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ABSTRACT. Apoptosis has an essential function in maintaining the 
integrity of the gastrointestinal mucosa. Its deregulation is associated 
with the occurrence of lesions such as in atrophic gastritis, peptic ulcers, 
intestinal metaplasia, and stomach tumorigenesis. Thus, the aim of the 
present study was to investigate the frequency of apoptotic cells (apop-
totic index, AI) by using two different immunohistochemical techniques, 
TUNEL and anti-activated caspase-3 antibody (CPP32), in gastric dys-
pepsia [chronic gastritis (CG, N = 34), chronic atrophic gastritis (CAG, 
N = 11), gastric ulcer (GU, N = 17), and intestinal metaplasia (IM, N 
= 15)], normal gastric mucosae (NM, N = 8), and gastric adenocarci-
noma (GC, N = 12). The relationship was investigated between the AI 
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INTRODUCTION

Gastric epithelial homeostasis is maintained by a balance between cell proliferation 
rate and programmed cell death or apoptosis. An imbalance of these two processes leading to 
increased proliferation of the gastric mucosa may enhance the effect of carcinogens on DNA, 
increasing the risk of mutational changes and the development of gastric cancer (Yang et al., 
2003; Naumann and Crabtree, 2004). On the other hand, apoptosis, a genetically regulated 
mechanism of cell death, plays an essential role in eliminating unnecessary or damaged cells 
from the organism (Dlamini et al., 2004). 

In the multistep process of gastric carcinogenesis (GC), the bacterium Helicobacter 
pylori plays a major etiological role and has recently been classified as a type-I carcinogen 
(IARC, 1994). H. pylori infection is generally believed to be the initial trigger of the cascade of 
this process, beginning with a chronic active inflammatory response of the mucosae and sub-
sequently progressing to gastric atrophy, intestinal metaplasia (IM), dysplasia and ultimately 
to cancer (Correa, 2004).

Several studies have shown a relationship between H. pylori infection and an increased 
apoptosis rate in gastric lesions such as chronic gastritis (CG), generally accompanied by glan-
dular atrophy, gastric ulcer (GU) and IM (Attallah et al., 1996; Moss et al., 1996; Steininger et 
al., 1998; Hirasawa et al., 1999; Nardone et al., 1999; von Herbay and Rudi, 2000; Lee et al., 
2003; van Grieken et al., 2003; Ashktorab et al., 2004; Wambura et al., 2004). However, the 

and Helicobacter pylori infection, diagnosed by PCR, overexpression 
of p53 protein determined by immunohistochemistry, and aneuploidy 
by fluorescence in situ hybridization, as performed by our laboratory 
in previous studies. No significant differences were observed in AI be-
tween the different groups, whether by the TUNEL technique (F = 1.60; 
P = 0.1670) or by CPP32 antibody (F = 1.70; P = 0.1420). Nonethe-
less, CAG and CG groups had AI statistically higher than those of nor-
mal mucosae. These two groups (CAG and CG) also showed a higher 
frequency of apoptosis-positive cases (TUNEL+ or CPP32+). Gener-
ally, there was no correlation between the AI detected by the TUNEL 
and CPP32 techniques in the groups studied, except in the GC group 
(r = 0.70). Moreover, there was no significant association between ap-
optosis and H. pylori infection, overexpression of p53 protein and aneu-
ploidy, but the H. pylori-positive cases only of GU (P = 0.0233) and 
IM (P = 0.0253) groups displayed a statistically higher AI compared to 
H. pylori-negative NM, when the CPP32 antibody technique was used. 
Thus, CG and CAG have increased apoptosis, which may occur inde-
pendent of an association with H. pylori infection, aneuploidy and over-
expression of p53 protein. 

