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Abstract Angiopoietin-2 (Ang-2) and vascular endothelial growth factor (VEGF) contribute to gastric cancer aggressiveness by
up-regulating the expression of proteases. We evaluated the expression and the prognostic significance of angiogenic factors and
proteases in 148 patients with RO-resected gastric cancer. Expression of VEGF, Ang-2, cyclooxygenase-2 (COX-2), urokinase-
type plasminogen activator (uPA) and its inhibitor PAI-1, matrix metalloproteinases (MMP)-1 and -9 were assayed by
immunohistochemistry. After a mean of 63+4 months, 81 out of 148 patients had died due to disease. The probability of being
free of recurrence was 62, 48, and 42% at 2, 5, and 10 years, respectively. Single bivariate analysis identified VEGF, Ang-2,
COX-2, PAI-1, and MMP-9 expression, along with several clinicopathological parameters (grade of curability, lymph node ratio,
pTNM, pT, pN), as variables associated with both decreased disease-specific survival and recurrence. On multivariate analysis,
after adjusting for significant clinical covariables, positive VEGF immunostaining was the primary prognostic factor, and no
other tumor marker variable could add any significant improvement for the prediction, for both disease-specific survival (p=
0.001; HR, 3.27; 95% CI, 1.76 to 6.10) and tumor recurrence (p=0.002; HR, 2.81; 95% CI, 1.48 to 5.35). Our study suggests
that VEGF alone may be clinically useful for establishing therapeutic decisions in gastric cancer patients.
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Introduction

Gastric cancer (GC) is the second leading cause of death
from cancer worldwide, being responsible for 10% of all
cancer-related deaths." The overall negative outcome for
this neoplasia in western countries has not significantly
improved over the last decades, with a S-year survival rate
estimated at 10-30%.> Despite new adjuvant therapies,
surgical resection still remains the only potentially curative
treatment for this condition.>* Identification of prognostic
and predictive factors that reflect the biology of GC (tumor
spread and metastasis) is important for refining our
assessment of prognosis and the selection of patients who
may benefit from adjuvant systemic therapy.’

Angiogenesis, the formation of new blood vessels that
develops from preexisting blood vessels, is a fundamental
process in tumor growth and metastasis,”’ and the vascular
endothelial growth factor (VEGF) has been identified as the
most potent and specific promoter of tumor angiogenesis,
being secreted by almost all solid cancers.® Among other
pro-angiogenic factors, angiopoietin-2 (Ang-2) is a desta-
bilization factor, rendering vasculature more amenable to
sprouting under the influence of VEGFE.’ Inhibition of
VEGF and Ang-2 suppress angiogenesis and tumor growth
in in vivo models.'”!" Moreover, proteolytic degradation of
the basement membrane surrounding vascular endothelial
cells with remodeling of the extracellular matrix (ECM) can
allow endothelial cells to migrate and invade the surround-
ing stroma. The matrix metalloproteinases (MMPs) and the
urokinase-type plasminogen activator (uPA) system are
strongly implicated in this process.'>

In gastric cancer, a positive correlation between VEGF
expression and lymphatic invasion, lymph node metastasis,
venous invasion, and patient outcome has been described
by several groups;'*'® however, the association between
Ang-2 and patient prognosis remains less well studied.'”'®
We have previously reported that VEGF expression had an
independent prognostic value with respect to tumor
recurrence and overall survival in curatively resected gastric
cancer patients.'® Several studies assessing protein expres-
sion have found that increase in the plasminogen activator
(PA) components uPA and PAI-1 are associated with either
aggressive tumor characteristics or a poor prognosis in
gastric cancer.'”?" A recent in vitro study by Etoh et al.'’
demonstrated that Ang-2 derived from Ang-2-transfected
MKN-7 gastric cancer cells in the presence of VEGF up-
regulated the expression of uPA, MMP-1, and MMP-9 in
endothelial cells. Although previous studies have demon-
strated up-regulation in the expression of these angiogenic
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factors and proteases in gastric cancer, most of these
clinical studies analyzed only a few factors simultaneously,
the study groups were frequently limited in number, and
were heterogeneous (RO vs R1-R2), and the follow-up of
patients was usually short (less than 30 months). Taking all
these clinical and experimental data together, it is unclear
which of these molecular parameters is the most relevant to
patient outcome.

