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The Association Between cagA+ H. pylori
Infection and Distal Gastric Cancer:

A Proposed Model
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Cytotoxin-associated gene A (cagA)+ infection is associated with an increased risk of distal gas-
tric cancer. The aim was to determine the effect of Helicobacter pylori (HP) on gastric mucus
thickness, hydrophobicity, and PGE2 and their relation to colonization density. Ninety-nine patients
were recruited (69 HP− and 30 HP+: 10 cagA+, 18 cagA−, 2 undetermined) and six biopsies
were obtained from each patient. Mucus thickness, hydrophobicity, PGE2, and colonization den-
sity were determined. HP status was assessed by histology and culture; cagA+ was determined
by PCR. In age- and sex-matched patients, PGE2 was greater in PH+ than HP− (P = 0.04), with
cagA+ having higher PGE2 than HP− patients (P = 0.031). No differences were observed in mucus
thickness (P = 0.717) or hydrophobicity (P = 0.27) between HP+ and HP− patients. However,
cagA+ showed a nonsignificant trend of increase in mucus thickness (P = 0.784) and hydropho-
bicity (P = 0.30) compared to cagA− and HP− patients. cagA+ colonization density was weakly
correlated with increased thickness (r = 0.333, P = 0.381), whereas cagA− density was inversely
correlated with thickness (r = −0.805, P = 0.0001). A model suggesting the possible changes in-
duced by cagA+ infection is proposed which explains the high association of cagA+ with distal
gastric cancer. If supported by large multicenter studies, this could form the basis for the development
of new therapies directed at the mucous layer to eradicate HP and thus reduce the risk of gastric
cancer.

KEY WORDS: H. pylori; cagA+; cagA−; cancer; gastric; model.

The stomach is the site of a number of important common
gastric diseases in humans including gastritis (1), peptic
ulcer disease (2), gastric lymphoma (3), and distal gastric
adenocarcinoma (4). Gastric cancer is the world’s third
most common cancer, after lung and breast cancers, and
the second common cause of cancer-related deaths, after
lung cancer (5). The incidence and mortality rate of gastric
cancer have, however been decreasing in recent years (6).
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In contrast to the trend for an overall decrease in gastric
cancer rates, in developed countries there has been a rapid
increase in the incidence of gastric cancer localized to the
cardia (7). Distal gastric cancer is most common in the 50–
70 age range, with a male-to-female ratio of 2:1 (8). The
intestinal-type gastric adenocarcinoma is more common
in males and in older age groups (9).

Helicobacter pylori (HP) has been designated a group 1
(definitive) carcinogen by the World Health Organiza-
tion (WHO) (10). Evidence for the association between
HP infection and distal gastric cancer came from (a) epi-
demiological studies (11), (b) cross-sectional studies (12),
(c) long-term prospective studies (13), (d) animal studies
on Mongolian gerbils (14), and (e) HP eradication studies
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in both animals (15) and humans (16). Although the pre-
vention of gastric cancer by HP eradication in humans
presents an interesting option, this issue is still controver-
sial (17) and further research is clearly required.

Individuals who carry cytotoxin-associated gene A
(cagA)+ HP strains exhibit severe forms of gastric dis-
ease compared with those carrying cagA− strains (18). In
Western populations cagA+ strains are associated with an
increased risk of developing peptic ulcer disease and ade-
nocarcinoma of the distal stomach (19). However, in Asian
populations most HP-positive individuals carry cagA+
strains and the association with gastric diseases is not
readily apparent; nevertheless, parts of the world with high
rates of cagA+ seropositivity are also areas in which the
incidence of distal gastric cancer is high (20, 21).

HP colonizes the stomach (22) and uses its mucous
layer as a protective barrier (23). The close association of
HP with the gastric mucous layer and epithelium (23) has
promoted research into its effect on gastric mucus thick-
ness, hydrophobicity, and PGE2. Unfortunately, most of
the studies addressing these issues have not differentiated
between HP cagA+ and cagA− strains and have, there-
fore, produced contradictory results (Table 1).

