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Transforming variant of Met receptor confers serum
independence and anti-apoptotic property and could be
involved in the mouse thymic lymphomagenesis
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Abstract

Met tyrosine kinase receptor, the receptor of he-
patocyte growth factor/scatter factor (HGF/SF), is
present in mouse tissues as two major isoforms
differing by a 47-aminoacid segment in the juxta-
membrane domain via alternative splicing of exon
14. We found that the smaller isoform of Met
(Sm-Met) was highly transformable in both in vitro
and in vivo tumorigenesis assays. In this report,
close examination of the transforming activity of
the Sm-Met showed that the expression of Sm-Met
conferred the cells serum independence and anti-
apoptotic property when treated with doxorubicin.
These properties of Sm-Met seemed to be origi-
nated from its far longer maintenance of tyrosine
kinase activity after the binding of HGF/SF. In-
terestingly, the longer maintenance of activated
status was accompanied with more increase of
tyrosine phosphorylation of Stat3 protein. More-
over, we have tried to find (an) animal tumorigen-
esis model(s) showing the increase in the expres-

sion of this transforming variant of Met. In
ray-induced mouse thymic lymphoma model, the
expression of the mRNAs for Sm-Met was sig-
nificantly increased as well as those of wild type
Met and HGF/SF, suggesting a possible role of the
Sm-Met in tumorigenesis in vivo.

Keywords: alternative splicing; anti-apoptosis; hepato-
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Introduction

The Met tyrosine kinase is a high-affinity receptor for
hepatocyte growth factor/scatter factor (HGF/SF)
(Bottaro et al., 1991; Naldini et al., 1991). Both Met
and HGF/SF are expressed in numerous tissues,
although their expression is confined predominantly to
cells of epithelial and mesenchymal origin, respec-
tively (Stoker et al., 1987). Signaling via this receptor-
ligand pair has been shown to affect a wide range
of biological activities, including angiogenesis (Busso-
lino et al, 1992), cellular motility (Stoker et al., 1987),
growth (Nakamura et al, 1986), and morphogenic
differentiation (Montesano et al.,, 1991; Tsarfaty et al.,
1992).

In addition to mediating a variety of normal cellular
processes, Met-HGF/SF signaling has also been im-
plicated in the generation and spread of tumors
(reviewed in Jeffers et al., 1996a). In this regard,
several oncogenic forms of Met have been dis-
covered. The tpr-met oncogene is one such form of
the Met receptor, and it represents the fusion of two
distinct genetic loci: tpr which encodes a protein-
protein dimerization motif, and met which encodes an
intracellular portion of the Met receptor, including its
kinase domain (Cooper et al, 1984; Park et al.,
1986). The resultant chimeric protein homodimerizes
and transphosphorylates each other, thereby genera-
ting molecules possessing constitutive kinase activity
and transforming ability.

A second oncogenic form of Met is the native
unaltered receptor itself following continual HGF/SF
autocrine stimulation (Jeffers et al., 1996b). In addi-
tion to mediating transformation in model systems,
there is evidence that autocrine Met-HGF/SF signaling
may play a role in human cancer (reviewed in Jeffers
et al, 1996a). Finally, Met can be oncogenically
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activated via a number of specific point mutations.
Mutations originally identified in human papillary renal
carcinomas (Schmidt et al., 1997) were found to
generate Met molecules possessing constitutive kinase
activity and transforming ability (Jeffers et al., 1997).
In addition to papillary renal carcinoma, mutation of
Met was reported in one case of ovarian cancer
(Tanyi et al., 1999), in some cases of early-onset
hepatocellular carcinoma (Park et al., 1999) and in
gastric carcinoma by the authors (Lee et al., 2000).
Whereas all the mutations reported in hereditary
papillary renal cancer and hepatocellular carcinoma
are missense mutations of tyrosine kinase domain of
Met, the missense mutation we found from gastric
carcinoma was located in juxtamembrane domain and
showed transforming activity when overexpressed in
NIH3T3 mouse fibroblasts (Lee et al., 2000). Along
with some reports showing the presence of protein
kinase C (PKC) regulatory site (Gandino et al., 1994)
and phosphotyrosine phosphatase binding site (Villa-
Moruzzi et al., 1998) in juxtamembrane domain, the
location of the mutation in juxtamembrane domain
strongly suggested possible significance of juxtamem-
brane domain in Met-mediated tumorigenesis (Figure 1).