Key words: Apoptosis, Helicobacter pylori, Activated caspase-3,  
Gastric dyspepsia, Gastric cancer, TUNEL
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results are divergent, because there are also studies showing that the presence or absence of 
infection does not influence either the apoptotic index (AI; Anti et al., 1998; de Freitas et al., 
2004) or the degree of atrophy of the gastric mucosa (Anti et al., 1998). Moreover, the H. pylori 
infection may cause a decrease of apoptotic activity, followed by an increase of cell prolifera-
tion (Wagner et al., 1997). 

Eradication of H. pylori infection results in a significant decrease in gastric epithelial 
cell proliferation and apoptosis (Satoh et al., 2003), indicating that the increase of apoptosis in 
active H. pylori infection is a reversible phenomenon (von Herbay and Rudi, 2000). 

Apoptosis is an asynchronous process involving few cells at a specific site of the tissue 
examined, which may be found at different steps of this process (von Herbay and Rudi, 2000). 
Thus, it is important to employ more than one independent method, to allow the detection of 
the apoptotic cells at different stages in the tissue (Stadelmann and Lassmann, 2000; Schultz 
and Harrington Jr., 2003).

The aim of this study was to determine the AI in histologically different groups of 
gastric tissue (normal gastric mucosae (NM), CG, chronic atrophic gastritis (CAG), GU, IM, 
and GC), using two different immunohistochemical techniques, the terminal deoxynucleotidyl 
transferase-mediated dUTP nick-end labeling (TUNEL) and anti-activated caspase-3 antibody 
(CPP32), which detect apoptotic cells in distinct steps of the process. The results were com-
pared with H. pylori infection, overexpression of protein p53, and aneuploidy, as determined 
by our laboratory in previous studies (César et al., 2004, 2005, 2006), to help elucidate the role 
of apoptosis during the progression of GC.

MATERIAL AND METHODS

Samples

A total of 97 specimens (8 H. pylori-negative NM, 34 CG, 11 CAG, 17 GU, 15 IM, and 
12 GC), obtained from paraffin-embedded material, were evaluated. The mean age of the con-
trols with NM was 37 years (range 20-66), whereas the mean ages of the patients with CG, GU, 
IM, and GC were 44 years (range 2-89), 60 years (range 28-83), 68 years (range 22-91), and 
65 years (range 38-93), respectively. All specimens were collected at the Hospital de Base in 
São José do Rio Preto, SP, Brazil. The tumors were histologically classified according to Lau-
ren (1965) as intestinal-type or diffuse-type. Biopsies of NM were obtained from individuals 
who had undergone endoscopic evaluation for gastric dyspepsia whose histological diagnostic 
confirmed normal and H. pylori-negative mucosa. The CG and IM specimens were histopatho-
logically diagnosed and classified according to the Sydney System (Dixon et al., 1996). All 
NM and IM specimens were collected from the antrum region of the stomach, whereas those 
of CG and GC were mainly collected from the antrum and corpus. The study was approved by 
the National Research Ethics Committee.

H. pylori infection was previously diagnosed in our laboratory by PCR, utilizing the 
primers H3H4 and H5H6 (César et al., 2005), as was the frequency of aneuploidies of chromo-
somes 3, 7, 8, 9, and 17 by fluorescence in situ hybridization (FISH), and p53 expression by 
immunohistochemistry (César et al., 2004, 2006).
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Immunohistochemical analysis

Apoptotic cells were detected by the TUNEL method, using a FragEL detection kit 
(Oncogene, Cambridge, MA, USA) according to the manufacturer’s instructions, and by the 
CPP32 technique. Briefly, sections were cut at 5 μm, deparaffinized in xylene, and rehydrated 
with a graded ethanol series. After being washed in Tris-buffer saline (TBS, pH 7.4), the sec-
tions were placed in H2O2 for 10 min, and the tissues were then digested with proteinase K 
(20 µg/mL in TBS) at 37ºC for 10 min, to enhance nuclear staining of apoptotic cells. Diges-
tion was stopped by washing the sections in TBS. The sections were then treated with terminal 
transferase enzyme and digoxigenin-labeled nucleotides, and afterwards an anti-digoxigenin-
peroxidase solution was applied. The color was developed with DAB, after which the sec-
tions were lightly counterstained with hematoxylin. To confirm the staining specificity of the 
TUNEL method, a positive control section was prepared. The substitution of equilibration 
buffer for TdT was used as the negative control.

