Romanian Journal of Morphology and Embryology 2008, 49(2):137-148

ORIGINAL PAPER

Immunohistochemical evaluation of the
tumor neoangiogenesis as a prognostic
factor for gastric cancers

DANIELA LAZARY, SORINA TABAN?, M. RaIca®, 1. SPOREAY,
MARIOARA CORNIANU?, A. GOLDISY, CORINA VERNICY

Y Department of Gastroenterology
2 Department of Pathology
P Department of Histology
Y Department of Biostatistics
Victor Babes” University of Medicine and Pharmacy, Timisoara

Abstract

Introduction. The angiogenesis, the process by which new blood vessels are formed, plays an essential role in the survival of the malignant
cells, in the local expansion and tumor invasion, as well as in the appearance of distant metastases. Material and methods. We evaluated
the relation between MVD, the VEGF expression, the clinicopathologic factors and the survival in patients with gastric cancer.
A prospective study has been carried out, regarding the evolution and aggressiveness of the gastric cancer, with a duration of 5 years,
61 patients that underwent a surgery for gastric cancer being included in the study. The immunohistochemical reactions for CD34 and
VEGF were performed for all gastric cancers cases included in the study group. Results. MVD has shown in the gastric carcinomas an
average value significantly higher in comparison to the normal mucosa (38.7 vs. 12.5, p<0.001 ES). In the intestinal type we have noticed
a much lower average MVD than the average MVD in the diffuse type of gastric carcinomas (36.8 vs. 41.6) (p = 0.02478 S). The anaplastic
carcinoma and the signet ring cell carcinoma are detaching themselves as histological forms associated to an intense neoangiogenesis
activity. The neoangiogenesis activity is correlated with: the histologic grade, the lymphovascular invasion, the level of extend, the lymph
node metastasizing, the distant metastasizing and the TNM stage. The positive immunoreactions for VEGF are significantly more frequent
in the gastric carcinomas, in comparison to the normal gastric mucosa (65.6% vs. 6.5%, p<0.001 ES). The immunoreactions to the VEGF
protein were positive in 71.1% of the intestinal carcinomas, significantly more frequent in comparison to the diffuse type carcinomas
(52.9%) (p =0.018178 S). Our results show a tight correlation between the histologic grade, the level of the tumor invasion and the VEGF
expression. Conclusions. Our results prove the major correlation between the VEGF expression and the 5-year survival rate of the patients
with gastric cancer, the survival rate for the carcinomas with VEGF +~++ being significantly lower than for the VEGF negative ones
(12.5% vs. 23.8%) (p = 0.027983 S).Our study proves a tight correlation between the VEGF expression and the MVD (p = 0.03986 S),
these factors playing an important role in the tumoral biologic conduct, in the progression and the prognostic.
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endothelial cells, the proliferation of these cells and
overflow of plasmatic molecules.

& Introduction

The angiogenesis, the process by which new blood

vessels are formed, plays an essential role in the
survival of the malignant cells, in the local expansion
and tumor invasion, as well as in the appearance of
distant metastases. The intratumoral microvessel density
(MVD), which can be evaluated immunohisto-
chemically, seems to have an influence on the prognosis
of various malignant tumors.

The forming of new intratumoral microvessels
depends on the elaboration of the angiogenic growth
factors by the malignant cells (vascular endothelial
growth factor — VEGF, growth factor derived from
thrombocytes and B1-TGF — B1 transforming growth
factor). These factors’ expression is correlated with the
tumor angiogenesis, the neoplasia progression and the
severe prognosis. Among the known angiogenic factors,
VEGF plays a central role in the angiogenesis process
control in the cancerous disease. The biologic functions
of VEGF include the selective mitoses induction in the

& Material and methods

In the present work, we intend to evaluate the
relation between MVD, the VEGF expression, the
clinicopathologic factors and the survival in patients
with gastric cancer. A prospective study has been
carried out, regarding the evolution and aggressiveness
of the gastric cancer, with a duration of 5 years,
61 patients that underwent a surgery for gastric cancer
in the Surgery Departments of the Emergency County
Hospital No. 1 in Timisoara being included in the study.

The performed surgeries, of curative or palliative
intention, were not preceded by a chemo- or
radiotherapy treatment. The patients’ survival rate was
observed over a variable period of time, between one
month and 68 months. For each case, clinical and
morphological data were collected. The surgical gastric
samples were  morphologically analyzed, by
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macroscopic and microscopic examination, by usual
histological, histochemical and immunohistochemical
stainings.

The gastric carcinomas were classified and
interpreted according to the evaluation protocol
recommended by the American Joint Committee on
Cancer (AJCC) and the International Union Against
Cancer (UICC) from January 2005. The survival period
was calculated starting with the month when the surgery
took place, until the month of death or the month of the
survival confirmation, and the survival rate was
represented by the survivals percent at the end of the
observed period (in years and months).

For the immunohistochemical evaluation of the
tumor neoangiogenesis, we have used the anti-CD34
monoclonal antibody, the clone QBEndl10 (DAKO
Carpinteria, USA), using the LSAB technique.
The sections were pre-treated by boiling for 20 minutes
in Retrieval solution at 95-99°C and then treated with
the primary antibody, the secondary antibody and with
Streptavidine for 30 minutes. The visualization system
has included DAB and Hematoxylin counterstaining.
In the immunohistochemical study of the VEGF
expression, we have used the VEGF anti-human
monoclonal antibody, the VG1 clone of IgG type
(Novus Biologicals), using the LSAB+ technique.
In order to expose the antigen, the sections were
pre-treated by boiling for 15 minutes in the microwave
oven (MW) in a pH9 exposing solution (DAKO).
The incubation period with the primary antibody of
1 : 25 dilution was of an hour. The used visualization
system included DAB and modified Lillie Hematoxylin
counterstaining.

The angiogenesis quantification was accomplished
by measuring of the microvessel density (MVD).
The sections were microscopically examined, initially
using a small objective (x100). The areas where the
most numerous CD34+ cells situated in the tumor
invasion front were selected, surrounded by
adenocarcinomatous pseudoglands and adjacent to the
normal gastric structures. In these areas, we have
counted the microvessels using a x200 objective.

The isolated immunoreactive endothelial cells or
groups of endothelial cells separated by the adjacent
microvessels were considered to be quantifiable
individual vessels. These CD34+ cells spots did not
always show visible lumens or associated red cells. In
absence of the discontinuity, the ramified structures
were quantified as a sole vessel. The microvessels from
the granulation tissue developed in the ulcerated tumors
or the microvessels in the tumor necrosis areas’ vicinity
were not counted.

The immunohistochemical expression of VEGF was
evaluated by a score corresponding to the sum between:

=the percentage of positive cells: 0=0%
immunopositive cells; 1=<25% positive cells; 2=
26—-50% positive cells; 3 =>50% positive cells;

= the staining intensity: 0 = negative immunoreaction;
1 = weak intensity; 2 = moderated intensity; 3 = strong
intensity.

