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Apoptosis and gastric carcinogenesis: Immunohistochemical 
analysis of Bax and Bcl-2 proteins
P. Chatzipantelis1, P. Konstantinou1, D. Voros2, V. Smyrniotis2, Agatha Kondi-Pafiti1

SUMMARY

Aim: Our aim was to evaluate the role of Bax and Bcl-2 apop-
tosis-related proteins in the carcinogenesis of the stomach. 
Materials and Methods: 80 biopsy specimens and 50 surgical 
specimens of chronic gastritis, atrophic gastritis, intestinal 
metaplasia, gastric dysplasia and gastric cancer were stud-
ied. Routine hematoxyline and eosin sections were evaluat-
ed and classified according to the latest diagnostic criteria. 
Immunohistochemical methods were used for detection of 
Bax and Bcl-2. Results: The expression of Bax in precancer-
ous lesions and in gastric cancer was distributed as follows: 
chronic gastritis 100% (80/80 cases), atrophic gastritis 60% 
(39/65 cases), intestinal metaplasia 55% (28/50 cases), dyspla-
sia 25% (10/40 cases), intestinal type adenocarcinoma 40% 
(12/30 cases), and diffuse type adenocarcinoma 15% (3/20 
cases). Bcl-2 expression was as follows: chronic gastritis 0%, 
atrophic gastritis 35% (23/65 cases), intestinal metaplasia 
90% (45/50 cases), dysplasia 100% (40/40 cases), intestinal 
type adenocarcinoma 83.3% (25/30 cases), and diffuse type 
adenocarcinoma 70% (14/20 cases). Conclusions: Our find-
ings demonstrate the high expression of Bcl-2 in precancer-
ous lesions (intestinal metaplasia, dysplasia) and in gastric 
cancer; at the same time the suppression of Bax in these dis-
eases is evident. This highlights the major role of Bcl-2 and 
the contradicting role of Bax in early carcinogenesis. 	
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INTRODUCTION

The development of gastric carcinoma involves a mul-
tistep process from chronic gastritis to atrophic gastritis, 
intestinal metaplasia and gastric dysplasia. It has been 
shown that atrophic gastritis with intestinal metaplasia 
and dysplasia significantly increased the risk of gastric 
carcinoma. Cell proliferation and apoptosis are essential 
events in the cellular turnover of gastric tissues.1 The ex-
cessive cell proliferation and/or decreased cell apoptosis 
seem to be the biological basis of gastric carcinogenesis. 
Apoptosis is a physiological suicide mechanism and was 
first described by Kerr et al.2 It is the programmed death 
of cells by fragmentation of DNA, cell shrinkage, and di-
lation of endoplasmic reticulum, followed by cell fragmen-
tation and formation of membrane vesicles called apopto-
sis bodies.2-4 Abnormal apoptosis contributes to the onset, 
development, and progression of cancer.5 

The Bcl-2 family proteins are important and critical 
regulators of apoptosis. The Bcl-2 family consists of 15 
mammalian family members, which are divided into three 
subfamilies: i) Bcl-2 subfamily (pro-suRvival): Bcl-2, Bcl-
Xl, Bcl-w, Mcl-1 and A1, ii) Bax subfamily (pro-apop-
totic): Bax, Bak, Bok, and iii) BH3 subfamily (pro-apop-
totic): Bad, Bid, Bik, Blk, Hrk, BNIP3 and BimL. The 
bcl-2 gene codes for a 25KDa protein. The C terminal 21 
aminoacids encode a stretch of hydrophobic aminoacids 
that are important in membrane docking: Bcl-2 resides 
on the cytoplasmic face of the mitochondrial outer mem-
brane, the nuclear envelope, and the endoplasmic reticu-
lum. Most Bcl-2 homologs have this hydrophobia C ter-
minal domain, though they are not necessarily located on 
membranes, but are cytosolic. When homologs of Bcl-2 
have been identified, it becomes apparent that the Bcl-2 
family can be defined by the presence of conserved mo-
tifs, known as Bcl-2 homology domains (BH1 to BH4).6 
Bcl-2 prevents cells from death through a variety of mech-
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anisms, whereas overexpression of Bax protein increases 
the susceptibility of cells to apoptosis. Although they have 
different functions, they share similar structures. Bax as 
a homolog protein of Bcl-2 possesses two conserved re-
gions, BH1 and BH2 that appear to be important for Bax/
Bcl-2 binding. Bax and Bax-like proteins are associated 
with mitochondria-related apoptosis. While cell survival 
– promoting molecules Bcl-2 and Bcl-x, localised at the 
outer mitochondrial membrane, prevent translocation of 
cytochrome c from the mitochondria, induced expression 
or enforced dimerisation of Bax results in mitochondriac 
dysfunction leading to cytochrome c release.7 Bax and Bcl-
2 may form homodimers (Bax/Bax, or Bcl-2/Bcl-2) or het-
erodimers (Bax/Bcl-2).6 The ratio of Bcl-2 to Bax proteins 
appeared to control the relative sensitivity of resistance of 
many types of cells to apoptotic stimuli.8 The Bcl-2 pro-
tein has been shown to prevent apoptosis and may play an 
important role in the regulation of gastric cancer growth. 
Also, it was discovered as a protooncogene, and is found 
at the breakpoints of t(14:18) chromosomal translocations 
in low grade B-cell lymphoma.9