The detection of apoptotic cells by CPP32 expression was performed using the mono-
clonal antibody CPP32 (Novocastra) in combination with the anti-Ig second-stage antibody and 
the ABC Kit (Novocastra). This antibody produces cytoplasmic staining. As positive control, 
intestinal mucosa sections were processed, which were previously shown to strongly express the 
antibody. For negative controls, the primary antibody was omitted from the buffer solution. 

The AI was calculated as the percentage of TUNEL-positive (nuclear immunostain-
ing) or CPP32-positive cells (cytoplasmic immunostaining) in about 500 epithelial cells exam-
ined for each sample, under a light microscope (400X magnification). All slides were coded 
and scored by one observer. Areas that were poorly preserved, crushed, cauterized, folded, or 
retracted were specifically avoided. 

Statistical analysis

Descriptive statistical, ANOVA, Fisher’s exact, chi-square, and Student t-tests were 
used to determine statistical significance. Values of P less than 0.05 were considered to be 
significant. The statistical analyses were performed using the Statidisk and GraphPad Instat 
computer software programs.

RESULTS

Table 1 shows the results regarding the AI by the TUNEL and CPP32 antibody meth-
ods in NM, CG, CAG, GU, IM, and GC.

The sample of H. pylori-negative NM used as control did not exhibit increased apop-
tosis, aneuploidy or p53 overexpression, thus none of them was defined as positive. The mean 
frequency of immunostained apoptotic cells by the TUNEL method was 1.82 + 0.47 (mean + 
SEM; range 0-3.6%), and by the CPP32 antibody it was 3.20 + 1.31 (range 0-11%). Thus, the 
cases which were considered as positive (increased AI) were those of benign lesions and GC 
with more than 3.6% immunostained cells by the TUNEL method and >11% immunostained 
cells by the CPP32 antibody technique.

No significant differences were observed in the AI among the different gastric lesion 
groups, whether by the TUNEL technique (F = 1.60; P = 0.1670) or by the CPP32 antibody 
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(F = 1.70; P = 0.1420). However, by the TUNEL method, the CAG group showed a statisti-
cally increased AI (3.93 + 0.63) (P = 0.0231), compared to NM, as well as a higher number 
of TUNEL-positive cases (6/11, 54.5%). CPP32 antibody revealed that the CG group had a 
statistically higher AI (13.82 + 2.58) than did the NM (P = 0.0311), as well as a higher number 
of CPP32-positive cases (15/34, 44.1%). The other groups did not show a statistically different 
AI compared to NM, by either of the two methods.

The GC group displayed a low AI, and no significant differences were found regard-
ing the histological subtypes, intestinal or diffuse, either by the TUNEL (P = 0.2810) or by the 
CPP32 antibody method (P = 0.3134).

Correlation analysis did not show any correlation between the AI of each case by 
TUNEL and antibody CPP32 in the groups of NM and benign lesions, as opposed to the GC 
group (r = 0.70).

Figure 1 illustrates the TUNEL-positive nuclear immunostaining and the CPP32-posi-
tive cytoplasmic immunostaining, mainly in glandular and faveolar epithelium of benign le-
sions and in GC infiltrate.

According to the Student t-test, for a comparison of the AI in each group (Table 2) with 
regard to H. pylori-positive or -negative cases, no significant differences were found. However, 
the H. pylori-positive cases of the GU (P = 0.0233) and IM (P = 0.0253) groups displayed a 
statistically higher AI when compared with H. pylori-negative NM, but only by the CPP32 
antibody method. 

The Fisher exact test showed no association between the TUNEL-positive and CPP32-
positive cases and either H. pylori infection, presence of aneuploidies (chromosomes 3, 7, 8, 9, 
and 17) or overexpression of p53 protein (data not shown). 

