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Background : Up-regulation of the hepatocyte growth factor (HGF), its transmembrane tyrosine kinase receptor
(c-Met), and urokinase type plasminogen activator (UPA), is associated with the development and metastasis of various
types of cancers. However, the mechanisms by which HGF/c-Met signaling mediates cancer progression and
metastasis are unclear.

Methods : We investigated the roles of HGF/c-Met in tumor progression and metastasis in NUGC-3 and MKN-28
stomach cancer cell lines.

Results : Treatment with HGF increased c-Met phosphorylation in a dose—-dependent manner, as well as increasing
cell proliferation. HGF treatment also increased the protein level and the activity of uPA in NUGC-3 and MKN-28 cells.
A monoclonal antibody against human uPA receptor (UPAR), mAb 3936, inhibited HGF-mediated tumor cell invasion
in a dose-dependent manner. Down-regulation of uPA using uPA-shRNA induced a decrease in in vitro cell invasion
in NUGC-3 cells.

Conclusions : These results suggest that NUGC-3 and MKN-28 cells express functional c-Met, which may provide
a therapeutic target for interfering with metastases of cancer cells by inhibiting uPA and uPAR-mediated proteolysis.
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INTRODUCTION

Gastric cancer is one of the most common malignancies in
many countries, including Korea. In spite of radical surgery,
major obstacles such as local invasion and metastasis result in
a very low cure rate. The process of cancer invasion and
metastasis is multi-factorial, involving the destruction of the
basement membrane and the extracellular matrix' . It has been

reported that the development of cancer and the formation of
metastases are highly associated with increased expressions of
hepatocyte growth factor (HGF), its receptor (c-Met) and the
urokinase type plasminogen activator (UPA). HGF, known also
as scatter factor (SF), is a pleiotropic polypeptide growth factor
with a number of biological activities that include cell scattering,
stimulation of cell motility, mitogenesis, morphogenesis,
angiogenesis, and cellular invasiveness™ %

The c-Met proto—oncogene, whose ligand is HGF/SF, was
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originally identified in a form in which it had been rearranged by
transfection of DNA from a human osteosarcoma cell line
treated /in vifro with a chemical carcinogene). Subsequently, it
was found to be constitutively activated in a human gastric
carcinoma cell line”®. uPA is one of the plasminogen
activators that converts plasminogen to plasmin, a trypsin-like
enzyme with broad specificity. An over—expression of uPA has
been reported in many malignant tumors, including lung, breast
and colon cancers”'”. Previous studies have shown that
antibodies specific for urokinase can inhibit the metastatic
dissemination of tumor cells in animal models'. Furthermore,
in vitro invasion assays using cultured human tumor cells have
demonstrated that uPA activity is essential for the invasive
phenotype of these cells®. The uPA activity is temporally and
spatially regulated by a specific UPA receptor (UPAR), which
has been identified on the surface of monocytes and in many
cultured cancer cell lines'™. Receptor-bound uPA can activate
plasminogen with a higher efficiency than free uPA because of
its concentration and localization in the immediate peri-cellular
environment' ¢’

In this study, we conducted in vifro experiments to determine
the function of HGF/c-Met signaling and its direct effects on the
growth and invasion of stomach cancer cell lines. The
knowledge gained from this research might provide a
therapeutic basis for understanding how the inhibition of uPA
and uPAR-mediated proteolysis may hinder the process of
invasion and metastasis of tumors.

MATERIALS AND METHODS

Cell cultures

Two human gastric cancer cell lines, the poorly differentiated
adenocarcinoma, NUGC-3 and the moderately differentiated
tubular adenocarcinoma, MKN-28, were obtained from the
Korea Cell Line Bank. Cells were maintained in RPMI 1640
medium (Life technologies Inc., Gaithersburg, MD) containing
10% fetal calf serum (FCS) in an incubator under humidified
atmosphere of 5% CO. /95% air at 37C.

