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Despite the fact that the association of Helicobacter pylori with an increased risk of gastric
cancer is well documented, the exact mechanisms of this association have not been elucidate d.
Our aim was to shed some light on these mechanisms by studying the relationship of H. pylori
CagA status to gastric cell prolife ration and apoptosis, since both play an important role in
gastrointe stinal epithe lial cell turnover and carcinogenesis. We studied ® fty patients [32 men,
18 women, median age 39.5 years (range 18 ± 67) ], referred for uppe r gastrointe stinal
endoscopy, from whom antral biopsie s were taken. On biopsy specimens gastritis was
estimated by scoring the severity of in¯ ammatory in® ltrate , and the presence of atrophy and
intestinal metaplasia were also noted. The gastric cell prolife ration index (PI) was estimated
by AgNOR staining, the epithe lial apoptotic index (AI) was measured by special staining for
apoptosis, and CagA status was determined serologically by immunoblotting the sera of
patients against H. pylori antigens. Thirty-e ight (76% ) of the 50 patients were H. pylori
(positive ) and 12 (24% ) H. pylori (negative ). Among the 38 H. pylori( 1 ) patients, 28 (73.6% )
were CagA( 1 ) and 10 (24.6% ) CagA( 2 ). In the H. pylori CagA( 1 ) and CagA( 2 ) groups, the
PI value s [median (range s)] were 5 (4 ± 7) and 3.7 (3.5± 5.5) , respectively (P , 0.05) . In
addition the difference in PI between the H. pylori CagA( 1 ) and H. pylori( 2 ) groups was
highly signi® cant (P , 0.001) . Concerning apoptosis, in the H. pylori CagA( 1 ) and CagA( 2 )
groups, the value s for AI were 1 (1± 30) and 5.5 (1± 35) , respective ly (P , 0.05) . In addition,
the difference in AI between the H. pylori CagA( 2 ) and H. pylori( 2 ) groups, was signi® cant
(P , 0.05) . We conclude that H. pylori CagA( 1 ) strains induce increased gastric cell
prolife ration, which is not accompanie d by a paralle l increase in apoptosis. This might explain
the increased risk for gastric carcinoma that is associated with infection by H. pylori CagA( 1 )
strains.
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In recent years a close relationship between Helico-

bacter pylori infection and gastroduode nal pathology

has been found. Thus H. pylori has been recognize d as

the principle cause of type B gastritis and peptic ulce r

disease (1± 5), and, in addition, a close association

between H. pylori and gastric malignancy has been

found (6 ± 13) , mainly on the basis of seroepidemio-

logical data. Furthe rmore , H. pylori has been classi-

® ed as a type I carcinoge n for gastric cancer (14) by

the International Agency for Research on Cancer
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(IARC). This association has been found signi® cantly

greater in H. pylori strains that posse ss the cytotoxin-

associate d gene cagA (15± 18) , a key gene of the

so-calle d ª pathoge nicity islandº (19) . However, de-

spite the well-documented association of H. pylori

with an increased risk of gastric malignancy, the

mechanisms by which it affects gastric mucosa have

not been fully elucidate d as yet and more research is

needed. One possible assumption is that H. pylori may

affect the normal balance between gastric epithe lial

cell prolife ration and cell death, thus inte rfering with

the maintenance of gastric mucosal homeostasis. In-

creased cellular prolife ration rates characte rize ma-

lignant tissue and, inde ed, increased gastric epithe lial

cell prolife ration in H. pylori infection has been re-

ported (20 ± 26) . On the other hand, in chronic H.

pylori infection, there is a notable lack of epithe lial

necrosis (27, 28) , suggesting that other forms of cell

death, such as apoptos is ( the programmed ce ll

death) , may be involve d.

From all the above it is apparent that an inve stiga-

tion of the relationship of H. pylori CagA status to cell

prolife ration and apoptosis could contribute to the

elucidation of the mechanisms that regulate the de-

ve lopment of gastric malignancy in H. pylori infection.

The aim of the present prospective study, therefore,

was to examine this relationship.

