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Abstract. This study was undertaken to investigate the
immunoexpression of Bcl-2 family proteins (Bcl-2, Bcl-x,
Bax, Bak and Bad) and to evaluate the correlation between
the immunoexpression of these proteins and that of cleaved
caspase 3, Ki-67 and p53. A tissue microarray (TMA)
paraffin block was constructed using gastric carcinoma tissue
(test group) and adjacent normal gastric mucosa (control
group) from 87 patients who had not previously undergone
radiotherapy or chemotherapy. Sections from the TMA block
(4 um) were subjected to immunohistochemistry for Bcl-2,
Bcl-x, Bax, Bak, Bad, p53, Ki-67 and cleaved caspase-3. The
slides were evaluated by the semi-quantitative method, and
the scores obtained (intensity vs. percentage of staining) were
correlated with one another and with the apoptotic index,
cellular proliferation and data regarding patient survival.
The studied proteins were present in the tumor tissue and
in the normal gastric mucosa, but at different intensities and
with differences in the number of positive cells. There was
an association between tumor size and p53 expression, and
intestinal type adenocarcinoma was positively correlated with
the expression of Bax, Bad and Ki-67. The immunoexpression
of Bclx, Bak, Bad, p53 and Ki-67 showed statistically
significant differences between the tumor tissue and the
adjacent normal gastric mucosa. There was an association
between the expression of Bax, Bak and Bad in the normal
gastric mucosa. No correlation between patient survival and the
expression of these proteins was observed. Overexpression of
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the Bcl-x protein in the adenocarcinomas and the difference in
Bcl-x expression between the test and the control group may be
related to the anti-apoptotic effect of this protein. The reduced
expression of Bak and Bad and the increased expression of p53
and Ki-67 in the adenocarcinomas demonstrate the imbalance
between apoptosis and cellular proliferation, which results in
uncontrolled tumor cell proliferation.

Introduction

Gastric cancer is the second leading cause of cancer-related
death worldwide. It is among the most common types of
malignancy in various parts of the world, including Japan and
several regions of China and South America (World Health
Organization, http:/www.who.int/en). Statistical data reveal a
global decline in the incidence of gastric cancer, mainly in
developed countries, due to improvements in environmental
sanitation, a reduction in salt in preserved foods, and increased
early diagnosis and appropriate treatment (1). However, gastric
cancer remains one of the most common tumors in Brazil,
according to the population-based cancer registries of the
country. In these registries, gastric cancer is ranked among
the three most common types of cancer in men and among the
five most common types in women (National Cancer Institute;
Instituto Nacional do Cancer, http:/www.inca.gov.br). In Sdo
Paulo, Brazil, gastric cancer ranks second as the leading cause
of cancer-related death among men, and fourth among women
(Fundacdo Oncocentro de Sao Paulo, http://www.fosp.saude.
sp.gov.br/html/fr_dados.html).

Adenocarcinomas of the stomach can be classified into
two major histological subtypes: intestinal and diffuse (2). The
intestinal variant is thought to arise from gastric mucosal cells
that have undergone intestinal metaplasia, and often occurs
in the setting of chronic gastritis attributed to infection with
Helicobacter pylori (3,4). The development of cancer in an
environment of atrophy and achlorhydria due to this infection
is attributed to alterations in DNA caused by the interaction
between chronic inflammation and alterations in the balance
between cellular proliferation and apoptosis (5). This variant
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is the most differentiated type of gastric cancer. The diffuse
variant is hypothesized to arise de novo from native gastric
epithelial cells, and is poorly differentiated in general (6).

A variety of physiological death signals, as well as patho-
logical cellular insults, trigger the genetically programmed
pathway of apoptosis (7,8). Apoptosis manifests in two major
execution programs downstream of the death signal: the
caspase pathway and organelle dysfunction, of which mito-
chondrial dysfunction is the best characterized (9-12). The
intrinsic apoptotic pathway hinges on the balance between
the activity of pro- and anti-apoptotic members of the Bcl-2
superfamily of proteins, which act to regulate the permeability
of the mithochondrial membrane (13).