The sum of the two parameters varied between 0 and
6. In our study, we have considered:

= a negative immunoreaction (-) for a score between
0 and 2;

= a slightly positive immunoreaction (+) for a score
between 3 and 4;

=a strongly positive immunoreaction (++) for a
score between 5 and 6.

The immunohistochemical reactions for CD34 and
VEGF were performed for all gastric cancers cases
included in the study group. We have observed the
expression of the two antibodies as well at tumor level,
as also in the peritumoral gastric mucosa.

= Results

Anti-CD34 antibody’s immunohistochemical
evaluation

In the gastric mucosa of normal histological
appearance, situated in the tumor’s vicinity, the
microvessels show an uniform spatial distribution
among the glands (Figure 1), with small, even lumens,
with approximately equal dimensions and an average
MVD of 12.5/5 microscopic fields, observed using a
%200 objective (Figure 2).

The studied gastric carcinoma were characterized by
an intense tumor neoangiogenesis, especially in the
invasion front, with numerous microvessels and positive
CD34 endothelial cell groups (hot spots) among the
malignant structures (Figure 3). MVD in the gastric
carcinomas showed variable values, between 12 and 65,
with an average of 38.7, significantly higher
comparatively to the normal mucosa (12.5, p<0.001
ES). In comparison to the normal mucosa, the vascular
architecture is deeply modified, with unequal,
agglomerated vessels, with irregular lumens, unevenly
distributed among the malignant structures (Figure 4).
In many cases, we have noticed positive CD34
endothelial cells isolated or in small groups, without
forming vascular lumens with red cells.

The distribution of the average values of MVD
depending on the observed clinicopathologic factors is
presented in Table 1.

Our results show that the sex and age of the patients
do not influence the tumor angiogenesis (p>0.05 NS).
The tumors extended in the entire stomach and those
located at the cardia show intense angiogenesis
activities, with average MVD of 40.2 and 41.4.

The average MVD values have shown significant
differences depending on the gastric cancers’ Lauren
classification (Table 1).

For the intestinal type (Figure 5), we have observed
an average MVD of 36.8, much more reduced than the
average MVD from the diffuse type of gastric
carcinomas (41.6) (p = 0.02478 S) (Figure 6).

The anaplastic carcinoma and the signet ring cells
carcinoma are emphasized as histological forms
associated with an intense neoangiogenesis activity,
with MVD averages of 42.5 and 41.7. The microvascu-
larization —quantification evidences immunohisto-
chemically had values of 35.4 in the tubular adeno-
carcinoma (the lowest value), 37.8 in the papillary
adenocarcinoma and of 36.4 in the mucinous
adenocarcinoma.




Immunohistochemical evaluation of the tumor neoangiogenesis as a prognostic factor for gastric cancers 139

Table 1 - The relation between MVD and the
clinicopathologic factors in the gastric cancer

Table 2 — The relation between MVD
and the pTNM stage

Clinicopathologic factors Average MVD

Clinicopathologic factors Average MVD

Men 39.5 Tis 21.4
Sex
Women 38.2 T 35.7
Age <60 years 38.3 pT T2 35.4
9 >61 years 389 T3 402
Antrum 36.7 T4 39.8
Body 39.2 NO 321
Location Pangastric 40.2 N N1 33.5
Cardia 414 P N2 405
Gastric remnant 37.3 N3 42.4
Intestinal type 36.8 MO 33.9
Lauren Diffuse t 416 PM M1 43.2
classification Muse type : :
Mixed type 38.1 0 21.4
Tubular adenocarcinoma 35.4 IA 35.6
Papillary adenocarcinoma 37.8 B 35.2
Histological type Mucinous adenocarcinoma 36.5 pTNM 1] 36.3
Signet ring cell carcinoma 41.7 A 394
Undifferentiated carcinoma 425 1B 38.9
G1 34.6 \Y 42.2
Histologic grade G2 38.4 .
a3 122 In order to evaluate the prognostic role of the
: neoangiogenesis activity, the tumors have been
Lymphovascular Present 431 classified in two categories, depending on the average
invasion Absent 34.6 g >, dep g g

We have noticed a tight correlation between the
degree of histologic differentiation and the
quantification of angiogenesis. As the histologic grade
is dropping, an important growth of the intratumoral
neovessels amount takes place.

The well differentiated tumors (G1) have shown an
average value of 34.6, significantly lower in comparison
to the average values registered for the moderately
differentiated G2 carcinomas (38.4) and the slightly
differentiated G3 carcinomas (42.2) (p=0.0413S)
(Figure 7).

In our study, the angiogenesis activity is
correlated with the lymphovascular invasion, being
significantly higher within the carcinomas associated
with the intratumoral carcinomatous emboli (43.1)
(p=0.0328 S).

MVD is correlated with the level of invasion, the
noted values being higher in the pT3 stage (40.2) and
the pT4 stage (39.8) (Table 2).

In the pTis classified case we have noticed an
average MVD value of 21.4, showing a more intense
angiogenesis activity in comparison with the normal
gastric mucosa.

The angiogenesis activity definitely influences the
pN stage. We have noted MVD values of 32.1 for the
pNO tumors, of 33.5 for the pN1 tumors, of 40.5 for the
pN2 tumors and of 42.4 for the pN3 tumors. In addition,
there is a tight correlation between MVD and the
presence of distant metastases (pM stage).

The MVD is much lower for the pMO tumors pMO
(33.9) in comparison with the MVD of pM1 tumors
(43.2) (p=0.02791 S).

We have noticed a directly proportional growth
between the MVD and the TNM stage. Our results show
small differences of the MVD between the IA-IB and
[ITA-IIIB stages.

MVD value (tumors with MVD<38 and tumors with
MVD>38). In our study, we have identified 34
carcinomas with MVD<38 (55.7%) and 27 carcinomas
with MVD>38 (44.3%).

The obtained results show that the MVD constitutes
an important prognostic factor for the gastric cancer
(Figure 8). For the carcinomas with MVD<38, we have
registered 15 survivals at 1 year, 11 survivals at 2 years,
10 survivals at 3 years and eight survivals at 4 years, the
survival rate at 5 years being of 23.5%.

In comparison to these data, the patients with
carcinomas with MVD>38 have presented the following
survival rate: eight cases for 1 year, three cases for
2 years and two cases for 3, 4 and 5 years. The final
S-year survival rate was significantly lower (7.4%)
(p=0.0179 S).

The calculation of the survival in months for the
patients with gastric cancers has shown the following
values: 22.4 months for the patients with MVD<38
carcinomas and 11.1 months for the patients with
MVD>38 (Figure 9).

