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There is strong evidence that the gram-negative Heli-
cobacter pylori (HP) bacterium is implicated in the patho-
genesis of type B chronic active gastritis and peptic ulcer
disease as well as that it consists a predisposing factor for
gastric adenocarcinoma and low grade B-cell lymphomas
of the mucosa-associated lymphoid tissue (MALT) [1–6].
Furthermore, HP has also been implicated in the patho-
genesis of cardiovascular diseases [7]. This fact supports
the hypothesis that HP may exert on the gastric vascula-
rity. Recurrence of the peptic ulcer disease is also associ-
ated with reinfection by the bacterium. In most infected in-
dividuals the infection is asymptomatic, estimated as two
billion people worldwide. Despite the high prevalence of
the HP infection, mechanisms involved in the pathogene-
sis of this infection are not well established [8]. Type B gas-
tritis induced by HP is characterized by a dense infiltration
of the lamina propria with granulocytes, although the
mechanism of their recruitment is only partially defined
[9, 10]. Neutrophilic infiltrates are a hallmark of many bac-
terial infections. Several bacterial pathogens, including liste-
ria, salmonella, shigella, and yersinia invade the epithelial
cells and establish an intercellular niche [11]. This does not
occur in HP associated infection where the bacterium only
infrequently invades the gastric epithelial barrier. The bac-
teria remain on the side of the epithelial barrier and the
granulocytes accumulate on the other side in the lamina
propria. Thus, the question of how neutrophils are promp-
ted to emigrate into surrounding tissues arises. Chemo-
tactic stimuli, chemokines, and adhesion molecules are im-
plicated as well [12,13]. E-cadherin (epithelial cadherin,
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E-cad) represents the main member of the cadherins su-
perfamily of adhesion molecules participating in calcium
dependent cell interactions in an homotypic fashion of ac-
tion [14, 15]. Tissue formation and integrity, maintenance
of the tissue architecture, adherence and tight junction for-
mation as well as their function depend on E-cad expres-
sion by the epithelial cells. Meanwhile, invasion and me-
tastasis in the carcinogenetic process are also depending
on the regulation of the E-cad expression [15, 16]. Kee-
ping in mind that the great majority (≈99%) of the tumors
found in humans are of epithelial origin, alterations of the
E-cad expression have been directly associated with a
number of malignancies in humans. Indeed, in the nine-
ties’ with a bulk of studies, it was clearly shown that the
absence/downregulation of the E-cad expression is a
general phenomenon characterizing many types of malig-
nancies in humans including colorectal cancer, lung can-
cer, prostate cancer, bladder cancer, pancreatic cancer,
head and neck cancer, cervical intraepithelial neoplasia
(CIN) as well as oesophageal cancer (Barrett’s metapla-
sia) and gastric adenocarcinoma [17–27].

In this study, E-cad expression in patients appearing
gastrointestinal symptoms (contaminated with HP or not)
was investigated in order to add elements in the elucida-
tion process of how HP is associated with gastric cancer.

MATERIALS AND METHODS
Patients and methods. 54 patients (41 men, 13 wo-

men) with age range 25–82 years, and mean age
54.7 years who presented gastrointestinal symptoms for
dyspepsia were included in the study. Patients were exa-
mined during the period from 1999–2003. All patients
underwent an upper gastrointestinal endoscopy (oeso-
phagogastroduodenoscopy). Biopsy samples in all of those
patients were taken from the gastric antrum. Histological
diagnosis and rapid urease test took place. Immunohis-
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tochemistry for E-cadherin expression by the use of anti-
E-cad mouse monoclonal antibodies (MoAb) was per-
formed in an additional biopsy specimen. When both the
urease test and the histological examination of the biopsy
specimen stained by modified Giemsa stain, were posi-
tive, then HP was considred to be present. When the
abovementioned examinations were both negative, then
the patient was considered to be HP negative. Urease test
kit was of common commercial use (CLO-test). E-cad
expression was investigated in all patients.

Immunohistochemistry. An avidin-biotin indirect im-
munoperoxidase method was employed on sections
(5-µm) using the anti-E-cadherin (MoAb, HECD-1 hu-
man epithelial cadherin-1) murine monoclonal antibody as
an undiluted culture supernatant. HECD-1 has been pre-
viously characterized and its specifity has been reported in
the literature. This clone has been shown to be specific for
humam E-cad. To enhance E-cadherin immunohis-
tochemistry, sections were treated with antigen retrieval
solution in a microwave oven, according to Pignatelli’s de-
scribed methods [22, 28]. This method of antigen unmask-
ing denatures proteins, thereby allowing epitopes to be more
fully exposed to immunodetection methods. It has been
shown to be a very reliable and reproductible technique. In
brief, the slides were submerged in 0.01M citrate buffer at
pH 6.0 and heated in a 700 W microwave on full power for
5 x 2 min cycles, pausing to ensure that there was no fluid
loss due to evaporation. The slides were then rinsed in
phosphate-buffered saline (PBS, x 3) after each stage.
50 µl of anti-E-cadherin primary antibody was then added
to the section and incubated overnight at 4 °C. An avidin-
biotin complex immunoperoxidase technique was utilized
to amplify epitope recognition (ABC kit, Dako Ltd, High
Wycombe, UK), and subsequent colorific visualization was
achieved by 50 µl of DAB solution at a concentration of
0.3 µg/ml (Dako Ltd, High Wycombe, UK). The slides were
then washed and mounted for microscopic examination.
Positive control tissue sections known to be of normal gastric
epithelial cells from adjacent mucosa were used as inter-
nal positive controls. Negative controls were duplicate sec-
tions similarly stained in which the primary antibody was
omitted and replaced by normal mouse immunoglobulins.
In normal tissues immunoreactive E-cad manifested as
crisp intercellular membrane staining around the native
epithelium of the stomach and duodenum with luminal sur-
faces negative, ie, baselateral. This type of staining was
strong throughout the epithelium. In gastritis the most pro-
nounce staining was observed in the deep pyloric glands
and superficial foveolar epithelium with the intervening epi-
thelial cells being relatively weaker.