The ratio between these two subsets helps to determine,
in part, the susceptibility of cells to a death signal (14). An
additional characteristic of the members of this protein
family is their frequent ability to form homodimers as well
as heterodimers, suggesting a neutralizing competition
between the proteins (15). A further characteristic of probable
functional significance is their ability to become integral
membrane proteins (16). High or low expression of these
proteins by immunohistochemistry in pre-malignant lesions
or in gastric adenocarcinomas suggests their involvement
in gastric carcinogenesis (17,18). Gastric cancer is generally
poorly responsive to chemotherapy and radiotherapy,
suggesting that these tumors are intrinsically resistant to
the apoptosis-inducing effects of anticancer drugs and
X-irradiation. Overexpression of oncogenes, such as Bcl-2,
suggests that these genes are potential molecular targets
in anti-tumor therapy and the therapeutic modulation of
apoptosis (19).

In this study, immunohistochemical methods were used to
characterize the expression of several Bcl-2 family proteins in
gastric adenocarcinomas.

Materials and methods

Patients and tissue specimens. Tissue samples were retrieved
from the Department of Pathology of Sao Paulo Federal
University, and consisted of 87 gastric adenocarcinoma tissue
samples and 87 adjacent normal gastric mucosa samples
collected between 2000 and 2005. The patient population
comprised 51 men (58.6%) and 36 women (41.4%) aged 29-85
years (mean 62 years). Total gastrectomy had been performed
in 40 patients (46%) and partial gastrectomy in 47 patients
(54%). None of the patients had undergone radiotherapy or
chemotherapy prior to surgery. Sixty-three patients (72.4%)
had lymph node involvement, while 24 (27.6%) did not.
Pathological stage was determined according to the TNM clas-
sification (20), and histological type according to the Lauren
classification. Thirteen patients (14.9%) were in clinical stage I,
15 (17.2%) in stage 11, 58 (66.7%) in stage III and 1 (1.2%) in
stage IV. Ethical approval for the study was granted by the
local ethics committee of the Federal University of Sao Paulo
(Resolution no. 01647/06 of the National Health Council).

Tissue microarray block construction. Paraffin-embedded
tumor and adjacent normal mucosal specimens fixed in
formalin were sectioned (4 ym) from each block and stained
by H&E. The slides were evaluated by expert pathologists to

Table 1. Frequency of protein expression in gastric adeno-
carcinomas and normal gastric mucosa.

Total Negative Positive
Protein n n (%) n (%)
Adenocarcinoma
Bcl-2 84 81(95.2) 3 (4.8
Bcl-x 84 10 (11.9) 74 (88.1)
Bax 84 18 (21.4) 66 (78.6)
Bak 83 64 (77.1) 19 (22.9)
Bad 83 36 (43.3) 47 (56.7)
pS3 86 49 (56.9) 37 (43.1)
Ki-67 84 19 (22.6) 65 (77.4)
CC-3 84 17 (20.2) 67 (79.8)
Normal mucosa
Bcl-2 84 83 (98.8) 1 (1.2)
Bcl-x 84 21 (25.0) 63 (75.0)
Bax 84 25 (29.7) 59 (70.3)
Bak 83 21 (25.3) 62 (74.7)
Bad 83 8 (9.6) 75 (90.4)
pS3 86 84 (97.6) 2 (24)
Ki-67 84 32 (38.1) 52 (61.9)
CC-3 84 53 (63.1) 31 (36.9)

CC-3, cleaved caspase-3.

confirm the diagnosis and re-evaluate the histopathological
findings, and to select the sites for the removal of cylindrical
cores used in the tissue microarray (TMA) construction.
TMA blocks were constructed using Beecher Instruments™
(Silver Spring, MD, USA) according to the manufacturer's
instructions as follows: i) the selected area in the respec-
tive paraffin block was marked; ii) a cylindrical core was
created in the receptor block using the apparatus; iii) a I-mm
cylinder of tissue was extracted from the area of interest;
iv) the cylindrical tissues obtained from the donating block
were transferred to the core in the receptor block; v) new core
positions were created in the receptor block, separated by
fractions of mm such that a collection of tissue samples was
created following the matrix arrangement; vi) the quality of
the block was assessed before storing. To guarantee adhesion
of the TMA block slices on the slides, an adhesive tape system
(Instrumedics Inc., Hackensack, NJ, USA) was used.