VEFG immunohistochemical expression in
the gastric cancer

The immunoreactions for the VEGF protein,
performed for all the gastric carcinomas cases have
shown an important staining of the tumor epithelial
cells’ cytoplasms (diffuse and granular pattern) and
sometimes a membrane immunostaining (Figure 10).
Occasionally, dispersed epithelial cells of the normal
mucosa, adjacent to the proliferation, have shown a
weak immunopositivity (Figure 11). For carcinomas, we
have noticed the most intense positivity in the tumor
invasion front.

Among the studied gastric carcinomas, we
have obtained positive immunoreactions for VEGF in
40 cases (65.6%), significantly more frequently than in
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comparison to the normal gastric mucosa (four cases —
6.5%, p<0.001 ES). The positive VEGF immuno-
reactions have been encountered more frequently in

males (69.7%), but without a statistically significant
difference regarding the VEGF immunopositivity in
females (55.6%) (Table 3).

Table 3 — The correlation between VEGF and the patients’ age,
sex and tumors’ location

VEGF expression

Clinicopathologic factors P
-(n=21) +~++ (n = 40)
Sex Men 13 30 (69.7%) 0.165857 NS
Women 8 10 (55.6%)
Age <60 years 11 18 (62.1%) 0.639207 NS
>61 years 10 22 (68.7%)
Antrum 9 22 (71%)
Body 6 9 (60%)
Topography Pangastric 4 6 (60%) 0.348443 NS
Cardia 1 1(50%)
Gastric remnant 1 2 (66.7%)
Intestinal type 11 27 (711.1%)
Lauren classification Diffuse type 8 9 (52.9%) 0.018178 S
Mixed type 2 4 (66.7%)
Tubular adenocarcinoma 8 20 (71.4%)
Papillary adenocarcinoma 2 3 (60%)
Histological type Mucinous adenocarcinoma 2 6 (75%) 0.064672 NS
Signet ring cell carcinoma 8 9 (52.9%)
Undifferentiated carcinoma 1 2 (66.7%)
G1 1 1(50%)
Histologic grade G2 6 14 (70%) 0.067889 NS
G3 14 25 (64.1%)
. . Present 14 24 (63.1%)
Lymphovascular invasion Absent 7 16 (69.5%) 0.51269 NS

In our study, the patients’ age does not influence the
expression of VEGF. Even though the VEGF values
obtained depending on the tumors’ location have been
relatively close, we notice the positive immunoreactions
encountered in 71% of the antral cancers.

The immunoreactions for the VEGF protein have
become positive for 71.1% of the intestinal type
carcinomas (Figures 12 and 13), significantly more
frequent in comparison to the diffuse type carcinomas
(52.9%) (Table 3).

The histologic type of adenocarcinoma does not
influence the expression of VEGF, but we have
obtained immunostainings in 71.4% of the tubular
adenocarcinomas and only in 52.9% cases of the signet
ring cell carcinomas.

Our results show a correlation between the
histologic grade and the VEGF expression, but without
reaching the statistic signification threshold. For the
well-differentiated carcinomas, 50% of the cases have
become positive, in the moderately differentiated
carcinomas we have obtained positive reactions in 70%
of the cases, and for the slightly differentiated
carcinomas, in 64.1% of the cases.

The lymphovascular invasion does not influence the
VEGF expression.

We have remarked a significant correlation between
the VEGF expression and extend of the carcinomas
(Table 4).

Depending on the pT stage, we have registered the
following positive VEGF immuno-reactions values:
0% for the pTis stage, 50% for the pT1 stage, 55.6%

for the pT2 stage, 64.7% for the pT3 stage and
73.3% for the pT4 stage.

The VEGF quantification depending on the pN and
pM stage did not identify the relation between these
factors.

The results obtained show that the pTNM stage does
not influence the expression of the VEGF protein in
gastric cancers.

Table 4 — The correlations between VEGF
and the pTNM stage

Clinicopathologic VEGF expression

P
factors -(n=21) +~++(n =40)

Tis 1 0 (0%)
T1 2 2 (50%)

pT T2 4 5 (55.6%) 0.010817 S
T3 6 11 (64.7%)
T4 8 22 (73.3%)
NO 6 12 (66.7%)

pN N1 S 11 (68.7%) 0.639207 NS
N2 8 15 (65.2%)
N3 2 2 (50%)

oM MO 16 31 (66%) ~0.05 NS

M1 5 9 (64.3%)
0 1 0 (0%)
IA 1 2 (66.7%)
B 2 3 (60%)

pTNM I 2 5(71.4%) 0.174783 NS
A 4 7 (63.6%)
1B 3 5 (62.5%)
v 8 18 (69.2%)
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(CD34, DAB immunoreaction) among the gastric glands (CD34,
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0yrs. 1yr. 2yrs. 3yrs. 4 yrs. 5yrs

lyear  2years 3 years 4 years 5 years
MVD<38 44.1% 32.3% 29.4% 23.5% 23.5%

Ry e 1 45 - 14 '. » 4 _ ‘ MVD>38  29.6%  11.1% 7.4% 7.4% 7.4%
Figure 7 — Poorly differentiated adenocarcinoma Figure 8 — Five-year survival rate depending
with MVD average = 42.2 (CD34, on MVD
DAB immunoreaction)

MVD<38

MvD>38
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Figure 9 — Patients’ survival (in months) Figure 10 — Intensely positive VEGF immunoreaction
reported to MVD in the tumor cells’ cytoplasm (granular

and diffuse pattern) (DAB)
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Figure 11 — Positive VEGF reaction in the Figure 12 — Slightly positive VEGF immunoreaction
peritumoral gastric mucosa (DAB) in carcinoma of intestinal type (DAB)
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Figure 15 — Patients’ survival (in months) depending
on the VEGF expression

The patients’ survival tracking has shown the
following (Figure 14):

= for the VEGF +~++ carcinomas were registered
12 survivals for 1 year, six survivals for 2 and 3 years,
five survivals for 4 and 5 years;

= for the VEGF negative carcinomas we have
registered 11 survivals for 1 year, eight survivals for
2 years, six survivals for 3 years, five survivals for
4 and 5 years.

Our results show the important correlation between
the VEGF expression and the 5-year survival of the
gastric cancer patients. At the end of the tracked period,
the survival rate was of 12.5% for the VEGF +~++
carcinomas, a value significantly lower than 23.8%,
meaning the 5-year survival of the patients with
negative VEGF carcinomas (p = 0.027983 S).

By calculating the average survival in months, we
have obtained clearly different values, which sustain the
VEGF prognosis role in the gastric cancer: 23.4 months
for the patients with negative VEGF carcinomas and
14.3 months for the patients with positive VEGF
carcinomas (Figure 15).

