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ORIGINAL ARTICLE

Prognostic significance of biological apoptosis factors in
gastric cancer

C. Sezer', M. Yildirim? M. Yildiz’, A. Sezgin', U. Donem Dilli',
S. Goktas!, N. Bulbuller!

'Department of Pathology, *Department of Medical Oncology, *Department of General Surgery, Antalya
Education and Research Hospital, Antalya, Turkey

Summary

Purpose: Gastric cancer is a biologically heterogeneous disease containing many genetic and epigenetic altera-
tions. In our study, the expression status of apoptosis-inducing p53 and apoptosis-inhibiting Bcl-2 in gastric
cancer and their relation with prognosis, if any, was investigated.

Methods: Patients that were being followed in our clinic and had histopathologically diagnosed gastric adeno-
carcinoma were included in this study. The p53 and bcl-2 expressions were investigated immunohistochemi-
cally and patients were grouped according to p53 and Bcl-2 expression as follows: group A: both p53 and Bcl-2
negative; group B: p53 positive and Bcl-2 negative; group C: p53 negative and Bcl-2 positive; group D: both p53
and Bcl-2 positive.

Results: In 19 (51.4%) patients positive immunostaining with p53 was observed, while negative in 18 (48.6%).
A significant relationship between the metastatic ability of the tumor and p53 expression was determined
(p=0.004). In 78.6% of the metastatic tumors no p53 expression was observed, while in 69.6% of the non-met-
astatic tumors p53 expression was positive. No significant relationship was detected between p53 expression
and survival.

Positive immunostaining with Bcl-2 was observed in 9 (16.7%) patients, and negative in 45 (83.3%). No sig-
nificant relationship was determined between the Bcl-2 expression and the depth of invasion, dissemination to
lymph nodes and metastatic ability of the tumor. A borderline statistically significant relationship was deter-
mined between the Bcl-2 expression and survival (p=0.051).

Group B patients showed a statistically significant survival difference compared with the other groups (p=0.022).
Conclusion: The results of this study suggest that concurrent evaluation of p53 and Bcl-2 in patients with gas-
tric adenocarcinoma may have prognostic importance.

Key words: apoptosis, bcl-2, gastric cancer, p53

Correspondence to: Mustafa Yildirim, MD.

Antalya Education and Research Hospital, Department of Medical Oncology, Varlik mahallesi,
Kazim Karabenir cad., Soguksu, Antalya, Turkey. Tel: +90 5333948252, Fax: +90 242 2494402
E-mail: mustafayildirim7@yahoo.com

Received: 03/07/2012; Accepted: 31/07/2012



139 Apoptosis in gastric cancer

Introduction

Although the incidence of gastric cancer declines in
many countries, it is still among the most common
cancers worldwide [1]. The disease demonstrates a
fast progression following diagnosis. Despite advanc-
es in diagnosis and the use of postoperative adjuvant
treatment combinations in local disease, the disease
may still progress [2]. Gastric cancer is a biologically
heterogeneous disease containing many genetic and
epigenetic alterations. Despite this heterogeneity, pa-
tients in the same disease stage are been treated with
similar treatments. Considering the fact that trastu-
zumab produces survival advantage in patients with
metastatic gastric cancer, in whom HER-2 expression
was demonstrated immunohistochemically or by flu-
orescent in situ hybridization, this situation is chang-
ing [3]. Treatment options depending on the biology
of the disease are being discussed.

From definite clinical and laboratory param-
eters determined during diagnosis, the prognosis of
the disease can be predicted. Determination of the
mechanisms playing a role in oncogenesis can bring
forward targeted treatments. Laboratory parameters
can be used for determining the intensity and type of
the treatment to be applied to the patients. The tumor
protein p53 (TP53) acts by stopping the cell cycle and
starting induction of apoptosis. In more than 50%
of malignancies mutated p53 has been shown [4].
Bcl-2, which has initially been detected in human B-
cell lymphoma cells, is a member of a protein family
which has important tasks in the apoptotic mecha-
nisms. Bcl-2 inhibits apoptosis [5].

The purpose of our study was to demonstrate the
expression status of the apoptosis-inducing p53 and
apoptosis-inhibiting Bcl-2 in gastric cancer and to
determine their relationship with prognosis, if any.