METHODS

Subjects. One hundred patients were randomly recruited
from endoscopy clinics in the North of England without prior
knowledge of their HP status. The study was approved by both
the Leeds Health Authority clinical research ethics committee
and the York research ethics committee. Written consent was
obtained from and information sheets given to each patient. Pa-
tients were included in the study if they were not taking acid
suppressive drugs or NSAIDs or receiving treatment for HP but
excluded if they were known or found to have peptic ulcer dis-

TABLE 1. PREVIOUS STUDIES OF THE EFFECT OF H. pylori INFECTION

ON THE HUMAN GASTRIC MUCUS THICKNESS, MUCOSAL

HYDROPHOBICITY, AND PGE2

Decreased n No effect n

Studies on gastric mucus thickness
Sarosiek et al. (46) 32 Newton et al. (47) 40

Studies on mucosal hydrophobicity
Goggin et al. (48) 124 Day et al. (50)* 32 mice
Spychal et al. (49) 114

Increased Decreased (↓) or no change (→)

Studies on gastric PGE2 levels
Oderda et al. (51) 104 Goren (53) (↓) 64
Ahmed et al. (28) 28 Taha et al. (54) (→) 48
Avunduk et al. (52) 30

Note. n, total number of patients studied including H. pylori-infected
and control subjects.
*Animal study, on mice.

ease or gastric cancer. Following recruitment into the study one
patient was subsequently excluded due to the presence of duode-
nal ulcer. Of the remaining 99 patients, 42 (42%) were male and
57 (58%) female, with mean ages of 46 ± 11 and 51 ± 15 years,
respectively. Six antral gastric biopsies were taken from each
patient for the assessment of gastric mucus thickness, contact
angle, prostaglandin E2 (PGE2) levels, polymerase chain reac-
tion (PCR), culture of HP, and histology.

HP Status. HP infection was assessed by histology, culture,
and PCR. Patients were considered to be HP positive if two or
more of the above tests were positive.

Polymerase Chain Reaction. Identification of HP cagA+
strains was carried out by PCR using two pairs of primers, cagA
(product size, 130 bp) and urease C (product size, 120 bp). DNA
extraction and PCR were performed using standard protocols.

HP Culture. HP culture was performed as described by
Goodwin (24). The bacterial viable count (colonization den-
sity) was assessed by direct counting of the bacterial colonies
on the culture plates that were inoculated with the serial dilu-
tions prepared from the bacterial homogenates using the method
described by Collins and Lyne (25). The bacterial viable count
is expressed as colony forming units (CFU) per milligram of
biopsy weight.

Mucus Thickness Measurement. The biopsy for mucus
thickness measurement was sandwiched in pig’s liver (1 ×
1.5 cm) for support, wrapped in aluminium foil, and then imme-
diately frozen in liquid nitrogen for transport. For each biopsy
18-µm sections were prepared and stained using the modified
PAS/AB (periodic acid Schiff’s/alcian blue) technique described
by Jordan et al. (26). The measurements, in micrometers, were
performed using a light microscope (Leitz Wetzlar 512583, Di-
alux 20 EM, Germany) at 100× magnification with the help of
specific computer software (TAS version 2.09).

Contact Angle (Hydrophobicity) Measurement. The
biospy was collected in a 10-ml saline glass bottle and trans-
ported at room temperature. Contact angle measurements were
performed as described by Spychal et al. (27).

PGE2 Level Measurement. The gastric biopsy obtained for
PGE2 measurement was immediately placed in a cryogenic tube
(Nalgene; 1.2 ml) containing 0.5 ml ice-cold 0.9% saline and
transported on ice. The biopsy incubation procedure was per-
formed as described by Ahmed et al. (28). PGE2 levels were
measured using the PGE2 Biotrak enzyme immunoassay system
protocol 1 (RPN 222; Amersham Biosciences, UK).