20%
\-—-\-—n
0°u T T T T
Oyrs. 1yr. 2yrs. 3yrs. 4 yrs. 5yrs.
1 year 2 years 3years 4 years 5 years
- VEGF - 52.4% 38.1% 28.6% 23.8% 23.8%
- VEGF +~++ 30% 15% 15% 125%  12.5%

Figure 14 — Five-year survival and
the VEGF expression

VEGF +~++ VEGF -

Figure 16 — The relation between the VEGF expression
and MVD in gastric carcinomas

Tracking the correlation between MVD and the
VEGF expression in gastric cancers, we have noticed
that the positive VEGF tumors have been characterized
by an intense angiogenesis, with numerous small
intratumoral vessels and with average MVD 41.6/5
microscopic fields. In the negative VEGF carcinomas,
we have registered an average MVD value of 32.3,
significantly lower (Table 5, Figure 16).

Table 5 - The relation between the VEGF expression

and MVD in gastric carcinomas

VEGF expression No. of cases Average MVD P
VEGF +~++ carcinomas 40 41.6
VEGF - carcinomas 21 32.3

0.03986 S

= Discussions

The importance of the angiogenesis in the tumor
growth and infiltration discovered light even since 1971,
when Folkman J [1] proposed for the first time the
hypothesis according to which “the solid tumors’
growth and the development of metastases are
dependent of the formation of new blood vessels” [2, 3].
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The solid tumors’ growth depends on the induction of
new blood vessels [4]. In order to maintain the
unlimited tumor growth, the tumor tissue depends on
the constant and sustained formation of new blood
vessels, this action being essential for tumors’ growth
over the microscopic size, ensuring the oxygenation and
the nutrients’ perfusion, as well as the elimination of the
metabolisms products. Differently from the normal
tissues, where the angiogenesis is strictly controlled, in
the neoplastic tissue, the angiogenesis is uncontrolled
and immature [5].

Dvorak HF has shown for the first time an
association between the tumor angiogenesis and the
microvascular permeability growth, fact that led to
the identification of the vascular permeability factor
(VPF) [6], proven subsequent by Ferrara N to be a
specific angiogenesis inductor, known as the vascular
endothelial growth factor (VEGF) [7].

VEGF is a mitogen and a stimulator of the
endothelial cells with angiogenic effect in vivo [8-10].
Its expression is correlated with the growth of the blood
vessels during the angiogenesis [11-13], with the
angiogenesis in the female genital tract and with the
development of the tumors [14—17]. VEGF is a homo-
dimeric protein of 40-45 kDa, secreted by a large
variety of cells and by most of the tumor cells, existing
in five different isomorphic forms (VEGF-A, B, C, D
and E) and presenting two specific receptors (Flt-1 and
KDR) in the endothelial cells [18]. VEGF—C is linked to
Flt-4, preferably expressed by the lymphatic
endothelium [19, 20]. The VEGF expression is
stimulated by the hypoxia and is frequently higher near
the necrosis areas [21-23]. VEGF also induces
fenestrations in the endothelium of the small venules
and the capillaries, even in tissues in which the
microvascularization does not present normally
fenestrations, which explains partially the enhanced
permeability of the tumor vessels [24, 25].

It has been suggested that MVD could be an
independent prognostic and risk factor for metastases.
The  relationship  between  the  intratumoral
microvascular density and the high risk of tumor
recidivations and metastases has been noticed in the
carcinomas of the mammary gland and in the
melanoma. More researches in the colorectal
carcinomas have proven the tight correlation between
MVD and the metastases in the regional lymph nodes
and the distant metastases [26—29].

The establishing of the vessels density necessitates
the use of some immunohistochemical techniques in
order to emphasize the endothelial cells. The most used
markers are the antigen correlated with the factor VIII,
CD31 and CD34. Itoh et al. have used the con-focal
microscopy in order to visualize the tridimensional
angiogenesis, which is a hard and expensive technique.
The density of the small vessels is estimated in areas,
which contain the most capillaries and small venules
(micro-vessels). These vascular hot spots can have any
location, but they are most often met at the tumor edge
or in the tumor invasion front [30].

The studied gastric carcinomas were characterized
by an intense tumor angiogenesis, especially in the

invasion front, with many micro-vessels and CD34
positive endothelial cell groups (,,hot spots”) among the
malignant structures. MVD in the gastric carcinomas
had variable values between 12 and 65, with an average
of 38.7, significantly higher in comparison to the normal
mucosa (12.5, p<0.001 ES). In comparison to the
normal mucosa, the vascular architecture appears deeply
altered, with agglomerated vessels, unequal, with
irregular lumens, unequal distributed among the
malignant structures. In several cases we have noticed
CD34 positive endothelial cells isolated or in small
groups, but without forming vascular lumens with red
blood cells.

The tumors spread in the whole stomach and the
ones located in the cardia show intense angiogenesis
activities, with average MVDs of 40.2 and 41.4.
The average values of MVD were significantly different
depending on the Lauren classification of the gastric
cancers. In the intestinal type, we have noticed a much
lower average MVD than the average MVD in the
gastric carcinomas of diffuse type (36.8 vs. 41.6).
The anaplastic carcinoma and the signet ring cell
carcinoma are standing out as histological forms
associated with an intense neoangiogenesis activity,
with average MVDs of 42.5 and 41.7. The quantification
of the microvascularization emphasized immunohisto-
chemically had values of 35.4 in the tubular
adenocarcinoma (the lowest value), 37.8 in the papillary
adenocarcinoma and of 36.4 in the mucinous
adenocarcinoma.

We have noticed a tight correlation between the
histologic grade and the quantification of the
angiogenesis. As the tumor differentiation diminishes,
there can be noticed an important growth of the amount
of intratumoral neovessels. The well differentiated
tumors (G1) had an average value of 34.6, significantly
lower in comparison to the average values registered in
the poor differentiated carcinomas G3 (42.2). In our
study, the angiogenesis activity is correlated with
the lymphovascular invasion, being significantly
higher in the carcinomas associated with intratumoral
carcinomatous emboli (43.1).

In the study of Zhao ZS et al. [31], in the neoplastic
tissue and in the peritumoral stroma of the carcinomas
with vascular invasion, the average MVD was much
higher in comparison to the tumors without vascular
invasion (44.68 vs. 25.69), leading to the conclusion that
the tumor angiogenesis is one of the main biological
aspects of the gastric carcinomas. The studies from the
literature show a positive correlation between MVD and
the infiltrative pattern of growth, the lymph node
metastases and the distant metastases (hepatic and
peritoneal) in the gastric cancer, indicating that the
infiltration and the metastasizing are linked to the
angiogenesis phenomenon, MVD being able to be used
as prognostic marker [32].

