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Abstract

Introduction: Gastric carcinoma is one of the most common malignancies worldwide and is the second most frequent cause of cancer
deaths. Several molecular factors are studied as prognostic and predictive factors for gastric cancer, VEGF and Her2 being currently in the
spotlight. The aim of the study was to estimate the expression of Her2, VEGF and the MVD in gastric carcinoma and its relationship to
clinicopathological and biological features of the tumors. Materials and Methods: In this study were included 28 patients with gastric
carcinoma, of which 16 patients underwent total gastrectomy, which provided the TNM stage, and 12 patients with gastric biopsy. The
gastric biopsies and the surgical samples were processed immunohistochemically using anti-Her2, anti-CD31, anti-CD34 and anti-VEGF
antibodies. Results: Her2 oncoprotein was overexpressed in 85.71% of intestinal type gastric cancer cases and 14.29% in diffuse type
(p=0.01), and also more in stage | an Il comparatively with stage Il and IV (p=0.13). Her2 positive tumors were significant low grade
(G1/G2) (p<0.01). MVD is higher in Her2 positive tumors than in the negative ones but not statistically significant (p=0.29 for CD31 and
p=0.52 for CD34). Positive immunoreaction of VEGF was observed in 55.5% of the intestinal type carcinomas and in 80% of diffuse type.
The correlation between expression of VEGF and TNM stage showed that this angiogenic factor is more frequent positive in the first two
stages comparative with the lllird and IVth stages. The expression of VEGF is more frequent in G1-G2 tumors (p=0.003).There was a
close relationship between tumor vascularity detected with CD34 and two main histological parameters: tumor type according to Lauren’s
classification (diffuse type; p=0.04) and tumor grade (well and moderately differentiated tumors; p=0.01). There was also a significant
correlation of mean CD34 MVD value and the TNM stage being more expressed in stage III/IV than in I/Il stages (p=0.004). The mean
CD34 MVD value of VEGF positive tumors was 30.8 and was a significantly higher MVD than that of VEGF negative tumors (p<0.05).
Conclusions: Overexpression of Her2, the selecting factor of patients that benefit from a specific therapy, occurs at a significant frequency
in gastric carcinomas, especially in intestinal type. The correlation between VEGF expression and CD34 MVD suggest that two molecular
biomarkers play a major role in the biological tumor behavior and are able to be used as important prognostic parameters, which predict
the aggressiveness of gastric carcinomas.
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The human epidermal growth receptor 2 gene (Her2,
also know as erbB2 or Her2/neu) is now well recognized

=& Introduction

Gastric carcinoma is one of the most common

malignancies worldwide and is the second most frequent
cause of cancer deaths [1].

Most patients are diagnosed at an advanced
(unresecable) stage and, despite benefits of palliative
radiotherapy and chemotherapy, survival of patients
with advanced tumors remains poor [2, 3].

The best promise to improve this poor survival is
provided by new agents acting against specific
molecular targets [4, 5]. Nowadays, several molecular
factors are studied as prognostic and predictive factors
for gastric cancer. Those include oncogenes, growth
factors or angiogenic factors. Of these, VEGF and Her2
are currently in the spotlight [6-8].

as a key in the development of certain solid human
tumors, most notably in breast cancer. The c-erbB-2
proto-oncogene encodes a 185-kDa transmembrane
glycoprotein with intrinsic tyrosine-kinase activity that
is homologous to, but distinct from, the epidermal
growth factor receptor [9].

Amplification of the Her2 gene or overexpression of
Her2 protein has been observed in various solid tumors,
including breast and gastric carcinomas [10]. Data
reported in the literature for Her2 positively rates in
gastric cancer vary from 7-54% [11, 12]. Furthermore,
a Her2-positive status in gastric cancer also appears to
be associated with poorer prognosis, more aggressive
disease and shorter survival [13, 14].
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Angiogenesis, the process leading to the formation
of new blood vessels, plays a central role in cancer cells
survival, local tumor growth and development of distant
metastasis. Angiogenesis is a very complex phenomena
and essential for the growth of solid tumors measuring
more than a few millimeters [15].

It is not easy to develop a single method capable of
detecting such a complex biological function. At present,
the most widely used method to asses angiogenesis in
human malignancies is the quantification of microvessel
density (MVD) of tumors using specific markers for
endothelial cells, including factor VIII-related antigen,
CD31 and CD34 [16-19].

The process of angiogenesis is the outcome of an
imbalance between positive and negative angiogenic
factors produced by both tumors cells and normal cells
[15]. Numerous angiogenic factors have been described.
Among the known angiogenic factors, vessel endothelial
growth factor (VEGF) has emerged as the central
regulator of the angiogenesis in cancer, including gastric
adenocarcinoma. The biological function of VEGF
include selective promotion of mitosis of endothelial
cells, stimulation of their proliferation and angiogenesis,
an increase in vessel transparency and extra-vasculari-
zation of large plasma molecules [20].

The aim of the study was to estimate the micro-
vascularization detected with CD31 and CD34 anti-
bodies in the primary resecable gastric carcinoma and
its relationship to clinicopathological and biological
features of the tumor, expression of VEGF and Her2
proteins.

= Materials and Methods

In this study, we included 28 patients with gastric
carcinoma, of which 16 patients underwent total
gastrectomy that could provide the TNM stage, and 12
patients were included right after the gastric biopsy
made through upper digestive endoscopy, which
confirmed the diagnosis of gastric carcinoma, but that
was unable to evaluate the TNM stage.