MATERIALS AND METHODS

Subjects

For the purposes of this study we prospectively studied 50
dyspeptic patients [32 men, 18 women, median age 39.5
(range 18 ± 67) ], referred for upper gastrointestinal endos-
copy. None of the subjects studied had undergone upper
gastrointestinal surgery, and none had used antibiotics,
bismuth, PPIs, or NSAIDs during the previous eight weeks.
Patients on NSAIDs were excluded because these drugs
may in¯ uence apoptosis in gastric mucosa (29). During
endoscopy antral biopsies were taken from each patient for
H. pylori detection and histological assessments. Immedi-
ate ly afte r endoscopy, a blood sample was drawn from each
patient and, after centrifugation at 3000g for 10 min, sera
were collected and stored at 2 20°C before use for serolog-
ical assay to determine the H. pylori CagA status.

Helicobacter pylori Detection . In each subject H. pylori was
sought in two ways, ie, the rapid urease test (30) and
histology. For histological detection, slides were stained
with Giemsa, modi® ed for H. pylori, and then the presence
of H. pylori was microscopically evaluated (31) . Patients
were considered to be H. pylori( 1 ) when the bacterium was
identi® ed in both tests and negative when the bacterium
was not identi® ed in either test. For the purposes of this
study, patients with only one test positive were not included.

Histological Assessments

Antral mucosal biopsy specimens were immediately ® xed
in buffered neutral formalin and embedded in paraf® n.

Sections were then stained with hematoxylin and eosin for

histological evaluation of the severity of gastritis, with mod-
i ® ed Giemsa staining for H. pylori detection, as developed

above , AgNOR staining for proliferation assessment, and

special staining for apoptosis measurement.

Gastritis Evaluation . In hematoxylin-eosin sections, the
diagnosis and evaluation of gastritis, atrophy, and intestinal

metaplasia was based on accepted criteria (32). Severity was
estimated separate ly for acute and chronic gastritis by scor-
ing the in¯ ammatory in® ltrate in the lamina propria. In
addition, the presence of atrophy and intestinal metaplasia
was also reported. The in¯ ammatory in® ltrate was semi-
quantitive ly scored for polymorphonuclear leukocytes
(acute gastritis) and mononuclear cells (chronic gastritis) as
follows: (a) acute gastritis: 0 5 absence of any in® ltration,
1 5 mild in® ltration (polymorphonuclear leukocytes occa-
sionally in® ltrate glandular structures), 2 5 the above in
moderate degree, and 3 5 severe in® ltration (polymorpho-
nuclear leukocytes in® ltrating the glandular lumen); and (b)
chronic gastritis: 0 5 absence of any in® ltration, 1 5 mild
in® ltration (sparse mononuclear cells detected through the
lamina propria), 2 5 the above in moderate degree, and 3 5
severe (diffuse and severe mononuclear cell in® ltrate ). All
histological slides were reviewed by the same experienced
pathologist.

Cell Proliferation . Cell proliferation was assessed by Ag-
NOR counting, a method that has been used successfully in
previous studies (33, 34) . Brie¯ y, paraf® n sections were
dewaxed and hydrated using graded ethanol and distilled
wate r. The silver colloid solution was prepared by dissolving
gelatin in 1% aqueous formic acid in a concentration of 2% .
This solution was mixed with 50% aqueous silver nitrate to
obtain the ® nal working solution. This was dropped onto
the sections and left for 30 min at room temperature. Then
the sections were washed with deionized wate r, treated with
xylene, and mounted in a synthetic medium. For the Ag-
NOR counting procedure, the slides were examined using a
100 3 oil immersion lens at a ® nal magni® cation of 1000.
AgNORs appeared as black dots either dispersed in the
nucleus of the cells or clustered within one or two nucleoli.
AgNOR counting was focused in the glandular neck region,
in nonmetaplastic areas, which best correspond to the re-
gion of cell proliferation (34). Two hundred cells, where
available , were randomly selected from each specimen, and
the AgNOR dots were counted individually, carefully fo-
cused, even when occuring in large aggregate s. The results
were then expressed as the mean number of AgNORs per
nucleus, and this was named the proliferation index (PI).
All AgNOR measurements were con® rmed by image anal-
ysis (Digital Image Systems, DIS-200, Hellas) and were
performed blindly by the same experienced pathologist.