Within the studied group, MVD is correlated with
the level of extend, the registered values being higher in
the stages pT3 (40.2) and pT4 (39.8). In the classified
case pTis we have noticed an average MVD value of
21.4, proving a more intense angiogenesis activity in
comparison to the normal gastric mucosa.
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The data from literature prove a significantly higher  (69.7%), but without a statistically significant difference

MVD in patients with lymph node metastases, in towards the VEGF immunopositivity in women

comparison to the patients without lymph node (55.6%). The patients’ age did not influence the VEGF
metastases, suggesting that a high MVD and angiogenesis  expression.

in the gastric cancers may lead to the pervasion of the
neoplastic cells in the blood circulation, and that the
lymph node metastasizing could take place when the
tumor cells pervade the lymphatic vessels [33].

Our results confirm the fact that the angiogenesis
activity does certainly influence the pN stage. We have
noticed MVD values of 32.1 in the pNO tumors, of
33.5 in the pN1 tumors, of 40.5 in the pN2 tumors and
0of 42.4 in the pN3 tumors.

There is also a tight correlation between the
immunohistochemically measured MVD and the
presence of the distant metastases (pM stage). MVD is
much lower in the pMO tumors (33.9) in comparison
with the MVD in the pM1 tumors (43.2). We have
noticed a direct proportional growth between the MVD
and the TNM stage. Song ZJ et al. have shown that the
MVD was significantly higher in patients with gastric
cancers in the stages IIl and IV in comparison to the
stages [ and II, showing the fact that the MVD is tightly
linked to the clinical stage of the gastric cancer, MVD
and the tumor angiogenesis rising in parallel to the
tumor invasion [34-36]. Hence, a high MVD may
reflect the advanced stage of the gastric cancer, as well
as the extension of the tumor angiogenesis and the
metastasizing, being able to be used as important
predictive marker in the patients with gastric carcinoma.

The studies have shown that a high MVD is
significantly associated to the presence of the lymph
node metastases and with a low survival rate. The MVD
value and the presence of the lymph node metastases
were independent prognostic factors in the patients with
gastric cancer [37].

The obtained results show that the microvascular
density is an important prognostic factor in the gastric
cancer. In the carcinomas with MVD < 38, the survival
rate at 5 years is of 23.5%, whilst the patients with a
MVD>38 have a significantly lower survival rate at 5
years (7.4%).

The calculation of the survival rate in months from
the patients with gastric cancers had as result the
following values: 22.4 months for the patients with
carcinomas with a MVD<38 and 11.1 months for the
patients with MVD>38.

Li JJ et al. have emphasized a high expression of the
VEGF in 76.7% from the gastric carcinomas, expression
significantly higher in comparison to the normal gastric
mucosa [33]. Among the studied gastric carcinomas, we
have obtained in our study group positive
immunoreactions for VEGF in 65.6% of cases,
significantly more frequent in comparison to the normal
gastric mucosa (6.5%, p<0.001 ES).

The studies from literature have proven a tight
correlation between the VEGF expression and the
invasion depth, the presence of the lymph node
metastases and the survival rate in 5 years, VEGF
representing an independent prognostic factor [38, 39].

The VEGF positive immunoreactions were more
frequently met in our study at the male gender

Although the VEGF values, obtained depending on
the location of the tumors, were relative close, we notice
the positive immunoreactions met in 71% in the antral
cancers.

Some studies have not registered a significant
correlation between the VEGF expression and the
histological types, respectively the macroscopic aspect
of gastric cancer. The immunoreactions for the VEGF
protein were positive in 71.1% of the intestinal type of
gastric carcinomas, significantly more frequent in
comparison to the diffuse type carcinomas (52.9%).
The histological type of adenocarcinoma does not
influence the VEGF expression, but we have obtained
immunostaining in 71.4% cases of tubular adeno-
carcinomas and only in 52.9% of the cases with signet
ring cells carcinomas.

Our results emphasize o tight correlation between
the histologic grade and the VEGF expression. Among
the well-differentiated carcinomas, 50% of the cases had
positive reactions, and in the poor differentiated
carcinomas, 64.1% of the cases.

The lymphovascular invasion does not influence the
VEGEF expression in the gastric carcinomas.

The studies from literature show a tight correlation
between the VEGF expression and the invasion depth, it
being higher in the gastric carcinoma with invasion of
the serosa, indicating the fact that the VEGF does
contribute to the tumor invasion enhancing, relevant for
the presence of the lymph node metastases [33]. Within
the studied group, we have noticed a significant
correlation between the VEGF expression and the level
of extend. Depending on the pT stage, we have
registered the following values of the VEGF positive
immunoreactions: 0% in the stage pTis, 50% in the
stage pT1, 55.6% in the stage, 64.7% in the stage and
73.3% in the stage pT4.

Song ZJ et al. have shown an association between
the VEGF expression and the presence of the lymph
node metastases, respectively the TNM stage. A high
expression of the VEGF was noticed in patients with
gastric cancer presenting lymph node metastases and at
those in the IlIrd and [Vth disease stage [34, 39].

Kakeji Y et al. [40] have proven that the VEGF
represents an independent prognostic factor and an
independent risk factor for the hepatic metastasizing.

Karayiannakis AJ et al. [41] have shown a
significant association between the serum VEGF level
disease stage, the depth of the tumor invasion and the
presence of the distant metastases. VEGF was correlated
with the invasion and the metastasizing of the
gastric cancer, being so able to represent a predictive
factor for the status and the prognostic of the tumor in
advanced gastric cancer and being able to offer
important prognostic information over the conventional
clinicopathologic prognostic factors [42—45].

The VEGF quantification depending on the pN and
pM stage has not shown in our group the relationship
between these factors. The obtained results show that
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the pTNM stage does not influence the VEGF protein
expression in the gastric cancers.

Our results prove an important correlation between
the VEGF expression and the 5-year survival rate of the
patients with gastric cancer. At the end of the pursued
period, the survival rate was of 12.5 for the carcinomas
with VEGF +~++, value significantly lower than 23.8%,
which indicates the survival rate at 5 years of the
patients with negative VEGF carcinomas. Calculating
the average survival rate in months, we obtained
clearly different values, which support the role of VEGF
of prognostic factor in the gastric cancer: 23.4 months
for the patients with VEGF negative carcinomas and
14.3 months for the patients with VEGF positive
carcinomas.

The studies have shown a tight correlation between
the VEGF expression and a high density of the tumor
microvascularization, the malignancy degree and the
metastasizing in the gastric cancer. These results
indicate the fact that the VEGF and the angiogenesis
induced by it do play an important role in the growth,
the infiltration and the tumor metastasizing in the gastric
carcinoma. Therefore, the VEGF and MVD expression
have prognostic significance. There has been noticed a
heterogeneity of the VEGF expression and of the
forming of new vessels in the tumoral tissue, lacking in
the basal membrane. This aspect proves the
hyperpermeability of the neovascularization, fact that
facilitates the penetrating of the tumor cells in the blood
vessels and the metastasizing [31]. The VEGF
expression shown by positive cells located in the center
of the tumor or at the peripheries of the necrosis areas
can be explained by the presence of the hypoxia, which
may stimulate the expression and the biological activity
of VEGF.