Lee et al. reported an alternative splicing form of
Met (Sm-Met), which doesn't have part of juxta-
membrane domain due to the skipping of exon 14 of
met gene (Lee and Yamada, 1994), in which part all
the known regulatory sites of Met tyrosine kinase
resides (Figure 1). Although initial report for the
presence of the Sm-Met came early, there has been
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Figure 1. Putative regulatory sites localized in juxtamembrane region
encoded by exon 14. This is a schematic representation showing the
putative regulatory sites of Met. Exon 14 of Met contains 4 different

putative regulatory sites including Ser985 phosphorylation site by
PKC, PTP-S binding site, PEST sequence and ¢-Cbl binding site.

no reports on the physiological or pathological mea-
ning of this isoform yet to the best of our knowledge.
We surmised that if a point mutation in juxtamem-
brane domain can induce tumorigenesis possibly by
the derangement of proper regulation of tyrosine
kinase activity of Met, deletion of entire exon which
harbors the entire regulatory activity should induce
drastic changes in Met tyrosine kinase activity.

Indeed, we could observe the strong transforming
activity of Sm-Met and its biochemical difference from
wild type, suggesting a possible new mode of Met-
related tumorigenesis (submitted to elsewhere). In this
report, the authors have found that the expression of
Sm-Met conferred the cells serum independence and
anti-apoptotic property. These properties of Sm-Met
seemed to be originated from its longer maintenance
of tyrosine kinase activity followed by more increase
of tyrosine phosphorylation of Stat3 protein. More-
over, we showed that the expression of the mRNAs
for Sm-Met was significantly increased in vy-ray-
induced mouse thymic lymphoma model, suggesting
a possible involvement of the Sm-Met in tumori-
genesis in vivo.

Materials and Methods

Cell lines

NIH3T3 cells (CRL1658) were obtained from the
American Type Culture Collection (ATCC) and cul-
tured in DMEM (Gibco-BRL, Rockville, MD) supple-
mented with 10% (V/V) calf serum (CS) (Gibco-BRL).
These cells produce 1-2 ng/ml of HGF/SF, of which
the level is comparable to the concentration of HGF/
SF in normal serum (Han et al, 1999).

Constructs

The wild-type Met expression vector contains the
murine Met cDNA of T10101 polymorphism in PMB1
as described previously (Lee et al, 2000). The
Sm-Met expression vector was constructed by using
the original clone (Lee and Yamada, 1994) into the
same expression vector as wild type. To construct
P1009S mutant of Met, the QuickChange site-directed
mutagenesis kit (Stratagene, La Jolla, CA) was used
according to a manufacturer's instructions with PMB11
as the template. Mutations were verified by sequencing
both strands of DNA in the region of interest.

Reagents, growth factor and antibodies

All reagents used were from Sigma (Saint Louis, MO).
Rabbit anti-murine Met antibody (SP260) was pur-
chased from Santa Cruz (Santa Cruz, CA). Mouse
anti-phosphotyrosine antibody (4G10) was purchased



from Upstate Biotechnologies (Lake Placid, NY). Re-
combinant human HGF/SF and neutralizing antibody
for HGF/SF were purchased from R&D systems
(Minneapolis, MN).

Transfection and screening

Transfections and screening were performed as desc-
ribed previously (Lee et al., 2000) by using lipofect-
amine (Gibco-BRL). The transfected cells were cul-
tured in DMEM/10% CS supplemented with 800 ug/ml
G-418 (Gibco-BRL) for two weeks. These cells were
used as pools of cells consisting of at least 100 colo-
nies for further experiments.