The gastric biopsies and the surgical samples were
processed by paraffin embedding technique, stained
initially with Hematoxylin—Eosin technique and then
processed immunohistochemically using anti-Her2,
anti-CD31, anti-CD34 and anti-VEGF antibodies.

The expression of Her2-neu oncoprotein was
assessed using anti-Her2 polyclonal antibody (Dako,
Glostrup, Denmark) diluted 1:250 in PBS and the
LSAB+/HRP technique. Following heat-induced
mediated antigen retrieval in citrate buffer, pH 6, the
sections were incubated 30 minutes at room temperature
with the prediluted primary antibody. Visualization was
achieved with DAB incubation and counterstaining with
Harris Hematoxylin.

Control samples included normal gastric mucosa and
breast cancer tissue.

Interpretation of the HER2 membrane immunohisto-
chemical staining was performed according to criteria
modified by Hofmann M et al., in 2008 (Table 1).

In this study, cases with Her2/neu score +2 or +3
were considered positive and those with score 0 or +1
were considered negative [11].

Table 1 — Her2 scoring system

Intensity score of

. . Pattern of immunological Her2
immunological
- marker status
marking
Without membrane reactivity
0 or reactivity in less than 10% Negative
of tumor cells.
Barely perceptible membrane
i H 0,
+1 (ob. 40%) reactivity in over 10% of t_umo_r Negative
cells, or membrane reactivity is
incomplete.
Weak to moderate membrane
+2 (ob. 10x-20%) reactivity, basolateral or lateral, Equivocal
in over 10% of tumor cells.
Strong membrane reactivity,
+3 (ob. 2.5x-5x%) basolateral or lateral, in over Positive

10% of tumor cells.

For the immunohistochemical evaluation of the
tumor neoangiogenesis (MVD), the EnVision two-step
method was performed according to the manufacturer’s
instructions using EnVision+/HRP polymer (Dako,
Cytomation). We have used the anti-CD34 monoclonal
antibody (clone QBEnd10, DAKO Cytomation, Denmark)
and anti-CD31 monoclonal antibody (clone JC70A,
DAKO Cytomation, Denmark) diluted 1:50 in PBS. The
sections were pre-treated 20 minutes with heat-induced
epitope retrieval (MW) in DakoCytomation target
retrieval solution High pH and incubated 30 minutes at
room temperature with primary antibodies. Visualization
was achieved with DAB incubation and counterstaining
with Harris Hematoxylin. Negative control was Dako
Cytomation Mouse IgG, diluted in the same concentration
as primary antibody and the positive slides provided by
the reagent kit were used as the positive control.

MVD was assessed by using initially low-power
magnification for identification of the “hot spots”. After
that, a high-power magnification (400x) was used for
counting the vessels in three different fields and an
average was calculated for each case and statistically
presented as the mean+ SD. The isolated immuno-
reactive endothelial cells or groups of endothelial cells
separated by the adjacent microvessels were considered
to be quantifiable individual vessels. A visible lumens
or the presence of associated red cells were not
obligatory.

For the immunohistochemical study of the VEGF
expression, we use the LSAB-+/HRP technique and
the anti-VEGF monoclonal antibody (clone VG1, Dako
Cytomation, Denmark), diluted 1:50 in PBS. After 20
minutes pre-treatment of tissues with heat-induced
epitope retrieval (MW) in DakoCytomation target
retrieval solution, pH 9, the sections were incubated
30 minutes at room temperature with primary antibody.
Visualization was achieved with DAB incubation and
counterstaining with Harris Hematoxylin. Negative
control was DakoCytomation Mouse IgG, diluted in the
same concentration as primary antibody. External
positive control was the human colon, which was
positive in all immunohistochemical run.

To quantify the VEGF immunological marker, in
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each case, the entire section was examined at a
magnification of 200x. Signals for VEGF expression
was detected as brown in the cytoplasm and/or cell
membrane. Only cells labeled with undoubtedly higher
than the background intensity were interpreted as
positive. The expression of VEGF was assessed
according to the percentage of immunoreactive cells on
a total of 100 neoplastic cells. The immunoreactivity
was graded as follows: positive when more than 10%
of carcinoma cells were stained and negative when no
detectable expression or less than 10% of carcinoma
cells were stained [21].

Statistical analysis

Statistical analysis was performed using the SPSS
statistical software package. Significant differences
were compared with Student’s #-test used to detect
the relationship between the expression of VEGF, Her2
and MVD, and between MVD and pathological
characteristics. The chi-square test was performed on
the numeric data to dispose the expression of VEGF and
Her2 and pathological features. A value of p<0.05 was
considered statistically significant.

Figure 1 — Her2/neu immunostaining of gastric carcinoma: |-
(a) Intestinal type carcinoma (G1), score +3, x100; (b) »
Intestinal type carcinoma (G3), score +3, x200; (c¢) Diffuse

type carcinoma (G3), score +2, x200.

Clinicopathological differences were observed in
gastric cancer samples with or without Her2 expression
(Table 2).

The Her2 protein overexpression was 85.71%
(12/14) in intestinal type gastric cancer and 14.29%
(2/14) in diffuse type (p=0.01). The Her2 oncoprotein

= Results

The median age of the patients was 58.79 years with
a standard deviation (SD) of 14.35 years (range 30 to 87
years). Thee cut-off point used in subsequent statistical
analysis was 59 years.