Du JR et al. [46], Maeda K et al. [47] have shown
that the VEGF expression is correlated with MVD,
MVD in the VEGF (+) gastric cancers being higher in
comparison to the VEGF (-) gastric tumors, the density
being higher especially in the areas in which the VEGF
expression was positive.

Pursuing the correlation between MVD and the
VEGF expression in the gastric cancers, we have
noticed that the positive VEGF tumors were
characterized by an intense angiogenesis, with several
small intratumoral vessels and with an average MVD of
41.6/5 microscopical field. In the VEGF negative
carcinomas, we have registered an average MVD value
of 32.3, significantly lower. Our study proves a tight
correlation between the VEGF expression and the
MVD, fact that shows the ability of VEGF to induce the
forming of new blood vessels. These data suggest that
VEGF and MVD do play a major role in the biological
tumor behavior, in the progression and in the
prognostic.

The VEGF overexpression and the active angio-
genesis are present in the gastric cancer, VEGF and
MVD representing two precious prognostic figures in
this kind of neoplasm.

The anti-angiogenic therapy is the only therapeutic
possibility which acts upon the tumoral vascularization
and not directly on the tumor cells, reason wherefore it

holds a large applicability in case of most solid tumors.
Despite the fact the many growth factors are implied in
the angiogenesis process, VEGF is considered to play a
major role in the tumor angiogenesis [48—50].

The use of the VEGF as ideal target for the blocking
of the tumor angiogenesis was successfully confirmed
by laboratory experiments (Kim YB et al., 1993;
Warren RS et al., 1995; Borgstrom P et al., 1996;
Wang G et al., 1998) [51-54].

In the cases where there were administrated anti-
VEGEF antibodies in doses of 200 pg/day, for 14 days in
a row, there has been noticed a higher suppression rate
of the tumor growth (76.2%) at the mice inoculated with
gastric human tumor cells. In these experiments, the
suppression continued from 3-5 days after the
interruption of the treatment [54].

On experimental models, using the xenograftings
of human gastric tumors or of cultures of neoplastic
gastric cells inoculated at mice, the therapy with
anti-VEGF antibody in combination either with
chemo-therapeutic agents, or with other anti-angiogenic
agents (for example: anti-EGFR antibody) have proven
to be an efficient inhibitory therapy of the tumor
growth [55-57].

Bevacizumab (Avastin) represents an anti-VEGF
monoclonal antibody, investigated as therapeutic agent
in a large variety of tumors, among which the
pulmonary, the mammary, the prostatic, the renal, the
colorectal and the gastric carcinomas, with promising
results in many clinical studies in progress [56].

& Conclusions

The immunoreactions with the CD34 antibody are
an optimal emphasizing and quantification method for
the neovascularization in the gastric cancer. MVD has
shown in the gastric carcinomas an average value
significantly higher in comparison to the normal mucosa
(38.7vs. 12.5, p<0.001 ES).

The average MVD values had shown significant
differences, depending on the Lauren classification of
the gastric cancers. In the intestinal type we have
noticed a much lower average MVD than the average
MVD in the diffuse type of gastric carcinomas (36.8 vs.
41.6) (p=0.02478 S). In comparison to the intestinal
carcinoma, the intense angiogenesis in the diffuse type
of gastric carcinoma is a determinant factor of the high
metastasizing potential. The anaplastic carcinoma and
the signet ring cell carcinoma are detaching themselves
as histological forms associated to an intense
neoangiogenesis activity.

The neoangiogenesis activity (expressed by the
average MVD) is correlated with: the histologic grade
(as the degree of tumor differentiation diminishes, there
is observed a major enhancing of the amount of
intratumoral neo-vessels), the lymphovascular invasion,
the level of extend (the values are higher in the stages
pT3 and pT4), the lymph node metastasizing, the distant
metastasizing and the TNM stage (MVD and the tumor
angiogenesis grow in parallel with the tumor invasion).

The obtained results show that the microvascular
density is an important prognostic factor in the gastric
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cancer. Thus, a high MVD may reflect an advanced
stage of the gastric cancer, as well as the extension of
the tumor angiogenesis and the metastasizing, and may
use as important predictive prognostic marker at
patients with gastric carcinoma.

The positive immunoreactions for VEGF are
significantly more frequent in the gastric carcinomas, in
comparison to the normal gastric mucosa (65.6% Vs.
6.5%, p<0.001 ES).

The immunoreactions to the VEGF protein were
positive in 71.1% of the intestinal carcinomas,
significantly more frequent in comparison to the diffuse
type carcinomas (52.9%) (p =0.018178 S).

Our results show a tight correlation between the
histologic grade, the level of the tumor invasion and the
VEGF expression.

Our results prove the major correlation between the
VEGF expression and the 5-year survival rate of the
patients with gastric cancer, the survival rate for the
carcinomas with VEGF +~++ being significantly lower
than for the VEGF negative ones (12.5% vs. 23.8%)
(p=0.027983 S).

The per-surgery establishing of the VEGF by
immunohistochemistry  applied on  endobiopsy
fragments is useful in the therapeutic decision regarding
the extending of the surgical resection of the lymph
nodes and the post-surgical chemotherapy.

Our study proves a tight correlation between the
VEGF expression and the MVD (p=0.03986Y),
these factors playing an important role in the
tumoral biologic conduct, in the progression and the
prognostic.

References

[1] FOLKMAN J., Tumor angiogenesis: therapeutic implications,
N Engl J Med, 1971, 285(21):1182—-1186.

[2] FOLKMAN J., COLE P., ZIMMERMAN S., Tumor behavior in
isolated perfused organs: in vitro growth and metastases of
biopsy material in rabbit thyroid and canine intestinal
segment, Ann Surg, 1966, 164(3):491-502.

[3] FOLKMAN J., The vascularization of tumors, Sci Am, 1976,
234(5):58-64, 70-73.

[4] FOLKMAN J., Anti-angiogenesis: new concept for therapy of
solid tumors, Ann Surg, 1972, 175(3):409—-416.

[6] FOLKMAN J., LONG D. M. Jr., BECKER F.F., Growth and
metastasis of tumor in organ culture, Cancer, 1963,
16:453—-467.

[6] DVORAK H.F., SIOUSSAT T.M., BROWN L. F., BERSE B.,
NAGY J. A., SOTREL A., MANSEAU E. J., VAN DE WATER L.,
SENGER D. R., Distribution of vascular permeability
factor (vascular endothelial growth factor) in tumors:
concentration in tumor blood vessels, J Exp Med, 1991,
174(5):1275-1278.

[7] FERRARA N., HOUCK K., JAKEMAN L., LEUNG D. W., Molecular
and biological properties of the vascular endothelial growth
factor family of proteins, Endocr Rev, 1992, 13(1):18-32.

[8] CoNnNoLLy D.T., Vascular permeability factor: a unique
regulator of blood vessel function, J Cell Biochem, 1991,
47(3):219-223.