In this study, we examined the immunohistochemi-
cal expression of a proapoptotic protein (Bax) and an an-
tiapoptotic protein (Bcl-2) in precancerous lesions and in 
gastric cancer for determining their role in gastric carci-
nogenesis. 

MATERIALS AND METHODS

Eighty endoscopic biopsy specimens and fifty surgi-
cal specimens (from our archives, Department of Pathol-
ogy, Areteion University Hospital) of chronic gastritis, 
atrophic gastritis, intestinal metaplasia, gastric dysplasia, 
and gastric carcinoma were examined. The biopsy speci-
mens were obtained from patients who underwent upper 
gastrointestinal endoscopy due to dyspeptic symptoms in 
our institution during 2005 and 2006. The surgical spec-
imens were obtained from patients who underwent pre-
operative upper gastrointestinal endoscopy and were di-
agnosed as gastric cancer. All specimens were fixed in 
formalin and embedded in paraffin wax by using routine 
methods. Among 130 patients, 75 were male and 55 were 
female with median age 57.5 years. 5 samples for biopsy 
were taken from each patient: 2 were taken from gastric 
antrum, 2 from corpus, and 1 from incisura. The patients 
with preoperative diagnosis of gastric cancer underwent 
total gastrectomy. 	

Routine H &E sections of chronic active gastritis, 
chronic atrophic gastritis, and intestinal metaplasia were 
diagnosed by using the Sydney classification.10 Dysplasia 

was diagnosed according to the Padova International clas-
sification system.11 Gastric carcinoma was diagnosed ac-
cording to the WHO classification of 2000.12 For the im-
munohistochemical analysis, we used the EnVision System 
and the monoclonal antibodies for Bax (Dako Denmark 
1:500) and Bcl-2 (Dako Denmark 1:40). Briefly, 5-μm his-
tological sections were dewaxed in xylene, rehydrated us-
ing a graded alcohol series, immersed in 10 μmol and 0.5 
mol/L ethylenediamine tetraacetic acid (EDTA) (pH 9.0), 
and microwaved. Subsequently, the sections were incubat-
ed with 0.3% H2O2 for 30 min to block endogenous perox-
idase activity. Detection was made by using the EnVision 
System kit (Dako). Moreover, in certain specimens Giemsa 
histochemical stains were performed for the detection of 
Helicobacter pylori. The expression of Bax and Bcl-2 in 
epithelial cells was cytoplasmic and was graded according 
to the classification of Koshida et al as follows: 0 nega-
tive, 1 (very weak) <5% of cells stained, 2 (weak) <20% 
of cells stained, 3 (moderate) 20-50% of cells stained, 4 
(intense) >50% of cells stained.13 Lymphocytes and small 
vessels were used as positive controls for Bcl-2 and Bax 
immunoreactivity. 

RESULTS

The immunohistochemical findings in gastric lesions 
were distributed as follows: [Table]

Chronic gastritis
Bax was expressed in all cases (80/80 cases, 100%) 

in epithelial cells. The cytoplasmic stain was intense in 
80% and moderate in 20% of the cases. Bcl-2 was not 
expressed. H. pylori (HP) was detected in 67/80 cases 
(83.7%) and all cases were Bax positive (100%).