According to the TNM stage, which is assessed from
16 patients with surgical gastric cancer samples: only
six (37.5%) cases were in the first two stages, while 10
(62.5%) cases were classified as stage Il or IV.

Among the all 28-gastric cancer samples, the diffuse
type of gastric carcinoma was found in 10 (35.71%)
cases and the intestinal type, in 18 (64.29%) cases.
Histological grading of carcinoma revealed that six
(21.43%) patients had G1 grade (well differentiated),
four (14.29%) patients had G2 grade (moderately
differentiated) and 18 (64.29%) patients had G3 grade
(poorly differentiated).

Her2 protein status in gastric carcinoma tissues
samples was scored as: score 0 in four (14.29%) cases,
score +1 in 10 (35.71%) cases, score +2 in 10 (35.71%)
cases and score +3 in four (14.29%) cases. The positive
rate was approximately 50% (14/28 cases) (Figure 1).
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overexpression was more frequent in men and in older
patients, but not in a statistically significant way, and
significant correlated with histological type (intestinal
vs. diffuse type, p=0.01). The Her2 oncoprotein
positively expression was 66.6% (four from six cases)
in stage I an II and only 40% (four from 10 cases)
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in stage III and IV (p=0.13). The expression of positive
Her2 marker was 80% in well and moderated cancer

and 33.3% for poor differentiated gastric carcinomas
(»<0.01) (Table 2).

Table 2 — Correlations of clinico-morphological parameters with VEGF, Her2 expression and MVD

No. of VEGF Her2 MVD CD31 MVD CD34
cases - + 0/+ +H/+++ Low High Low High
(n=10) (n=18) (n=14) (n=14) (n=20) (n=8) (n=16) (n=12)
Sex: p NS p NS p NS p=0.01
* Woman 4 2 2 2 2 2 2 0 4
= Men 24 8 16 12 12 18 6 16 8
Age: p<0.001 p NS p NS p NS
= <59 years 10 8 2 6 4 6 4 4 6
= >59 years 18 2 16 8 10 14 4 12 6
TNM stage: p NS p NS p NS p NS
==l 6 0 6 2 4 4 2 6 0
==V 10 4 6 6 4 8 2 6 4
Lauren’s classification: p NS p=0.01 p NS p=0.003
= Intestinal 18 8 10 6 12 12 6 14 4
= Diffuse 10 2 8 8 2 8 2 2 8
Grading: p=0.003 p=0.01 p NS p NS
= G1-G2 10 0 10 2 8 8 2 8 2
= G3 18 10 8 12 6 12 6 8 10

In terms the correlation between the Her2 expression
and MVD determinate by the two markers, CD31 and
CD34, we observed that the mean MVD value is higher
in Her2 positive gastric cancer samples than in the
negative ones, but this relationship was not statistically
significant (p=0.29 for CD31 and p=0.52 for CD34).

The correlation between Her2 and VEGF expression
showed that there were 10 (35.71%) cases from 28 of
gastric cancer samples which presented an immuno-

histochemical positively expression for both markers. In
more detail, two from 10 (20%) diffuse type carcinomas
and eight from 18 (44.4%) intestinal type carcinomas
showed positive expression for Her2 and VEGEF, in
the same time, without any statistical significance
(»=0.269).

Among the studied gastric carcinomas, we have
obtained in our study group positive immunoreactions

Figure 2 — VEGF expression in gastric carcinoma: (a) VEGF

: positive, intestinal type G1, x100; (b) VEGF negative,

intestinal type G3, x100 (note the VEGF positive cells in

- normal gastric mucosa); (¢) VEGF positive, diffuse type G1,

x200.
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The VEGF positive reaction was more frequently
met in our study at the male gender (88.9% vs. 50% in
women) and older patients (88.9% vs. 20% in patients
under 59 years; p<0.001). The immunoreactions for the
VEGF protein was positive in 55.5% (10/18 cases) of
the intestinal type of gastric carcinoma, and in 80%
(8/10 cases) of diffuse type. The correlation between
expression of VEGF and TNM stage showed that this
angiogenic factor is more frequent positive in the first
two stages (100%; 6/6 cases) comparing with the
I and TV™ stages (60%; 6/10 cases). Not significant
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correlations were found between VEGF and these two
parameters.

Comparing the well (Gl) and moderately (G2)
differentiated tumors with poor (G3) differentiated ones,
we observed that the expression of VEGF is more
frequent in G1-G2 tumors (100% vs. 44.4% in G3)
(»=0.003).

The MVD value was determinate by immunohisto-
chemical expression of CD31 and CD34 markers
(Figure 3). The correlations between MVD and clinico-
pathological features are shown in Table 2.
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Figure 3 — (@) CD31 low MVD, intestinal type G1 carcinoma, x400; (b) CD31 high MVD, diffuse type carcinoma,
x400; (c) CD34 low MVD, intestinal type G2 carcinoma, x400; (d) CD34 high MVD, intestinal type carcinoma G3,

x400.

The MVD for 28 tumors specimens expressed by
CD31 ranged from 12 to 27 with a mean MVD value of
19.14+4.25 SD. When a mean MVD value of 19 for
CD31 was chosen as the cut-off point for discrimination
of 28 patients, 20 patients were categorized as low MVD
CD31 and eight as high MVD CD31.