In the present study, we therefore examined the
expression of the pro-angiogenic factors VEGF, Ang-2,
COX-2, and the proteases uPA, PAI-1, MMP-1, and MMP-
9 in a large series of patients with homogeneous manage-
ment (all were R0O) and with extended follow-up (>5 years)
and have correlated the immunohistochemical findings and
clinicopathologic parameters with patient survival.

Patients and Methods
Study Population

We studied 148 patients with histologically verified primary
gastric adenocarcinoma who underwent a curative (RO)
resection between 1984 and 1999 at the Hospital Clinic,
Barcelona, Spain. None of the patients entered into the
study had evidence of distant metastases or had received
neoadjuvant therapy. The study protocol was approved by
the Ethics Committee of the Hospital Clinic.

Immunohistochemical expression of angiogenic factors
(VEGEF, Ang-2, COX-2) and proteases such as uPA, PAI-1,
MMP-1, MMP-9, and microvessel density (MVD) in the
gastric tumor was assessed. Sixteen epidemiological (age,
gender), therapeutic (extent of gastrectomy, extent of
lymphadenectomy, grade of curability, adjuvant therapy),
and tumor-related (presence of signet-ring cell type,
Lauren’s classification, degree of differentiation, lymphatic
invasion, microvascular invasion, perineural invasion, ratio
of involved to resected lymph nodes, pT, pN, and pTNM
stage) variables were also evaluated.

The surgical procedure included a complete resection of
the primary tumor and its lymphatic drainage. Based on the
decision of the surgeon, 48 (32%) patients had a DI
lymphadenectomy, including the first-level lymph nodes
(paracardial, major and minor curvature, supra-, and
infrapyloric), and 100 (68%) patients had a D2 lymphade-
nectomy, in which the second-level nodes (left gastric
artery, hepatic artery, celiac trunk, splenic hilum, and
splenic artery) were also excised. The spleen and tail of
the pancreas were resected only when required because of
tumor invasion. To detect free abdominal tumor cells,
analysis of abdominal fluid obtained by irrigation of the
abdominal cavity immediately after laparotomy was rou-
tinely performed.
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Tumors were classified according to the 2002 tumor-
node-metastasis (TNM) system of the American Joint
Committee on Cancer (AJCC).>' After histological exam-
ination of the resected specimens, the operation was
classified as RO resection if the microscopical evidence
indicated complete tumor removal, with no involvement of
distant lymph nodes or distant metastases, and no malignant
cells in the abdominal-washing fluid. The curability grade,
defined by the Japanese Gastric Cancer Association,*
divides the curative resection patients into two groups, A
and B. Group A patients (no evidence of residual disease
with high probability of cure) had tumor stage T1 or T2; NO
treated with lymphadenectomy D1 or D2 or N1 treated with
D2; MO0, no malignant cells in the abdominal-washing fluid;
and margins of resection > 10 mm. Group B patients also
had no evidence of residual disease, but had D1 lympha-
denectomy in the presence of N1 or had margin resection <
10 mm). Group C patients, with residual disease, were not
included in the study.

Follow-Up

Postoperative chemotherapy (mitomycin-C, 10 mg/m?,
intravenously on day 1 and Tegafur, 400 mg/12 h, orally,
for a 6-week cycle, until four cycles were completed) was
administered in 75 (51%) patients in the context of
investigational protocols.”® To investigate time to recur-
rence and disease-specific survival, two of the investigators
evaluated all patients in a prospective manner every
3 months during the first 2 years and every 6 months
thereafter. Histological confirmation of tumor recurrence
was sought in all cases. Whenever follow-up was not
complete, patients or their families were contacted by
telephone, and death certificates were obtained from the
Civil Register of the Barcelona Council. The final follow-
up date was December 15, 2005.

