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Urokinase plasminogen activating system (PA system) and vascu-
lar endothelial growth factor (VEGF) were recently suggested to
contribute synergistically to tumor progression. To evaluate the
roles of the PA system and VEGF in gastric cancer, the effects of
the PA system and VEGF on tumor angiogenesis and the survival
of patients with gastric cancer were investigated. Cancer tissues
from 101 gastric cancer patients were assayed immunohistochem-
ically for expression of urokinase-type plasminogen activator
(uPA), uPA receptor (uPAR), PA inhibitor-1 (PAI-1) and VEGF pro-
tein. The positive rates of uPA, uPAR, PAI-1, VEGF expression
were 22.8%, 32.7%, 36.6% and 26.7%, respectively. Positive
staining was observed in tumor cells (uPA, uPAR, VEGF), or in
both tumor cells and stromal cells (PAI-1). The expressions of uPA,
uPAR, PAI-1 and VEGF were significantly correlated with the clini-
copathological factors: uPA, depth of tumor invasion, differentia-
tion, lymphatic and vascular invasion; uPAR, tumor size, depth,
lymph node involvement, differentiation, vascular invasion; PAI-
1, tumor size, depth, lymph node involvement, differentiation,
vascular invasion; VEGF, differentiation, vascular invasion. The
microvessel density (MVD) assessed immunohistochemically was
significantly higher in the patients with expression of uPA, uPAR
or VEGF, and stepwise analysis identified uPA as an independent
correlated factor with MVD. Furthermore, multivariate analysis
demonstrated that depth of tumor invasion, lymph node involve-
ment and uPA expression were independent prognostic factors.
uPA is a key factor in the PA system, being associated with a poor
outcome of gastric cancer, and contributing not only to invasive
activity, but also to angiogenesis. (Cancer Sci 2003; 94: 43–49)

estruction of the extracellular matrix and basement mem-
brane is essential for tumor invasion and metastasis. The

extracellular matrix is degraded by extracellular proteolytic en-
zymes such as metalloproteases and serine proteases.1, 2) Plasmi-
nogen activators (PA) catalyze the conversion of the inactive
pro-enzyme plasminogen to plasmin.3) Plasmin acts to degrade
the extracellular matrix and activates latent enzymes such as
type-IV collagenase.3, 4) Among the plasminogen activators,
urokinase-type plasminogen activator (uPA) and uPA receptor
(uPAR) have been reported to play an important role in tumor
progression.5, 6) uPA, produced in both normal and malignant
cells, has roles in tissue remodelling of normal cells, degrada-
tion of extracellular matrix and destruction of the basement
membrane in malignant cell proliferation and metastasis. uPA
activation occurs on the cell surface after binding to its specific
receptor and is regulated by the number of uPAR.7) The rele-
vance of uPA or uPAR in tumor progression has been demon-
strated by the poor prognoses of patients with a high content of
uPA or uPAR in tumor tissue.8–10) The activities of PA are con-
trolled not only through its synthesis and secretion, but also by
its two physiologic PA inhibitors, type 1 (PAI-1) and type 2
(PAI-2), both of which belong to the serine protease inhibitor
superfamily.11) Elevated PAI-1 levels were found to be associ-
ated with poor prognosis.9, 10, 12) A possible promoting function
of PAI-1 in tumor growth is suggested by its potential to mod-

ify cell adhesion capacity, which is independent of uPA inhibi-
tory activity.13, 14)

Angiogenesis, the formation of new capillaries from existing
blood vessels, is essential for the growth of a solid tumor.15)

Many studies have shown that malignant tumors depend on an-
giogenesis for their growth and metastasis.3, 16) It is generally
assumed that microvessel formation around a tumor is stimu-
lated by various angiogenic factors, including vascular endothe-
lial growth factor (VEGF), basic fibroblast growth factor
(bFGF) and IL-1 and angiopoietin-2, secreted by the tumor
cells.16) Among them, VEGF, a selective mitogen for endothe-
lial cells, is regarded as the most important factor in angiogene-
sis of gastrointestinal tumors.17) The overexpression of VEGF
has been reported in various tumors,18, 19) and a significant cor-
relation has been demonstrated between microvessel density
(MVD) and VEGF expression in tumor cells.20) Recently a role
of the PA system in tumor angiogenesis has also been demon-
strated.21, 22) In this context, we examined here the roles of the
PA system and VEGF in tumor invasion and angiogenesis,
and whether the two factors are independently prognostic for
gastric cancer.