Apoptosis. Epithelial apoptosis was quantitated in situ by
using the ApopDETEK Cell Death Assay System (Enzo
Diagnostics, Inc., Farmingdale, New York), based on a
method, that has been shown to give exce llent results on
formalin-® xed, paraf® n-embedded tissue sections (35, 36).
The number of positive cells per 100 epithelial cells was
expressed as the apoptotic index (AI). All apoptotic evalu-
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ations were made by the same experienced examiner un-
aware of the infection status, gastritis, and proliferation
results.

H. pylori CagA Status

H. pylori CagA status was determined serologically by
immunoblotting the sera of patients against H. pylori anti-
gens (37) . This was performed by using the commercial
immunoblot kit manufactured by AID GmbH, Strasburg,
Germany. According to this method, antigens of H. pylori
are electrophoretically separated by SDS-PAGE and mi-
grate through the gel as ® ne bands, according to their
molecular weights. Afte r e lectrophoresis, the bands are
transferred to nitrocellulose membranes and the band pat-
tern is analyzed with the kit-speci® c template . Antibodies
against H. pylori antigens of 120, 87, 67, 66, 29, 25, 19, 17,
and 14 kD can be observed (Figure 1) .

Statistical Analys is

All statistics were computed using a suitable program
(GraphPad, Prism, Version 2.0). The results are repre-
sented graphically as boxes and whiskers, whereas data in
the text are expressed as median values with ranges. As
most data showed skewing, comparisons between the mul-
tiple groups were performed using nonparametric Kruskal-
Wallis analysis of variance. If the result of this was signi® -
cant, then simple comparisons between pairs of groups were
performed with the nonparametric Mann-Whitney U test
(38) . Correlation coef® cients were calculated using the non-
parametric Spearman rank test. Comparisons between pro-
portions were made by the chi-square and Fisher’s exact
test. P , 0.05 was considered signi® cant.

RESULTS

Among the 50 patients studied, 38 (76% ) were H.

pylori( 1 ) and 12 (24% ) H. pylori( 2 ). There were no

differences between the two groups of patients con-

cerning age, sex and other demographic parame ters

(Table 1). Among H. pylori( 1 ) patients, 28 (73.6% )

were CagA( 1 ) and 10 (24.6% ) CagA( 2 ), and simi-

larly there were no signi® cant differences between

these groups as far as demographic data were con-

cerned (Table 1). According to endoscopic ® ndings,

patients were divided into two groups, ie, the duode -

nal ulce r group (N 5 21) and the nonulce r group

(N 5 17) . All ulce r patients be longe d to the H.

pylori( 1 ) group. The relationship of the endoscopic

picture to CagA status is shown in Table 2. The

median acute gastritis score in the H. pylori CagA( 1 )

group was 2 (range 1± 3) and was statistically highe r

(P 5 0.0029) than in the H. pylori CagA( 2 ) group [1

(1± 3)]. A signi® cant difference was also noted for

chronic gastritis [2 (1± 2) in the H. pylori CagA( 1 )

group vs 1 (0 ± 2) in the CagA( 2 ) group, P , 0.05] .

Atrophy was noted in 15/28 (53.6% ) subje cts in the H.

pylori CagA( 1 ) group in comparison to 1/10 (10% )

subje cts in the H. pylori CagA( 2 ) group (P 5 0.025) .

The corresponding numbers for intestinal metaplasia

were 10/28 (35.7% ) and 0/10 (0% ) respectively (P 5
0.038) (Table 2).

Fig 1. Immunoblot patterns obtained with sera from a sample of 12
patients studied. The 120-kD band is the cagA gene product. The

remaining bands are : 87 kD, vacA gene product; 67 kD, ¯ agellin
protein; 66 and 29 kD, subunits of urease enzyme; 25, 19, 17, and

14, H. pylori proteins of which little is known. Numbers on the
horizontal axis represent patients. Patients 1± 6 and 12 were

CagA( 1 ), and patients 7± 11 were CagA( 2 ).