Table 1 Details of the Primary Antibodies Used in this Study

Immunohistochemical Staining

Paraffin-embedded tissue blocks of formalin-fixed surgical-
ly resected samples were processed for conventional
histological study and for immunohistochemical analysis.
We used the automated immunohistochemical system
TechMate 500 + Dako with the EnVision system (Dako).
Briefly, 4-pum-thick sections were deparaffinised and
hydrated through graded alcohol to water. Peroxidase was
blocked for 7.5 min in ChemMate peroxidase-blocking
solution (Dako S2023). Then, the slides were incubated
with the primary antibodies for 30 min and washed in
ChemMate buffer solution (Dako K5006). The peroxidase-
labeled polymer, anti-rabbit (Dako K4011) or anti-mouse
(Dako K4007) was then applied for 30 min. After washing
in ChemMate buffer solution, the slides were incubated
with the diaminobenzidine substrate chromogen solution
(Dako K3468), washed in water, counterstained with
hematoxylin, washed, dehydrated, cleared, and mounted in
micromount (Surgipath 01730). Details of primary anti-
bodies and antigen-retrieval techniques used in this inves-
tigation are given in Table 1.

Assessment of Immunohistochemical Staining

Expression of VEGF, Ang-2, COX-2, uPA, PAI-1, MMP-1,
and MMP-9 was based on the intensity of staining and was
assessed in the malignant epithelial cells (Fig. 1). Staining
of endothelial, fibroblastic, or other stromal cells was not
considered. All these factors were analyzed in the invasive
front of the tumor away from the tumor center. Smooth
muscle cells were used as positive internal controls for
VEGF immunoreactivity,”* and endothelial cells of tumor-
associated vessels were positive controls for Ang-2.>> The
degree of expression of VEGF was classified into one of
three categories according to the percentage of immunore-

Antibody  Type, clone and source Antigen retrieval Optimum
dilution

CD 34 Monoclonal QBEnd/10 (Novocastra, Newcastle-upon-Tyne, UK) No 1:200

VEGF Polyclonal Rabbit A-20 (Santa Cruz Biotechnology, Santa Cruz, CA,  Pressure cooker/EDTA, 2 min 1:300
USA)

Ang- 2 Polyclonal Goat SC-7015 (Santa Cruz Biotechnology, Santa Cruz, Pressure cooker/EDTA, 2 min 1:100
CA, USA)

COX-2 Polyclonal Mouse 160112 (Cayman, Ann Arbor, MI, USA) Pressure cooker/EDTA, 2 min 1:200

uPA Polyclonal Mouse AD-3689 (American Diagnostica, Greenwich, CT,  Trypsin 0,05%+ TX100 0.5%, 37°C, 1:500
USA) 20 min

PAI-1 Polyclonal Mouse AD-3785 (American Diagnostica, Greenwich, CT,  Trypsin 0.05%+ TX100 0.5%, 37°C, 1:50
USA) 20 min

MMP-1 Polyclonal Rabbit RB-1536-P1 (NeoMarkers, Fremont, CA, USA.) Pressure cooker/citrate, 5 min 1:50

MMP-9 Polyclonal Rabbit RB-1539-P (NeoMarkers, Fremont, CA, USA.) No 1:400
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Figure 1 Representative examples of a VEGF, b Ang-2, ¢ COX-2, d
uPA, e PAI-1, f MMP-1, and g MMP-9 immunostaining in gastric
adenocarcinoma of intestinal type. Positive VEGF immunoreactivity is
detected in the cytoplasm of cancer cells in the invasive front of
invasion (a). Strong cytoplasmic immunostaining of Ang-2 in tumor
cells within the malignant gland (b). Intense COX-2 immunoreactivity
is observed in the perinuclear region and cytoplasm of the malignant

active cells over the total number of cells counted: score 0:
carcinoma cells were stained less intensely than normal
smooth muscle; score 1: <30% of carcinoma cells were
stained, or carcinoma cells staining intensity was similar to
normal smooth muscle, and score 2: >30% of carcinoma
cells were stained more intensely than normal smooth
muscle. Sections with scores 1 and 2 were considered
positive.'** The degree of expression of Ang-2 was
graded as score 0 (no immunostaining in tumor cells or
less intense to that seen in control), score 1 (staining
equivalent), score 2 (more stained than control), or score 3
(intense staining easily seen under low power on a
microscope), regardless of the number of cells stained.'®*’
In statistical analysis, Ang-2 scores were handled in two
groups (negative: 0—1; positive: 2—3). Based on a prelim-
inary study on 15 cases where we assessed the staining
pattern of COX-2, uPA, and PAI-1 in the normal gastric
epithelium and tumor areas, normal and benign gastric
epithelia adjacent to the tumor were considered positive
control for these factors. Immunostaining with all three
antibodies was assessed in the cytoplasm of tumor cells.
The degree of expression for C0X-2, uPA, and PAI-1 was
graded as negative (no immunostaining in tumor cells or
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cells (¢). Moderate and weak immunostaining for uPA and PAI-1,
respectively, is present in the cytoplasm of tumor cells (d—e). Strong
granulose-type cytoplasmic MMP-1 staining is detected in the luminal
part of tumor cells within the malignant gland (f). Strong cytoplasmic
and cell membranous staining for MMP-9 is seen in the tumor cells
(g). Original magnifications: x40 (a) and x100 (b-g).