[9] DVORAK H.F., BROWN L. F., DETMAR M., DVORAK A. M.,
Vascular permeability factor/vascular endothelial growth
factor, microvascular hyperpermeability and angiogenesis,
Am J Pathol, 1995, 146(5):1029-1039.

[10] FERRARA N., DAvVIS-SMYTH T., The biology of vascular
endothelial growth factor, Endocr Rev, 1997, 18(1):4-25.

[11] BREIER G., ALBRECHT U., STERRER S., RIsAU W,
Expression of vascular endothelial growth factor during
embryonic angiogenesis and endothelial cell differentiation,
Development, 1992, 114(2):521-532.

[12] PETERS K. G., DE VRIES C., WILLIAMS L. T., VEGF receptor
expression during embryogenesis and tissue repair
suggests a role in endothelial differentiation and blood
vessel growth, Proc Natl Acad Sci USA, 1993,
90(19):8915-8919.

[13] GERBER H.P., HILLAN K.J., RYAN A. M., KOWALSKI J.,
KELLER G.A., RANGELL L., WRIGHT B.D., RADTKE F.,
AGUET M., FERRARA N., VEGF is required for growth
and survival in neonatal mice, Development, 1999,
126(6):1149-1159.

[14] OTANI N., MINAMI S., YAMOTO M., SHIKONE T., OTANI H.,
NISHIYAMA R., OTANI T., NAKANO R., The vascular
endothelial growth factor/fms-like tyrosine kinase system
in human ovary during the menstrual cycle and
early pregnancy, J Clin Endocrinol Metab, 1999,
84(10):3845-3851.

[15] BROWN L. F., BERSE B., JACKMAN R.W., TOGNAzZzI K.,
MANSEAU  E. J,, Dvorak H.F.,, SENGER D.R,,
Increased expression of vascular permeability factor
(vascular endothelial growth factor) and its receptors in
kidney and bladder carcinomas, Am J Pathol, 1993,
143(5):1255-1262.

[16] INOUE M., HAGER J.H., FERRARA N., GERBER H.P.,
HANAHAN D., VEGF-A has a critical, nonredundant role in
angiogenic  switching and pancreatic beta cell
carcinogenesis, Cancer Cell, 2002, 1(2):193-202.

[17] GERBER H. P., KOWALSKI J., SHERMAN D., EBERHARD D. A,
FERRARA N., Complete inhibition of rhabdomyosarcoma
xenografts growth and neovascularization requires
blockade of both tumor and host vascular endothelial
growth factor, Cancer Res, 2000, 60(22):6253-6258.

[18] DE VRIES C., EscoBepo J.A., UENO H., Houck K.,
FERRARA N., WILLIAMS L. T., The fms-like tyrosine kinase, a
receptor for vascular endothelial growth factor, Science,
1992, 255(5047):989-991.

[19] KAIPAINEN A, KORHONEN J., MUSTONEN T,
VAN HINSBERGH V.W., FANG G.H., DumONT D,
BREITMAN M., ALITALO K., Expression of the fms-like
tyrosine kinase 4 gene becomes restricted to lymphatic
endothelium during development, Proc Natl Acad Sci USA,
1995, 92(8):3566—3570.

[20] CHANG L., KAIPAINEN A., FOLKMAN J., Lymphangiogenesis
new mechanisms, Ann N Y Acad Sci, 2002, 979:111-119.

[21] SHWEIKI D., ITIN A., SOFFER D., KESHET E., Vascular
endothelial growth factor induced by hypoxia may
mediate hypoxia-initiated angiogenesis, Nature, 1992,
359(6398):843-845.

[22] LEVY A.P., LEVY N.S., GOLDBERG M. A., Post-transcrip-
tional regulation of vascular endothelial growth factor by
hypoxia, J Biol Chem, 1996, 271(5):2746-2753.

[23] DOR Y., KESHET E., Ischemia-driven angiogenesis,
Trends Cardiovasc Med, 1997, 7(8):289—-294.

[24] FERRARA N., Role of vascular endothelial growth factor in
regulation of angiogenesis. In: TEICHER B.A. (ed),
Antiangiogenic agents in cancer therapy, Humana Press,
New Jersey, 1999, 119.

[25] ROBERTS W. G., PALADE G. E., Neovasculature induced
by vascular endothelial growth factor is fenestrated,
Cancer Res, 1997, 57(4):765-772.

[26] DU J. R., JIANG Y., ZHANG Y. M., FU H., Vascular endothelial
growth factor and microvascular density in esophageal
and gastric carcinomas, World J Gastroenterol, 2003,
9(7):1604-1606.

[27] Nlu G., BOWMAN T., HUANG M., SHIVERS S., REINTGEN D.,
DAUD A., CHANG A., KRAKER A., JOVE R., YU H., Roles of
activated Src and Stat3 signaling in melanoma tumor cell
growth, Oncogene, 2000, 21(46):7001-7010.

[28] WEI D., LE X., ZHENG L., WANG L., FREY J. A,, GAO A. C,,
PENG Z., HUANG S., XIONG H.Q., ABBRUZZESE J.L.,
XIE K., Stat3 activation regulates the expression of
vascular endothelial growth factor and human pancreatic
cancer angiogenesis and metastasis, Oncogene, 2003,
22(3):319-329.

[29] XIE T.X., WEI D,, Liu M., GAO A.C., AL-OSMAN F.,
SAWAYA R., HUANG S., Stat3 activation regulates the
expression of metalloproteinase-2 and tumor invasion and
metastasis, Oncogene, 2004, 23(20):3550-3560.




148 Daniela Lazar et al.

[30] HOPPELER H., KAYAR S.R., Capillarity and oxidative
capacity of muscles, News Physiol Sci, 1988, 3:113—-116.

[31] ZHAO Z. S., ZHOU J. L., YAO G. Y., RU G. Q., MA J., RUAN J.,
Correlative studies on bFGF mRNA and MMP-9 mRNA
expressions with microvascular density, progression, and
prognosis of gastric carcinomas, World J Gastroenterol,
2005, 11(21):3227-3223.

[32] TOMANEK R.J., SCHATTERMAN G. C., Angiogenesis: new
insights and therapeutic potential, Anat Rec, 2000,
261(3):126-135.

[33] LIJ. J.,,CHEN Y., ZHANG S. M., WU D. Y., WANG Y. P, XIN Y.,
Pathobiological significance of vascular endothelial growth
factor and Maspin expressions in human gastric carcinoma,
World J Gastroenterol, 2004, 10(18):2624-2627.

[34] SONG Z. J., GONG P., WU Y. E., Relationship between the
expression of iINOS, VEGF, tumor angiogenesis and gastric
cancer, World J Gastroenterol, 2000, 8(4):591-595.

