
&p.1:Abstract In the course of time, chronic gastritis may re-
sult in gastric atrophy, as in type A gastritis, where auto-
immune reactions against parietal cells result in a loss of
corpus glands. Two antigastric autoantibodies have been
detected in Helicobacter pylori gastritis and are de-
scribed as anti-luminal and anti-canalicular autoantibod-
ies. The aim of this study was to determine whether in-
creased apoptosis may be responsible for the loss of gas-
tric epithelium and whether this apoptosis is correlated
with antigastric autoimmunity. Gastric biopsies from
normal mucosa and Helicobacter pylorigastritis were
analysed for the presence of apoptosis using the TUNEL
method. Helicobacter pylorigastritis was divided into
cases (1) without autoantibodies, (2) with anti-luminal,
and (3) with anti-canalicular autoantibodies. Apoptotic
cells of the foveolar and of the glandular epithelium in
the antrum and corpus were counted. The number of
apoptotic cells in the gastric mucosa was significantly in-
creased in all cases of gastritis. The highest number of
apoptotic cells was observed in the gastric glands of the
corpus mucosa in Helicobacter pylorigastritis with anti-
canalicular autoantibodies. Apoptosis contributes to the
development of gastric atrophy and there are various
types of Helicobacter pylorigastritis. The positive corre-
lation between apoptotic cell loss in the glandular zone
of the corpus mucosa and the presence of anti-canalicu-
lar autoantibodies indicates a possible link between anti-
gastric autoimmunity and atrophy in this type of Helico-
bacter pylorigastritis – similar to that in classic type A
gastritis.
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Introduction

Long-term Helicobacter pylori (Hp) gastritis can be
complicated by glandular atrophy and intestinal metapla-
sia [17, 18, 20]. Atrophy and intestinal metaplasia proba-
bly represent the pathogenic link between Hp infection
and gastric carcinogenesis [14, 24, 25].

Corpus and fundus atrophy in type A gastritis is the
consequence of an antigastric autoimmune reaction with
the presence of autoantibodies against parietal cells [26].
Anti-gastric autoantibodies have also been detected in Hp
gastritis [22]. Recently, we found that anti-gastric autoan-
tibodies occur in up to 50% of Hp-infected patients and
that there are two distinct binding patterns of the autoan-
tibodies [6–8, 15]: anti-luminal autoantibodies react
against the luminal membranes of the foveolar epithelium
and anti-canalicular autoantibodies bind to the canaliculi
within human parietal cells. The presence of anti-canalic-
ular serum autoantibodies correlates with the severity of
body gastritis and with gastric corpus atrophy in patients
with Hp gastritis [6–8, 23]. Since increased apoptosis is a
well-known mechanism of cell loss in inflammatory reac-
tions and autoimmune diseases [16, 19, 21], we evaluated
apoptosis in situ in the foveolar and glandular epithelial
compartment in normal gastric mucosa and in Hp gastri-
tis, with and without anti-gastric autoantibodies.

Materials and Methods

Paraffin-embedded and rountinely processed biopsies of the an-
trum and corpus of 47 patients (age 25–87 years) were investigat-
ed (Table 1). The material of the study comprised 12 cases with
normal mucosa and 35 cases of Hp gastritis.

Depending on the presence of anti-gastric autoantibodies with
anti-luminal or anti-canalicular specificities, Hp gastritis was di-
vided (Table 1) into cases without anti-gastric autoantibodies
(n=16), cases with anti-luminal autoantibodies (n=7) and cases
with anti-canalicular autoantibodies (n=12). Antibodies to Hp had
been ascertained by ELISA and anti-gastric autoantibodies, by im-
munohistochemistry [6].

Sections, 4µ thick, were cut from paraffin-wax-embedded tis-
sue blocks. The updated Sydney system was used for classification
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and grading of gastritis [4], and Warthin-Starry silver impregna-
tion served for detection of Hp.