staining equivalent or less intense to that seen in nonma-
lignant epithelium) or positive (more stained than control),
regardless of the number of cells stained.'>*® The degree of
expression of MMP-1 and MMP-9 was estimated, as
described by other authors,” by semiquantitative evalua-
tion into three groups according to the percentage of
immunoreactive cells over the total number cells counted:
score 0, if <10% of cells stained; score 1, if 10-25% were
immunoreactive; score 2, if 26-50% were immunoreactive,
and score 3 if >51% were immunoreactive. Sections with
score >2 were considered positive.

Microvessel Density

For microvessel density (MVD) evaluation, quantitative
vessel counts were performed by the method described by
Weidner and assessed by international consensus.”® The
entire tumor sections were systematically scanned at x40
magnification to find the areas of most intense neovascular-
ization or hot spots. These were identified as having the
highest density of brown staining, CD34-positive cells, or
cell clusters. For each slide, the most vascular areas within
the tumor mass were chosen. A x250 field in these areas
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was counted, and the average counts of the fields were
recorded. If multiple vascular hot spots were present,
counts were performed in each hot spot. Microvessels were
defined as a discrete CD34-positive endothelial cell
aggregate, with or without definable lumina.

The specimens were evaluated independently by two
experienced investigators (AV and J.P M), and staining
degree was assessed without knowledge of the clinical data
of the individual patient at the time of the review. Conflicts
in scores were resolved by consensus.

Statistical Analysis

Disease-specific survival and tumor recurrence were the
main end points for the single bivariate and multivariate
analysis of prognostic factors. Disease-specific survival was
calculated from the date of surgery until death due to the
cancer, whereas time to recurrence was established from the
date of surgery to the date of recurrence (including either
locoregional relapse or distant metastases).

For single bivariate analyses of disease-specific survival
and tumor recurrence, Kaplan—Meier curves were plotted
and then compared using log-rank statistics. For continuous
variables (i.e., age and MVD), the cut-off level chosen was
their median value. Multivariate analyses were performed
in a forward stepwise fashion by the Cox proportional
hazards model, including those variables with a p value<
0.1 in the single bivariate analysis and adjusting by clinical
variables with prognostic significance.

Differences were considered significant when p values
were less than 0.05. All the calculations were performed by
using the statistical SPSS package for Windows (version
11.05; SPSS Inc., Chicago, IL, USA).

Results

A total of 148 patients were observed prospectively for an
average of 63+4 months. Patient characteristics and
treatment parameters are described in Table 2. Five patients
were lost to follow-up. A total of 93 patients died: 81 due to
malignant disease and 12 without evidence of tumor.
Eighty-one recurrences were seen, 36 of which presented
as peritoneal or distant metastases, and 45 as local and
regional recurrences.

The immunohistochemical detection levels of the angio-
genic markers evaluated in the primary tumor is listed in
Table 3.

Prognostic Factors of Tumor Recurrence

At the end of follow-up, the estimated mean time to
recurrence was 52+4 months (range, 9-252 months), the

Table 2 Characteristics of the 148 Patients Included in the Study

Factor Value
Age (year)® 68+12 (69)
Sex (n, %) Male 99 (67)
Female 49 (33)
Extent of gastrectomy (1, %) Total 72 (49)
Subtotal 76 (51)
Extent of lymphadenectomy (n, %) DI 48 (32)
D2 100 (68)
Signet-ring cell type (n, %) 36 (24)
Lauren’s classification (n, %) Intestinal 92 (62)
Diffuse 56 (38)
Degree of differentiation (n, %) Poor 70 (47)
Moderate 73 (49)
Well 54)
Lymphatic invasion (n, %) 41 (28)
Microvascular invasion (n, %) 17 (11)
Neural invasion (n, %) 20 (13)
Ratio of involved-to-resected lymph 22+28 (9)
nodes®
Grade of curability (1, %)° A 75 (51)
B 73 (49)
pT stage (n, %)° T in situ 1(1)
T1 26 (17)
T2 69 (47)
T3 50 (34)
T4 2 (1)
pN stage (n, %)° NO 62 (42)
N1 50 (34)
N2 33 (22)
N3 3(2)
pTNM stage (1, %)° I 56 (38)
I 39 (26)
11 42 (28)
v 11 (8)
Adjuvant therapy (n, %) 75 (51)