Statistical Analysis of Data. Results were analyzed using
SPSS software version 10.1 and are expressed as mean ± SE
(standard error of the mean). Statistical significance was tested
using analysis of variance (ANOVA). Data transformation (log)
was used when required. The level of statistical significance was
taken at P values <0.05. Spearman’s correlation coefficient (r )
was used in the determination of associations between various
parameters.

RESULTS

Of the 99 patients studied 69 were H. pylori nega-
tive (HP−) and 30 H. pylori positive (HP+): 10 cagA+,
18 cagA−, 2 undetermined. In age- and sex-matched pa-
tients the PGE2 level was significantly higher in HP-
infected patients (37.2 ± 1.2 pg/mg/20 min; n = 30)
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Fig 1. PGE2 levels in patients without atrophy. Patients infected with
cagA+ had significantly (P = 0.031) higher levels of PGE2 than unin-
fected patients.

than uninfected patients (22.6 ± 1.2 pg/mg/20 min;
n = 30), P = 0.04. In matched patients without at-
rophy, cagA+ patients had significantly higher PGE2

(53 ± 1.1 pg/mg/20 min; n = 4) than HP− patients
(22.6 ± 1.1 pg/mg/20 min; n = 30), P = 0.031. How-
ever, there was no significant difference in mean PGE2

between cagA− (35 ± 1.3 pg/mg/20 min; n = 16) and
HP− (22.6 ± 1.1 pg/mg/20 min; n = 30), P = 0.414,
or between cagA+ and cagA− patients, P = 0.292
(Figure 1).

In age- and sex-matched patients there was no sig-
nificant difference (P = 0.717) in mean mucus thick-
ness between HP− (51.3 ± 1.1 µm; n = 30) and HP+
(48.8 ± 1.1 µm; n = 30) patients; also, there was no sig-
nificant difference in mean contact angle between HP+
(61 ± 2.8◦; n = 30) and HP− patients (65.5 ± 3◦; n =
30), P = 0.27. However, cagA+ patients had a non-
significant (P = 0.784) trend of increased mean mucus
thickness in comparison to cagA− and HP− patients
(52.7 ± 1.2 µm [n = 10], 46.6 ± 1.1 µm [n = 18], and
51.3 ± 1.1 µm [n = 30], respectively) (Figure 2). Also,
cagA+ patients had a similar nonsignificant (P = 0.30)
trend of increased mean contact angles in comparison to
cagA− and HP− patients (71.1 ± 8◦ [n = 4], 59.6 ± 4◦

[n = 16], and 66 ± 2◦ [n = 69], respectively) (Figure 3).
In cagA+ patients there was a weak but nonsigni-

ficant positive association between mean mucus thick-
ness and HP colonization density (Spearman’s r = 0.333,
P = 0.381) (Figure 4). However, in cagA− patients, the
mean mucus thickness was significantly reduced with
increased HP colonization density (r = −0.805, P <

0.0001) (Figure 5).

Fig 2. Box plot comparing the mean mucus thickness between age- and
sex-matched H. pylori-negative, cagA−, and cagA+ patients. Although
cagA+ patients have higher mean mucus thickness than cagA−, the
difference was not statistically significant (P = 0.784). N , number of
patients.

Based on the above results a model is proposed to ex-
plain the high association of cagA+ infection with distal
gastric cancer (Figure 6).

DISCUSSION

A sequence of events leading from gastritis to gastric
cancer has been proposed by Correa et al. (29). Correa (30)
later proposed that HP infection is one of the triggering

Fig 3. Categorization of the mean contact angle according to H. pylori
infection in patients without atrophy. Patients with cagA+ had a higher
mean contact angle (but not statistically significant) than cagA− and
HP− patients.
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Fig 4. Correlation between mean mucus thickness in cagA+ infected
patients and H. pylori colonization density. Positive association but not
significant (r = 0.333, P = 0.381).

factors in the progressive sequence of gastric lesions be-
ginning with superficial to chronic gastritis, followed by
the development of atrophy, intestinal metaplasia, dyspla-
sia, and, finally, gastric cancer.