Immunoprecipitation

Monolayers of stably transfected cells were washed
twice with ice-cold PBS, lysed in ice-cold RIPA buffer
consisting of 10 mM sodium phosphate (pH7.2), 150
mM NaCl, 1% (V/V) Nonidet P-40, 0.1% (W/V) SDS
supplemented with 10 mM sodium fluoride, 5 mM
sodium orthovanadate, and complete protease inhib-
itor cocktail (Boehringer Mannheim, Germany), and
centrifuged (15 min, 4°C, 14,000 g). After quantitation
by using BCA protein assay reagent (Pierce, Rock-
ford, IL), 400 ug of each lysate was precleared with
protein A-sepharose and then incubated with anti-Met
antibody (SP260) and protein A-Sepharose for overn-
ight at 4°C with rotation. The samples were then
washed three times with ice-cold RIPA buffer. SDS
gel-loading buffer (containing reducing agent) was
added to each sample. After boiling (5 min) and cen-
trifuging (5 min, 14,000 g), the resulting supernatants
were resolved by SDS/PAGE and examined by
Western blotting.

Western blotting

Western blotting was performed essentially as descr-
ibed (Jeffers et al., 1996b) under reducing conditions
using the following primary antibodies: rabbit anti-Met
polyclonal antibody (SP260; Santa Cruz), anti-phos-
photyrosine monoclonal antibody (clone 4G10; Upstate
Biotechnologies).

Thymic lymphoma model

Thymic lymphoma was induced in female C57BL/6J
mice with slight modifications of other groups' report
(Brathwaite et al., 1992). Briefly, beginning at 5 weeks
of age, mice were irradiated using whole body ®-irr-
adiation protocol (5 times, 1.9 Gyl/exposure, once a
week). One age-matched control animal and groups
of treated animals were sacrificed at 6 months and
10 months after the irradiation. The thymus tissue
was removed, weighed, and verified for the presence
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of lymphoma by a pathologist. Tissues obtained at 10
months after irradiation were used in this experiment.

RNA extraction and reverse-transcription
polymerase chain reaction (RT-PCR)

Total cellular RNA isolated from indicated cells,
normal thymus or thymic lymphoma tissues with Trizol
reagent (Gibco-BRL) were applied for cDNA synthesis
using Moloney murine leukemia virus reverse tran-
scriptase (Bioneer, South Korea) and oligo-dT as
primers. Both WT- and Sm-Met cDNA fragments were
amplified using the following primers: forward; 5-CCG
AAGTGTAAGTCCAATTACAGAGATGG-3', reverse; 5'-
CCATCTCTGTAATTGGACTTACACTTCGG-3". Primers
used for the amplification of HGF/SF were: forward;
5-CCATGAATTTGACCTCTATG-3, reverse; 5-ACT-
GAGGAATGTCACAGAC-3'. As for actin, forward;
5'-CAGGTCCAGACGAGGATGGCAT-3', reverse; 5'-
CGACATGGAGAAAATCTGCACC-3". The reaction
mixture (50 w) contained 1.5 mM MgCl;, 25 uM of
each dNTP, and 1 pmole of each oligonucleotide
primer in buffer and incubated under the program of
94°Cx5 min; then 30 cycles of 94°Cx30 s, 53°Cx30
s, 72°Cx45 s; ending with 72°Cx10 min in the
thermal cycler (Perkin Elmer, Boston, MA). Met
expression was amplified for 30 cycles. The PCR
products were then analyzed by 1% agarose gel
electrophoresis.

Cell proliferation

Pools of NIH3T3 cells expressing comparable
amounts of the two exogenous proteins (WT-Met and
Sm-Met) were tested in a proliferation assay. Cells
were plated at low density and then starved in low
serum condition (0.2% CS). Cell proliferation was
evaluated at indicated times by cell counting or by
using Cell Proliferation Kit | (Roche Molecular Bio-
chemicals, Indianapolis, IN) which was based on the
MTT assay according to the manufacturer's instruc-
tion. In order to evaluate the effect of endogenous
HGF/SF secreted by NIH3T3 cells, anti-HGF/SF
neutralizing antibody (R&D) was used when indicated.