RESULTS
Among 54 patients included in this study, 29 pa-

tients (29/54, 53.7%) were infected by HP (IG). Among
those, 23 patients presented chronic gastritis, 4 had
duodenal ulcer and 2 patients had gastric ulcer. 25 (25/
54, 46.29%) patients were not infected with the bacte-
rium (n-IG); among them, 23 patients (23/25, 92%)
presented normal gastric mucosa, while the remaining
2 patients appeared chronic gastritis.

For statistical analysis purposes, E-cad immunore-
activity was graded in two categories, one with intense
expression regarded as strong group (SG) and another
with less intense expression regarded as weak group

(WG). Results were estimated by two independent ob-
servers without knowing the status of the samples. Sta-
tistical analysis of the data found was done using the
χ2-test. A difference of p value of less than 0.05 was re-
garded to be statistically significant. The E-cadherin ex-
pression was immunohistochemically investigated in both
tissue groups of patients (IG and n-IG). We found a de-
creased E-cad expression in the IG patients (22/29,
75.8%) comparing with the n-IG patients (3/25, 12%).

Data analysis using χ2-test revealed a statistically
significant difference between IG and n-IG patients
regarding the E-cad (strong/weak, S/W) expression
(p < 0.001). Table summarizes the main findings ob-
served in patients studied.

DISCUSSION
The colonization of the gastric mucosa with the gram-

negative spiral HP causing chronic active gastritis (type B
gastritis) and peptic ulcer disease, that, furthermore, is
implicated in gastric cancer and mucosa atrophy, is char-
acterized by a dense infiltration of the lamina propria with
granulocytes [9, 10]. These neutrophilic infiltrates are com-
bined with a marked mononuclear cell accumulation,
sometimes are associated with epithelial erosions or ul-
ceration, are a hallmark in many bacterial infections [11].
In contrast, HP adheres to, but only sometimes invades
the gastric epithelium or the underlying lamina propria [29,
30]. Thus, it is regarded that products or components of
the bacterium cross the epithelial barrier inducing inflam-
matory lesions. The fact that antibodies to HP are detect-
able in the serum clearly suggests that the bacterial pro-
teins are presented to the human immune system. It has
been shown by several studies that soluble proteins from
HP can activate monocytes and also be chemotactic for
granulocytes [30–33]. Emigration and extravasation of
neutrophils into surrounding tissues are mediated by ad-
hesion molecules expressed during the whole process
after specific cells activation although the mechanisms of
the neutrophils recruitment is only partially understood.
However, an upregulation of adhesion molecules on gran-
ulocytes is observed [2].

Among leukocytes adhesion molecules β2-integrins
and especially CD11b/CD18 named also Mac-1 and
CD11C/CD18 show the most vigorous and fastest re-
sponse due to their storage in granules in the granulo-
cytes. Gastric mucosa expresses the intercellular adhe-
sion molecule-1 (ICAM-1 or CD54) [3] that binds to
CD11b/CD18 (Mac-1) ad CD11a/CD18 (LFA-1, lympho-
cyte function associated-1). Thus, there is some evidence
that inflammation can be induced by the organism itself
or through its association with the gastric mucosa epithe-
lial cells. HP is the commonest cause of antral gastritis
and duodenal ulceration [34]. In addition, there is consi-
derable evidence that HP plays an important role in the

Table. E-cad expression in the patients with gastrointestinal symptoms 

E-cad expression Group No of 
patients Strong Weak % (total) 

IG 29 7 (24.1%) 22 (75.8%) 53.7 
Chronic gastritis 23    
Duodenal ulcer 4    
Gastric ulcer 2    
n-IG 25 22 (88%) 3 (12%) 46.3 
Normal gastric mucosa 23    
Chronic gastritis 2    
Between IG-nIG — p < 0.001. 
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gastric cancer generation [35, 36]. Motility of gastric epi-
thelial cells is facilitated by reduced cell-cell adhesion.
Chronic active gastritis may ultimately result in premalig-
nant gastric mucosal atrophy, achlohydria and intesinal
metaplasia [36]. Additionally HP is almost always found
in gastric dysplasia and early gastric cancer [37, 38].