From this study a model is proposed to explain the high
association of cagA+ infection with distal gastric cancer

Fig 5. Correlation between mean mucus thickness in cagA− infected
patients and H. pylori colonization density. Significant (P < 0.0001)
inverse association (r = −0.805).

Fig 6. A proposed model for the association of cagA+ infection with
distal gatric cancer. ↑, increase.

(Figure 6), which proposes that within the human stomach
cagA+ is protected by an increased gastric mucous layer
thickness and hydrophobicity, mediated by PGE2 stimula-
tion, leading to established colonization and gastritis. This
may then increase the risk of gastric cancer in susceptible
patients.

This model is supported by the results of the present
study. (a) The PGE2 levels in age- and sex-matched pa-
tients were significantly higher in HP-infected patients
than uninfected patients. In matched patients without at-
rophy cagA+ patients had significantly higher PGE2 than
HP− patients, whereas cagA− patients were not signif-
icantly different from HP− patients. In addition, cagA+
patients had higher but nonsignificant PGE2 levels than
cagA− patients. (b) There was no significant difference
in mean mucus thickness between HP-infected and age-
and sex-matched uninfected patients, however, cagA+ pa-
tients showed a trend of increased mucus thicknesses com-
pared with cagA− patients that did not reach statistical
significance. (c) No significant difference was observed
in gastric mucus hydrophobicity between HP-infected
and age- and sex-matched uninfected patients, however,
cagA+ patients showed a trend of increased hydrophobic-
ity compared with cagA− and HP− patients that did not
reach statistical significance. (d) Colonization of the stom-
ach with cagA+ strains is associated with severe forms of
gastritis, as most of the patients with atrophic gastritis
were infected with cagA+. The lack of significance ob-
served is probably related to the small number of cagA+
patients involved. Nevertheless, this does not invalidate
the proposed model.

There are questions that need to be answered from
the present study in relation to the model of cagA+
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association with distal gastric cancer. First, although there
was no significant difference in mucus thickness in the
present study between cagA+ and cagA− infection, what
is the reason for the opposing trends in mucus thickness in
cagA+ and cagA− strains of HP? One possible explana-
tion relates to the role of the 120-kDa CagA protein (20) in
inducing the secretion of host signaling factors when the
cagA+ attaches to the gastric epithelial cells and the sub-
sequent internalization and phosphorylation of the CagA
protein (31).

Second, how does HP increase PGE2 production? It
is believed that HP increases gastric prostaglandin con-
centration through increased COX-2 (cyclooxygenase-2)
expression (32). This is supported by the finding that HP
infection induces the expression of COX-2 in the gastric
mucosa (33), whereas eradication of HP results in reduced
gastric antral mucosal COX-2 expression (34).

Third, how does PGE2 increase mucus thickness and
hydrophobicity? Lichtenberger et al. (35) have shown that
rats injected with PGE2 have higher gastric mucosal con-
centrations of phospholipids and surfactants compared to
controls, indicating the importance of PGE2 in enhancing
gastric hydrophobicity. Kerss et al. (36) reported a sig-
nificant increase in gastric mucus thickness in both rats
and frogs in response to topical administration of 16,16-
dimethylprostaglandin E2 to the stomach of these animals
by oral intubation.

Fourth, how can HP cause gastric cancer? HP may cause
gastric carcinomas by the converging effects of two main
types of events (37): (a) collateral damage of inflamma-
tory by-products causing mutational events in gastric ep-
ithelial cells, for example, production of reactive oxygen
intermediates that can induce DNA damage with DNA
mutations contributing to the pathogenesis of gastric can-
cer (38) by Farinati et al. (39) showed that cagA+ pa-
tients had higher oxidative DNA damage than cagA− and
HP− patients as assessed by the tissue concentrations of
8-hydroxydeoxyguanosine (8OHdG) levels, which is re-
sponsible for DNA base mutation induced by reactive oxy-
gen metabolites; and (b) direct effects on gastric epithelial
cells by H. pylori organisms or released bacterial prod-
ucts. The latter include (i) direct toxic effects on epithelial
cells. HP is known to produce damaging enzymes, such
as phospholipase A2, and cytotoxins, such as vacA; and
(ii) alterations in the balance between apoptosis and pro-
liferation (40). HP produces an apoptosis-inducing pro-
tein that was found to have γ -glutamyl transpeptidase
activity (41).