TABLE 1. DEMOGRAPHIC DATA IN VARIOUS GROUPS OF PATIENTS STUDIED

H. pylori(2 ) (N 5 12) H. pylori(1 ) (N 5 38) CagA(1 ) (N 5 28)
CagA(2 )
(N 5 10)

Age (yrs), median
(range) 38.5 (19± 66) 39.5 (18± 67) 38.5 (18± 67) 41 (20± 63)

Sex (M/F) 8/4 24/14 18/10 6/4
Smoking habits 8/12 (66.6% ) 20/38 (52.6% ) 15/28 (53.5% ) 5/10 (50% )

Daily alcohol
consumption 3/12 (25% ) 10/38 (26.3% ) 8/28 (28.5% ) 2/10 (20% )

H. pylori CagA STATUS
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Cell Proliferation . In the H. pylori CagA( 1 ) and

CagA( 2 ) groups, the PI values [median (range s)]

were 5 (4 ± 7) and 3.7 (3.5± 5.5) , respectively (P ,
0.05) . In addition, the difference between the H. pylori

CagA( 1 ) and H. pylori( 2 ) groups, was highly signif-

icant (P , 0.001) , whereas the comparison between

the H. pylori CagA( 2 ) and H. pylori( 2 ) groups

yie lded no signi® cant results (Figure 2).

Apoptosis. Concerning apoptosis, in the H. pylori

CagA( 1 ) and CagA( 2 ) groups, the corresponding

AI value s [median (range s)] were 1 (1± 30) and 5.5

(1± 35) , respectively (P , 0.05) . The difference be-

tween the H. pylori CagA( 2 ) and H. pylori( 2 ) groups

was also signi® cant (P , 0.05), whereas the difference

between the H. pylori CagA( 1 ) and H. pylori( 2 )

groups was not signi® cant (Figure 3).

Correlation of Gastritis Score with Proliferation

and Apoptos is. The corre lation of gastritis score

(both for acute and chronic gastritis) with prolife ra-

tion and apoptosis indice s in the groups of H. pylori

CagA( 1 ) and CagA( 2 ) patients showed signi® cant

results for gastritis, both acute and chronic, only with

prolife ration and not apoptosis in the H. pylo ri

CagA( 1 ) group. None of these corre lations in the H.

pylori CagA( 2 ) group were signi® cant (Table 3).

DISCUSSION

Epithe lial cell prolife ration and apoptosis (pro-

grammed cell death) are essential events in tissue

homeostasis, and in a healthy stomach there is a

balance between the rates of prolife ration and apo-

ptosis (39) . Our ® ndings demonstrate that subje cts

harboring H. pylori CagA( 1 ) strains have signi® cantly

higher gastric cell prolife ration rates than subje cts

infected with H. pylori CagA( 2 ) strains or uninfected

persons. However, apoptotic indices in subjects in-

fected with CagA( 1 ) H. pylori strains were signi® -

cantly lower than in subje cts infected with CagA( 2 )

H. pylori strains and similar to uninfected persons. In

other words, we found that in H. pylori CagA( 1 )

infection the obse rved increase in gastric cell prolif-

eration rates was not accompanie d by a paralle l in-

crease in apoptosis. Similar obse rvations were made

TABLE 2. DUODENAL ULCER, ATROPHY, AND INTESTINAL

METAPLASIA IN H. PYLORI CAGA( 1 ) AND CAGA( 2 ) GROUPS OF

PATIENTS

H. pylori CagA(1 ) H. pylori CagA(2 ) P

DU ulcer 20/28 (71.4% ) 1/10 (10% ) 0.002

Atrophy 15/28 (53.6% ) 1/10 (10% ) 0.025
Intestinal

metaplasia 10/28 (35.7% ) 0/10 (0% ) 0.038

Fig 2. Proliferation indices (PI) in groups studied. Results are
expressed as boxes and whiskers. Boxes indicate 25± 75% range and

central ve rtical lines indicate median values. Whiskers represe nt
upper and lower extremes.

Fig 3. Apoptotic indices (AI) in groups studied. Results are ex-

pressed as boxes and whiskers. Boxes indicate 25± 75% range and
central ve rtical lines indicate median values. Whiskers represe nt

upper and lower extremes.