Protein extraction

NUGC-3 and MKN-28 cells were cultured in DMEM
supplemented with 10% FCS and incubated for 24 hours at 3
7C in a humidified atmosphere containing 5% CO2. The cells
were serum-starved for 24 hours and then treated with
increasing concentrations (0, 10, 40 ng/mL) of HGF for 15 min
or over increased time periods (0, 1, 3, 10 or 30 min) with 10
ng/mL HGF. Cells were lysed in a lysis buffer (20 mM Tris—HCI
pH 8.0, 137 mM NaCl, 1% Triton X-100, 1 mM NazVOs, 2 mM
EDTA, 1 mM phenymethylsulfonyl fluofide, 20 M leupeptin and

0.15 U/mL aprotinin) and centrifuged at 12,000 g for 5 min at
4C. The protein concentrations in the supernatants were
quantified by the bicinchoninic acid (BCA) method (Pierce
Biotechnology Inc., Rockford, IL) using bovine serum albumin as
a standard.

Immunoprecipitation for functional c-Met protein

Two hundred micrograms of protein were mixed with 1 g of
a mouse polyclonal antibody against c-Met (clone DO-24, UBI,
Lake Placid, NY) and protein A/G agarose. The reaction mixture
was incubated overnight at 4C with constant stirring and
washed 3 times with a RIPA solution [1% NP40, 0.5% sodium
deoxycholate and 0.1% SDS in phosphate buffered saline
(PBS)]. The proteins were eluted with an SDS-sample buffer
(0.5% Tris, 10% SDS, 1M DTT, glycerol and 1% bromophenol
blue) after 5 min of heat treatment at 100°C. The proteins were
separated on a 7.5% SDS-polyacrylamide gel, transferred to a
nitrocellulose  membrane  (Amersham Pharmacia  Biotech.,
Piscataway, NJ) and probed with an anti-phosphotyrosine
antibody (clone 4G10, diluted 1:5000) (Upstate Biotechnology
Inc., Lake Placid, NY), or an anti-c-Met antibody (clone C-28,
diluted 1:2000, Santa Cruz Biotechnology, Santa Cruz, CA).
Peroxidase-conjugated secondary antibodies were applied and
the immunoreactive proteins were visualized with ECL
chemiluminescence solution (Amersham Pharmacia Biotech,
Piscataway, NJ).

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) assay

Cells (1,000/well) in RPMI media containing 5% FCS were
seeded into a 96-well plate and incubated for 24 hours.
Following serum-starvation for 24 hours, cells were treated for
72 hours with HGF (40 ng/mL) containing 10% FCS. At the end
of the incubation period, 50 L of 2 mg/mL MTT solution was
added and incubated for an additional 3 hours at 37C. The
MTT solution was carefully removed by aspiration and the
resulting formazan crystals converted by the viable cells were
dissolved in 100l dimethyl sulfoxide. Absorbance at 570 nm was
measured with a Biorad multiscan plate reader. Cell proliferation
was expressed as a percentage of HGF—-untreated control cells.

Gel zymography

The uPA protein activity was determined by gel zymography.
Equal amounts of proteins were resolved under non-reducing
conditions in a 10% SDS-polyacrylamide gel impregnated with
04% casein and 15 pg/mL human plasminogen as a
substrate. After electrophoresis, gels were washed for two hours
in a solution of 50 mM Tris-HCI, pH 7.5, containing 2% triton
X-100, and 0.02% NaNs, The gels were then incubated
overnight in a solution of 100 mM Tris—HCI, pH 7.5 and 150 mM
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Figure 1. Effects of HGF on c-Met phosphorylation. Cells were cultured in RPMI 1640 media containing 10% FCS, and serum-starved for
24 h. Cells were stimulated with increasing concentrations of HGF (0, 10, 40 ng/mL) for 15 min (A), or with increasing exposure time with
10 ng/mL HGF (B). Following protein extraction, c-Met protein was immunoprecipitated with a c-Met antibody and HGF-mediated c-Met
phosphorylation was analyzed by Western blotting with a phosphotyrosine (pY) antibody. The levels of c-Met phosphorylation were
normalized for the levels of c-Met protein. Values are means SD of triplicates of three independent experiments.
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Figure 2. Effects of HGF on cell proliferation. Cells (1,000/well)
were seeded in 96 well plates with RPMI 1640 media
supplemented with 5% FCS and incubated for 24 h. After
serum-starvation for 24 h, cells were treated for 72 h with or
without HGF (0 or 40 ng/mL). Cell proliferation was measured by
MTT assays and expressed as a percentage of HGF-untreated
control cells. Values are means SD of triplicates of three
independent experiments and statistical significance was estimated
by Student's ttest (*, p<0.05).