This fact is supported by several case control and
pathological studies. Several mechanisms have been
suggested by which HP infection might lead to gastric
cancer. Directly and indirectly, affecting epithelial cell func-
tion and intervening in the immune inflammatory response,
HP influences the rate of epithelial cell proliferation. HP
may induce intracellular signaling events counteracting to
protein kinase C effects [39].  That means that the bacte-
rium may be an initiating step in gastric carcinogenesis
and an interesting cocarcinogenetic factor [40, 41].

HP strains variably express a cytotoxin (Vac A) cau-
sing cell vacuolization, and a toxin associated antigen
(Cag A) marker of a 40 kb pathogenicity island [42–44].
Vac A alters the permeability of epithelial cell monolay-
ers via modification of some transmembrane protein
complexes that mediate cell-to-cell adhesion. E-cad/
catenin complex interactions in cell-cell adhesion is the
main adhesive mechanism. E-cad is the main compo-
nent in adherent intercellular junctions found, further-
more, in tight junctions [45]. Abnormalities in the E-cad
function lead to cell polarity disturbances, impair signal
transduction pathways as well as cell-cell adhesion. Fi-
nally, tissue architecture is dedifferentiated. This is a main
characteristic in carcinogenesis. Strong cell-cell adhe-
sion is essential in maintenance of the whole mucosal
architecture. The strong staining of the normal mucosa
is altered in inflammation and a change in the intensity
of staining is observed. It seems that the gastric epithe-
lium would benefit from a strong adhesion mechanism
in order to minimize traumatic injury due to luminal con-
tents. By E-cad a protective tissue mechanism is of-
fered. The E-cad role in cell-cell adhesion is the most
important. Cell-cell adhesive reactions may be contin-
ued even in the case of inactivation of all the other ad-
hesion molecules. Absence or downregulation of the E-
cad has been shown to be associated with a great num-
ber of malignancies in humans. A tumor suppressor role
is therefore given to E-cad. With the abovementioned
taken in mind, we examined in this study the E-cad ex-
pression in patients with clinical manifestations of dys-
pepsia from the upper gastrointestinal system and we
tried to associate the E-cad expression by the gastric
epithelial cells with the HP infection. We found a statis-
tically significant difference (p < 0.001) between the group
of patients with HP infection and the other group without
HP infection. Normal strong E-cad expression was found
in 22/25 (88%) of the n-IG in comparing to only 7/29
(24,1%) of the IG group (p < 0.001).

In conclusion, these findings permit us to adopt the
view that E-cad downregulation observed in patients in-
fected by HP may be an initial step, which later on might
lead to gastric cancer. Of course, other factors may also
be involved, but our findings consist an additional ele-
ment in the gastric cancer jigsaw. Further studies fo-
cused on the mechanisms involved in adhesion pro-
cess of HP-associated disease are essential to fully
understand the pathogenesis of this certain inflamma-
tion as well as its possible progression to malignancy.
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ÀÑÑÎÖÈÈÐÎÂÀÍÎ ËÈ ÑÍÈÆÅÍÈÅ ÝÊÑÏÐÅÑÑÈÈ Å-ÊÀÄÃÅÐÈÍÀ
ÏÐÈ ÈÍÔÅÊÖÈÈ HELICOBACTER PYLORI Ñ ÐÀÇÂÈÒÈÅÌ ÐÀÊÀ
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Öåëü: èññëåäîâàòü âîçìîæíóþ àññîöèàöèþ ýêñïðåññèè Å-êàäãåðèíà (E-cad) ñ èíôåêöèåé Helicobacter pylori
(HP) ó ïàöèåíòîâ ñ çàáîëåâàíèÿìè ïèùåâàðèòåëüíîãî òðàêòà. Ìåòîäû: ýêñïðåññèÿ E-cad èññëåäîâàíà ñ ïîìîùüþ
ìåòîäîâ èììóíîãèñòîõèìèè ó ïàöèåíòîâ, ïîäâåðãàâøèõñÿ ãàñòðîäóîäåíîñêîïèè. Ðåçóëüòàòû: óñòàíîâëåíî
ñòàòèñòè÷åñêè çíà÷èìîå ñíèæåíèå ýêñïðåññèè E-cad ñ íàëè÷èåì ó ïàöèåíòîâ èíôåêöèè HP. Âûâîä: ñíèæåíèå
ýêñïðåññèè E-cad íà ôîíå èíôåêöèè HP ìîæåò ÿâëÿòüñÿ íà÷àëüíûì ýòàïîì êàíöåðîãåíåçà æåëóäêà, âëèÿþùèì
íà ïðîëèôåðàöèþ è ïîäâèæíîñòü ýïèòåëèàëüíûõ êëåòîê æåëóäêà.
Êëþ÷åâûå ñëîâà: Helicobacter pylori, ãàñòðèò, ÿçâåííàÿ áîëåçíü, ðàê æåëóäêà,  ëèìôîìà MALT, E-êàäãåðèí,
ìîëåêóëû àäãåçèè.