Finally, why is distal gastric cancer more common in
males than in females infected with cagA+ strains? Fox
et al. (42), in a study of INS-GAS mice, have demon-
strated a greater susceptibility of male gastric tissue to HP

infection, as males had more severe hyperplasia, dysplasia
and epithelial cell proliferation than females. In addition,
the development of gastric cancer over the 7-month ob-
servation period was seen only in INS-GAS HP-infected
male mice (four of six) on the low-salt diet. The under-
lying mechanisms responsible for this gender difference
in susceptibility are not known. This raises the question
whether the combination of cagA+ infection and male
sex increases the risk of gastric cancer. This needs further
investigation in humans.

The model postulated and tested in this study has sev-
eral limitations: (a) the study on which the model is based
was carried out in a geographical area of low HP preva-
lence, therefore the number of cagA+ patients (n = 10)
and cagA− patients (n = 18) was small; (b) the model
does not explain the presence of gastric cancer in asso-
ciation with cagA− infection; and (c) the early changes
of gastric mucus thickness and hydrophobicity in rela-
tion to cagA+ infection occurring at an early phase of
HP colonization in the human stomach are not known.
This is because (i) the acquisition of HP infection occurs
in childhood (43) and (ii) the initial acute phase of HP
infection is subclinical and rarely encountered in gastric
biopsies (44).

Future research is needed to substantiate the model pre-
sented in this study and to overcome the limitations out-
lined above. There are a number of ways to go forward:
(a) a multicenter study of a large number of patients needs
to be undertaken in areas of high HP prevalence; (b) long-
term prospective studies to clarify the importance of male
cagA+ infection in the risk of gastric cancer; and (c) hu-
man and animal model studies to investigate the effects
of HP on gastric mucus thickness, hydrophobicity, and
PGE2 occurring at the early stage of HP colonization are
required. Sugiyama et al. (45) studied the early changes
(at 4 and 12 weeks) of HP infection occurring in the gastric
mucosa of Mongolian gerbils and found that HP infection
caused chronic active gastritis, gastric erosions, hyper-
secretion of mucins from gland mucous cells, and an in-
crease in intramucosal PGE2 in infected animals compared
to uninfected animals. They also reported an increase in
gastric mucous layer thickness in HP-infected gerbils at
4 and 12 weeks compared to an unifected control group.

In summary, the work described in this study has shown
that cagA+ infection has the potential to increase the gas-
tric mucus layer thickness and hydrophobicity by increas-
ing PGE2 production. This facilitates its protection and
enhances its chronic colonization, leading to the progres-
sion of gastritis to more severe forms, which may increase
the risk of distal gastric cancer. However, it could be ar-
gued that mucous gel thickness and surface hydrophobic-
ity may increase in cagA+ patients as a compensatory
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mechanism to limit mucosal injury and inflammation as
opposed to being a trigger in the development of distal
gastric cancer. The small number of cagA+ patients in
this study may have been a factor in the nonsignificance
of some of the results. Consequently, large multicenter
studies need to be conducted before firm conclusions can
be drawn. If appropriate, the conclusions may then form
the basis for the development of further HP therapies that
concentrate on mechanisms to decrease mucous gel layer
thickness as an additional method for eradicating HP in
infected subjects, who fail to respond to antibiotic therapy
without compromising the mucous layer protective func-
tion to the underlying gastric epithelial cells. Moreover,
further research is needed in order to explain the apparent
opposing relation of cagA+ infection to the risk of distal
gastric cancer compared to proximal gastric cardia cancer.
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