Methods

Patient selection

Included patients were followed at the Medical On-
cology Clinic of Antalya Education and Research
Hospital between 2008-2010; all of them had histo-
pathologically diagnosed gastric adenocarcinoma
and were staged according to the staging system of
the American Joint Committee on Cancer (AJCC; 7
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Edn). The patient files were studied and data about
the age, gender, disease stage and the treatments ap-
plied to the patients were registered. Patients without
histopathological diagnosis and those whose treat-
ments had been initiated at another center and con-
tinued at our center were excluded from study.

Patient grouping

Patients were grouped according to p53 and Bcl-2
expression as follows: group A: both p53 and Bcl-2
negative; group B: p53 positive and Bcl-2 negative;
group C: p53 negative and Bcl-2 positive; group D:
both p53 and Bcl-2 positive.

Immunohistochemistry

Tumor specimens obtained during surgery or endos-
copy were fixed in 10% formaldehyde and embedded
in paraffin. The paraffin blocks were cut in sections
of 4 um and firstly evaluated after hematoxylin-eosin
staining.

The sections were deparaffinized in an incubator
at 60°C for 1 h. Then, they were immersed in xylene
for 10 min and in 100% alcohol for 5 min and washed
with water. The slides were kept in 10% citrate buft-
ered solution in microwave at maximum power (800
watts) for 15 min. Then, the power was reduced by
50% and the slides were kept in the microwave for an-
other 20 min. The slides were then removed and kept
at room temperature for 20 min. Endogenous per-
oxidase activity was blocked by incubation with 3%
H,0, for 20 min. Then, the slides, washed with dis-
tilled water, were treated with phosphate buffer saline
(PBS) for 5 min x 3 times and protein blocking agent
(Novocastra Protein Block, Newcastle, UK). After 5
min, without washing off the blocking agent, p53 and
Bcl-2 antibodies were dripped onto the slides. Af-
ter keeping in the primary antibody for 30 min, the
slides were transferred into PBS, washed for 5 min
and treated with biotinylated secondary antibody
for 20 min, washed in PBS for 5 min and incubated
with peroxidase conjugate antibody (Novocastra Per-
oxidase Block, Newcastle, UK) for 20 min. Then, they
were washed in PBS for 5 min and kept in chromogen
(DAB) for 5 min. Then, they were washed with tap
water, counterstained with hematoxylin, dehydrated,
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Table 1. General patient characteristics

Characteristics Average = SD Median
Age (years) 61.5+11 62
BUN (mg/dl) 20.6 £ 10.3 19
Cre (mg/dl) 0.59+0.33 0,6
AST (U/L) 24.8 £22.1 19
ALT (U/L) 22.6 £12.9 19
LDH (U/L) 229.7£157.6 200
ALP (U/L) 150.2+205.1 92
WBC (10°/mm®) 7.62+2.66 7.36
PLT (10°/mm®) 308.5£129.7 298.5
Hb (g/dl) 10.2 + 3.86 11.3

BUN: blood urea nitrogen, Cre: creatinine, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH: lactate dehydro-
genase, ALP: alkaline phosphatase, WBC: white blood cells, PLT: platelets, Hb: hemoglobin, SD: standard deviation

dried and covered with rapid embedding medium
(Entellan, Electron Microscopy Sciences, Hatfield,
USA).

For immunostaining, lyophilized mouse mono-
clonal antibody against p53 (Clone B P53;12, 1:100,
Invitrogen, Carmennillo, Canada) and lyophilized
mouse monoclonal antibody against Bcl-2 (Clone100/
D5, 1:50, ThermoScientific, Fremont, USA) were
used. After staining, the samples were inspected us-
ing Nikon Eclipse 801 microscope (USA, Nikon).

Immunohistochemical scoring

If samples were showing high expression, they were
assessed by low power magnification. Low and nega-
tive expressions were studied by high power magni-
fication. The expression rates of the positive tumor
cells were evaluated by two different pathologists who
were unaware of the clinical patient characteristics
p53 and Bcl-2 expressions were assessed according
to the nuclear and cytoplasmic staining of the cells.
Staining > 10% in the samples was considered posi-
tive and < 10% was considered negative.

