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Aim: To study the relation between the expression of the molecules of cell-to-cell adhesion (E-cadherin, o- and f3-catenins) and
vascular endothelial growth factor (VEGF) and traditional clinico-morphological characteristics of tumors to evaluate their prognostic
value in the patients with gastric cancer. Methods: To analyze the expression of E-cadherin, o- and f3-catenins, and VEGF the paraffin
embedded tumor samples were studied by immunohistochemical analysis with the use of respective monoclonal antibodies. Results: The
presence of E-cadherin in tumors correlated with the absence of metastases in regional lymph nodes and was observed, as a rule, in
the patients at the early stages of the disease. The presence of f3-catenin expression has been detected in gastric tumors of the patients
without distant metastases, while the level of VEGF expression correlated with the degree of gastric wall injury. It has been demonstrated
that the expression of E-cadherin and o-catenin is associated with favourable disease course and is a characteristic pattern for early
stages of gastric cancer of intestinal type. However, VEGF expression is typical for the late stages of gastric cancer of diffuse type
and is associated with poor prognosis. Conclusion: At the base of combined clinical, histological and immunohistochemical analysis of
gastric tumors it has been shown that E-cadherin, a-catenin and VEGF could be used as informative markers of the disease course.
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According toWHO data, gastric cancer (GC) occupies
the second place by the incidence and mortality among
all malignant neoplasms. GC morbidity yields 880 000
cases per year, while mortality rate is close to 650,000
peryear [1].

High mortality rate largely depends on the fact that GC
is usually revealed at the late stages (llI-IV) of the disease
[2, 3]. Atthe same time, the results of the therapy differ in
awide range in the GC patients with the tumors of similar
histology and progression stage. Due to the advances of
modern genetics and molecular biology, it became evident
that molecular-biological properties of the tumor play a
key role in the GC prognosis [4].

According to the data of a number of researchers
[5-13], disturbed expression of the components of cell-
to-celladhesion (cadherin-catenin complex: E-cadherin,
a-and B-catenin) isanimportant eventin the development
and progression of GC. An absence of expression of each
separate protein forming the complex is associated with
unfavorable disease course, and appearance of regional
or distantmetastases [14, 13]. ltis known also thatin some
cancers the aggressive course of the disease correlates
with altered level of expression of growth factors stimulat-
ing angiogenesis [16]. Vascular endothelial growth factor
(VEGF) is a key regulator of angiogenesis and induces
proliferation of endothelium along with the formation of
new vessels of capillary type. Atthe same time, apart from
proangiogenic activity, VEGF also influences mitogenic
(Akt) and antiapoptotic (BCL-2) proteins [17]. Thereis no
common point of view in modern literature on the prog-
nostic value of expression level of the components of cell-
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to-celladhesion system and the markers of angiogenesis
in gastric cancer.

The aim of the present research was to study the rela-
tion between expression of the molecules of cell-to-cell
adhesion (E-cadherin, a- and B-catenin) and VEGF with
traditional clinicomorphological characteristics of tumors
to evaluate their prognostic value in GC patients.

MATERIALS AND METHODS

Retrospective study of biological parameters of tumors
of 150 GC patients cured in State Institution “National Can-
cer Institute” Ministry of Health of Ukraine (Kyiv, Ukraine)
in 1998-2004. All patients provided an informed written
concent to perform the study, and the present research
was approved by Ethic Committee of the Institute. The
data on patients’ gender, stage of the disease, histological
structure and differentiation grade of tumors are presented

in Table 1.
Table 1. Clinico-morphological characteristics of the patients with gastric
cancer

Parameters Number of samples (n)
Male 89
Gender Female 61
Stage of the IIIII gg
disease by TNM v 57
T1 1
un T2 1
T T3 80
T4 58
NO 63
“N” N1 45
N2 42
apg? MO 16
M M1 134
G1 2
uprn G2 31
G G3 61
G4 56
Histological type Intestinal type 17
by Laurén [20] Diffuse type 33
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For detection of the E-cadherin, a- and 3-catenins,
VEGF proteins respective monoclonal antibodies were
used (respectively clones NCH-38, a-catenin-1,
B-catenin-1 and VG1, Dako Cytomation, Denmark).
For visualization of immunohistochemical reaction,
Envision+ kit and 3,3-diaminobenzidine (Dako Cyto-
mation, Denmark) were used, with the next staining of
slides with hematoxiline.

The tumors were considered positive by studied
marker if cytoplasmic reaction was present in > 20%
cells.