Materials and Methods

Patients. Tumors were obtained from 101 patients (72 men and
29 women; mean age 60.8; range 18–87) who had undergone
surgery for gastric cancer at our department from November
1995 through November 1999. Tumor sizes ranged from 1–14
cm in greater diameter (median, 4.6 cm). No patients had re-
ceived prior chemotherapy or radiation. The Japanese Classifi-
cation of Gastric Carcinoma (The 13th Edition) was used for
pathologic diagnosis and for the classification of variables.
Immunohistochemistry of uPA, uPAR, PAI-1 and VEGF. Immunohis-
tochemical stainings for VEGF, uPA, uPAR and PAI-1 in for-
malin-fixed, paraffin-embedded cancer tissues were performed
using the indirect immunoperoxidase technique. Samples were
fixed with 10% formaldehyde in phosphate-buffered saline
(PBS), embedded in paraffin, and cut into 4 µm thick sections,
which then were deparaffinized with xylene and dehydrated
with ethanol. Endogenous peroxidase activity was blocked by
incubation with 0.3% H2O2 for 15 min. The sections were
washed with PBS, and treated with 10% normal goat serum
(Histofine SAB-PO kit, Nichirei, Tokyo) for 10 min to block
nonspecific protein binding. The sections were then incubated
with anti-human VEGF monoclonal antibody (MoAb) (IBL
Co., Ltd., Gunma) at 1:500 dilution, anti-uPA MoAb (3785,
American Diagnostica, Inc. [ADI], Greenwich, CT) at 1:200
dilution, anti-uPAR MoAb (3936, ADI) at 1:100 dilution, and
anti-PAI-1 MoAb (3989, ADI) at 1:100 dilution, for 60 min at
4°C. Sections were then washed and treated with biotinylated
rabbit antimouse antibody for 30 min, and streptavidin horse-
radish peroxidase (HRP)-conjugated reagent for 10 min at room

D

E-mail: ta-kaneko@hamamatsuh.rofuku.go.jp

mailto:ta-kaneko@hamamatsuh.rofuku.go.jp


44 Kaneko et al.

temperature (uPA and uPAR) or Envision+  (K4000, Dako Ja-
pan, Tokyo) in the cases of PAI-1 and VEGF. Diaminobenzi-
dine was used as the chromogen. The sections were coun-
terstained with Mayer’s hematoxylin, dehydrated, and mounted.

All slides were evaluated by two clinicians without knowl-
edge of the patients’ identity or clinical status. Specimens taken
adjacent to the invasive front were used for the staining exami-
nation. Analysis of staining was exclusively restricted to tumor

cell reactions. Staining of stromal cells was not considered.
uPA, uPAR, PAI-1 and VEGF expressions were classified into
three groups. When strong immunostaining was seen in more
than 50% of cancer cells, the tumors were determined to be
positive (+). When weak immunostaining was seen in less than
50% of cancer cells, the tumors were determined to be negative
(−). Weak immunostaining in more than 50% of cells, or strong
immunostaining in less than 50% of cells was designated + / − .

Fig. 1. Immunohistochemical analysis of uPA, uPAR, PAI-1, and VEGF expression in gastric cancer tissue. Positive immunoreactivity for uPA (A),
uPAR (C), PAI-1 (E) and VEGF (G). Negative immunoreactivity for uPA (B), uPAR (D), PAI-1 (F) and VEGF (H). uPA, uPAR and VEGF were mainly ex-
pressed in cancer cells.
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MVD. MVD was determined by immunohistochemical staining
with an antihuman factor VIII-related antigen monoclonal anti-
body (M0616, Dako Japan), as described elsewhere. Micro-
wave pretreatment (500 W, 15 min, 0.1 M citrate buffer) of
dewaxed tissue sections and the treatment of tissue with trypsin
(0.1% trypsin, 37°C, 30 min) were performed in the case of
factor VIII-related antigen. Endogenous peroxidase activity was
blocked by incubation with 0.3% H2O2 in methanol and non-
specific protein binding was blocked by treatment with 10%

normal goat serum for 10 min. This was followed by incubation
with anti-factor VIII-related antigen at a dilution of 1:20 over-
night at 4°C. Sections were then washed and treated with
Envision+  (K4000, Dako). Positive staining was observed in
vascular endothelial cells. MVD was evaluated by counting the
number of endothelial deposits/field by light microscopy at
200×  magnification without knowledge of patients’ status. The
mean of four counts for each specimen was calculated and sta-
tistically analyzed.