In addition, the MVD expressed by CD34 ranged
from 16 to 45, and the mean MVD value was 28.64+
8.64 SD. When a mean MVD value of 29 for CD34 was
chosen as the cut-off, 16 patients were categorized as
low MVD CD34 and 12 as high MVD CD34.

This study revealed the close relationship between
tumor vascularity detected with CD34 and two main
histological parameters: tumor type according to
Lauren’s classification and tumor grade. MVD value
was higher in the diffuse type of gastric cancer in

comparison to the intestinal type (33.4 vs. 26) (p=0.04).
In well and moderately differentiated tumors, MVD was
significantly lower in comparison to the group of poorly
differentiated cancers samples (23.8 vs. 31.3) (p=0.01).

There was also a significant correlation of mean
CD34 MVD value and the TNM stage and gender,
being more expressed in stage III/IV than in I/II stages
(28.2 vs. 21.66; p=0.004), in women than in men (37 vs.
27.25; p=0.01). The mean CD34 MVD value of VEGF
positive tumors was 31.8 and was a significantly higher
MVD than that of VEGF negative tumors (p<0.05). We
found a strong association between VEGF expression
and CD34 MVD. However, the relationship between the
status of Her2 expression and MVD was not statistically
significant (p=0.52) (Table 3).

All data we observed in the MVD value expressed
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by CD34 marker, whereas the CD31 expression was less
associated with any of the clinicopathological parameters.

Table 3 — Correlations of VEGF and Her2 expression
with MVD

VEGF MVD CD31 p-value MVD CD34 p-value
Neg.a.tlve (n=10) 18.11 0.083 27.44 <0.05
Positive (n=18) 21 31.8
Her2

+ =
0/+ (n=14) 18.29 0.296 27.57 0.522
++/++++ (n=14) 20 29.71

=& Discussion

In this study, we evaluated the Her2 and VEGF
expression in 28 samples tissues of gastric cancer,
and the correlations of these two markers with MVD
value (detected by using the CD31 and CD34 antibody
to visualize the endothelial cells) and some clinico-
pathological parameters.

Many studies have examined human gastric cancer
at the genetic level, and several genetic alterations,
including amplification of the c-erbB-2 gene or
overexpression of its protein. The putative prognostic
significance of overexpression of Her2 protein in gastric
cancer is controversial and the results published are
contradictory. Her2 overexpression could be regarded as
an independent prognostic factor for patients with
gastric carcinoma [13, 14], whereas other studies did not
reveal the prognostic value of Her2 expression in gastric
carcinoma [22-24].

We investigated Her2 expression in gastric cancer
and found Her2 overexpression in 50% of primary
tumor specimen. The Her2 status was correlated with
sex, being more frequent in men, with age at diagnosis
(>59 years), more frequent in older patients and with
histological classification (intestinal vs. diffuse type,
p=0.01), which was similar to findings of previous
studies [23, 25].

The Her2 oncoprotein positively expression was
66.6% (four from six cases) in stage I an II and only
40% (four from 10 cases) in stage III and IV (p=0.13).
These findings suggest that overexpression of Her2
oncoprotein is correlated, but not in a statistically way,
with firs two TNM stages of gastric carcinomas.
Comparatively with our results, several studies showed
a correlation of Her2 expression and the advance stages
of the gastric tumors [26]. Zhang XL et al. results
indicated that Her2 overexpression was significantly
associated with advanced TNM stage and strongly
associated with tumor progression and poor prognosis
of patients with gastric cancers [14].

The majority of the studies revealed a strong
correlation between Her2 overexpression and well and
moderately differentiated gastric tumors [14, 25, 27],
results which was seen also in our study. The expression
of positive Her2 marker was 80% in well and moderated
cancer and 33.3% for poor differentiated gastric adeno-
carcinoma (p=0.01). The fact that positive staining was
also found in poorly differentiated indicates that Her2
is not uniquely linked to a specific differentiated type.
The Her2 protein overexpression was 85.71% (12/14)
in intestinal type gastric cancer and 14.29% (2/14) in
diffuse type (p=0.01).

In our study, the overexpression of Her2 was more
frequent in intestinal type than diffuse (66.67% vs.
20%), with a statistical significance difference between
the two histological types (p=0.01). The gastric cancer
specimens who present an amplification of c-erbB-2
gene are more associated with the intestinal type than
diffuse type in Lauren’s classification and with a poorer
prognosis [24, 28].

These two histological types of gastric cancer differ
in their epidemiology, pathogenesis, clinical outcome
and even genetic changes. A high correlation between
Her2 expression and intestinal type gastric cancer was
reported by several research studies [13, 14, 25]. The
reasons for the selective overexpression of Her2 in the
intestinal type of gastric cancer are though to be a
complex and unclear of the present time. The
association of this oncogene with a particular tumor
type indicates that certain characteristics may be
expressed together preferentially. However, since not all
tumors of the intestinal type overexpress Her2, this
cannot be the only factor involved [13].

We observed that the mean MVD value is higher in
Her2 positive gastric cancer samples than in the
negative ones, but this relationship was not statistically
significant (p=0.29 for CD31 and p=0.52 for CD34).

The correlation between Her2 and VEGF expression
showed that there were 10 cases (35.71%) from 28 of
gastric cancer samples which presented an immuno-
histochemical positively expression for both markers.
20% from diffuse type carcinomas and 44.4% from
intestinal type carcinomas showed positive expression
for Her2 and VEGF, in the same time, without any
statistical significance (p=0.269).