Statistical analysis of the data was performed with
the use of program STATISTICA 6.0. Correlation analy-
sis was done using Pearson association coefficient for
patterns that had 2 grades (the presence of distant
metastases and metastases in regional lymph nodes,
histological type of tumor). For patterns that had more
than 2 gradations (the degree of gastric wall injury and
metastases in regional lymph nodes, stage of the dis-
ease by TNM classification, survival time), Chuprov’s
coefficient of reciprocal contingency (K) was used.
Significancy of mentioned coefficients was evaluated
by x2criterium [18]. Patient’s survival was analyzed by
Kaplan-Mayer’s test. Comparison of survival curves
was performed with the use of Log-rank-test.

RESULTS AND DISCUSSION

Relation between expression of markers of
cell-to-cell adhesion and angiogenesis and GC
stage. It is known that the stage of gastric tumors
by TNM classification is an important prognostic pat-
tern influencing the course of the disease. As a rule,
characteristics of the primary lesion (T) indicates the
timeliness of GC diagnosis and allows prescribe an ad-
equate therapy [19]. Upon the study of E-cadherin ex-
pression, we have shown an obvious relation between
its presence in tumor and GC morbidity (Table 2). The
highest expression level of the protein was observed
in 79.3% tumor samples of the patients with Il stage
(Fig. 1, a), andis by 38.57% higher (p < 0.05), than that
in the patients with lll stage and by 42.47% higher (p <
0.05) thanin the patients with stage IV. By our data ex-
pression of a-catenin was observed in 51.72% samples
of the patients with stage Il (Fig. 1, b), and is by 20.24%
higher (p < 0.05) than that in the patients with stage
Il and by 21.9% higher (p < 0.05) than that in the pa-
tients with stage IV. The percent of B-catenin-positive
tumors has been decreasing progressively dependent
on the stage of the disease and was 37.93%, 27.78%
and 24.56% in the patients of stages Il (Fig. 1, ¢), Il
and IV respectively. Expression of VEGF in the studied
samples was observed as a rule mainly at the late
stages (71.93% at stage IV versus 24.14% at stage Il

(Fig. 1, d), and 29.63% at stage lll respectively).
Table 2. Correlation between expression of GC molecular markers
and the stage of the disease progression (by TNM classification)
Tumors positive for studied marker, % K

Marker Stage Il Stage lll Stage IV p
E-cadherin 79.31 40.74 36.84 0.29 <0.01
a-Catenin 51.72 31.48 29.82 0.15  >0.05
B-Catenin 37.93 27.78 24.5 0.08 >0.05
VEGF 24.14 29.63 71.93 0.34  <0.05
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Fig. 1. Immunohistochemaical analysis of VEGF, E-cadherin,
a- and B-catenin expression, x 200. a, E-cadherin expression in
stage Il gastric cancer tissue samples; b, a-catenin expression
in stage Il gastric cancer tissue samples; ¢, B-catenin expression
in stage Il gastric cancer tissue samples; d, VEGF expression in
stage Il gastric cancer tissue samples; e, B-catenin expression in
samples with metastases inlymph nodes (N,); 7, VEGF expression
in samples with high degree of gastric wall injury (T,)

So, we have observed the change of the percent of
tumors positive by the studied markers of cell-to-cell
adhesion and angiogenesis, dependent on the stage
of the disease by TNM classification.

To determine the nature of such changes, we have
performed a study of contingency of the relations bet-
ween the presence of these proteins in gastric tumors
and the main characteristics used in TNM classification,
namely, the degree of gastric wall injury, the presence
of metastasis in lymph nodes, and distant metastases.
The results of correlation analysis have demonstrated
the existence of an obvious dependence between
the presence of expression of markers of cell-to-cell
adhesion and angiogenesis in gastric tumor cells and
the degree of lymph node metastasis (Fig. 2). The
presence of E-cadherin in GC samples correlates with
the absence of metastases in regional lymph nodes
(N,). In particular, 74.6% cases without metastases in
lymph nodes were E-cadherin-positive, while in N, and
N, cases the level of expression decreased to 26.67%
and 16.67%, respectively (Fig. 2, b). High content of
a-catenin-positive cells was observed in tumor samples
from the cases without metastases in regional lymph
nodes (61.90 %), and was 5.6 fold higher and 3.24 fold
higher than that in N, and N, cases respectively.