NaCl. Enzyme activity was determined by the negatively stained
regions following staining with 0.2% Coomassie blue solution in
methanol-acetic acid: water (4:1:5) and de-staining in the same
solution without any dye.

Standard two chamber invasion assay

Cells (1x10% and mAb 3936 (0~25 ng/mL) were placed in
the upper chamber of a Matrigel migration chamber with
0.8-micron pores (Fisher Scientific, Houston, TX). Media
containing 5% FCS and HGF (0 or 40 ng/mL), with or without
mAb 3936 (0~25 ng/mL), were added to the bottom chamber.

After incubation for 48 hours, cells were fixed and stained using
a HEMA 3 stain set (Curtis Matheson Scientific, Houston, TX)
according to the manufacturer's instruction. The stained filter
membrane was cut and placed on a glass slide. The migrated
cells were then counted under light microscopy (10 fields at
200x power).

uPA knock-down with short hairpin RNA (ShRNA)

The human uPA-specific shRBNA  expression vector
(UPA-shRNA, RHS1764-9494319) containing a uPA-targeted
SiRNA  sequence (acctcctctectccagaagaat)  corresponding  to
nucleotides 588-608 of the coding region was purchased from
Open Biosystems (Huntsvile, AL). NUGC-3 cells were
transfected with  UPA-shRNA using Lipofectamine (Life
Technologies Inc., Gaithersburg, MD). Clonal selection was
conducted by culturing with G418 (300 pg/mL) followed by
serial dilution of the cells. Stable transfectant clones with a low
expression of the target genes were identified by RT-PCR. The
primers for uPA RT-PCR were as follows: sense, 5-gtggcc
aaaagactctgagg-3' (positions 25-44) and antisense, 5'-gccgtaca
tgaagcagtgttg-3' (positions 209-190).

Western blot analysis

The proteins (100 g) were separated on a 10% SDS-
polyacryamide gel, transferred to a nitrocellulose membrane,
probed with anti-phospho ERK (T202/Y204, Cell Signaling) and
anti-ERK antibodies (Cell Signaling). uPA secreted into the
media and UuPAR in HGF-treated cells were analyzed by
Western blotting using a rabbit polyclonal antibody against
human uPA (389, American Diagnostica, Greenwich, CT) and a
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Figure 3. Effects of HGF on uPA expression. Cells were cultured in RPMI 1640 media supplemented with 10% FCS, and serum-starved
for 24 h. Cells were treated with increasing concentration of HGF (0, 10 or 40 ng/mL) for 48 h. uPA protein levels and uPA activity
secreted into the media were analyzed by Western blotting (A) and casein/plasminogen zymography (B). Values are means SD of

triplicates of three independent experiments; statistical significance was estimated by Student’s ttest (*, p<0.05; **, p<0.01).

mouse monoclonal antbody against human uPAR (3936,
American Diagnostica, Greenwich, CT). The protein levels were
quantified using a Bio-1D program (Vilber Lourmat, Torcy,
France).