Athrophic gastritis
Bax was expressed in 39 out of 65 cases (60%). The 

stain was weak in 50% of cases, moderate in 42%, and in-
tense in 8 % of all cases. Bcl-2 was expressed in 23 out 
of 65 cases (35%) with very weak stain in 86% and weak 

Table Bax and Bcl-2 expression 
	 Bax 	 Bcl-2 
	 ( % of cases)	 (% of cases)
Chronic gastritis	 100%	 0%
Atrophic gastritis	 60%	 35%
Intestinal metaplasia	 55%	 90%
Dysplasia	 25%	 100%
Intestinal type adenocarcinoma	 40%	 83.3%
Diffuse type adenocarcinoma 	 15%	 70%
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in 14% of cases. HP was detected in 41/65 cases (63%) 
of atrophic gastritis. Bax was positive in 28/41 cases with 
HP (68.3%), while Bcl-2 was positive in 14/41 cases with 
HP (34.15%).

Intestinal metaplasia
Intestinal metaplasia was observed in 50 out of 80 cas-

es of precancerous lesions, which are classified as follows: 
14 cases were diagnosed as incomplete intestinal metapla-
sia type IIB and 8 were typeIIA. The other 28 cases were 
diagnosed as complete intestinal metaplasia. Also, type IIB 
intestinal metaplasia was observed in 25 out of 50 cases 
of gastric cancer. Bax was expressed in 55% (28/50) of 
intestinal metaplasia cases, equally expressed in type IIA 
and IIB. (Fig1). The staining was very weak in 55% and 
weak in 45%. Bcl-2 was expressed in 90% of the cases, 
with greater expression in type IIB intestinal metaplasia. 
(Fig. 2) The staining was very weak in 55%, weak in 33%, 
and moderate in 12% of the cases. HP (+) cases were 28 
(56% with no significant difference in three types). Bax 
positivity was observed in 19/28 cases with HP (67.8%) 
and Bcl-2 in 23/28 cases with HP (82.1%).

Dysplasia
High grade dyplasia was observed in 15 cases of bi-

opsy specimens and low grade dysplasia was observed in 
25 cases. Bax was expressed in 10 low grade dysplasia 
cases out of a total of 40 cases (25%), and Bcl-2 was ex-
pressed in 100% of all cases. (Fig. 3) Bax and Bcl-2 ex-
pression was very weak in 25%, weak in 45%, and mod-
erate in 30% of the cases. HP (+) cases were 17 (42.5%). 
Bax was expressed in 6/17 cases with HP (35.3%) and 
Bcl-2 in 17/17 cases with HP (100%).

Gastric cancinoma
Bax was expressed in 12 out of 30 cases (40%) of intes-

tinal type adenocarcinoma and in 3 out of 20 cases (15%) 
of diffuse type adenocarcinoma. The staining was very 
weak in 10 cases and weak in 2 cases of intestinal type 
adenocarcinoma and very weak in 3 cases of diffuse type 
adenocarcinoma. Bcl-2 was expressed in 25 out of 30 cas-
es (83.3%) of intestinal type adenocarcinoma (Fig. 4) and 
14 out of 20 cases (70%) of diffuse type adenocarcinoma. 
The staining was very weak in 2 cases, weak in 5 cases, 
moderate in 7 cases, and intense in 11 cases of intestinal 
type adenocarcinoma. The staining was moderate in 5, and 
intense in 9 cases of diffuse type adenocarcinoma.

DISCUSSION

The balance between cell proliferation and cell loss Fig. 1. Bax expression in intestinal metaplasia (x250).

Fig. 2. Bcl-2 expression in intestinal metaplasia (x250).

Fig. 3. Bcl-2 expression in high grade dysplasia (x250).
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regulates tumor growth, and therefore apoptosis, which 
regulates cell death and influences cell proliferation, may 
play an important role in tumor development. Ishida et al14 
reported the presence of apoptosis in gastric cancer tissue 
by using terminal deoxynucleotidyl thansferase-mediat-
ed d UTP-biotin nick end labelling. They pointed out that 
apoptosis played a decisive function in pre-cancer changes 
and participated in the development of cancer, including 
epithelial hyperplasia which occurs in the gastric muco-
sa. The apoptosis action in sick gastric mucosa cells de-
creased. Cell life was prolonged, and cells were piled up. 
This may be the reason why gastric cancer develops, infil-
trates and transfers.13 Also, Mijic et al15 reported that nu-
meric densities of apoptosis cell are associated with tumor 
progression in human gastric carcinogenesis. The apopto-
sis index decreased from mild non-proliferation to severe 
non-proliferation, early gastric cancer, and progressive 
gastric cancer.16 This indicates that during the develop-
ment of gastric cancer, apoptosis is inhibited. 