? Continuous variables were expressed as mean = SD (median).
® According to the Japanese Gastric Cancer Association 22
© According to the TNM classification *!

probability of being free of recurrence was 62, 48, and 42%
at 2, 5, and 10 years, respectively (Fig. 2a). There were
significant associations between tumor recurrence and
tumor VEGF, Ang-2, COX-2, PAI-1, and MMP-9 expres-
sion in the single bivariate analysis (Table 4). Other
significant variables affecting tumor recurrence in the
bivariate analysis were grade of curability (p=0.001),
degree of differentiation (p=0.026), ratio of lymph nodes
(»=0.001), pT stage (»p=0.001), pN stage (p=0.001), and
pTNM stage (p=0.001).

Multivariate analysis of tumor recurrence showed VEGF
expression (p=0.001), grade of curability (p=0.004), ratio
of lymph nodes (p=0.041), and extent of lymphadenectomy
(»=0.002) to have significant prognostic value. The Cox
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Table 3 Prevalence of Expression of Molecular Factors Assessed in
the Primary Tumor (n=148)

Molecular factors Positive N (%)

VEGF 113 (76)
Ang-2 19 (13)
COX-2 51 (34)
uPA 13 (9)
PAI-1 22 (15)
MMP-1 54 (36)
MMP-9 43 (29)
MVD? 107 (72)

? The median value (>101 vessels) of microvessel density (MVD) was
considered as cut-off level

regression model, adjusted to the clinical variables, identi-
fied VEGF expression (p=0.002; HR, 2.81; 95% CI, 1.48
to 5.35) as the primary prognostic factor, and no other
tumor marker variable could add any significant improve-
ment for the prediction.
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Kaplan—Meier estimates of the probability of being free
of recurrence after stratifying the patients according to
VEGF expression in the primary tumor is represented in
Fig. 2c.

Prognostic Factors of Disease-Specific Survival

After a mean follow-up of 63+4 months (range, 9-
252 months), 81 (55%) patients had died as a consequence of
cancer progression, the probability of disease-specific survival
being 66, 51, and 39%, at 2-, 5-, and 10 years, respectively
(Fig. 2b). Single bivariate analysis revealed VEGF (p=0.003),
Ang-2 (p=0.001), COX-2 (p=0.014), PAI-1 (p=0.024), and
MMP-9 (p=0.006) expression, along with extent of lympha-
denectomy (p=0.001), Lauren’s classification (p=0.006),
lymphatic invasion (p=0.001), ratio of involved-to-resected
lymph nodes (p=0.001), grade of curability (p=0.001), pT
stage (»p=0.001), pN stage (p=0.001), pTNM stage (p=
0.001), and adjuvant therapy (p=0.006), as significant factors
influencing disease-specific survival.
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Figure 2 Kaplan-Meier estimates probability of being free of recurrence (a) and disease-specific survival (b) in the whole series (n=148) and
after stratifying patients according to VEGF expression in the primary tumor (¢ and d, respectively).
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Table 4 Cox Univariate Regression Analysis of Tumor Recurrence in
all Patients

Parameter Univariate analysis
p Value HR CI 95%
Grade of A p=0.001 7.23 1.07-8.23
curability B
Degree of Well p=0.028 1.85 1.40-2.36
differentiation Moderate
Poor
Ratio of lymph <25% p=0.001 3.31 1.19-5.36
nodes >25%
pTNM Stage I-11 p=0.001 5.46 3.42-8.71
H-1v
VEGF Negative p=0.040 2.04 1.03-4.03
Positive
Ang-2 Negative p=0.001 3.10 1.60-5.99
Positive
COX-2 Negative p=0.007 1.85 1.18-2.89
Positive
MMP-9 Negative p=0.013 1.59 1.12-2.82
Positive
PAI-1 Negative »=0.008 2.45 1.24-4.85
Positive