[35] ARAYA M., TERASHIM M., TAKAGANE A., ABE K., NISHIZUKA S.,
YONEZAWA H., IRINODA T., NAKAYA T., SAITO K., Microvessel
count predicts metastasis and prognosis in patients with
gastric cancer, J Surg Oncol, 1997, 65(4):232-236.

[36] ERENOGLU C., AKIN M.L., ULuutku H., TEZCAN L.,
YILDIRIM S., BATKIN A., Angiogenesis predicts poor
prognosis in gastric carcinoma, Dig Surg, 2000,
17(6):581-586.

[37] SHI H.,, Xu J.M., ZHONG N., XIE H.J., Prognostic
significance of expression of cyclooxygenase-2 and
vascular endothelial growth factor in human gastric
carcinoma, World J Gastroenterol, 2003, 9(7):1421-1426.

[38] ADACHI Y., YASUDA K., INOMATA M., SATO K., SHIRAISHI N.,
KITANO S., Pathology and prognosis of gastric carcinoma:
well versus poorly differentiated type, Cancer, 2000,
89(7):1418-1424.

[39] SONG Z. Y., WEN S. Q., PENG J. P., HUANG X., QIAN K. D.,
Significance of vascular endothelial growth factor
expression and its correlation with inducible nitric oxide
synthase in gastric cancer, World J Gastroenterol, 2004,
10(9):1250-1255.

[40] KAKEJI Y., KOGA T., SUMIYOSHI Y., SHIBAHARA K., ODA S.,
MAEHARA Y., SUGIMACHI K., Clinical significance of vascular
endothelial growth factor expression in gastric cancer,
J Exp Clin Cancer Res, 2002, 21(1):125-129.

[41] KARAYIANNAKIS A.J., SYRIGOS K. N., POLYCHRONIDIS A,
ZBAR A., KOURAKLIS G., SIMOPOULOS C., KARATZAS G,
Circulating VEGF levels in the serum of gastric cancer
patients: correlation with variables, patient survival, and
tumor surgery, Ann Surg, 2002, 236(1):37—42.

[42] KIMURA H., KONIsSHI K., Nukul T., KAJl M., MAEDA K.,
YABUSHITA K., TSuJI M., MIwA A., Prognostic significance of
expression of thymidine phosphorylase and vascular
endothelial growth factor in human gastric carcinoma,
J Surg Oncol, 2001, 76(1):31-36.

[43] MEHARA Y., KABASHIMA A., KOGA T., TOKUNAGA E.,
TAKEUCHI H., KAKEJI Y., SUGIMACHI K., Vascular invasion
and potential for tumor angiogenesis and metastasis in
gastric carcinoma, Surgery, 2000, 128(3):408—416.

[44] OHTA M., KONNO H., TANAKA T., BABA M., KAMIYA K.,
SyouJi T., KONDOH K., WATANABE M., TERADA M.,
NAKAMURA S., The significance of circulating vascular
endothelial growth factor (VEGF) protein in gastric,
Cancer Lett, 2003, 192(2):215-225.

Corresponding author

[45] POON R.T., FAN S.T., WONG J., Clinical significance of
angiogenesis in gastrointestinal cancers: a target for novel
prognostic and therapeutic approaches, Ann Surg, 2003,
238(1):9-28.

[46] DU J. R., JIANG Y., ZHANG Y. M., FU H., Vascular endothelial
growth factor and microvascular density in esophageal
and gastric carcinomas, World J Gastroenterol, 2003,
9(7):1604-1606.

[47] MAEDA K., CHUNG Y.S., OGAWA Y., TAKATSUKA S.,
KANG S. M., OGAWA M., SAWADA T., SOWA M., Prognostic
value of vascular endothelial growth factor expression in
gastric carcinoma, Cancer, 1996, 77(5):858-863.

[48] HINODA Y., SASAKI S., ISHIDA T., IMAI K., Monoclonal
antibodies as effective therapeutic agents for solid tumors,
Cancer Sci, 2004, 95(8):621-625.

[49] ScAPPATICCI F.A., Mechanism and future directions
angiogenesis-based cancer therapies, J Clin Oncol, 2002,
20(18):3906—-3927.

[50] FERNANDO N. H., HURwITZ H.I., Inhibition of vascular
endothelial growth factor in the treatment of colorectal
cancer, Semin Oncol, 2003, 30(3 Suppl 6):39-50.

[51] HAHM K. B., LiMm H. Y., SOHN S., KWON H. J., LEE K. M.,
LEE J.S., SURH Y.J., Kim Y.B., JoOo H.J., KiIMm W. S,
CHO S.W., In vitro evidence of the role of COX-2 in
attenuating gastric inflammation and promoting gastric
carcinogenesis, J Environ Pathol Toxicol Oncol, 2002,
21(2):165-176.

[62] WARREN R.S., YUAN H., MATLI M.R., GILLETT N.A,
FERRARA N., Regulation by vascular endothelial growth
factor of human colon cancer tumorigenesis in a mouse
model of experimental liver metastasis, J Clin Invest, 1995,
95(4):1789-1797.

[63] BORGSTROM P., HILLIAN K. J., SRIRAMARAO P., FERRARA N.,
Complete inhibition of angiogenesis and growth of
microtumors by anti-vascular endothelial growth factor
neutralizing antibody: novel concepts for angiostatic therapy
from intravital videomicroscopy, Cancer Res, 1996,
56(17):4032—-4039.

[54] WANG G., DONG Z., XU G., YANG Z., SHoU C., WANG N.,
Liu T., The effect of antibody against vascular endothelial
growth factor on tumor growth and metastasis, J Cancer
Res Clin Oncol, 1998, 124(11):615-620.

[65] TAO H., LIN Y., YIN H., YAO M., Effect of anti-vascular
endothelial growth factor antibody on the progression of
human gastric cancer orthotopic xenotransplanted into
nude mice, Zhonghua Wai Ke Za Zhi, 1999, 37(4):248-250.

[56] WANG N., WANG B., WANG Y.J., Effect of vascular
endothelial growth factor antibody Avastin on angiogenesis
of human gastric cancer growing orthotopically in nude
mice, Ai Zeng, 2006, 25(9):1076-1081.

[57] JUNG Y. D., MANSFIELD P. F., AKAGI M., TAKEDA A., Liu W.,
BUCANA C.D., HickuN D.J., ELuLis L.M., Effects of
combination anti-vascular endothelial growth factor receptor
and anti-epidermal growth factor receptor therapies on the
growth of gastric in a nude mouse model, Eur J Cancer,
2002, 38(8):1133-1140.

Marius Raica, Professor, MD, PhD, Department of Histology & Cytology, “Victor Babes” University of Medicine and
Pharmacy, 2 Eftimie Murgu Square, 300 041 Timisoara, Romania; Phone +40256-204 476, E-mail: raica@umft.ro

Received: March 28", 2008

Accepted: April 30", 2008