The mechanism of apoptosis modulation of gastric-
intestinal epithelia is very complicated. Many genes and 
factors are involved. Various proteins or oncogenes and 
suppressor genes are involved in the process of apopto-
sis, including Bcl-2 and Bax. Bax protein expression has 
been identified in various human malignant tissues.17-20 
According to this study, Bcl-2 appears to not only inhibit 
apoptosis, but it appears to be an antagonist of apoptosis 
mediated by oncogenesis suppressor genes. When the ex-
pression of Bcl-2 increased, cancer cells would resist the 
apoptosis induced by chemical drugs or γ-radiation during 
therapy. For this reason overexpression of Bcl-2 has been 
reported for a variety of human epithelial malignant tu-
mors, including gastric carcinoma.21-23 Other studies, too, 

indicate that Bcl-2 is upregulated in gastric premalignant 
lesions and downregulated after malignant change.24-25 It 
has been shown that Bcl-2 expression is confined to only 
a few regenerative epithelial cells of the mucous neck re-
gion. In dysplasia Bcl-2 expression increases and extents 
over the parabasal and superficial epithelium.26 Thus, Bcl-
2 is involved in the progression of premalignant lesions. 
On the other hand, Bax protein reduces gastric epitheli-
al cell proliferation and apoptosis, thereby decreasing the 
subsequent risk of gastric carcinogenesis. 

In our study Bax was expressed in all cases of chron-
ic gastritis and showed gradually declining expression in 
premalignant lesions: atrophic gastritis (60%), intestinal 
metaplasia (55%), and dysplasia (25%). In contrast, ac-
cording to our study, Bcl-2 was not expressed in chron-
ic gastritis and was poorly expressed in atrophic gastritis 
(35%). But it had a remarkably high expression in precan-
cerous lesions of intestinal metaplasia (90%) and dysplasia 
(100%). In both intestinal metaplasia and dysplasia, Bcl-
2 expression increased and extended over the parabasal 
and superficial epithelium and this finding promotes the 
notion that Bcl-2 is involved in the progression of prema-
lignant lesions.26 In intestinal type adenocarcinoma, Bax 
was expressed in 40% and in diffuse type in 15% which 
indicates that Bax is less expressed in poorly-differenti-
ated adenocarcinoma. This finding correlates the reduced 
expression of Bax with poorer prognosis. On the other 
hand, Bcl-2 was expressed in 83.3% in intestinal type ad-
enocarcinoma and in 70% of diffuse type. These findings 
showed that apoptosis-regulating proteins are more com-
monly expressed in intestinal type adenocarcinoma than 
in diffuse type adenocarcinoma as suggested in other stud-
ies.27,28 Another aspect of our study was the H. pylori de-
tection in precancerous lesions and its correlation with 
Bcl-2 family proteins. Chronic and persistent infection 
with H. pylori is considered to be one of the earliest steps 
in gastric carcinogenesis and it has recently been classi-
fied as a group I carcinogen by an Intenational Agency 
for Research on Cancer Working Group. H. pylori infec-
tion not only increases gastric epithelial cell proliferation, 
but also induces apoptosis of gastric epithelial cells.29 The 
relationship between H. pylori infection and Bax protein 
expression in the precursor lesions of gastric cancer has 
been well studied.30 

In our study, H. pylori was detected in 67/80 cases 
(83.7%) of chronic gastritis, in 41/65 cases (63.1%) of 
atrophic gastritis, in 28/50 cases (56%) of intestinal meta-
plasia, and in 17/40 cases (42.5%). This demonstrates the 
higher expression of HP in chronic gastritis in compari-
son to the other precancerous lesions. According to these 

Fig. 4. Bcl-2 expression in intestinal type gastric adenocarcino-
ma (x250).
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findings, we support the suggestion that modified gastric 
mucosa (atrophy, metaplasia, dysplasia) becomes inhospi-
table for HP. Bax protein was expressed in all HP (+) cas-
es with chronic gastritis (100%), less frequently in atro-
phic gastritis (68.3%) and intestinal metaplasia (67.8%), 
and finally demonstrating a lower expression in dysplasia 
(35.3%). Bcl-2 was positive in 34.15% of H.P. (+) cases 
with atrophic gastritis and was highly expressed in H.P. 
(+) cases with intestinal metaplasia (82.15%), and dys-
plasia (100%). Thus, our results demonstrate that HP in-
fection, which is known to increase apoptosis, increases 
the expression of Bcl-2, and anti-apoptotic gene, giving 
chances for gastric carcinogenesis. 

In conclusion, this study showed that suppression of 
Bax and overexpression of Bcl-2 proteins are early events 
during gastric carcinogenesis. Thus, their immonohisto-
chemical detection might be a useful prognostic indica-
tor in gastric cancer. 
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