Immunohistochemistry. ~ Conventional  4-ym  sections
were obtained and mounted on slides pre-treated with
3-aminopropyltriethoxysilane (Sigma, St. Louis, MO, USA).
Sections were then deparaffinized, hydrated and processed.
Briefly, for antigen retrieval, slides were placed in 0.01 M
citrate-buffer (pH 6.0) and heated in a steamer for 30 min.
Endogenous peroxidase was blocked by 10% hydrogen
peroxide for 20 min. The sections were incubated overnight
with antibodies against Bcl-x (rabbit polyclonal, 1:500) (Dako,
Denmark); Bel-2 (100, mouse monoclonal, 1:100) (Santa Cruz
Biotechnology Ltd., Santa Cruz, CA, USA); Bad (HI68, rabbit
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Table II. Relationship between clinicopathological parameters and immunohistochemical protein expression in the gastric

adenocarcinomas.
Bcl-2 Bcel-x Bax Bad Bak p53 Ki-67 Cas3

Age

<50 NS NS NS NS NS NS NS NS

>50 NS NS NS 0.021 0.026 NS NS NS
Gender

Male NS NS NS NS NS NS NS NS

Female NS NS NS NS NS NS NS NS
Tumor diameter

<3 NS NS NS NS NS NS NS NS

>3 NS NS NS NS NS 0.046 NS NS
Inflammation

Moderate NS NS NS NS NS NS 0.023 NS

Intense NS NS NS NS NS NS NS NS

Mild NS NS NS NS NS NS NS NS
Lauren classification

Intestinal NS NS 0.001 0.001 NS NS 0.002 NS

Diffuse NS NS NS NS NS NS NS NS
Disease stage

Early NS NS NS NS NS NS NS NS

Advanced NS NS NS NS NS NS NS NS
Lymph node status

Positive NS NS NS NS NS NS NS NS

Negative NS NS NS NS NS NS NS NS
TNM stage

Tl NS NS NS NS NS NS NS NS

T2 NS NS NS NS NS NS NS NS

T3, T4 NS NS NS NS NS NS NS NS

NS, not significant.

polyclonal, 1:100) (Santa Cruz); Bax (N-20, rabbit polyclonal,
1:1500) (Santa Cruz); Bak (H-211, rabbit polyclonal, 1:200)
(Santa Cruz); p53 (D07, mouse monoclonal, 1:100) (Dako);
Ki-67 (MIB-1, mouse monoclonal, 1:100) (Dako); and
anti-cleaved caspase 3 (AP1027, rabbit polyclonal, 1:1000)
(Calbiochem, San Diego, CA, USA). The next morning, the
sections were allowed to react with secondary biotinylating
antibody and streptavidin-biotin-peroxidase (LSAB kit, Dako,
USA) for 30 min each. Finally, the reaction was revealed
using 3,3'-diaminobenzidine tetrahydrocloride (DAB) (Sigma)
(0.07% DAB in 0.05 M PBS buffer, pH 7.6, containing 0.01%
hydrogen peroxide), counterstained with Harris hematoxylin
and coverslipped with Entellan (Sigma). Negative and positive
controls were run simultaneously. As a positive control,
histological slides previously determined to be positive for
the markers studied were used. Slides stained omitting the
primary antibody were used as negative controls.

A cytoplasmic expression pattern for Bcl-x, Bcl-2, Bax,
Bad, Bak and cleaved caspase-3 (CC-3) was observed, while a
nuclear expression pattern was seen for p5S3 and Ki-67. These

patterns were analyzed according to distribution and intensity
criteria. A numerical scoring system with two categories was
used to assess protein expression (21). In category A, the
number of immunoreactive cells was classified as 0 or nega-
tive (no immunoreactive cells or <10% immunoreactivity), 1
(10 to <25%), 2 (25 to <50%) and 3 (>50% immunoreactivity).
In category B, the intensity of immunostaining was classified
as 0 or negative, 1 (no or weak immunostaining), 2 (moderate)
and 3 (strong). The values for categories A and B were multi-
plied, resulting in an immunoreactive score ranging from 0 to
9, with 0-3 considered negative and 4-9 positive. To evaluate
the expression of CC-3 and Ki-67 protein, Imagelab™ soft-
ware (Diracom, SP, Brazil) was used.

Cells were counted with an Olympus™ BX-40 Trinocular
microscope. In fields showing a more intense reaction
(‘hot-spots’), 200 cells were counted and the percentage of
immunostained cells was analyzed (22). Representative areas
of gastric adenocarcinoma tissue and adjacent normal gastric
mucosa were captured using a Sony™ CCD camera under
x400 magnification.
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Figure 1. Immunohistochemical analysis of gastric adenocarcinoma tissue samples. A cytoplasmic expression pattern for Bak (A), Bad (B), Bax (C), Bel-x (D),
Bcl-2 (E) and cleaved caspase-3 (F), and a nuclear expression pattern for p53 (G) and Ki-67 (H), was observed.
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Statistical analysis. The relationships between the expression
of Bcl-x, Bcl-2, Bax, Bad, Bak, p53, Ki-67 and CC-3 and the
clinicopathological findings were evaluated using the 2 test.
Kaplan-Meier survival curves were constructed to assess
whether the levels of Bcl-x1, Bel-2, Bax, Bak, Bad, p53, Ki-67
and CC-3 had any effect on the overall survival of patients
with gastric cancer. The correlation between the apoptotic
index and cellular proliferation was evaluated using Pearson's
test. A p-value <0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 15.0 for
Windows.