Anti-apoptotic activity

Cells were cultured in 96-well plates at a density of
2,000 cells/well. Twenty-four h after seeding, cells
were washed with serum-free media and then media
containing different doses of HGF/SF (with 0.2% FBS)
was added to each well. Twenty-four h later, doxo-
rubicin was added to each well at the indicated
concentrations. Cell Proliferation Kit | (Roche Molec-
ular Biochemicals) was used to measure the number
of survived cells. In order to correct the effect of
mitogenic activity of HGF/SF on this assay, absorb-
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ance at each well was divided by the cell proliferating
ratio (absorbance at HGF/SF-treated well without
doxorubicin treatment/absorbance at HGF/SF-non-
treated well without doxorubicin treatment). The anti-
apoptotic activity of HGF/SF was calculated as the
corrected absorbance value/absorbance value at the
well without HGF/SF treatment.

Results

Sm-Met decreases serum-dependence of
NIH3T3 cells

We found that the Sm-Met could transform NIH3T3
cells strongly when assessed by foci-forming assay
and agarose-colony generation assay. Furthermore,
the cells over-expressing this isoform strongly induced
tumorigenesis in nude mice (result not shown). To
dissect the transforming activity of Sm-Met, change
in the serum-dependence was assessed first. As
shown in Figure 2, pools of NIH3T3 cells expressing
comparable amounts of the two exogenous proteins
(WT-Met and Sm-Met; data not shown) were tested
in a proliferation assay. Cells expressing Sm-Met
grew significantly faster than WT-Met expressing cells
at low serum concentration (Figure 2A). On the
contrary, there was no significant difference in pro-
liferation between two in the presence of 10% CS
(data not shown). Since NIH3T3 cells are known to
secrete HGF/SF, the difference observed might come
from either their different responsiveness to secreted
HGF/SF or from their different responsiveness to
serum. In order to address that, we treated cells with
Wt-Met with HGF/SF while cells with Sm-Met were
treated with neutralizing anti-HGF/SF antibody. As
shown in Figure 2B, treatment with exogenous HGF/
SF made the cells with WT-Met proliferate as fast as
the cells with Sm-Met. Also, treatment with anti-HGF/
SF decreased the proliferation of the cells with Sm-
Met to the level observed in cells with WT-Met. It is
highly probable that the difference in proliferation
between two cells come from their different re-
sponsiveness to endogenous HGF/SF.

Sm-Met has anti-apoptotic property

HGF/SF has been reported to provide anti-apoptotic
activity to the cells. We next move to anti-apoptotic
activity to explain the transforming activity of Sm-Met.
A chemotherapeutic agent, doxorubicin (adriamycin)
was treated to WT- or Sm-Met transfected cells with
or without pre-treatment with HGF/SF. As shown in
Figure 3, doxorubicin exerted cytotoxic effect to the
cells with WT-Met dose-dependently, and the cyto-
toxicity was effectively blocked by the administration of
HGF/SF. Interestingly, cells with Sm-Met revealed re
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Figure 2. Serum-independent growth by Sm-Met expression. Pools
of clones expressing WT- or Sm-Met proteins were tested in
proliferation assay. (A) WT- or Sm-Met transfected cells (1.2x10°
cells each) were seeded in 60 mm dish. Cells were cultured in
Dulbecco's modified Eagle's medium (DMEM) with 10% calf serum
(CS). After 24 h, cells were washed twice with serum free DMEM
and supplemented with 0.2% CS and the live cells were counted at
the indicated days. Reported numbers are means of quadruplicates
(+/- standard deviation). (B) To block the HGF/SF activity, indicated
amount of anti-HGF/SF neutralizing antibody was added to DMEM
containing 0.2% CS. To address the effect of full activation of
HGF/SF, indicated amount of activated HGF/SF was added to the
media. DMEM with 0.2% CS containing the indicated concentration
of HGF/SF or anti- HGF/SF neutralizing antibody was applied to the
respective cells. MTT assay was performed after 2days. *P < 0.05,
P < 0.005 (both vs. 0.2% serum condition by Student's t-test).
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Figure 3. Anti-apoptotic activity of Sm-Met. Twenty-four h after seeding 2.0x10° cells per well, cells were cultured in DMEM
containing 0.2% CS with indicated concentrations of HGF/SF followed by treatment with adriamycin at indicated concentrations
for 2 h. Cells were washed twice with serum-free DMEM and supplemented with DMEM containing 0.2% CS. After 24 h,
cell viability was assessed by using MTT assay (*P < 0.05, *P < 0.005 vs. 0 U/ml condition by Student's t-test).

