross-communica-
tion (20). EGF- and TGF-a-induced Met phosphorylation and
Met-EGFR co-precipitation were restricted to A431 cells that
overexpress EGFR because of gene amplification. However, in
hepatocellular carcinoma cell lines expressing moderate levels
of both receptors, the authors could neither detect transactiva-
tion of Met nor coprecipitation of Met and EGFR (20). Because
we did neither find association of Met and EGFR in hepatocel-
lular and pancreatic carcinoma cells, we investigated whether
an alternative mechanism than heterodimerization might ac-
count for Met receptor transactivation.

Using a flow cytometric analysis of cells stained with the
redox-sensitive fluorescent dye DCF-DA we could show that
reactive oxygen species are generated in response to EGF treat-

Fluorescence intensity

ment (Fig. 3). The critical role of ROS in this cross-talk mech-
anism was further corroborated by the finding that preincuba-
tion with the reducing agent EGCG interferes with Met
receptor transactivation (Fig. 4). Whereas different cellular
sources for ROS have been reported (39), our data provide
evidence for the involvement of plasma membrane-bound
NADPH oxidases (Figs. 4, A and B; and 5, A-D). These enzymes
have previously been implicated in the acute and rapid produc-
tion of ROS in response to growth factor treatment (34, 39, 41,
45). Moreover, the finding that inhibition of the small GTPases
Rac, Rho, and Cdc42 by Toxin B interfered with Met transac-
tivation does also point toward an involvement of NADPH
oxidases enzymes, as Rac has been shown to regulate the
activity of the NADPH oxidases enzyme complex.

In addition to EGF, also stimulation of cells with GPCR
ligands such as LPA, bradykinin, thrombin, or carbachol in-
duced the rapid and transient phosphorylation of the Met re-
ceptor (Fig. 1). In analogy to EGF-induced Met transactivation
we could demonstrate that GPCR-induced Met phosphoryla-
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analyzed for their phosphotyrosine content. The same filters were stripped and reprobed for Met and EGFR, respectively. Quantification of DAN-G
immunoblots was carried out using the Fuji LAS1000 imaging system. *, p < 0.007 for stimulation versus control; **, p < 0.01 for inhibition versus

stimulation. n.s. is not significant for inhibition versus stimulation.

tion critically depends on the production of ROS by NADPH
oxidases (Figs. 3, A and B; 4, A and B; and 5, A-D). Flow
cytometric analysis showed that stimulation with LPA, throm-
bin, or EGF induced a moderate shift toward higher fluores-
cence compared with stimulation with the positive control
H,0,. This observation can be anticipated as the ROS produc-
tion induced by physiologic stimuli in epithelial cells should be
strictly limited in its duration and localization, which are in
this case distinct microdomains at the plasma membrane. In
consequence, only a fraction of the fluorescent dye distributed
throughout the cell can be oxidized in response to growth factor
treatment. The increase in ROS production corresponds to a
moderate increase of Met receptor phosphorylation, which is
equivalent to stimulation with 4 ng/ml HGF (Fig. 2). Interest-
ingly, the level of receptor phosphorylation is comparable with
the level of EGFR transactivation reached by GPCR ligands.

Very recently, Pai and colleagues (21) reported that prostag-
landin E, is capable to induce Met receptor phosphorylation in
colorectal carcinoma cells. They suggested an indirect mecha-
nism involving the EGFR, because preincubation with the
EGFR kinase-specific inhibitor AG1478 abolished Met activa-
tion (21). Interestingly, EGF treatment did not significantly
enhance Met phosphorylation. However, treatment of hepato-
cellular and pancreatic carcinoma cells with AG1478 did not
affect Met phosphorylation in response to GPCR agonists, sug-
gesting that GPCR-induced Met phosphorylation does not de-
pend on EGFR kinase activity in these cellular systems. Be-
cause the EGFR itself is able to induce ROS production (31), in
some cellular systems EGFR signal transactivation might be
used by GPCRs that are unable to directly stimulate the pro-
duction of reactive oxygen intermediates to induce ROS-de-
pendent Met transactivation.

The involvement of ROS in Met transactivation is corrobo-
rated by the previous findings that platelet-derived growth
factor induces ROS production in HepG2 cells (52). The same
result has been obtained in A431 cells in response to EGF
treatment (31). Because in colorectal carcinoma cells that have
been used in the study by Pai and colleagues (21), functional
components of NADPH oxidases enzymes have been found (53,
54), the results presented herein can provide a molecular ex-
planation for activation of Met in response to heterogeneous
stimuli in the cellular systems reported by Stolz and co-work-
ers (20) and Pai et al. (21). ROS have been previously impli-
cated in receptor cross-talk mechanisms, in particular in endo-
thelial or vascular smooth muscle cells, such as angiotensin
II-induced EGFR transactivation (33). Our results extend this
finding and demonstrate this functional correlation of GPCR
and Met cross-talk in transformed epithelial cells of hepatocel-
lular and pancreatic carcinomas.

Previous reports demonstrated the association between the
Met receptor and B-catenin (7, 8, 12). Interestingly, we could
show that in the hepatocellular carcinoma cell line HuH7 and
in the pancreatic carcinoma cell line DAN-G not only direct Met
activation by HGF but also Met transactivation by GPCR ago-
nists and EGF stimulates the nuclear translocation of B-cate-
nin. Nuclear B-catenin has been associated with enhanced
transcription of TCF target genes that are involved in epithe-
lial to mesenchymal transition and the development of an
invasive phenotype (9, 55, 56). The Met receptor has been
shown to be instrumental to invasive growth in both the phys-
iological and pathophysiological signaling context (4). Interest-
ingly, previous reports implicated co-expression of Met and
EGFR in tumor progression and development in gastrinoma
and hepatocellular carcinoma. In the latter, overexpression of
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both Met and the EGFR is associated with increased tumor
size, tumor stage, lymph node metastasis, poor prognosis, and
reduced survival (57). Daveau et al. (58) reported the presence
of enhanced levels of mRNA for both receptors, in particular in
poorly differentiated tumors and in patients with early tumor

recurrence. Noteworthy, Miura and colleagues (59) demon-
strated that ROS potentiated the invasive activity of hepatoma
cells by the autocrine/paracrine loop of HGF.

The Met receptor and its ligand HGF are able to induce
complex biological responses such as branching morphogene-
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sis. However, EGF is not able to trigger this effect, although the
herein discussed signaling pathway links EGFR and Met re-
ceptor signaling. There are two major differences between Met
receptor stimulation with its cognate ligand HGF and transac-
tivation of Met. First, whereas exogenous HGF stimulation
induces the strongest receptor phosphorylation after 10-15
min, Met receptor transactivation by GPCRs or EGFR peaks
after 3—5 min, indicating a different time course of receptor
phosphorylation. Both a short activity of ROS or subsequent
phosphatase activation might lead to this shortened Met stim-
ulation compared with exogenous HGF treatment. Second, the
level of phosphorylation in response to Met receptor transacti-
vation is weaker compared with the phosphorylation induced
by HGF concentrations of 20 ng/ml, which are used to induce
for example, branching morphogenesis.

Taken together, our results provide a molecular mechanism
for EGFR-dependent transactivation of the Met receptor and
extend this concept to cross-talk involving GPCRs and Met.
With respect to the outstanding role of the Met receptor in
tumor invasion, these findings are of special significance for the

understanding of cancer progression and metastasis in re-
sponse to heterogeneous growth factor stimulation involving
the Met receptor.
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