Statistical analysis

Values are expressed as means*SD. Student's t-test was
employed for the analyses. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

HGF-mediated ¢—Met phosphorylation

In order to determine whether NUGC-3 and MKN-28 cells
harbor functional c-Met protein, cells were treated with or
without HGF and c-Met phosphorylation was measured by
immunoprecipitation.  Treatment with  HGF increased c¢c-Met
phosphorylation in a dose-dependent manner (Figure 1A).
HGF-mediated c-Met phosphorylation occurred within 1-3 min,
and gradually declined by 30 min (Figure 2B). These findings
suggest that NUGC-3 and MKN-28 cells have functional c-met
protein, and that HGF exhibits a great capacity to
auto—phosphorylate c-Met in both cell lines.

Effect of HGF on cell proliferation

To determine whether HGF might affect cell proliferation in
NUGC-3 and MKN-28 cells, HGF-stimulated cell proliferation
was measured by MTT assay. HGF treatment produced a
greater than 20~70% increase in cell growth, compared to
untreated control cells (Figure 2).

NUGC-3

MKN-28

Nl(:}&

uPAR activity
(ratio of control)

.

*
10 40

Qo -

il ﬂ Al
0 10 40 0
HGF (ng/mL)

Figure 4. The effect of HGF on uPAR expression. Cell were
cultured in RPMI-10% FCS, washed and incubated for an
additional 24 h serum free medium. Cells were then stimulated
with HGF 0, 10, 40 ng/mL for 48 h. The conditioned medium was
harvested and aliquots of conditioned medium were analyzed for
uPAR using Western blotting under non-reducing conditions.

Induction of uPA and uPAR following treatment with

HGF

Since the addition of exogenous HGF can strongly stimulate
an invasive metastatic phenotype, we were interested in
determining the downstream effects of this phenotype, focusing
primarily on the proteolysis network. The protein level of uPA
secreted into the media was 3 fold higher in the HGF-treated
NUGC-3 cells than in the HGF-untreated NUGC-3 cells (Figure
3A). UPA protein was also detected in MKN-28 cells in a
pattern similar to the NUGC-3 cells. The expression level of
uPA protein was lower in MKN-28 cells than in NUGC-3 cells.
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Figure 5. Effects of HGF and mAb 3936 on in vitro invasiveness. Cells in RPMI 1640 media supplemented with 5% FBS were placed
in the upper section of Matrigel chambers and treated with or without mAb 3936. The bottom of the chamber was filled with media
containing 5% FCS and HGF with or without mAb 3936 (A). An isotype- matched IgG2a antibody was used as a control (B). After 48 h
incubation, cells that had migrated through the filter were counted under light microscopy (10 fields at 200x power). Values are means SD
of triplicates of three independent experiments. Statistical significance was estimated by Student’s ttest (*, p<0.05; **, p<0.01).

The activity of uPA measured by casein/plasminogen zymo-
graphy was increased by treatment with HGF in a dose-
dependent manner in cultures of both cells (Figure 3B). Protein
levels of UPAR were also increased in both cell lines by
treatment with HGF (Figure 4). These findings suggest that one
of the effects of HGF/c-Met signaling is mediated by increases
in protein level, as well as activity levels, of uPA.

Effects of HGF and uPAR mAb 3936 on cell invasion

To examine the effects of HGF/c-Met mediated UPA
induction on the invasive properties of tumor cell phenotypes,
we performed an in vitro invasion assay using a Matrigel
migration chamber. The invasiveness of HGF-treated cells was
3.5 fold higher in NUGC-3 cells, and 1.7 fold higher in the
MKN-28 cells than in untreated cells. We hypothesized that
HGF-mediated uPA up-regulation is responsible for the invasive
properties of tumor cell phenotypes, and that the blocking of
uPA activity could be a potential target for inhibiting tumor cell
invasion. To test this hypothesis, we studied the effects of a
UPAR antibody, mAb 3936, on tumor cell invasiveness. mAb
3936-treated cells showed a substantial reduction in their
invasive properties in a dose—-dependent manner, compared to
I[gG2a isotype-matched antibody-treated cells (Figure 5). The
inhibitory effects of HGF and mAb 3936 on cell invasion were
observed to be greater on NUGC-3 cells than on MKN-28 cells.
These results strongly suggest that HGF-mediated uPA
induction plays an important role in tumor cell invasion. The fact
that the invasive properties of these cells can be inhibited by
mAb 3936 suggests that regulation of uPA may be a useful
therapeutic target for halting metastasis in stomach cancers.