Results

The frequency of protein expression in the gastric adenocarci-
nomas and adjacent normal gastric mucosa is shown in Table I.
Table IT shows the correlation between the clinicopathological
parameters and expression of the proteins Bcl-2, Bel-x, Bax,
Bad, Bak, p53, Ki-67 and CC-3.

In the adenocarcinoma tissue, a correlation was demon-
strated between Bad and Bax (p=0.047) and between Bak and
Bad (p<0.001). Bcl-x was correlated with Bad (p<0.001) and
Bak (p<0.001). There was also a correlation between Ki-67
and Bcl-x (p=0.031), Bax (p=0.002), Bad (p=0.045), p53
(p=0.001) and CC-3 (p=0.037), and between Bad and CC-3
(p=0.020). Overexpression of Bcl-x, p53, Ki-67 and CC-3 and
reduced expression of Bak and Bad in the tumor cells were
observed.

Positive cytoplasmic expression of Bak (A), Bad (B), Bax
(©), Bclx (D), Bcl-2 (E) and CC-3 (F) was observed, with a
cytoplasmic expression pattern, while Ki-67 (G) and p53 (H)
had a nuclear expression pattern (Fig. 1).

Discussion

The number of cells in normal tissue is carefully regulated
through a balance between cell proliferation and apoptosis. An
imbalance between these processes can result in the formation
of cancer. Apoptosis is one of the key processes regulating cell
number. Known intracellular mediators of apoptosis include
pro- and anti-apoptotic members of the Bcl-2 family. Apoptosis
is beneficial if it occurs as a compensatory response to cellular
proliferation or as a mode of eliminating irreversibly damaged
cells. In an attempt to understand gastric carcinogenesis,
several studies have investigated anomalous expression of
Bcl-2 in normal gastric mucosa and in pre-neoplastic lesions.
The expression of this protein was increased in intestinal
metaplasia compared to low and high grade dysplasias (23),
and in dysplasias compared to adenocarcinomas (23). Among
gastric carcinomas, Bcl-2 expression was more frequent in the
early than in the advanced stages of the disease (24), and was
more frequently expressed in the intestinal compared with the
diffuse type (25). These observations suggest the importance
of Bcl-2 in gastric carcinogenesis, especially during its early
stages.

In this study, the expression of Bcl-2 was noted in 3
(4.8%) of the adenocarcinomas and in 1 (1.2%) of the
adjacent mucosal specimens. No differences were found in the
expression of this protein in tumor tissue compared to normal
mucosa.
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Immunoexpression of Bcl-x was examined in normal
gastric tissue and was present in various mucosal cells,
including foveolar, parietal and chief cells (26). Increased
expression was observed in 88.1% of the adenocarcinomas,
compared to 75% of the normal mucosal specimens. The
results of this analysis were similar to those of a previous study
by Krajewska et al, which found Bcl-x immunoexpression in
88% of gastric adenocarcinomas (27). Several observations
support the existence of a molecular connection and interface
between cell death and cell cycle regulation. In addition to its
central role in controlling cell death, studies have associated
Bcl-2 with cell cycle progression. Due to its nuclear membrane
localization, Bcl-2 may interfere with the nuclear transport
of critical S phase progression factors, as has been shown
for Cdc2 and Cdk?2 (28). Schmitt et al suggested that Bcl-x1
protein in human cancer modulates the cellular response
to DNA damage by regulating the permeability of the
mitochondrial membrane in the mechanism of apoptosis and
by stabilizing the DNA damage checkpoint at the G2/M phase
of the cell cycle, as well as by inhibiting cyclin-dependent
kinase 1, thus preventing the apoptosis of cells with damaged
DNA (29). Bcl-x] was also found to slow the apoptotic effect
of chemotherapy on tumor cells. Increased expression of Bak
sensitizes tumor cells to low doses of 5-FU and cisplatin,
which are often used in the treatment of gastric cancer.