Apoptosis was demonstrated using TUNEL (terminal desoxy-
nucleotidyl-transferase mediated dUTP-biotin nick end labelling)
histochemistry [9]. Sections were dewaxed, rehydrated and digest-
ed with proteinase K (20µg/ml, Sigma) for 15 min at room tem-
perature. After washing with destilled water and PBS an equilibra-
tion buffer (Oncor, Gaithersburg USA) was applied for 5 min at
room temperature. The TUNEL reaction was then performed using
the ApopTag-Kit (Oncor). By an enzymatic reaction (incubation
time 60 min at 37°C) with tdT, dUTP is specifically transferred to

the 3’ OH ends of DNA. The reaction was finished with a “stop-
wash buffer” and sections were subsequently incubated with a flu-
orescein-labelled antibody against digoxigenin (30 min at room
temperature). After washing with PBS and TRIS buffer a mono-
clonal mouse antifluorescein antibody was added and sections
were stained according to the APAAP method using fast red as a
substrate. Counterstaining was done with haematoxylin. Apoptotic
cells showed a distinct signal in the nucleus (Figs. 1, 2). For nega-
tive controls tdT was omitted, resulting in uniformly negative
staining. For positive controls, sections were digested with pro-
teinase K and pretreated with DNAse I for 12 min at 37°C, result-
ing in positive staining of all cells as previously described [9].
Tonsils with germinal centres containing multiple apoptotic cells
were used as control tissue.

Intraepithelial T-lymphocytes, which can undergo apoptotis
and be confused with apoptotic epithelial cells, were stained with
CD 43 (MT1, DAKO, Glostrup Denmark) by the APAAP method.
Signals that did not allow a clear distinction between an apoptotic
lymphocyte and an apoptotic epithelial cell were not scored. The
rate of apoptotic cells in the antrum and in the corpus mucosa was
quantified by counting 200 cells of the foveolar epithelium and
200 cells of the glandular epithelium. Statistical analysis was per-
formed by means of the Mann-Whitney U-test. A P-value smaller
than 0.05 was considered significant.

Results

In the normal mucosa few cells in apoptosis were detect-
able in the foveolar and glandular epithelium. Hp gastri-
tis (Fig. 3) showed a significantly higher number of apot-
otic cells in the foveolar epithelium of the antrum and
corpus as well as in the glandular epithelium of the an-
trum. In corpus glandular epithelium the number of apo-
ptotic cells was again elevated, but this increase was sta-
tistically not significant compared with normal mucosa
(P=0.597).

Fig. 1 Apoptosis of the antral (left) and corpus (right) foveolar
epithelium in cases of Hp (Helicobacter pylori) gastritis. TUNEL
reaction, haematoxylin counter-staining, ×800

Fig. 2 Apoptosis of the antral (left) and corpus (right) glandular
epithelium in a case of Hp gastritis without autoantibodies (left)
and with anti-canalicular autoantibodies (right). TUNEL reaction,
haematoxylin counterstaining, ×800, ×1000
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Table 1 Material investigated in the study (Hp: Helicobacter py-
lo

Materials n

Normal mucosa 12
Hp gastritis 35

47

Hp gastritis n

Without autoantibodies [NAB] 16
With anti-luminal autoantibodies [LUM AB] 7
With anti-canalicular autoantibodies [CAN AB] 12

35
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Subdividing Hp gastritis (Table 1) according to the
presence of anti-luminal and anti-canalicular autoanti-
bodies showed that in the foveolar epithelium of the an-
trum the highest apoptotic rates are found in groups
without autoantibodies and with anti-luminal autoanti-
bodies (Fig. 4). Differences between these two groups
and normal mucosa were significant. In the group with
anti-canalicular autoantibodies the number of apoptotic
cells in the foveolar epithelium was also elevated, but
without statistical significance (P=0.1196). The glandu-
lar epithelium of the antrum had the highest values in
the group without autoantibodies followed by the groups
with anti-canalicular autoantibodies (P=0.0516) and an-
ti-luminal autoantibodies (P=0.5846). The difference

from normal mucosa was significant only in the group
without autoantibodies (Fig. 4).