sistance to doxorubicin even without exogenous HGF/
SF. Intriguingly, high level of doxorubicin could not
increase the death of the Sm-Met transfected cells.

Biochemical difference between WT- and Sm-Met

To find out the basic mechanism underlying the
difference in biological activity, more than 100 clones
of WT-, P1009S mutant, or Sm-Met transfected
NIH3T3 colonies were pooled and analyzed bio-
chemically. To address whether there is a quantitative
difference in Met signaling, the amount of tyrosine
phosphorylation of Met protein was evaluated be-
cause it has been well-recognized that the activity of
the tyrosine kinase of Met is well-correlated with the
amount of phosphotyrosine on Met protein (Naldini et
al., 1991). We expected the difference in the amount
of tyrosine phosphorylation of Met since all known
regulatory mechanism of Met reside in juxtamembrane
domain encoded by exon-14. In the absence of
exogenous HGF/SF, the amount of phosphotyrosine
on Met protein was not significantly different between
WT- and Sm-Met (Figure 4). However, 24 h after the
addition of exogenous HGF/SF, the phosphotyrosine
content of WT-Met was indeed far less than those
of both P1009S mutant and Sm-Met (Figure 4, upper
panel). When the same blot was stripped and Met
protein was analyzed, the amount of the protein was
not different enough to explain the difference in
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Figure 4. Difference in the amount of tyrosine pnospnorylation upon
HGF/SF treatment between WT- and Sm-Met. Samples labeled WT,
95 and Sm are from cells stably transfected with vectors expressing
WT-, P1009S mutant and Sm-Met, respectively. Cells were cultured
in DMEM/10%CS to the confluency of 40-50%. HGF/SF (50 scatter
U/ml) was added to each dish and the cells were harvested 24 h
later. Four hundred micrograms of cell lysate/sample were immun-
oprecipitated with anti-Met antibody (SP260), resolved on an 8% gel,
and analyzed by Western analysis using anti-phosphotyrosine
antibody (upper panel). The filters were stripped and reprobed with
anti-Met antibody (lower panel). Open and closed triangle denote the
single chain precursor form of Met, p170Met and the b-chain of the
mature Met heterodimer, p140Met, respectively.
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tyrosine phosphorylation (Figure 4 lower panel)

The amount of the tyrosine phosphorylation
of STAT3 is different between WT- and
small forms

In order to find out the differences between WT- and
Sm-Met in terms of intracellular signal transduction,
WT- and Sm-Met transfected cells were treated with
HGF/SF, and the lysates were analyzed by Western
blotting. Since growth factor-induced cell proliferation
and anti-apoptotic activities were known to be attrib-
uted to ERK, AKT or STAT3 proteins in various sys-
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W S S ——— - - \\/: Stat3

Figure 5. Difference in the degree of tyrosine phosphorylation of Stat3
between WT- and Sm-Met transfected cells. Cells were grown in
DMEM/10%CS to the 40-50% confluence. HGF/SF (100 scatter U/
ml) was added to each dish at various time points before the harvest
as indicated. Cell lysates were resolved on an 8% gel, and analyzed
by Western blothing using anti-phosphoStat3 antibody (upper panel).
The filters were stripped and reprobed with anti-Stat3 antibody (lower
panel).
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Figure 6. Change in the expressions of WT- and Sm-Met mRNA
during y-irradiation-induced thymic lymphomagenesis. Thymic lympho-
ma was induced by y-iradiation as described in Materials and
Methods. Total RNA was extracted by using RNAzoL from the lym-
phoma tissues and control normal mouse thymus without irradiation.
RT-PCR analysis by using common primers for WT- and Sm-met was
performed, and the resultant PCR product was analyzed by agarose
gel electrophoresis. Upper band from upper panel denotes the PCR
product for WT-Met mRNA and the lower band denotes that from
Sm-Met mRNA. Expression of HGF/SF mRNA was also assessed.