HR Hazard ratio, 95% CI confidence interval

Multivariate analysis for disease-specific survival
showed VEGF expression (p=0.016), Ang-2 (p=0.026),
and PAI-1 expression (p=0.020), grade of curability (p=
0.020), ratio of lymph nodes (p=0.028), and extent of
lymphadenectomy (p=0.025) to have significant prognostic
value. The Cox regression model, adjusted to the clinical
variables, identified VEGF expression (p=0.001; HR, 3.27;
95% CI, 1.76 to 6.10) as the primary prognostic factor, and
no other tumor marker variable could add any significant
improvement for the prediction. Kaplan—-Meier analysis of
disease-specific survival after stratifying patients according
to VEGF expression in the primary tumor is depicted in
Fig. 2d.

Discussion

The current TNM staging system of GC based on
conventional pathologic features is still inadequate for the
prognostic characterization because patients with identical
clinical or pathological stages may differ widely in their
clinical evolution. The assessment of tumor angiogenesis
could provide supplementary prognostic information in
patients with GC, identifying a subgroup with highly
aggressive tumors and high likelihood of disease recurrence
and death. An indirect way to measure angiogenic activity
in cancers is to evaluate the expression of angiogenic

factors in tumor tissue. We undertook the present immuno-
histochemical study, one of the largest to date, to
simultaneously assess the expression of VEGF, Ang-2,
COX-2, uPA, PAI-1, MMP-1, and MMP-9, and to
determine which of these angiogenic factors was most
closely correlated to GC recurrence and survival. This
investigation demonstrated the prognostic value of VEGF,
Ang-2, COX-2, PAI-1, and MMP-9 expression in GC
patients undergoing a curative resection. All these factors
were associated with decreased time to recurrence and
disease-specific survival in Kaplan—Meier analysis. How-
ever, the Cox regression model, adjusted to the clinical
variables, demonstrated that positive VEGF immunostain-
ing was the only angiogenic marker with independent
prognostic significance for poor clinical outcome.

Our report has potential limitations, namely, that the
immunohistochemical study was conducted retrospectively
and that 75 out of 148 patients (51%) received adjuvant
chemotherapy. Clinical data, however, were collected
prospectively, and immunohistochemical assessments were
carried out in a blinded fashion using a methodology
previously reported by others.

In many cancers, tumor VEGF expression was found to
be a significant marker for tumor recurrence or reduced
survival independent of conventional clinicopathological
variables.?’ Four studies from Japan and our previous study
identified VEGF as the strongest predictor of survival in
GC by multivariate analysis.'*'**°=? However, it was still
controversial which factor among those related to the
process of angiogenesis was most important in the
progression of GC. In the present study, we directly
compared more angiogenic factors than had been previous-
ly evaluated in a large group of patients, and found, by
multivariate analysis, that only VEGF was the primary
prognostic factor. We had a large number of patients, most
with earlier stages (64% stages I-II) and a longer follow-up
(>5 years) than previous reports. Interestingly, 64% of our
patients had stages I-II, so positive VEGF immunostaining
was able to discriminate, even in these stages, patients with
potential unfavourable outcomes who may benefit from a
closer follow-up or their inclusion in protocols of adjuvant
chemotherapy. VEGF immunostaining was present in a
significantly greater percentage of gastric cancer patients
than any other individual marker. This observation suggests
that VEGF might be a final common pathway for other
angiogenesis factors, but our data do not allow us to
confirm or reject this hypothesis.

Preclinical studies of agents that selectively target VEGF
and its receptors in GC have shown significant antitumor
effects, confirming that this ligand/receptor system is a valid
target for gastric cancer therapy.”” Future areas of develop-
ment may include the addition of newer chemotherapeutic
agents combined with targeted therapies such as the anti-
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VEGF agents (bevacizumab) in patients with predicted poor
outcome based on tumor VEGF assessment.**