Effect of uPA knock-down on cell invasion
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Figure 6. Effects of uPA knock-down on HGF-mediated cell
invasiveness in NUGC-3 cells. uPA-shRNA stable cells were
generated by transfection of a human uPA-specific shRNA
expression vector. Following selection of uPA-shRNA stable cells,
knock-down of uPA was confirmed by RT-PCR (A) and in vitro
cell invasion was measured by a Matrigel chamber assay (B).
Values are means SD of triplicates of three independent
experiments.

To assess the role of UPA in HGF/c-Met mediated cell
invasion, we generated uPA-shRNA stable cells. Following
selection, cloning and amplification of stable cells, an in vitro
invasion using a Matrigel migration chamber assay was
measured in the uPA-shRNA cells and the vector-transfected
cells. Knock-down of UPA in uPA-shRNA cells was confirmed
by RT-PCR (Figure 6A). uPA-shRNA cells showed a decrease
in HGF-mediated cell invasion compared to the vector cells
(Figure 6B), suggesting that UPA may play an important role in
HGF-mediated cell invasion in NUGC-3 cells.

Activation of ERK following HGF treatment

To elucidate the involvement of MAPK activity in
HGF-mediated cell growth, we analyzed ERK phosphorylation
in cells treated with HGF. ERK phosphorylation was increased
in the HGF-treated cells in a dose-dependent manner (Figure 7).
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Figure 7. Effects of HGF on ERK1/2 activation. Cell were cultured
in RPMI 1640 media supplemented with 10% FCS, and then
serum-starved for an additional 24 h. Cells were then stimulated
with increasing concentrations of HGF (0, 10, 40 ng/mL) for 15
min. ERK1/2 phosphorylation was analyzed by Western blotting
using phophorylated ERK and ERK antibodies. Values are means
SD of triplicates of three independent experiments.

DISCUSSION

HGF has been identified as a potent growth factor that
stimulates the proliferation of hepatocytes in primary culture' .
HGF/SF and its receptor (HGFR) are involved in a variety of
normal developmental and homeostatic processes of the body.
However, up-regulation of HGF/SF was found to enhance the
tumorigenicity of rat bladder carcinoma (NBT-11) and the
anchorage-independent growth and tumorigenicity of mouse
liver epithelial cell lines®®?”. The expression of transfected
HGF/SF in mouse or human tumor cell lines has been reported
to promote metastasis to the Iungzz). Cellular responses to
HGF/SF are mediated by the c-Met, a cell surface receptor,
which has intrinsic tyrosine kinase activity. Interaction of HGF/SF
with c-Met is considered to be an important autocrine and
paracrine regulatory process related to neoplastic growth and
progression. The generation of an autocrine HGF/SF-c-Met
loop by transfected NIH3T3 cells with the murine c-Met gene
induced tumorigenic transformation'®. Our results showed that
c-Met phosphorylation was increased in NUGC-3 and MKN-28
cells in a dose dependent manner by treatment with HGF.

Cancer invasion and metastasis are multifactorial processes
and require the coordinated action of cell-secreted proteolytic
enzymes and their inhibitors®”. Elevated levels of urokinase-
type plasminogen have been implicated in this invasive process.
HGF/SF upregulates the production of uPA and matrix
metalloproteinases (MMPs)®. uPA is a molecular weight of
52,000 serine protease that is released from cells as an inactive
zymogen (pro-uPA); through limited proteolysis, it is converted