Fig. 2. Immunohistochemical staining of uPA (A), uPAR (C) and PAI-1 (E) in endothelial cells, and VEGF (G) in macrophages. Negative immunore-
activity for uPA (B), uPAR (D) and PAI-1 (F) in endothelial cells. There were a few stromal cells with positive expression of these factors, but the
number of those cells was too small to evaluate quantitatively.
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Statistical analysis. Statistical analysis was performed using a
statistical software package (Statview 4.5, Abacus Concepts,
Berkeley, CA). VEGF, uPA, uPAR and PAI-1 expression and
MVD in relation to various clinicopathologic factors were as-
sessed using the χ2 test. Survival was calculated from the date
of surgery to the date of death or of the last follow-up. The fac-
tors related to MVD were identified by stepwise analysis. The
survival rate was estimated by the Kaplan-Meier method and
analyzed by means of the log-rank test. To define independent
risk factors for prognosis, multivariate analysis was performed
with a Cox proportional hazards model. Differences were con-
sidered significant when P values were less than 0.05.

Results

Relationships between immunoreactivity of uPA, uPAR, PAI-1, VEGF
and clinicopathological factors. Positive staining for uPA, uPAR
and VEGF was observed mainly in cancer cells, but also in a
number of stromal cells including endothelial cells. Among
stromal cells, positive staining of uPA and uPAR was observed
mainly in endothelial cells and that of VEGF was mainly in
macrophages (Figs. 1, 2). However, the numbers of these cells
were too small to allow quantitative evaluation of the correla-
tion with clinicopathlogical factors.

The rates of positive expression in cancer cells of uPA,
uPAR, PAI-1 and VEGF were 22.8%, 32.7%, 36.6%, and
26.7%, respectively. The positive relationships of the expres-
sion of each factor to clinicopathological factors are shown in
Table 1. It was shown that PA system is associated with local
growth and invasion of the cancer and lymph node involve-
ment. Among the components of the PA system, there was a
significant relationship between uPA and uPAR, and between
uPAR and PAI-1 (data not shown).
Relationships of uPA, uPAR, PAI-1 and VEGF expressions to the MVD.
By univariate analysis, a significant association of MVD with
uPA, uPAR and VEGF was shown (Fig. 3). Stepwise analysis

revealed that only uPA was significantly correlated with MVD
(Table 2).
Impact of expression of uPA, uPAR, PAI-1 and VEGF proteins on sur-
vival. The survival rate of patients with positive uPA or uPAR
expression was significantly lower than that of patients without
it (Fig. 4). In univariate analysis using the Cox proportional
hazards model for survival rate, uPA, uPAR, MVD, lymphatic
invasion, vascular invasion, lymph node involvement, depth of
tumor invasion, tumor differentiation and tumor size were sig-
nificant prognostic factors. In multivariate analysis, depth of tu-

Table 1. Relation of immunoreactivity of uPA, uPAR, PAI-1 and VEGF to clinicopathological factors

Factor Case
uPA expression

P value
uPAR expression

P value
PAI-1 expression

P value
VEGF expression

P value
− ± + − ± + − ± + − ± +

Age (years)
<65 53 31 10 12 19 16 18 18 13 22 27 11 15
≥65 48 21 16 11 0.211 19 14 15 0.924 20 13 15 0.553 23 13 12 0.751

Tumor size
<40 53 31 11 11 26 16 11 26 11 16 31 16 18
≥40 48 21 15 12 0.310 12 14 22 0.013 12 15 21 0.045 19 8 9 0.887

Depth of tumor invasion
<mp1) 47 33 10 4 26 11 10 27 11 9 28 10 9
≥mp 54 19 16 19 <0.001 12 19 23 0.003 11 15 28 <0.001 22 14 18 0.141

Lymph node involvement
Negative 64 37 14 13 31 16 17 31 17 16 34 16 14
Positive 37 15 12 10 0.242 7 14 16 0.013 7 9 21 0.003 16 8 13 0.347

Tumor differentiation
Differentiated 49 17 18 14 12 18 19 12 13 24 16 16 17
Undifferentiated 52 35 8 9 0.004 26 12 14 0.030 26 13 13 0.015 34 8 10 0.004

Lymphatic invasion
Negative 48 32 11 5 23 13 12 23 11 14 27 12 9
Positive 53 20 15 18 0.005 15 17 21 0.109 15 15 23 0.119 23 12 18 0.214

Vascular invasion
Negative 55 39 10 6 30 12 13 28 13 14 32 16 7
Positive 46 13 16 17 <0.001 8 18 20 <0.001 10 13 23 0.007 18 8 20 0.002

Peritoneal dissemination
Negative 92 48 24 20 36 28 28 36 23 33 45 23 24
Positive 9 4 2 3 0.731 2 2 5 0.302 2 3 4 0.604 5 1 3 0.638

1) mp, muscularis propria.