The mechanism of Ang-2 expression and its regulation in
GC are mostly unknown. Increased Ang-2 mRNA levels have
been detected in GC compared with normal tissue, and
patients with increased levels of Ang-2 mRNA showed more
frequent vascular involvement and more advanced stages of
disease than those with low Ang-2-expression.''®> Recent-
ly, Etoh et al.,'” using a coculture assay of endothelial cells
(ECs) and Ang-2- transfected MKN-7 GC cells, demonstrat-
ed enhanced expression of uPA, PAI-1 and metalloprotein-
ases (MMP-1, MMP-9) in ECs by Ang-2 derived from
transfectants in the presence of exogenous VEGE. They
concluded that overexpressed Ang-2, together with VEGF,
might promote angiogenesis in GC. With regard to prognosis
and in agreement with the results of Etoh et al.,'” our study
shows that the prognosis of patients with Ang-2 expression
is shorter, but in multivariate analysis, Ang-2 expression was
not an independent prognostic factor.

Over the past two decades, numerous studies have
confirmed an association between COX-2 overexpression
and tumor progression and increased angiogenesis in
several solid malignancies.® Significant associations be-
tween COX-2 immunoreactivity and gastric cancer with
respect to depth of tumor invasion, tumor grade, and lymph
node involvement have been described.’®>® An impact of
COX-2 expression on survival has been found in some, but
not all studies.”®*® In our single bivariate analysis, COX-2
immunoreactivity was associated with decreased cancer-
specific survival. However, contrary to the findings of
Mrena et al.,*® we failed to demonstrate high COX-2 as an
independent prognostic factor in GC, either in early (stages
I-1I) and in advanced stages (II[-IV).

It was originally believed that uPA promoted cancer
dissemination simply by degrading the ECM, thus allowing
invasion and metastasis. It is now clear that uPA has
additional activities stimulating angiogenesis, mitogenesis,
cell migration, and cell adhesion involved in cancer
spreading.”” Because uPA is directly involved in metastasis,
it is an ideal candidate for investigation as a prognostic
factor. In fact, high uPA concentrations have been shown to
correlate with aggressive disease in patients with breast,
esophageal, gastric, colorectal, and endometrial cancers.*’

Heiss et al.'” demonstrated the prognostic impact of
uPA, uPA-R, and PAI-1 expression, determined by immu-
nohistochemistry, in 139 patients with curatively resected
GC. uPA and especially PAI-1 were inversely correlated
with recurrence-free survival. In multivariate analysis,
PAI-1 was a strong independent prognostic factor. Similar-
ly, in a series of 76 GC patients*’ in whom uPA and PAI-1
tumor concentrations were measured by ELISA, these
markers were inversely correlated with recurrence-free and
overall survival, but only PAI-1 was an independent

@ Springer

prognostic factor in multivariate analysis. Kaneko et al.>’
evaluated immuhistochemically the expression of uPA and
PAI-1 in 101 GC patients. The rates of positive expression
in cancer cells of uPA and PAI-1 were 22.8 and 36.6%,
respectively. Expression of uPA and PAI-1 in tumor cells
was significantly associated with poor differentiation and
vascular invasion. Furthermore, multivariate analysis iden-
tified uPA expression as an independent prognostic factor.
Our survival analysis demonstrated that patients with PAI-1
expression had a significantly lower survival rate than those
without it. However, in our study, the expression rates of
uPA and PAI-1 by immunohistochemistry, 9 and 15%,
respectively, were lower than those observed in the studies
by Heiss et al. and Kaneko et al.'”?°. It should be
emphasized that assessment of tumor expression of uPA
and PAI-1 by immunohistochemistry (IHC) can be mis-
leading because these proteins are synthesized and
expressed in varying proportions by both tumor and stromal
cells. Such heterogeneity is difficult to quantify using IHC.
It is also unclear whether it is their (relative) levels in the
stroma or in the tumor cells themselves that is the most
relevant to patient outcome™***’

In summary, we found that VEGF expression in primary
tumor tissue is significantly associated with a worse
prognosis in GC patients after curative surgical resection.
Prognostic information based on VEGF expression, unlike
multiple other tumor markers that we have studied, was
independent of classic clinico-pathological parameters such
as primary tumor extent and degree of lymph node
involvement. Our results may suggest the potential value
of VEGF assessment to identify patients at high risk for
tumor recurrence and for whom adjuvant systemic therapy
might be recommended. Future studies, particularly clinical
trials involving anti-angiogenic agents and standard che-
motherapeutic regimens, will be required to demonstrate the
ultimate clinical relevance of VEGF expression in the
management of patients with GC.
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