to the active 2-chain uPA®. A specific receptor, urokinase
plasminogen activator receptor (UPAR), binds uPA to cell
surfaces, and the concomitant cell surface binding of pro uPA
and plasminogen strongly enhances the generation of plasmin.
Plasmin is capable of degrading most components of the
extracellular matrix either directly or through the activation of
some procollagenases. The direct binding of HGF to c-Met can
initiate UPA gene transcription. Recent data indicate that HGF
can upregulate UPA expression and uPA activity in human
sarcoma, prostate and pancreatic cells'®? . Although HGF
has previously been shown to enhance uPA activity in several
types of cells, we have shown that HGF-mediated uPA
up—regulation plays an important role in cellular invasiveness in
stomach cancer cells. uPA activity is regulated not only by its
inhibitor, but also by the expression of its reoeptor”’. The
binding of UPA to its receptor increases UPA activity and its
ability to convert plasminogen to plasmin.

Immuno-histochemical studies on various human solid
tumors, including stomach cancer, have shown increased levels
of uPA and uPAR in the primary tumor tissues,when compared
to normal mucosa®®. However, the role of uPAR in cell
invasion and tissue remodeling has been demonstrated primarily
in cultured or transplanted cells. In a previous study, we
reported increased levels of UPAR in primary stomach cancer
tissue as compared to normal tissue. These findings strongly
suggest that the PA system may play an important role in tumor
invasion and metastasis. It has been reported that the survival
rate of patients with tumors displaying high levels of uPAR
expression was significantly lower than for those patients without
uPAR expression®".

In vitro invasion by pancreatic cels’® and human
glioblastoma cells® can be modulated with an anti-uPAR
antibody that blocks UPA binding to the reoeptor“). In this study,
we have shown that an anti-uPAR antibody, mAb 3936,
reduces the invasive properties of NUGC-3 and MKN-28 cells
in a dose-dependent manner. The levels of UPA expression by
HGF-treatment were higher in NUGC-3 cells than in MKN-28
cells. Differences in the levels of HGF-mediated uPA
expression might contribute to differences in invasive properties
between the two cell lines, as well as the efficiency of mAb
3936 in the inhibition of invasiveness (Figure 5).

Studies of kidney epithelial cells which over-express activated
c-Met have demonstrated that uPA gene expression was
activated through the MAP kinase pathways‘”. We attempted to
analyze the activity of ERKs in the human stomach cancer cell
lines following treatment with HGF. Our data show that ERK
was activated in both cell lines by HGF, suggesting that ERK's
activation might be an essential signaling mechanism leading to
cell invasion (Figure 3). Therefore, further study will be
necessary to investigate the involvement of the MAPK cascade
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as a signal transduction pathway for regulating tumor growth
and metastasis in response to HGF in stomach cancer cells.

Acknowledgements

This work was supported by a grant from the Korean
Association of Internal Medicine 2004 and by the Korea Science
and Engineering Foundation (KOSEF) through the Aging-
associated Vascular Disease Research Center at Yeungnam
University (R13-2005-005-01003-0(2005)).

REFERENCES

1) Kasai S, Arimura H, Nishida M, Suyama T. Primary structure of
single—chain pro-urokinase. J Biol Chem 260:12382-12389, 1985

2) Harvey SR, Lawrcncc DD, Madeja JM, Abbey SJ, Markus G.
Secretion of plasminogon activators by human colorectal and gastric
tumor explants. Clin Exp Metastasis 6:431-450, 1998

3) Grondahl-Hansen J, Ralfkiaer E, Kirkeby LT, Kristensen P, Lund
LR, Dano K. Localization of urokinase-type plasminogcn activator in
stromal cells in adenocarcinomas of the colon in humans. Am J
Pathol 138:111-117, 1991

4) Michalopoulos GK, Zarnegar R. Hepatocyte growth factor. Hepa-
fology 15:149-155, 1992