The assessment of Her2 status is a critical issue
in selecting gastric cancer patients that might benefit
from trastuzumab therapy. Only patients with tumors
overexpressing Her2, as defined by score IHC +3 or
IHC +2 and confirmatory FISH+ results are eligible for
trastuzumab therapy [5]. Trastuzumab, a humanized
monoclonal antibody (mAb) directed against the extra-
cellular domain of Her2/neu receptor improves survival
rates in Her2 positive breast cancer patients. In practical
models, trastuzumab demonstrated ability to inhibit the
growth of Her2 positive but not of Her2 negative gastric
cell lines [29-31]. As results of these preclinical data,
several clinical trials are exploring the potential of anti-
Her2 therapies in gastric cancer patients [8, 32, 33].
In their work, Gravalos C et al. [32], conducting a phase
IT trial, tried to evaluate the efficacy and tolerance
of trastuzumab in combination with cisplatin in Her2
positive advanced or metastatic gastric carcinoma
patients. They observed that this association of therapies
is an active regime with a good toxicity profile. A good
response to the trastuzumab therapy of a metastatic
gastric cancer was also observed in combination with
proton beam therapy [34] or oxaliplatin [35].

Trastuzumab improves the survival in gastric
carcinoma and in combination with chemotherapy,
represent a new gold standard for the treatment of
patients with Her2 positive gastric cancers.

One of the essential factors on which malignant
tumor progression depends, is the induction of a micro-
circulation from the surrounding environment. The
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process of angiogenesis is the outcome of an imbalance
between positive and negative regulators of neo-
vascularization. Since Folkman’s initial discovery that
tumors are angiogenesis dependent, a variety of positive
and negative regulators of angiogenesis have been
discovered [36].

Dvorak HF et al. 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) [37], proven further by Ferrara N ef al. to be a
specific angiogenesis inductor, known as the vascular
endothelial growth factor (VEGF) [20].

Among the studied gastric carcinomas, we have
obtained, in our study group, positive immunoreactions
for VEGF in 18 cases (64.29%), eight cases for diffuse
type and 10 cases, intestinal type. The VEGF positive
immunoreactions were more frequently met in our study
at the male gender (p=0.51) and older patients (p<0.001).
The immunoreactions for the VEGF protein were positive
in 55.5% of the intestinal type of gastric carcinomas and
in 80% of diffuse type. In our study, the correlation
between expression of VEGF and TNM stage showed
that this angiogenic factor is more frequent positive
in the first two stages (100%; 6/6 cases) comparative
with the I and TV" stages (60%; 6/10 cases). Not
significant correlations were found between VEGF and
these two parameters.

Comparing the well (Gl1) and moderately (G2)
differentiated tumors with poor (G3) differentiated ones,
we observed that the expression of VEGF is more
frequent in G1-G2 tumors (100% vs. 44.4% in G3)
(»=0.003).

The studies from literature have proven a tight
correlation between the VEGF expression and the
invasion depth [38, 39], the presence of the lymph node
metastases, the distant metastases [40,41] and the
survival rate in five years. Du JR ef al. have shown an
association between the VEGF expression and the
presence of the lymph node metastases, respectively the
TNM stage, in the III" and IV" disease stage [42, 43].
All these studies have proven that the VEGF represents
an independent prognostic factor and an independent
risk factor for the hepatic metastasizing.

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 [44, 45].

The majority of the studies made to evaluate the
relation between the MVD and expression of VEGF
demonstrated a strong correlation of these parameters.
[39, 4143, 46] In our study, we have noticed that the
VEGEF positive tumors were characterized by an intense
angiogenesis and with an average CD34 MVD value of
31.8. In the VEGF negative tumors, the average CD34
MVD value was 27.44, significantly lower (p<0.05).
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. This
data suggest that VEGF and MVD play a major role in

the biological tumor behavior, in the progression and in
the prognostic.

This results were observed in the immunoexpression
of CD34 antigen for angiogenesis comparatively with
the CD31 marker, which have not showed a significant
correlation with positive expression of VEGF (p=0.08).
This data conclude that the CD34 antigen mark more
microvessels than CD31, being more useful in determi-
nation of tumor angiogenesis. Some studies compared
the different ways of assessment of angiogenesis. It was
found that MVD measured by CD31 expression might
not be very useful, the authors recommending the use of
CD34 [17, 47].

In our study, we observed strong positive correlation
between angiogenesis in gastric carcinomas tumors
measured by CD34 antigen expression and Lauren’s
classification (p=0.04), TNM stage and histological
grade (p=0.01). There was not a significant correlation
between CD34 MVD value and expression of Her2
oncoprotein (p=0.52).

In this study, the average values of CD34 MVD
were different depending on the Lauren’s classification
of the gastric cancers. In the intestinal type, we have
noticed a lower average CD34 MVD than the average
CD34 MVD in the gastric carcinomas of diffuse type
(26 vs. 33.4). There is a significant correlation between
the histological type and CD34 MVD value (p=0.04).

The diffuse carcinoma is a histological form
associated with an intense neoangiogenesis activity. It is
well know that patients with gastric cancer of diffuse
type is characterized by much worse prognosis, and the
analysis of angiogenesis may be helpful to better
estimation of individual survival and selection the group
of patients with high risk of recurrence [16, 47]. Our
results suggest that more intense angiogenesis in diffuse
type of gastric adenocarcinoma could be important
factor for higher metastatic potential of this type of
tumors in comparison to intestinal type gastric adeno-
carcinoma.