tems, activation of those pathways were assessed by
using phospho-specific antibodies. Whereas phos-
phorylation levels of ERK and AKT were not signif-
icantly different between two samples (data not
shown), that of STAT3 seemed to be significantly dif-
ferent between them (Figure 5). Interestingly, the
phosphorylated form of STAT3 increased quite obvi-
ously 2 h after the treatment of ligand.

Sm-Met mRNA was increased in mouse thymic
lymphoma tissues

Since the Sm-Met induced cellular transformation in
NIH3T3 cells and showed proliferative and anti-
apoptotic activities in cells, it would be fair to expect
the contribution of this alternative splicing form in
tumorigenesis in vivo. We have checked a few murine
carcinogenesis models including ?-irradiation-induced
mouse thymic lymphoma model for that purpose by
RT-PCR analysis. Indeed, as shown in Figure 6, the
amount of Sm-Met mRNA significantly increased in
thymic lymphoma tissues compared to normal thy-
mus. In addition, the expression level of both HGF/
SF and WT-Met also increased significantly in tumor
tissues, suggesting that the overall increase of Met-
HGF/SF signaling may be highly related with thymic
lymphomagenesis. The increased expression of Sm-
Met alternative splicing form might contribute to the
overall increase of Met-HGF/SF signaling.

Discussion

Sm-Met has been first reported from mouse as an
alternative splicing form of Met having deletion of 47
aminoacids in the juxtamembrane domain (Lee and
Yamada, 1994). The fact that the differential splicing
and its resultant protein occurs in a variety of mouse
tissues, suggesting biological significance of this
isoform. We have tried to find out the Sm-Met from
rat tissues and human tissues by RT-PCR. While the
Sm-Met was present in various tissues from rat, it
was not observable from any human normal tissues
tested (unpublished observation by J.H. Lee). In addi-
tion to the possible difference between murine and
human in terms of cellular factors related with al-
ternative splicing, because a number of features in
the pre-mRNA can contribute to alternative splice site
selection, including intron size, the relative strength of
5' splice sites, the pyrimidine content of the 3' splice
sites, the location of branch points, the presence of
multiple alternative branch points, and specific exon
sequences (reviewed in Lopez, 1998), it is hard to
speculate the probable reason of the difference
between species. However, recently, some research-
ers claimed to find Sm-Met from human lung cancer



samples (personal communication), suggesting possi-
ble involvement of this alternative splicing form in
human tumorigenesis.

The role of juxtamembrane region of Met in cell
transformation is relatively unknown. Regarding this,
there was a report that by adding juxtamembrane
domain to TPR-Met fusion protein, they could abolish
the transforming activity of TPR-MET (Vigna et al,,
1999), suggesting this region is doing some suppres-
sive role on the transforming activity of activated Met.
Actually, the part of juxtamembrane domain deleted
in Sm-Met was believed to act as regulatory sites of
the enzymatic activity of Met. Specifically, two sites
have been described as regulatory sites. Ser985
(Ser1003 according to the numbering system based
on Gene Bank #J02958) was described as a sub-
strate of PKC, and its phosphorylation by PKC results
in the down-regulation of tyrosine kinase activity of
Met (Gandino et al., 1994). In addition, there was a
report that a specific protein tyrosine phosphatase,
PTP-S, binds to this region and acts as a down- regu-
lation mechanism after the activation of receptor by
the binding of ligand (Villa-Moruzzi et al., 1998). The
remarkable difference in terms of tyrosine phosphory-
lation level between two forms after adding HGF/SF
strongly suggests the difference in down-regulation
mechanism.