5) Rubin JS, Bottaro DP, Aaronson SA. Hepatocyte growth factor/

Scatter factor and its receplor, the c-met proto-oncogene proaduct

Biochem Biophys Acta 1155:357-371, 1993

Cooper CS, Park M, Blair DG, Tainsky MA, Huebner K, Croce CM,

van de Woude GF. Molecular cloning of a new transforming gene

from a chemically transformed human cell line. Nature 311:29-33,

1984

Giordano S, di Renzo MF, Ferracini R, Chiado-Piat L, Comoglio

PM. p145: a protein with associated tyrosine kinase activity in a

human gastric carcinoma cell line. Mol Cell Biol 83510-3517, 1988

Ponzetto C, Giordano S, Peverali F, Della Valle G, Abate ML,

Vaula G, Comoglio PM. c-Met is amplified but not mutated in a cell

line with an activated met tyrosine kinase. Oncogene 6:553-559,

1991

Markus G, Takita H, Camiolo SM, Corasanti JG, Evers JL, Hobika

G. Content and characterization of plasminogen activators in human

lung tumors and normal lung tissue. Cancer Res 40:841-848 1980

10) Sappino AP, Busso N, Belin D, Vassali JD. /ncrease of
urokinase-type plasminogen activator gene expression in human
lung and breast carcinoma. Cancer Res 47:4043-4046, 1987

11) Markus G, Camiolo SM, Kohga S, Madeja J, Mittelman A.
Plasminogen activator secretion of human tfumors in short-term
organ culture, including a comparison of primary and metastatic
colon tumors. Cancer Res 43:5517-5525, 1963

12) Hearing VJ, Law LW, Corti A, Appella E, Blasi F. Modulation of
metastatic potential by cell surface urokinase of murine melanoma
cells. Cancer Res 48:1270-1278 1988

13) Cajot JF, Schleuning WD, Medcalf RL, Bamat J, Testuz J,
Lieberman L, Sordat B. Mouse L cells expressing human
pro-urokinase-type plasminogen activator: effects on extracellular
matrix degradation and invasion. J Cell Biol 109:915-925, 1989

2

=

X

©

14) Stoppelli MP, Corti A, Soffientini A, Cassani G, Blasi F, Assoian
RK. Differentiation enhanced binding of the amino-terminal fragment
of human urokinasc plasminogen activator to a specific receptor on
U937 monocytes. Proc Natl Acad Sci U S A 82:4939-4943 1985
Stephens RW, Pollanen J, Tapiovaara H, Leung KC, Sim PS,
Salonen EM, Ronne E, Behrendt N, Dano K, Vahen A. Activation
of pro-urokinase and plasminogen on human sarcoma cells: a
protcolytic  system with surface-bound reactants. J Cell Biol
108:1987-1995, 1989
16) Lee KH, Hyun MS, Kim JR. /nvasion-metastasis by hepatocyte
growth factor/c-Met signaling concomitant with induction of urokinase
plasminogen  activator in  human pancreatic cancer: role as
therapeutic target. Cancer Res Treat 35207-212, 2003
17) Nakamura T, Mawa K, Ichihara A, Kaise N, Nishino T. Purification
and subunit structure of hepatocyte growth factor from rat platelets.
FEBS Lett 224:311-316, 1987
18) Bottaro DP, Rubin JS, Faletto DL, Chan AM, Kmiecik TE, van de
Woude GF, Aaronson SA. ldentification of the hepatocyte growth
factor receptor as the c-met proto-oncogene product Science
251.802-804, 1991
19) lyer A, Kmiecik TE, Park M, Daar I, Blair D, Dunn KJ, Sutrave P,
lhle JN, Bodescot M, van de Woude GF. Structure, tissue-specific
expression, and transforming activity of the mouse met proto-
oncogene. Cell Growth Differ 1:87-95, 1990
Bellusci S, Moens G, Gaidomp G, Comoglio P, Nakamura T, Thiery
JP, Jouanneau J. Creation of a hepatocyte growth factor/scatter
factor autocrine loop in carcinoma cells induces invasive properties
associated with increased tumorigenicity. Oncogene 9:1091-1099,
1994
Johnson M, Koukoulis G, Kochhar K, Kubo C, Nakamura T, lyer A.
Selective tumorigenesis in non-parenchymal liver epithelial cell lines
by hepatocyte growth factor transfection. Cancer Lett 96:37-48. 1995
Jeffers M, Rong S, Anver M, van de Woude GF. Autocrine
hepatocyte growth factor/scatter factor-Met  signaling  induces
trans—formation and the invasive /metastasic phenotype in C127
cells. Oncogene 13:853-856, 1996
Jeffers M, Rong S, van de Woude GF. Enhanced tumorigenicity
and Iinvasion-metastasis by hepatocyte growth  factor/scatter
factor-met signalling in human cells concomitant with induction of
the urokinase proteolysis network. Mol Cell Biol 16:1115-1125, 1996
Liotta LA, Rao CN, Barsky SH. Tumor invasion and the extra-
cellular matrix. Lab Invest 49:636-649, 1983
25) Harvey SR, Lawrence DD, Madeja JM, Abbey SJ, Narkus G.
Secretion of plasminogen activators by human colorectal and gastric
tumor explants. Clin Exp Metastasis 6:431-450, 1988
Cantero D, Friess H, Deflorin J, Zimmermann A, Brundler MA,
Riesle E, Korc M, Buchler MW. Enhanced expression of urokinase
plasminogen activator and its receptor in pancreatic carcinoma. Br J
Cancer 75:388-395, 1997
Roldan AL, Cubellis MV, Masucci MT, Behrendt N, Lund LR, Dano
K, Appella E, Blasi F. Cloning and expression of the receptor for
human urokinase plasminogen activator, a central molecule in cell
surface plasmin dependent proteolysis. EMBO J 9:467-474. 1990
Hollas W, Blasi F, Boyd D. Role of the urokinase receptor in
facilitating extracellular matrix invasion by cultured colon cancer.
Cancer Res 51:3690-3695, 1991