DISCUSSION

Over the last decades, great advances have been made, giving insights into the mo-
lecular and cellular mechanisms involved in GC. Multiple genetic and epigenetic alterations in 
oncogenes, tumor suppressor genes and repair genes that control the cell cycle and apoptosis 
have been reported (Smith et al., 2006). Thus, changes in these groups of genes may alter the 
susceptibility of tumor cells to trigger apoptosis (De Luca and Iaquinto, 2004). In addition, 
H. pylori infection is associated with significant damage of gastric epithelial cells and increase 
of the apoptosis ratio. This bacterium may affect the normal balance between cell proliferation 
and cell death, interfering with the maintenance of the integrity of the gastric mucosa (Sugi-
yama and Asaka, 2004). H. pylori is able to interact with gastric epithelial cells, activating sig-
naling pathways which are important for carcinogenesis (Oliveira et al., 2006).

In the current study, the AI was determined in different groups of gastric dyspepsia and 
GC, using both the TUNEL and the CPP32 antibody methods. The TUNEL technique showed 
evidence of a statistically higher AI in CAG (3.93%) compared to NM (1.82%), while CPP32 
showed an increased AI in CG (13.82%) as compared to NM (3.20%). In both the CAG and the 
CG groups, greater numbers of TUNEL-positive and CPP32-positive cases were also observed. 
Other groups of benign lesions (GU and IM) and GC did not show increased rates of apoptosis in 
comparison to NM. Similarly, Leite et al. (2005) evaluated different groups of patients with dys-
peptic symptoms and found the highest apoptosis rate in CAG (5.2%) compared to NM (1.4%), 
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Figure 1. Sections of the different gastric tissues showing apoptotic cells after immunostaining by TUNEL (nuclei 
stained brown) and by CPP32 antibody (cytoplasm stained brown), respectively. A,B. Chronic gastritis. C,D. Gastric 
ulcer. E,F. Intestinal metaplasia. G,H. Gastric adenocarcinoma (original magnification: 400X; counterstaining with 
Harris hematoxylin).

using only the TUNEL method. In another previous study, Yoshimura et al. (2000) observed a 
positive correlation between the AI and the degree of glandular atrophy. Thus, the increase in 
apoptotic cells that is not accompanied by a matched increase in cell proliferation may play an 
important role in the development of glandular atrophy, consequently increasing the risk of GC. 

Apoptosis of gastric epithelial cells appears to be influenced by some factors, such as 
variations in H. pylori pathogenicity, DNA damage, and expression of proteins that control the 
cell cycle and apoptosis. However, in this study, we did not observe an association between 
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Table 2. Results of the Student t-test for comparison of means of the apoptotic index (AI) in each group, by 
TUNEL and CPP32 techniques, considering Helicobacter pylori-positive (Hp+) and -negative (Hp-) cases. 

Group N TUNEL
(mean ± SEM)

CPP32
(mean ± SEM)

CG Hp+ 12 3.30 ± 2.40 P = 0.1852 9.52 ± 4.49 P = 0.2248
CG Hp- 22 2.23 ± 0.30 16.16 ± 3.11

CAG Hp+ 8 3.67 ± 0.82 P = 0.5403 5.27 ± 1.90 P = 0.3584
CAG Hp- 3 4.60 ± 0.81 8.67 ± 2.71

GU Hp+ 13 1.95 ± 0.23 P = 0.8449 12.09 ± 3.52 P = 0.0528
GU Hp- 4 2.3 ± 1.63 1.27 ± 0.82

IM Hp+ 10 2.06 ± 0.57 P = 0.3141 7.72 ± 2.03 P = 0.3534
IM Hp- 5 2.96 ± 0.40 4.72 ± 1.60

GC Hp+ 6 1.37 ± 0.27 P = 0.2083 4.93 ± 1.98 P = 0.2901
GC Hp- 6 2.53 ± 0.75 11.03 ± 5.09

For abbreviations, see legend to Table 1.