In his work, Takahashi Y et al. observed that the
expression of VEGF and the mean MVD value is more
frequent found in the intestinal type of gastric
carcinoma than in diffuse type, suggesting that VEGF
may be one of the more important angiogenic factors
studied in inducing neovascularization in intestinal type
gastric tumors and, that the process of growth and
metastasis in intestinal type tumors are more angiogenesis
dependent than they are in diffuse type tumors [48].

We have noticed a direct proportional growth between
the CD34 MVD and the TNM stage. The mean CD34
MVD value was 28.2 for the advanced gastric cancers,
the III and IV stages comparatively with the first two
stages of the gastric carcinomas. In this group of patient,
the mean of CD34 MVD was 21.66, showing a
statistically significance difference (p=0.004). Zhou YJ
et al. have shown that the MVD was significantly higher
in patients with gastric cancers in the stages III and IV
in comparison to the stages I 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 [46]. A high MVD may
reflect the advanced stage of the gastric cancer, as well
as the extension of the tumor angiogenesis and the
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metastasizing, being able to be used as important
prognostic marker in the patients with gastric carcinoma.

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 [39, 41].

We also have noticed a tight correlation between
the histologic grade and the quantification of the
angiogenesis. As the tumor differentiation diminishes
and is dedifferentiated, there can be noticed an important
growth of the amount of intratumoral neovessels. The
well and moderately differentiated tumors (G1-G2)
had an average value of 23.8 significantly lower in
comparison to the average values registered in the poor
differentiated carcinomas G3 (31.3, p=0.01). Our results
are in concordance with the results of other authors [41,
42, 47].

= Conclusions

Overexpression of Her2 may occur at a significant
frequency in gastric carcinomas, especially in intestinal
type, and remains the single factor in selecting gastric
cancer patients that benefit from a specific therapy.

Although an immunochistochemical evaluation of
MVD with CD34 antibodies in gastric cancer does not
assess the mechanism of angiogenesis, it may help in
estimating of probability of hematogenous metastasis.

We believe that the tight correlation between VEGF
expression and CD34 MVD suggest that two molecular
biomarkers play a major role in the biological tumor
behavior and are able to be used as important prognostic
parameters which predict the aggressiveness of gastric
carcinomas. 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.

References

[11 Roder DM, The epidemiology of gastric cancer, Gastric
Cancer, 2002, 5(Suppl 1):5-11.

[2) De Vita F, Giuliani F, Galizia G, Belli C, Aurilio G,
Santabarbara G, Ciardiello F, Catalano G, Orditura M, Neo-
adjuvant and adjuvant chemotherapy of gastric cancer, Ann
Oncol, 2007, 18(Suppl 6):vi120-vi123.

[3] Orditura M, Martinelli E, Galizia G, Vitiello F, Fasano M,
Muto P, Ciardiello F, De Vita F, Chemoradiotherapy as
adjuvant treatment of gastric cancer, Ann Oncol, 2007,
18(Suppl 6):vi133-vi135.

[4] Iwasaki J, Nihira S, Anti-angiogenic therapy against gastro-
intestinal tract cancers, Jpn J Clin Oncol, 2009, 39(9):543—
551.

[5] De Vita F, Giuliani F, Silvestris N, Catalano G, Ciardiello F,
Orditura M, Human epidermal growth factor receptor 2
(HER2) in gastric cancer: a new therapeutic target, Cancer
Treat Rev, 2010, 36(Suppl 3):S11-S15.

[6] Fornaro L, Lucchesi M, Caparello C, Vasile E, Caponi S,
Ginocchi L, Masi G, Falcone A, Anti-HER agents in gastric
cancer: from bench to bedside, Nat Rev Gastroenterol
Hepatol, 2011, 8(7):369-383.

[71 Traxler P, Allegrini PR, Brandt R, Brueggen J, Cozens R,
Fabbro D, Grosios K, Lane HA, McSheehy P, Mestan J,
Meyer T, Tang C, Wartmann M, Wood J, Caravatti G,

AEET788: a dual family epidermal growth factor receptor/
ErbB2 and vascular endothelial growth factor receptor
tyrosine kinase inhibitor with antitumor and antiangiogenic
activity, Cancer Res, 2004, 64(14):4931-4941.

[8] Gravalos C, Jimeno A, HERZ2 in gastric cancer. a new
prognostic factor and a novel therapeutic target, Ann Oncol,
2008, 19(9):1523-1529.

[9] Akiyama T, Sudo C, Ogawara H, Toyoshima K, Yamamoto T,
The product of the human c-erbB-2 gene: a 185-kilodalton
glycoprotein with tyrosine kinase activity, Science, 1986,
232(4758):1644—-1646.

[10] Tapia C, Glatz K, Novotny H, Lugli A, Horcic M, Seemayer
CA, Tornillo L, Terracciano L, Spichtin H, Mirlacher M,
Simon R, Sauter G, Close association between HER-2
amplification and overexpression in human tumors of non-
breast origin, Mod Pathol, 2007, 20(2):192—-198.

[11] Hofmann M, Stoss O, Shi D, Bittner R, van de Vijver M,
Kim W, Ochiai A, Ruschoff J, Henkel T, Assessment of a
HERZ2 scoring system for gastric cancer: results from a
validation study, Histopathology, 2008, 52(7):797-805.

[12] Jergensen JT, Hersom M, HERZ2 as a prognostic marker in
gastric cancer — a systematic analysis of data from the
literature, J Cancer, 2012, 3:137-144.