Stat3 is one of seven known STAT (Signal Trans-
ducers and Activators of Transcription) family mem-
bers, and the initial finding that Stat3 was consti-
tutively activated in v-Src transformation (Yu et al,
1995; Cao et al, 1996) suggested that aberrant
STATs may have key roles in oncogenesis. Consti-
tutively activated Stat3 mutant alone is sufficient to
induce transformation in nude mice (Bromberg et al.,
1999). In addition to v-Src, other tyrosine kinases
such as v-Fps, v-Eyk, and Lck activated Stat3 in the
context of oncogenesis (reviewed in Bowman et al,
2000). Moreover, Stat3 activation has been reported
to be associated with transformation by tumor viruses
such as HTLV-1, polyoma virus middle T antigen, and
EBV (reviewed in Turkson et al., 2000). Several
evidences suggest the central role of Stat3 in human
malignancies. Constitutive activation of Stat3 has
been detected in breast carcinomas, head and neck
squamous cell carcinomas, etc (reviewed in Turkson
et al.,, 2000). Since there has not been identification
of a naturally-occurring dominant-active mutation in
stat3 gene, it is reasonable to hypothesize that aber-
rant upstream signaling events are the major driving
force for the induction of dysregulated Stat3 signaling
that is observed in oncogenesis. One of those would
be aberrant signaling from certain growth factor(s)/
receptor(s).

As for the HGF/SF-related tumorigenesis, Stat3 has
been reported to provide an essential function for
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tumorigenic growth by activating mutant of Met
(Zhang et al., 2002) found in human hereditary renal
papillary cancer. Also there was a report demon-
strating a role of Stat3 in transducing survival signals
downstream of tyrosine kinases such as Src, EGF-R,
and Met, as well as cytokines such as IL-6, in human
nonsmall cell lung cancers (Song et al., 2003).
Moreover, in papillary thyroid tumors, expression of
the HGF/SF, Met, and Stat3 reached 100% (Trovato
et al., 2003).

HGF/SF has been known to confer proliferating
activity and anti-apoptotic activity. As for the medi-
ating signal transducers, ERK pathway was reported
to be related with both proliferating and anti-apoptotic
activity. PI3 kinase and Akt also were known to
mediate anti-apoptotic activity in some cells (reviewed
in Gohda, 2002). In addition, Stat1, Stat3, and Stat5,
activated in different tissues by means of a series of
ligands also play important roles in controlling cell-
cycle progression and apoptosis and thus contributes
to oncogenesis (reviewed in Calo et al., 2003), which
corroborates well with our data.

We have tried to see whether the expression of
Sm-Met changes during murine carcinogenesis proc-
ess. Among the different models tested, increase of
Sm-Met as well as WT-Met and HGF/SF was ob-
served in +-ray-induced thymic lymphomagenesis
model. Lymphoma has been reported to be related
with Met-HGF/SF signaling. Serum HGF/SF level was
significantly elevated both in Hodgkin's and non-
Hodgkin's lymphoma cases (Giles et al., 2004). In
addition, high level of serum HGF/SF was correlated
with multiple extra-nodal involvement and progression
of the lymphoma (Hsiao et al., 2003), suggesting the
level of HGF/SF is related with not only tumorigenesis
but also progression in this tumor. Interestingly, there
was a report that HGF/SF protects Burkitt lymphoma
cell lines from apoptotic death induced by DNA
damaging agents such as doxorubicin and etoposide
(Skibinski et al., 2001), corroborating our data that
Sm-Met significantly protected the cells from the
apoptotic activity of doxorubicin, and also were asso-
ciated with the thymic lymphomagenesis.

Many different tumors have been reported to be
related with aberrant activation of Met-HGF/SF signal-
ing via amplification of the ligand and/or receptor,
aberrant expression of the ligand or receptor resulting
in the formation of autocrine loop, or activating muta-
tion of the receptor. We report the proliferating and
anti-apoptotic activity of Sm-Met and its biochemical
difference from wild type, which probably result in the
difference in Stat3 signaling. In addition, the increase
of the mRNA for Sm-Met in murine lymphomagenesis
model suggests a possible new mode of Met-related
tumorigenesis, the alternative splicing.
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