Statistics

The statistical analyses were performed by employing
the SPSS 13.0 software. Differences between groups
were studied using Chi-square and Mann-Whitney U
tests. The relation between each of the positive and

negative immunohistochemical results and survival
were investigated by Kaplan-Meier survival analysis.
Statistical differences were confirmed by the log-rank
test. A p value <0.05 was accepted as statistically sig-
nificant.

Results

A total of 60 patients (40 males; 66.7% and 20 fe-
males; 33.3%) were included in the study. Their mean
age was 61.5 + 11 years (Table 1).

The clinical symptom most frequently encoun-
tered was abdominal pain (19 patients; 31.7%, fol-
lowed by weight loss (18.3%) and dyspeptic com-
plaints (10%). Comorbidities were detected in 16 pa-
tients (26.7%), the most common being hypertension
in 10 patients (16.6%). Other frequently encountered
comorbidities were diabetes mellitus and atheroscle-
rotic cardiovascular disease with 4 (6.7%) patients
each . Stage 1 disease was determined in one (1.7%)
patient, stage 2 in 9 (15%), stage 3 in 16 (23.3%) and
stage 4 in 34 (56.7%) patients . Local invasion and
lymph node involvement were assessed pathologi-
cally in operated patients and by screening methods
in patients who had only biopsy. Most frequently
encountered local invasion was T3 in 32 (53.3%) pa-
tients. This was followed by T4 in 13 (21%) patients,
T2 in 4 (6.7%) patients and T1 in 2 (3.3%) patients.
The metastatic site most frequently encountered was
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Figure 1. Kaplan-Meier survival according to p53 expres-
sion.

the liver (18 patients; 52.9%). Other metastatic sites
were peritoneum-only in 8 patients, liver and perito-
neum in 4 patients, lung metastasis in 3 patients and
bone metastasis in 1 patient.

Due to the inadequacy of the endoscopic biop-
sies, p53 expression was assessed only in 37 out of 60
patients. While in 19 (51.4%) patients immunostain-
ing was positive, immunostaining was negative in 18
(48.6%) patients. A significant relationship between
the metastatic potential of the tumor and p53 expres-
sion was determined (p=0.004). While in 78.6% of
the metastatic tumors p53 expression was not ob-
served, in 69.6% of the non-metastatic tumors p53
expression was positive. No relationship was detected
between p53 expression and the depth of tumor in-
vasion and lymph node involvement (p=0.646 and
p=0.336, respectively). p53 expression was detected
in 2 (50%) stage 1 patients, in 5 (62.5%) stage 2 pa-
tients, in 7 (50%) stage 3 patients and in 16 (47.1%)
stage 4 patients (Table 2). The median patient survival
of was 8.9 months (95% confidence interval/CI 4.8-
13). No significant relationship was found between
the p53 expression and survival (p=0.092) (Figure 1).
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Figure 2. Kaplan-Meier survival according to Bcl-2 ex-
pression.
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Figure 3. Kaplan-Meier survival for p53 positive, Bcl-2
negative (group B) patients.
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Table 2. The relation of p53 and Bcl-2 expressions with clinicopathological parameters

Parameters p53 Bcl-2
N(%) Negative  Positive N p-value N (%) Negative Positive N p-value
N (%) (%) N (%) (%)
Gender 0.9
Female 16 (43.2) 6(33.3)  10(52.6) 0243 19(352) 16(356)  3(33.3)
Male 21 (56.8) 12 (66.7) 9 (47.7) 35(64.8) 29 (64.4) 6 (66.7)
Age (years) 0.8 0.46
<60 17 (46) 8(44.4) 9(47.4) 24 (44.4) 21 (46.7) 3(33.3)
>60 20 (54) 10 (55.6) 10 (52.6) 30 (55.6)  24(53.3) 6 (66.7)
T stage 0.276 0.49
T1 3 (8.1) 1(5.6) 2 (10.5) 4(7.4) 4 (8.9) 0
T 2 (5.4) 1(5.6) 1(5.3) 3(5.6) 2 (44)  1(111)
T3 19 (51.3) 8 (44.4) 11 (57.9) 28 (51.9)  22(48.9) 6 (66.7)
- 13 (35.2) 8 (44.4) 5(26.3) 19(352) 17(37.8)  2(22.2)
N stage 0.9 1.0
Negative 4(10.8) 2(11.2) 2 (10.5) 6(11.1)  5(11.1) 1(11.1)
Positive 33(89.2)  16(889)  17(89.5) 48(88.9)  40(88.9)  8(88.9)
Metastasis 0.004 0.9
Yes 23 (62.2) 7(38.9)  16(84.2) 23(42.6) 19(42.2)  4(44.4)
No 14(37.8) 11 (61.1) 3(15.8) 31(574) 26(57.8)  5(55.6)
Total 37 18 (48.6) 19 (51.4) 54 45 (83.3) 9(16.7)