[13] Park DI, Yun JW, Park JH, Oh SJ, Kim HJ, Cho YK, Sohn
Cl, Jeon WK, Kim BI, Yoo CH, Son BH, Cho EY, Chae SW,
Kim EJ, Sohn JH, Ryu SH, Sepulveda AR, HER-2/neu
amplification is an independent prognostic factor in gastric
cancer, Dig Dis Sci, 2006, 51(8):1371-1379.

[14] Zhang XL, Yang YS, Xu DP, Qu JH, Guo MZ, Gong Y,
Huang J, Comparative study on overexpression of HER2/neu
and HER3 in gastric cancer, World J Surg, 2009, 33(10):
2112-2118.

[15] Folkman J, Shing Y, Angiogenesis, J Biol Chem, 1992,
267(16):10931-10934.

[16] Suzuki S, Dobashi Y, Hatakeyama Y, Tajiri R, Fujimura T,
Heldin CH, Ooi A, Clinicopathological significance of platelet-
derived growth factor (PDGF)-B and vascular endothelial
growth factor-A expression, PDGF receptor-3 phosphor-
ylation, and microvessel density in gastric cancer, BMC
Cancer, 2010, 10:659.

[17] de la Taille A, Katz AE, Bagiella E, Buttyan R, Sharir S,
Olsson CA, Burchardt T, Ennis RD, Rubin MA, Microvessel
density as a predictor of PSA recurrence after radical
prostatectomy. A comparison of CD34 and CD31, Am J Clin
Pathol, 2000, 113(4):555-562.

[18] Choi YH, Choi KC, Park YE, Relationship of transforming
growth factor beta 1 to angiogenesis in gastric carcinoma,
J Korean Med Sci, 1997, 12(5):427—-432.

[19] Zhao HC, Qin R, Chen XX, Sheng X, Wu JF, Wang DB,
Chen GH, Microvessel density is a prognostic marker of
human gastric cancer, World J Gastroenterol, 2006, 12(47):
7598-7603.

[20] Ferrara N, Houck K, Jakeman L, Leung DW, Molecular and
biological properties of the vascular endothelial growth
factor family of proteins, Endocr Rev, 1992, 13(1):18-32.

[21] Saito H, Tsujitani S, Ikeguchi M, Kaibara N, Relationship
between the expression of vascular endothelial growth factor
and the density of dendritic cells in gastric adenocarcinoma
tissue, Br J Cancer, 1998, 78(12):1573-1577.

[22] Hayashi M, Inokuchi M, Takagi Y, Yamada H, Kojima K,
Kumagai J, Kawano T, Sugihara K, High expression of
HER3 is associated with a decreased survival in gastric
cancer, Clin Cancer Res, 2008, 14(23):7843-7849.

[23] Yu GZ, Chen Y, Wang JJ, Overexpression of Grb2/HER2
signaling in Chinese gastric cancer: their relationship with
clinicopathological parameters and prognostic significance,
J Cancer Res Clin Oncol, 2009, 135(10):1331-1339.

[24] Marx AH, Tharun L, Muth J, Dancau AM, Simon R,
Yekebas E, Kaifi JT, Mirlacher M, Brimmendorf TH,
Bokemeyer C, Izbicki JR, Sauter G, HER-2 amplification is
highly homogenous in gastric cancer, Hum Pathol, 2009,
40(6):769-777.

[25] Moelans CB, Milne AN, Morsink FH, Offerhaus GJA, van
Diest PJ, Low frequency of HER2 amplification and over-
expression in early onset gastric cancer, Cell Oncol (Dordr),
2011, 34(2):89-95.

[26] Beltran Garate B, Yabar Berrocal A, HER2 expression
in gastric cancer in Peru, Rev Gastroenterol Peru, 2010,
30(4):324-327.




Correlations between Her2 oncoprotein, VEGF expression, MVD and clinicopathological parameters...

1005

[27] Cidon EU, Centeno RG, Lagarto EG, Peral JI, HER-2
evaluation in a specific gastric cancer population with the
highest rate of mortality in Spain, J Oncol, 2011, 2011:
391564.

[28] Lemoine NR, Jain S, Silvestre F, Lopes C, Hughes CM,
McLelland E, Gullick WJ, Filipe MI, Amplification and
overexpression of the EGF receptor and c-erbB-2 proto-
oncogenes in human stomach cancer, Br J Cancer, 1991,
64(1):79-83.

[29] Matsui Y, Inomata M, Tojigamori M, Sonoda K, Shiraishi N,
Kitano S, Suppression of tumor growth in human gastric
cancer with HER2 overexpression by an anti-HERZ2 antibody
in a murine model, Int J Oncol, 2005, 27(3):681-685.

[30] Gong SJ, Jin CJ, Rha SY, Chung HC, Growth inhibitory
effects of trastuzumab and chemotherapeutic drugs in gastric
cancer cell lines, Cancer Lett, 2004, 214(2):215-224.

[31] Kim SY, Kim HP, Kim YJ, Oh do Y, Im SA, Lee D, Jong HS,
Kim TY, Bang YJ, Trastuzumab inhibits the growth of
human gastric cancer cell lines with HER2 amplification
synergistically with cisplatin, Int J Oncol, 2008, 32(1):89-95.