Fig. 3. Relations between the expression of VEGF, uPA, uPAR, and
PAI-1 and the MVD. There were significant correlations between the
expressions of VEGF, uPA and uPAR and the MVD (P=0.0299, P=0.018,
P=0.0032), but there was no correlation between the expression of
PAI-1 and the MVD. ∗: Significant difference between two groups
(P<0.05).
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mor invasion, lymph node involvement and uPA expression
emerged as independent prognostic factors (Table 3).

Discussion

The components of the PA system promote tumor invasion by
cleavage of the extracellular matrix in various cancer cells, like
matrix metalloproteinases (MMPs), which can collectively de-
grade almost all extracellular matrix and basement membrane
proteins.23) The PA system also plays a vital role in the early
phase of tumor angiogenesis.

We reported previously that the factors in the PA system, es-
pecially uPAR and PAI-1, were involved in tumor progression,
and that the uPAR level in tumor tissue was a useful indicator
of tumor progression in patients with colorectal cancer.24) We
also reported the synergistic effect of the PA system and VEGF
in promoting liver metastasis of colorectal cancer.25) However,
it is still controversial which factor among those of the PA sys-
tem is most important in the progression of gastric cancer. We
thus assessed the relevance of the PA system to tumor invasion,
angiogenesis and survival in gastric cancer. The relevance of
the PA system in gastric cancer has been investigated by using
qualitative and quantitative methods. Migita et al.26) reported
that uPA expression in cancer cells was qualitatively more pro-
nounced in patients with liver metastasis. Allgayer et al.27) re-
ported that uPAR was a potential antigen for positive selection
of disseminated tumor cells during the postoperative time
course. Quantitative analysis was also performed in some stud-
ies, confirming an important role of uPA or uPAR.28–30) Okusa
et al.29) reported that uPA promoted the invasive capacity of
uPAR-positive cancer cells, and suggested that uPA expression
in stromal cells is significantly correlated with tumor histology
and peritoneal metastasis.28)

Since there was a significant relationship among the factors
of PA system, uPA, uPAR and PAI-1 may synergistically con-
tribute to the progression of gastric cancer. It is likely that uPA
promotes the invasive ability of uPAR-positive gastric cancer
cells, and that stromal cells play an important role in cancer cell
invasion by supplying uPA and promoting uPA production.
Since both uPAR-bound uPA and nonbound uPA are identified
immunohistochemically, the isolation of both types of uPA may
contribute to clarifying the role of uPA.29) PAI-1 has also been
shown to promote tumor growth and invasion by potentiating
tumor cell detachment from the matrix.13, 14) The binding of uPA
to uPAR enhances binding to vitronectin.31) Because PAI-1
binds to the same somatomedin B-like domain of vitronectin, it
can compete with the binding of the uPA/uPAR complex.13, 32)

Inhibition of adhesion to vitronectin by PAI-1 may also pro-
mote cell migration on vitronectin-rich matrices, and in this re-
gard PAI-1 may have a function unrelated to its antiprotease
activity and may promote rather than inhibit cell invasion.33–35)

Such a modification of cell adhesion to the matrix by uPAR and
PAI-1 appears to be intimately involved in tumor growth, inva-
sion and metastasis.

Both the PA system and VEGF are key factors in tumor an-
giogenesis. The PA system degrades the basement membrane
and stimulates the migration and progression of endothelial
cells in the early phase of angiogenesis.36) Aside from the in-

Table 2. Correlations between MVD and uPA, uPAR, PAI-1, and VEGF
(stepwise analysis)

Variable F value P value

uPA 9.660 0.0025
uPAR 6.154
PAI-1 3.050
VEGF 3.325
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Fig. 4. Survival curves of gastric cancer patients showing VEGF, uPA,
uPAR or PAI-1 expression. The survival rate of patients with positive ex-
pression of uPA was significantly worse than that of patients with neg-
ative expression of uPA (P=0.0038). The survival rate of patients with
positive expression of uPAR was significantly worse than that of pa-
tients with negative expression of uPAR (P=0.0208).  +,  ± ,  −−−−.