Also, due to inadequacy of the endoscopic biop-
sies, Bcl-2 expression was assessed in 54 out of 60
patients. No significant relationship was determined
between the Bcl-2 expression and the depth of inva-
sion, dissemination to lymph nodes and metastatic
potential of the tumor (p=0.816, p=0.862, p=0.608,
respectively). Bcl-2 expression was detected in one
(25%) stage 1 patient; in stage 2 and 3 patients, this
rate was 22.3% and 6.3%, respectively, while it was
20.6% in stage 4 patients. A borderline significant re-
lationship was determined between Bcl-2 expression
and survival (p=0.051). While median survival was
10.7 months (95% CI 7-14.4) in the Bcl-2 negative
group, it was 5.6 months (95% CI 4.8-13) in the Bcl-2
positive group (p=0.051) (Figure 2).

When p53 and Bcl-2 expressions were assessed
together in 37 patients, TP53 was determined as posi-
tive and Bcl-2 was determined as negative (group B)
in 16 patients (Table 3). A statistically significant sur-
vival difference was determined between group B and
groups A, C and D (p=0.022). In group B patients,
median survival was 11.07 months (95% CI 3.9-18.2)

Table 3. Patient groups according to p53 and Bcl-2

expressions
Bcl-2 p53 Total
Negative Positive
N N

Negative 15 16 31
(Group A)  (Group B)

Positive 3 3 6
(Group C)  (Group D)

while it was 5.3 months (95% CI 1.3-9.2) when as-
sessed together with the other groups (Figure 3).

Discussion

Determination of prognostic factors in gastric can-
cer may help estimate patient survival and choosing
therapy among different treatment options. In many
studies it was demonstrated that the depth of tumor
invasion (T) and the presence of lymph node metas-
tasis (N) are important prognostic factors [6,7]. T, N
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and the presence of distant metastasis (M) are used in
the TNM disease staging. Studies show that patients
at the same pathological stage may have different
prognoses. Many biological factors have been studied
to determine these different prognostic groups [8,9].

Biological factors such as oncogenes, tumor-sup-
pressor genes, cell cycle regulators and DNA repair
genes, which have role in the genesis, growth, inva-
sion and metastasis of cancer, have been investigated
for determination of prognosis and estimating the
treatment response in cancer patients. Apoptosis
also is a mechanism that plays an important role in
carcinogenesis. Defects in the apoptotic processes
change the tumor behavior. In this study, we dem-
onstrated that the absence of apoptosis-inducing p53
expression and of anti-apoptotic Bcl-2 expression,
which have central roles in the apoptotic process,
provides stage-independent survival advantage in
gastric cancer patients.

In DNA-damaged cells, p53 stops the cell cycle at
the transition from the G1 to the S phase. This way,
DNA-damaged cells cannot proliferate and are re-
moved by apoptotic processes. On the other hand,
mutated DNA-damaged cells which express p53 con-
tinue to proliferate. In normal cells, p53 is expressed
at levels which cannot be easily detected by immu-
nohistochemistry. p53 is located on the short arm
of chromosome 17, and mutated p53 is formed as a
result of various point mutations and deletions. The
mutant p53 can be highly expressed in tumor cells
[10].

In many studies, p53 expression in gastric cancer
ranged between 31-76.7% [11-15]. In our study, p53
expression rate was detected in 51.4% of the cases.
These differences in the p53 expression rate can be
the result of many factors. Differences in the total
number of patients and differences within the same
disease stage can explain these discrepancies. For
example, in our study we found that p53 expression
decreased in stage 4 disease. This expression rate may
be lower, due to the fact that most of our patients had
stage 4 disease. Immunohistochemistry-related tech-
nical differences and analysis differences may also
contribute to this observation.