An association has been demonstrated between the Bcl-x1
and the Bak and Bad proteins in adenocarcinomas. This asso-
ciation was described by Holinger et al (30) and Hinds et al
(31), who suggested that Bak and Bad form heterodimers
with the anti-apoptotic protein Bcl-xl, and that therefore any
conformational change blocks the heterodimerization of Bak
with Bcl-xl and inhibits the apoptotic effect of Bak. This
observation suggests that Bak enhances apoptosis by binding
to Bcl-xI and inhibiting its anti-apoptotic effect. In our study,
increased expression of Bak and Bad was observed in the
adjacent mucosa, while low expression of Bak and Bad was
found in the adenocarcinomas. Krajewska et al found similar
expression of Bcl-x1 and Bak in colon cancer (32).

Reduced expression of the Bax protein has been shown to
be a negative prognostic factor in patients with cancer of the
breast, ovary, colon, esophagus and pancreas, and the loss of
Bax expression in acute lymphoblastic leukemia in children
is associated with resistance to chemotherapy and inappro-
priate activation of the caspase cascade (33). In this study,
positive expression of Bax was observed in 78.6% of the
adenocarcinomas and 70.3% of the normal mucosal speci-
mens, which was without significant difference. However, in
the two tissues there was a difference in the expression of
this protein between the histological intestinal and diffuse
types (Lauren classification), as previously reported by
Anagnostopoulos et al (34).

Increased expression of p53 protein was observed in the
adenocarcinomas (43.1%) compared with the adjacent normal
mucosa (2.4%). A positive correlation was noted between p53
protein expression and tumor size, histological classification
and protein Ki-67 immunoexpression. In a study by Lee ez al,
similar expression was found in gastric carcinomas, and over-
expression of p53 was directly associated with increased age,
male gender, larger sized tumors, a higher degree of histolog-
ical differentiation, PCNA and a more advanced stage of the
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disease (35). These results indicate that, in adenocarcinomas,
p53 is unable to correct DNA damage, thus blocking apoptosis
and allowing the proliferation of cells with DNA damage. On
the other hand, increased expression of Bcl-x helps to inhibit
apoptosis, triggering the uncontrolled proliferation of tumor
cells.

Sot et al demonstrated that there is high affinity between
the p53, Bcelxl and Bak proteins. When there is an equal
concentration of pro- and anti-apoptotic proteins, or with the
highest concentration of the latter, p53 preferentially binds to
Bcl-x1, inhibiting its apoptotic effect. If there are too many
p53 molecules, the interaction with Bak occurs a second time,
activating these proteins and promoting their oligomerization
with the anti-apoptotic proteins (36).

Tumor growth is determined by the balance between
proliferation and the apoptisis of tumor cells. The measurement
of proliferative activity using immunohistochemistry is
carried out using antibodies against antigens associated with
proliferation, such as Ki-67 and PCNA. The Ki-67 protein is
considered to be an important prognostic factor in malignant
tumors. Patients with tumors with high proliferative activity
have a worse prognosis than those with low activity (37).
In this study, increased cell proliferation in tumor tissue
compared to adjacent normal mucosa was also observed. An
association was found between the rate of cell proliferation
measured by Ki-67 in intestinal type adenocarcinomas.
Oshima et al observed higher expression of Ki-67 in
intestinal type compared with diffuse type adenocarcinomas
(38). In another study by Oshima et al, which studied the
rate of cell proliferation (determined by Ki-67) in gastric
and colon cancer, a wide variation in the percentage and
intensity of Ki-67 expression was noted. This was higher in
gastric carcinomas (39). An increase in the expression of the
Ki-67 protein in adenocarcinomas compared with intestinal
metaplasia was also observed. In this study, there was no
correlation between the expression of the Bcl-2 protein family
and patient prognosis.

In conclusion, our results suggest that the expression of
Bcl-2 family proteins is involved in gastric carcinogenesis,
likely through an inefficient regulation of apoptosis due to
overexpression of Bcl-x and reduced expression of the pro-
apoptotic proteins Bak and Bad. The association of these
findings with the protein overexpression of p53 shows the
ineffectiveness of p53 in controlling the proliferation of cells
with DNA damage. These results, in association with the
overexpression of Ki-67, may elucidate the imbalance between
cell proliferation and apoptosis in tumor cells. The difference
in Bax and Bad immunohistochemical expression between
intestinal and diffuse adenocarcinomas shows that different
mechanisms of carcinogenesis are potentially involved. In this
study, the expression of these proteins did not appear to influ-
ence patient prognosis.
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