Also we have revealed a tendency for decrease of
the percent of B-catenin-positive tumors in the pa-
tients with high degree of lymph node metastasis (N,)
(Fig. 1, e), compared to that index in the patients with
lymph node status N, and N, (16.67% vs 31.11%, and
34.92%, respectively (Fig. 2, b). Along with this, it was
shown that B-catenin is present in the cases without
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distant metastases (43.75%), while in the cases with
distant metastases its expression was by 15.39%
lower. Expression of VEGF was mainly observed in the
GC cases with high degree of gastric wall injury (Fig. 1,
f) (68.97% positive tumors of T, stage vs 27.27% and
30.00% positive tumors at T, and T, stages respectively)
(Fig. 2, a), and also in the cases with metastasis in re-
gional lymph nodes (53.33% in N, cases and 50.00%
N, cases vs 34.92% for the patients without metastases
in regional lymph nodes) (Fig. 2, b).
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Fig. 2. Distribution of the tumors positive for the studied mar-
kers, dependent on the degree of gastric wall injury (a) and
lymph nodes status (b)

Using calculation of Chuprov’s coefficient of re-
ciprocal contingency (K), we have reveal correlation
between the stage of the disease by TNM classification
and the presence of E-cadherin (K =0.31) and VEGF
(K=10.34) intumors. Also, the presence of E-cadherin
(K'=0.45), a-catenin (K = 0.41) and VEGF (K = 0.14)
in tumors correlates with the degree of lymph node
metastasis.The presence of VEGF correlates also with
the degree of gastric wall injury (K =0.32).

Relation between expression of cell-to-cell
adhesion markers and angiogenesis and his-
tological type of GC. It is known that histological
analysis is a key diagnostic method for malignant
neoplasia including GC and allows determine a number
of important clinico-morphological patterns. Pres-
ently, histological classification of GC by Laurén [20]
is widely used in clinical practice; it classifies two types
of gastric cancer differing in their clinical course and
morphogenesis - intestinal and diffuse ones [21].

According to our results (Table 3), intestinal and
diffuse GC types differ also by the presence of expres-
sion of studied markers. In particular, in intestinal type
expression of E-cadherin and B-catenin was detected
2.3- and 3.4-fold more often. a-catenin expression

was present in tumors of intestinal type (31.62%), as
well as diffuse type (42.42%) without statistical sig-
nificance. According to our data, hyperexpression of
VEGF was observed mainly in tumors of diffuse type
(63.64%), in accordance with the data of literature [17,
22] that describe diffuse type of GC as aggressive one
and with early metastasis. So, we have demonstrated
that there is a dependence between the presence of

studied markers and histological type of GC.
Table 3. Correlation between expression of GC molecular markers
and histological type of tumors by Laurén classification [20]

Tumors positive for studied marker, %

Marker Intestinal type Diffuse type A P
E-cadherin 78.79 34.19 0.36 <0.01
a-Catenin 31.62 42.42 0.08 <0.01
B-Catenin 63.64 18.80 0.39 <0.01
VEGF 39.32 63.64 0.19  <0.01

Prognostic value of adhesion and angiogenesis
markers as indexes of survival time of GC patients.
The samples of gastric tumors were distributed to three
groups dependent on survival time of the patients:
1) survival time < 1 year (n = 77); 2) survival time =
1-3 years (n = 45) 3) survival time > 3 years (n = 28).
Distribution of the studied samples positive by studied
markers dependent on survival time of the patients are

shown in Table 4.
Table 4. Correlation between expression of GC molecular markers
and survival of GC patients

Tumors positive for studied marker, %

Marker Group 1' Group 22 Group 3* K P
E-cadherin 16.88 66.67 82.14 0.48 <0.01
a-Catenin 19.48 31.11 78.57 0.39 <0.01
B-Catenin 33.77 24.44 21.43 0.10 >0.05
VEGF 64.94 24.44 21.43 0.35 <0.01

Notes: 'survival time < 1 year; ?survival time = 1-3 years;
Ssurvival time > 3 years.

We have shown that in the majority of tumors of the
patients from group 1 hyperexpression of VEGF and an
absence of E-cadherin and a-catenin was observed. In
group 2 increase of the percent of E-cadherin-positive
tumors (66.67%) and a-catenin-positive ones (31.11%)
was detected as well as the decrease of the percent of
VEGF-positive tumors (24.44%) compared to group 1.
Characteristic pattern of tumors of group 3 was elevated
expression of E-cadherin (82.14% cases) and a-catenin
(78.57% cases) and low level of VEGF expression
(5-10%) onlyinthe 21.43% cases. B-catenin expression
was observed in tumors of the patients from all three
groups with the tendency for decrease of B-catenin-
positive tumorsin group 3 compared to group 1(21.34%
and 33.77%, respectively).

Analysis of survival curves by the method of Kap-
lan — Mayer (Fig. 3). has shown that survival of GC
patients was significantly higher in the cases of expres-
sion of E-cadherin and a-catenins and in the absence
of VEGF expression.