AI and either TUNEL-positive or CPP32-positive cases with H. pylori infection, aneuploidy 
(chromosomes 3, 7, 8, 9, and 17, detected by FISH technique) or p53 protein expression.

H. pylori infection plays a crucial role in the pathogenesis of CG, CAG, and MALT 
lymphoma (NIH Consensus Conference, 1994), and it is related to a 2.7- to 12-fold risk of devel-
oping GC (Cover and Blaser, 1995). Although the exact pathophysiological mechanisms of this 
process still need to be further elucidated, some of the bacterial virulence factors, which include 
VacA and CagA, host genetic susceptibility, and immune response may be involved in the proc-
ess (Matysiak-Budnik and Mégraud, 2006). In addition, H. pylori infection is accompanied by an 
increased formation of oxygen free radicals, reactive nitrogen species and peroxidative damage, 
and generation of nitric oxide by inducible nitric oxide synthase, which together can increase 
the risk of DNA damage in proliferating cells (Yang et al., 2003; De Luca and Iaquinto, 2004; 
Matysiak-Budnik and Mégraud, 2006). Yet, H. pylori leads to apoptosis in the gastric epithelium 
through downregulation of the antiapoptotic Bcl-2, upregulation of Bax (Yang et al., 2003; Liu et 
al., 2005), release of cytochrome c into cytosol, and activation of caspase-9 (Potthoff et al., 2002), 
caspase-8, -3, and -1 (Ashktorab et al., 2002; Chen et al., 2005).   

Our study showed no significant difference between patients with and without H. py-
lori infection, in any of the groups examined. Moreover, there was no statistical difference ei-
ther between the AI of the H. pylori-negative NM group and the H. pylori-positive cases of the 
groups with CG, CAG, and GC. Conversely, CPP32 antibody showed evidence of a higher AI 
in patients with GU and IM infected with H. pylori than in those with H. pylori-negative NM. 

While Leite et al. (2005) did not observe any statistical difference in AI between the 
H. pylori-positive and the H. pylori-negative groups with gastric dyspepsia, Tiwari et al. (2005) 
found a higher AI in the GC and non-ulcer dyspepsia groups with H. pylori infection. These 
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contradictory results may be the consequence of virulence factors of the bacterium, such as cag 
pathogenicity islands (cagPAI) and VacA (vacuolating cytotoxin), which may be responsible for 
the differences in apoptosis ratios reported in different groups of gastric dyspepsia and GC in 
patients infected with H. pylori (Naumann and Crabtree, 2004; Sugiyama and Asaka, 2004). 

Apoptotic studies in GU and IM are scarce and inconclusive. Our results showed a 
higher AI in these two types of gastric lesion with H. pylori infection compared to H. pylori-
negative NM, when the CPP32 antibody was used. There are reports on duodenal ulcer (Moss 
et al., 1996) and GU (Satoh et al., 2003), both showing increased AI that was significantly 
reduced after H. pylori eradication, and demonstrating an increase of AI in GU following treat-
ment of the infection (Hirasawa et al., 1999). However, in other studies, no differences in AI 
were observed, both in GU and in duodenal ulcer, whether H. pylori-positive or -negative 
(Kohda et al., 1999; Jang and Kim, 2000).

Leung et al. (2001) demonstrated a marked difference in cell kinetics between meta-
plastic and non-metaplastic gastric epithelium. In IM obtained from the gastric antrum, AI 
was significantly lower than that of the non-metaplastic area, both infected with H. pylori. 
Therefore, the AI/proliferation index ratio was markedly reduced in IM when compared to 
the adjacent non-metaplastic area, which favors cellular accumulation and possibly neoplasm 
formation. Finally, after H. pylori eradication, the apoptotic activity remained unaltered in IM, 
while a remarkable reduction in cell proliferation was observed. 