)

20

21

22

23

24

26

27

28



Kyung Hee Lee, et al: Cellular Mechanism for Plasminogen Activator System

29) Stahl A, Mueller BM. Binding of urokinase to its receptor promotes
migration and invasion of human melanoma cells in vitro. Cancer
Res 54:3066-3071, 1994

30) Heiss MM, Babic R, Allgaryer H, Gruetzner KU, Jauch KW, Loehrs
U, Schildberg FW. Tumor-associated proteolysis and prognosis: new
functional risk factors in gastric cancer defined by the urokinase-type
plasminogen activator system. J Clin Oncol 132084-2093 1995

31) Lee KH, Bae SH, Hyun MS, Kim SH, Song SK, Kim HS.
Relationship  between  urokinase-type  plasminogen  receplor,
interleukin-8 gene expression and clinicopathological features in
gastric cancer. Oncology 66.210-217, 2004

32) Mohanam S, Sawaya R, McCutcheon L, Ali-Osman F, Boyd D,
Rao JS. Moaulation of in vitro invasion of human glioblastoma cells

33

34

35

27

by urokinase-type plasminogen activator receptor antibody. Cancer
Res 53:4143-4147, 1993

Okusa Y, Ichikura T, Mochizuki H, Shinomiya N. Urokinase type
plasmingen activator and its receplor regulates the invasive potential
of gastric cancer cell lines. Int J Oncol 17:1001-1005, 2000

Giehl K, Skripczynski B, mansard A, Menke A, Gierschik P. Growth
factor dependent human pancreatic carcinoma cell line PANC-1
carrying activated K-ras: implications for cell proliferation and cell
migration. Oncogene 19:2930-2942, 2000

Kermorgant S, Aparicio T, Dessirier V, Vewin MJ, Lehy T.
Hepatocyte growth factor induces colonic cancer cell invasivenss via
enhanced motility and protease overproaduction: evidence for PI3
kinase and PKC involvement. Carcinogenesis 22:1035-1042. 2001




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