At the base of the results of correlation and com-
parative analisis of survival curves we have demon-
strated that the presence of E-cadherin and a-catenin
in gastric tumors as well as the absence of VEGF could
be considered as the markers of favorable prognosis
by criterium of survival time.
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Fig. 3. Kaplan — Mayer distribution of the patients by survival
time dependent on the presence of E-cadherin (a); a-catenin
(b); B-catenin (c) and VEGF (d) in tumor cells

In conclusion, the relation between expression
of cell-to-cell adhesion molecules (E-cadherin, a-,
B-catenins) and VEGF and traditional clinico-morpho-
logical characteristics of tumors and survival time of
GC patients has been revealed. We have shown the
existence of correlation between the presence of
expression of markers of cell-to-cell adhesion and
angiogenesis and the stage of the disease. It is de-
monstrated that the presence of E-cadherin in gastric

tumors correlates with the absence of metastases
in regional lymph nodes and is observed as a rule at
early stages of the disease. the presence of 3-catenin
expression is characteristic for GC tumors without
distant metastases, while the level of VEGF expression
correlates with the degree of gastric wall injury. Along
with this, the presence of E-cadherin and a-catenin
expression in GC is associate with favorable progno-
sis and is observed in patients with intestinal type of
gastric tumors at early stages of the disease. Contrary,
VEGF is a marker of unfavorable disease course and
its expression is characteristic for diffuse type of GC at
late stages of the disease and shorter survival.

So, at the base of combined clinical, histological
and immunohistochemical analysis of gastric tumors
it has been shown that E-cadherin, a-catenin and
VEGF could be used as informative markers of the
disease course.
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KOPPENALUSA MEXAY MEXKNETOYHOWN AOTE3UEN,
AHT'MOreHE30M U KJIMHUKO-MOP®OJIOTMYECKUMU
MPOrHOCTUHYECKUMU DPAKTOPAMU BOJIbHbIX PAKOM XXEJTYAKA

I[eav: u3yyeHue CBSI3M IKCNPECCHU MOJEKYI MeXKJeTouHoii anre3un (E-kaarepuna, o- u f-kareHuna) u ¢akropa pocra
suporesus cocynoB (VEGF) ¢ TpaquuuoHHbIMU KIMHUKO-MOP(OIOTHYECKMMH XapAKTEPUCTHKAMM OIYXoJIeil sl onpeneieHus
UX NMPOrHOCTHYECKOTO 3HAYEHUS Y OOJbHBIX PAKOM Keaynka. Memodv: Aisi onpenejeHus AaHHBIX 0€NKOB B mapaduHoBbIX
cpe3ax TKaHeil MANMEHTOB UCNOJb30BAJIM UMMYHOTHCTOXUMUYECKHIl METOJ C MCIOJIb30BAHHEM MOHOKJIOHAJIBHBIX AHTHTEI,
cnenudpuveckux K E-kaarepuny, o- u f-katenuny, a takke VEGF. Pezyismamot: npucyrcrBue B KapuunoMax E-kaarepuna
KOPPEJIMPOBAJIO C OTCYTCTBHEM METACTA30B B PETHOHAPHBIX JUM(ATHYHECKHX Y3/1aX U HAOMI0AJI0Ch, KAK MPABUIIO, Y 00JbHBIX
HA paHHUX cTaausx oosne3nn. Hanuume skcnpeccun f-KaTeHHHA 0TMEYAI0Ch B KAPHMHOMAX JKeJTYIKa TeX 00JIbHbIX, KOTOPbIE HE
HMeJIH OT/IAJIEHHBIX METACTa30B, a ypoBeHb 3kcnpeccu VEGF yeTko koppempoBas co creneHbi0 NOPaKeHUs CTEHKH JKeTyaKa.
IToka3zaHo, yto 3xkcnpeccusi E-kanrepuna u o-KaTeHuHA aCCOUMMPYETCS € 01aronpPUsTHBIM POTHO30M M SIBJISIETCS XaPAKTEPHBIM
NPU3HAKOM PAHHHX CTAMil paKa XKeiyaka Kunieynoro tuna. B To xe Bpems skcnpeccust VEGF xapakrepHa 1uist no3nqHux craamii
paka xenynka qu¢(y3HOro TMNA ¥ yKa3bIBAET HA HEOIATONPHUSTHBII NPOTHO3. Bbi60dbe: B pe3ynbraTe KOMILIEKCHOTO KIMHUYECKOTO,
THCTOJIOTHYECKOro M IMMYHOTHCTOXHMHYECKOTO AHAJIM3A PAKA XKeMY/IKA YCTAHOBJIEHO, YTO onpereienne E-kaarepuna, o-KaTeHnHA
u VEGF moxxer ObITh HCIIOJIb30BAHO B Ka4ecTBe MH(GOPMATHUBHBIX MAPKEPOB TeYeHHS 3200/1€BaHUS.

Karoueevie caosa: pak xelyiaka, nporuo3, E-kanrepun, o-katenuH, f3-karennn, VEGF.
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