Similarly, Wambura et al. (2004) compared the rates of apoptosis and proliferation in 
mucosa with and without IM and also demonstrated that, while antral apoptosis was signifi-
cantly lower in IM, proliferation was significantly higher. However, after successful eradica-
tion, apoptosis and proliferation decreased in both the metaplastic and the non-metaplastic epi-
thelium. Additionally, Forones et al. (2005) observed that both AI and the proliferation index 
increased from intestinal metaplasia to gastric cancer. Thus, cell proliferation and apoptosis are 
altered in H. pylori infection, leading to an imbalance in cell kinetics (Wambura et al., 2004). 
It is important to keep in mind that an H. pylori eradication treatment may have no preventive 
effects on the development of gastric cancer, once the irreversible step in the sequence from 
gastritis to cancer (point of no return) has been surpassed (Sugiyama and Asaka, 2004). Recent 
data have shown that H. pylori eradication does not completely prevent GC, evident mainly in 
patients with CAG and less in non-atrophic gastritis (Kuipers and Sipponen, 2006).

In GC, no significant differences were observed when only the TUNEL-positive and 
CPP32-positive cases with H. pylori infection were considered. Moreover, no difference in AI 
between the intestinal type and the diffuse type was found. Similarly, some studies also showed 
no difference in staining pattern between intestinal- and diffuse-type gastric adenocarcinoma, 
employing the CPP32 antibody as an apoptosis marker (Yoo et al., 2002; van der Woude et al., 
2003). However, other studies found an increased AI in patients with gastric cancer infected 
with H. pylori (Yoshimura et al., 2000; Forones et al., 2005; Shiotani et al., 2005; Tiwari et 
al., 2005), as well as a significant difference between tissues: in the antral mucosa, the AI was 
higher in patients with the diffuse type, while in the corpus mucosa it was higher in patients 
with the intestinal type (Yoshimura et al., 2000).

In our study, no statistically significant association was detected between aneuploidy 
and overexpression of p53 and an increased AI, as evaluated by the TUNEL or the CPP32 
antibody technique. Similarly, Ikeda et al. (1998) showed that there does not seem to be an as-
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sociation between overexpression of p53 protein and increased AI in GC. Several other studies 
showed an association between H. pylori infection and overexpression of p53 in gastric lesions 
and/or GC (Nardone et al., 1999; Ashktorab et al., 2003; Unger et al., 2003; Kodama et al., 
2005), such as an association between H. pylori infection with apoptosis and increased p53 
protein (Ashktorab et al., 2003; Unger et al., 2003). In addition, Attallah et al. (1996) revealed 
the presence of DNA-aneuploidy in CG associated with apoptosis.

In this study, the TUNEL and CPP32 antibody methods were accurate in the detection 
of cells undergoing apoptosis. However, no correlation was observed between AI determined 
by two the methods, except in the GC group. A similar finding was reported previously by 
Hoshi et al. (1998), who also observed a correlation between AI determined by TUNEL and 
CPP32 antibody in GC. The absence of a correlation between the two methods found in the oth-
er groups of gastric lesions may be due to several factors. For instance, some cells may undergo 
apoptosis without the activation of caspase-3 (Mainwaring et al., 1998; Hadjiloucas et al., 2001). 
In addition, previous studies have pointed to either lack of correlation (Giannopoulou et al., 2002; 
Parton et al., 2002) or the presence of positive correlation (Vakkala et al., 1999; Hadjiloucas 
et al., 2001) between the AI detected by the two methods in different types of tumors. CPP32 
antibody detects cells undergoing apoptosis at an early stage, before DNA fragmentation, a late 
event in the apoptotic process measured by the TUNEL assay. Despite the fact that the CPP32 
method is more sensitive, specific and less dependent on the observer’s subjective assessment, 
we recommend the use of at least two different methods, whenever possible, which could pro-
vide complementary findings.

In conclusion, our investigation showed that both chronic gastritis and atrophic gastri-
tis have increased apoptosis which may occur independent of H. pylori infection, aneuploidy 
and overexpression of the p53 protein. However, the precise envolvement of H. pylori in the 
balance between apoptosis and proliferation yet need to be elucidated.
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