The foveolar epithelium of the corpus (Fig. 5) re-
vealed the highest number of apoptotic cells in the group
without autoantibodies and that with anti-canalicular au-
toantibodies. There was a difference between normal
mucosa and the group with anti-luminal autoantibodies,
but this was not significant (P=0.1329). In the glandular
epithelium of the corpus the highest number of apoptotic
cells was found in the group with anti-canalicular auto-
antibodies (Fig. 5). This increase was significant com-
pared with the levels in all other groups. The differences
between normal mucosa and the groups without autoan-
tibodies and with anti-luminal autoantibodies were not
significant (P=0.5423 and P=0.5629). In cases with anti-
canalicular autoantibodies, histology showed a loose
periglandular, lymphocytic infiltrate, which seemed to
destroy the corpus glands (Fig. 6).

16

Figs. 4, 5 Box plot chart (50% of values within the box; horizon-
tal bar: median, vertical bar: range of values): apoptosis of the
antral and corpus gastric epithelium in normal mucosa and differ-
ent types of Hp gastritis (N AB:without antigastric autoantibodies,
LUM AB: with anti-luminal autoantibodies, CAN AB: with anti-
canalicular autoantibodies
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Discussion

The physiological loss of cells in the gastrointestinal
tract is mainly regulated by apoptosis [11, 13]. Increased
apoptotis of epithelial cells in Hp gastritis has been doc-
umented by a previous study [21]; this apoptotic cell loss
may be due to virulence factors of the bacteria, to in-
flammatory cytokines released by neutrophils and mac-
rophages, or to cytotoxic effects of T cells and natural
killer cells [21, 28].

Bacterial colonization and inflammation in Hp-gastri-
tis is usually predominant in the antrum and mainly af-
fects the superficial foveolar epithelium [20]. In type A
gastritis, in contrast, inflammation is confined to the
glandular epithelium of the corpus.

Autoimmune reactions are known to produce glandu-
lar atrophy in type A gastritis, but have rarely been dis-
cussed in the pathogenesis of Hp gastritis. Our findings
[6, 8] and the findings of other groups [1, 22, 23] show
that anti-gastric autoimmunity is also present in a con-
siderable proportion of patients with Hp gastritis.

We have demonstrated epithelial apoptotis of the fo-
veolar and glandular compartment in the antrum and cor-

pus in normal mucosa and in Hp gastritis with and with-
out anti-gastric autoantibodies. Hp gastritis in general
causes an increase of apoptosis in the foveolar and glan-
dular epithelial cells. With regard to the two subtypes of
anti-gastric autoantibodies, anti-luminal and anti-canalic-
ular, there are rather inconspicious differences in the an-
trum foveolar and glandular epithelium and also in the
corpus foveolar epithelium. However, in Hp gastritis
with serum autoantibodies against the canaliculi of gas-
tric parietal cells a significantly increased number of
apoptotic cells in the glands of the corpus mucosa can be
found. The histopathology is quite characteristic, show-
ing a loose periglandular lymphocytic infiltrate in the
corpus (Fig. 6). Similar morphological changes have
been described in “preatrophic” or “active” type A gas-
tritis [5, 27]. Apoptosis of glandular epithelial cells is a
possible mechanism leading to corpus atrophy in type A
gastritis – comparable to the loss of cells in other auto-
immune diseases, such as Hashimoto thyreoiditis [16].

The presence of anti-canalicular autoantibodies corre-
lates significantly with glandular atrophy, increased fast-
ing gastrin levels and a decrease of the pepsinogen I/II
ratio in Hp gastritis [7, 8]. Such correlations are not
found in gastritis with anti-luminal autoantibodies,
which do not influence the rate of apoptosis compared
with Hp gastritis in general.

The multifocal atrophic gastritis in the classification
of Correa [3] might be considered a transient form of
bacterial and autoimmune pathogenesis. Our results indi-
cate that in some cases of Hp gastritis such pathogenic
links to autoimmune gastritis exist. In previous studies
serological footprints of Hp infection in patients with
type A gastritis or pernicious anaemia have been report-
ed [12], and there have been speculations about com-
bined type A/B gastritis in the past [10].

The functional relevance of the anti-gastric autoanti-
bodies as inducers of glandular apoptosis is not clear in
either Hp or type A gastritis. It seems likely that cytotox-
ic T-cell-mediated autoimmune mechanisms cause apo-
ptotic cell loss in situ [2, 21]. However, anti-gastric auto-
antibodies may be indicators of an autoimmune process
that is decisive for the outcome of Hp infection.
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