Table 3. Results of univariate and multivariate analysis of factors influencing the survival of the patients

Variables Comparison
Univariate analysis Multivariate analysis

Odds ratio P value 95%CI1) Odds ratio P value 95%CI

uPA −, ±, + 2.015 0.0070 1.211–3.352 2.442 0.0081 1.261–4.731
uPAR −, ±, + 1.892 0.0221 1.096–3.265 — NS
PAI-1 −, ±, + — NS
VEGF −, ±, + — NS
MVD 1.061 0.0092 1.015–1.109 — NS
Lymphatic invasion 0, 1, 2, 3 3.170 <0.0001 2.092–4.801 — NS
Vascular invasion 0, 1, 2, 3 2.464 <0.0001 1.651–3.676 — NS
Lymph node involvement 0, 1, 2, 3, 4 2.268 <0.0001 1.717–2.995 1.883 0.0067 1.192–2.974
Depth of tumor invasion m, sm, mp, ss, se, si2) 2.687 <0.0001 1.781–4.054 1.965 0.0201 1.111–3.474
Histology diff., undiff.3) 2.661 0.0430 1.031–6.866 — NS
Size 1.023 <0.0001 1.012–1.033 — NS
Sex male, female — NS

1) CI, confidence interval.
2) m, mucosa; sm, submucosa; mp, muscularis propria; ss, subserosa; se, serosa exposed; si, serosa infiltrating.
3) diff., differentiated; undiff., undifferentiated.
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duction of tumor angiogenesis, VEGF has several additional
functions that serve to enhance tumor progression, including
enhancing the permeability of tumor vessels37) and inhibiting ei-
ther apoptosis of endothelial cells38, 39) or the maturation of den-
dritic cells.40) An association between the PA system and
angiogenesis has been reported.36, 41, 42) VEGF has been shown
to cause up-regulation of uPA and uPAR in endothelial cells,
and we demonstrated in the previous study that the PA system
and VEGF synergistically contributed to liver metastasis of col-
orectal cancer.25) A significant relation of VEGF to both uPA
and uPAR was also observed in the present study (data not
shown). VEGF promotes proliferation of endothelial cells and
tube formation after degradation of the extracellular matrix by
the PA system and/or MMPs.36, 41) In the present study, we ob-
served positive immunogenicity of uPA, uPAR or VEGF in the
stromal cells, suggesting that stromal cells with positive expres-
sion may play an important role in tumor angiogenesis. How-
ever, the number of these stromal cells was small. Our results
revealed that cancer cells with positive expression may be
mainly correlated with tumor angiogenesis. Interestingly, step-
wise analysis demonstrated that only uPA was significantly cor-
related with MVD among uPA, uPAR, PAI-1 and VEGF. The
uPA produced from gastric cancer cells destroys the extracellu-
lar matrix, which may promote migration of both cancer cells
and endothelial cells. On the other hand, cancer cells with high
invasive ability may have various malignant potentials, includ-
ing VEGF production. Since a positive correlation between
VEGF expression and both uPA and uPAR expression was
found in the present study, it is possible that the PA system en-
hances VEGF-induced tumor angiogenesis. Although additional
studies are needed to clarify the difference of tumor angiogene-
sis among various tumors, this is the first report to suggest that

uPA is a key factor in the angiogenesis of gastric cancer. Re-
cently, it was reported that endostatin inhibited angiogenesis
through the down-regulation of the PA system.43) Thus, the inhi-
bition of uPA activity may inhibit not only tumor invasion, but
also angiogenesis in gastric cancer. Ganesh et al.30) reported
that t-PA and PAI-1 levels are independently associated with
survival. Yonemura et al.8) reported that overexpression of uPA
protein was associated with several clinicopathologic factors
and poor prognosis. Nekarda et al.9) found elevated uPA levels
to be associated with poor prognosis. However, there have been
few studies in which the survival impact of all three factors was
assessed in gastric cancer. Allgayer et al.44) immunohistochemi-
cally studied the uPA system and demonstrated by multivariate
Cox analysis that PAI-1 was an independent parameter. Heiss et
al.45) reported that univariate analysis revealed highly signifi-
cant inverse correlations between uPA, uPAR and PAI-1 expres-
sion and survival time, while in multivariate analysis PAI-1 was
an independent prognostic factor.

In the present study, survival analysis with the Kaplan-Meier
method demonstrated that patients with expression of uPA or
uPAR protein had a significantly lower survival rate than those
without it. However, multivariate analysis revealed only uPA
expression as an independent prognostic factor, in addition to
depth and lymph node involvement. Our results suggest that the
PA system contributes synergistically to tumor invasion, but
uPA is especially important in angiogenesis of gastric cancer.
uPA might thus be identified as an independent prognostic fac-
tor.
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