In our study, no relationship was determined
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between p53 expression and clinicopathological pa-
rameters. In a similar study, which investigated fac-
tors predicting lymph node metastasis in early gastric
cancer, no relationship between nodal metastasis and
p53 expression has been demonstrated [16].

Many authors have investigated the prognostic
role of p53 expression in gastric cancer. In some stud-
ies it has been proposed that patients with gastric
cancer not expressing p53 had longer survival and
that p53 was an adverse prognostic factor [17-21].

Lazar et al. [22] reported that in 61 operated gas-
tric cancer patients 41% had positive p53 expression
and demonstrated that the 5-year survival of the p53
positive patients was shorter. In our study we did not
find any relationship between survival and p53 ex-
pression.

In many other studies, no relationship has been
detected between p53 expression, and survival and
other clinicopathological parameters, similarly to our
study [23-30]. In terms of prognosis, these differenc-
es between studies may be related with the low total
number of the patients included. Besides, differences
in the number of patients at different disease stages
may also affect survival analyses.

Bcl-2 functions as an oncogene, but unlike other
oncogenes, it doesn't increase cell proliferation. It
provides survival advantage to the rapidly prolif-
erating cells due to DNA damages. Although Bcl-2
plays a role in carcinogenesis in most cancer types,
it is less related to aggressive cancer progression. In
non-small cell lung cancer, breast cancer, ovarian
cancer, soft tissue sarcoma and colon cancer, it has
been demonstrated that increased Bcl-2 expression
was a good prognostic factor [31]. On the other hand,
in some cancer types, it has been demonstrated to be
an adverse prognostic factor. In patients with pros-
tate cancer, increased Bcl-2 expression has been as-
sociated with resistance to hormonal treatment and
recurrence, and in patients with breast cancer it has
been associated with dismal prognosis [32].

The prognostic role of Bcl-2 expression in gastric
cancer has been investigated in some studies [33,34].
Although there are studies suggesting its relation-
ship with prognosis, there are other studies denying
it [35,36]. In our study, similarly to these studies, no
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statistical relation was determined between survival
and Bcl-2 expression. Still, we determined that the
Bcl-2 negative patient group displayed survival ad-
vantages.

Despite the existence of studies demonstrating a
relation between p53 and Bcl-2, we did not determine
any relationship between p53 expression and Bcl-2
expression.

The relation between the pro-apoptotic p53 ex-
pression and anti-apoptotic Bcl-2 expression and
their prognostic role when evaluated together, has
been examined by many authors. Although there are
studies that demonstrate the prognostic significance
when p53 expression and Bcl-2 expression are evalu-
ated together, there are also studies demonstrating
the opposite [37-44].

Liu et al. in their study with 501 stage 1-3 Chinese
gastric cancer patients, who had undergone D2 resec-
tion, have examined the p53, Bcl-2 and bax expres-
sions by immunohistochemistry. p53 expression rate
was 64.9% and Bcl-2 expression 22.2%. While they did
not determine any relationship between p53 expres-
sion and pathological stage and lymph node status,
they showed a relationship between Bcl-2 expression
and stage. In our study we noticed that p53 expres-
sion was decreased, especially in stage 4 patients. In
our stage 2 and 3 patients, similar to the results of this
study, we found p53 expression in 66.7% and 66.8%,
respectively and we determined this rate as 21.4% in
metastatic patients. The borderline statistical signifi-
cance that we found between Bcl-2 expression and
survival, was also demonstrated in this study [45].

The most important limitations of the present
study were the low number of patients and the fact
that most of them had the metastatic disease. Since
histopathological diagnosis is obtained by endoscop-
ic biopsy in most of the metastatic patients, no tissue
samples of some of them could be obtained. For this
reason, these patients could not be included in the
immunohistochemical examination.

The development and progression of cancer is a
very complex process. Apoptosis is one of the mecha-
nisms that play an important role in this process. In-
duction of apoptosis or blocking the anti-apoptotic
pathways is among the goals of cancer treatment [46].

When p53 and Bcl-2, which play an important role
in apoptosis, are considered individually, they do not
seem prognostically important. In apoptosis, many
genes function together. This fact brings forward
the concurrent use of the biological prognostic fac-
tors. The results of this study suggest that concurrent
evaluation of p53 and Bcl-2 in patients with gastric
adenocarcinoma may have prognostic importance.
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