[32] Gravalos C, Gémez-Martin C, Rivera F, Alés |, Queralt B,
Marquez A, Jiménez U, Alonso V, Garcia-Carbonero R,
Sastre J, Colomer R, Cortés-Funes H, Jimeno A, Phase Il
study of trastuzumab and cisplatin as first-line therapy in
patients with HERZ2-positive advanced gastric or gastro-
esophageal junction cancer, Clin Transl Oncol, 2011, 13(3):
179-184.

[33] Ross JS, Mulcahy M, HERZ2 testing in gastric/gastro-
esophageal junction adenocarcinomas: unique features of a
familiar test, Gastrointest Cancer Res, 2011, 4(2):62—66.

[34] Inui T, Asakawa A, Morita Y, Mizuno S, Natori T,
Kawaguchi A, Murakami M, Hishikawa Y, Inui A, HER-2
overexpression and targeted treatment by trastuzumab in a
very old patient with gastric cancer, J Intern Med, 2006,
260(5):484-487.

[35] Rebischung C, Barnoud R, Stéfani L, Faucheron JL,
Mousseau M, The effectiveness of trastuzumab (Herceptin)
combined with chemotherapy for gastric carcinoma with
overexpression of the c-erbB-2 protein, Gastric Cancer,
2005, 8(4):249-252.

[36] Folkman J, What is the evidence that tumors are angio-
genesis dependent? J Natl Cancer Inst, 1990, 82(1):4-6.

[37] Dvorak HF, Sioussat TM, Brown LF, Berse B, Nagy JA,
Sotrel A, Manseau EJ, Van de Water L, Senger DR,
Distribution of vascular permeability factor (vascular endo-
thelial growth factor) in tumors: concentration in tumor blood
vessels, J Exp Med, 1991, 174(5):1275-1278.

[38] Lazar D, Taban S, Raica M, Sporea |, Cornianu M, Goldis A,
Vernic C, Immunohistochemical evaluation of the tumor
neoangiogenesis as a prognostic factor for gastric cancers,
Rom J Morphol Embryol, 2008, 49(2):137—148.

Corresponding author

[39] Joo YE, Sohn YH, Joo SY, Lee WS, Min SW, Park CH,
Rew JS, Choi SK, Park CS, Kim YJ, Kim SJ, The role of
vascular endothelial growth factor (VEGF) and p53 status
for angiogenesis in gastric cancer, Korean J Intern Med,
2002, 17(4):211-219.

[40] lordache S, Saftoiu A, Georgescu CV, Ramboiu S,
Gheonea DI, Filip M, Schenker M, Ciurea T, Vascular
endothelial growth factor expression and microvessel density
— two useful tools for the assessment of prognosis and
survival in gastric cancer patients, J Gastrointestin Liver Dis,
2010, 19(2):135-139.

[41] Yang Q, Ye ZY, Zhang JX, Tao HQ, Li SG, Zhao ZS,
Expression of matrix metalloproteinase-9 mRNA and
vascular endothelial growth factor protein in gastric
carcinoma and its relationship to its pathological features
and prognosis, Anat Rec (Hoboken), 2010, 293(12):2012—
2019.

[42] Du JR, Jiang Y, Zhang YM, Fu H, Vascular endothelial
growth factor and microvascular density in esophageal and
gastric carcinomas, World J Gastroenterol, 2003, 9(7):1604—
1606.

[43] Li SG, Ye ZY, Zhao ZS, Tao HQ, Wang YY, Niu CY,
Correlation of integrin beta3 mRNA and vascular
endothelial growth factor protein expression profiles with
the clinicopathological features and prognosis of gastric
carcinoma, World J Gastroenterol, 2008, 14(3):421-427.

[44] Karayiannakis AJ, Syrigos KN, Polychronidis A, Zbar A,
Kouraklis G, Simopoulos C, Karatzas G, Circulating VEGF
levels in the serum of gastric cancer patients: correlation
with pathological variables, patient survival, and tumor
surgery, Ann Surg, 2002, 236(1):37—-42.

[45] Ding S, Lin S, Dong X, Yang X, Qu H, Huang S, Liu W,
Zhou L, Liu D, Potential prognostic value of circulating
levels of vascular endothelial growth factor-A in patients
with gastric cancer, In Vivo, 2005, 19(4):793-795.

[46] Zhou YJ, Xiong YX, Wu XT, Shi D, Fan W, Zhou T, Li YC,
Huang X, Inactivation of PTEN is associated with increased
angiogenesis and VEGF overexpression in gastric cancer,
World J Gastroenterol, 2004, 10(21):3225-3229.

[47] Tenderenda M, Rutkowski P, Jesionek-Kupnicka D,
Kubiak R, Expression of CD34 in gastric cancer and its
correlation with histology, stage, proliferation activity, p53
expression and apoptotic index, Pathol Oncol Res, 2001,
7(2):129-134.

[48] Takahashi Y, Cleary KR, Mai M, Kitadai Y, Bucana CD,
Ellis LM, Significance of vessel count and vascular
endothelial growth factor and its receptor (KDR) in
intestinal-type gastric cancer, Clin Cancer Res, 1996, 2(10):
1679-1684.

Alina Badescu, MD, PhD candidate, Department of Histology, University of Medicine and Pharmacy of Craiova,
2—4 Petru Rares Street, 200349 Craiova, Romania; Phone +40763-679 739, +40351-175 427, e-mail: allyna_

badescu@yahoo.com

Received: April 25" 2012

Accepted: November 2 7”1, 2012