TABLE 3. CORRELATION BETWEEN GASTRITIS SCORE (BOTH

ACUTE AND CHRONIC GASTRITIS) AND INDICES OF PROLIFERATION

(PI) AND APOPTOSIS (AI)

H. pylori group

Acute gastritis
Chronic
gastritis

PI AI PI AI

CagA( 1 )
Number of XY pairs 28 28 28 28

Spearman r 0.713 0.071 0.470 0.086
P (two tailed) , 0.0001 0.717 0.011 0.662

CagA( 2 )
Number of XY pairs 10 10 10 10

Spearman r 0.093 0.6 0.439 0.232
P (two tailed) 0.797 0.086 0.204 0.517
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recently by Peek et al (40) in the United State s, using

a different methodology, for estimation of epithe lial

cell prolife ration and apoptosis. They found that in

subje cts infected with H. pylori CagA( 1 ) strains there

was a dissociation of gastric epithe lial cell prolife ra-

tion from apoptosis. In addition, in the ir study, when

antral prolife ration and apoptosis were examine d in

relation to vacA status, the results for s1a genotype

paralle led those for cagA(
1

) isolate s. It is notable

therefore that on this important subje ct of current

inte rest the conclusions of two independent studie s

from two different parts of the world are in agree-

ment. The possible implication of these ® ndings is

that the increased cell prolife ration in the absence of

a corresponding increase in apoptosis may explain the

increased risk for gastric carcinoma that is associate d

with infection by CagA( 1 ) strains of H. pylori, as

occurs in other types of gastrointe stinal neoplasia,

such as colonic neoplasia (41, 42) . Furthe rmore we

could speculate that H. pylori CagA( 1 ) strains act as

tumor promoters by making the gastric epithe lium,

via increased prolife ration, more susceptible to vari-

ous genotoxic carcinoge ns. If, then, genetically dam-

aged cells are not expe lled via apoptosis, malignancy

ensues.

On dealing with prolife ration and apoptosis sepa-

rately, as far as the relationship of H. pylori infection

and gastric cell prolife ration rates is concerned, past

studie s, using various methodologie s have shown in-

creased (20 ± 26) or unalte red rates (43) . Although the

reason for these con¯ icting results is not clear, a

possible explanation is that among H. pylori strains

there is heterogene ity, and they may differ in their

ability to induce prolife rative responses. The results

of our study are consistent with this notion since we

found increased prolife ration rates only in subje cts

infected with H. pylori CagA( 1 ) in comparison to H.

pylori CagA( 2 ) strains. Furthe rmore only in subje cts

infected with H. pylori CagA( 1 ) strains was there a

signi® cant positive corre lation between prolife ration

rates and gastritis scores. Although the ability of H.

pylori CagA( 1 ) strains to induce more severe muco-

sal in¯ ammation is the possible explanation for this

obse rvation, other as yet unknown factors that may

stimulate cell prolife ration, such as reactive oxyge n

metabolite s produce d by polymorphonucle ar cells or

other bacte rial factors, may also be involve d.

Earlie r studie s concerning apoptosis in H. pylori

infection in adults (27) and childre n (44) found that

there was a signi® cant increase in apoptotic index

only in infected subjects, in comparison to uninfected

subje cts. In support of this, Wagne r et al (39) , using a

differentiated human gastric cell line , provide d evi-

dence that H. pylori induced apoptosis in vitro. How-

ever, these studies did not examine the effects of H.

pylori CagA( 1 ) and CagA( 2 ) strains separate ly, al-

though Wagner et al (39) did group strains by toxin

production. It is known that toxigenicity and presence

of cagA are tightly linked within H. pylori strains, and

thus it is unlike ly that a difference would have been

found when strains were strati® ed on the basis of

cagA. In our study, when we compared the entire

group of H. pylori-positive patients to uninfected sub-

jects, we found no difference in apoptotic index. On

® rst inte rpretation one might suppose that our data

are in contrast to those of Wagne r et al (39) . How-

ever, on careful analysis of the apoptotic results of the

subgroups of H. pylori( 1 ) patients, we found that only

the H. pylori CagA( 2 ) and not the CagA( 1 ) group

had a signi® cantly increased apoptotic index in com-

parison to uninfe cted subjects. It is appare nt, then,

that our results are in partial agreement with the

above -mentione d studies. The reduced apoptotic re-

sults for the H. pylori CagA( 1 ) group were unex-

pected; however, two facts might explain these re-

sults. First, CagA( 1 ) strains made up 73.6% of the

entire H. pylori( 1 ) group, and it has been found that

they are stronge r inducers of the apoptosis-suppr ess-

ing nuclear factor-kappa B (NF-k B), than H. pylori

CagA( 2 ) strains (45± 47) . Second, in the H. pylori

CagA( 1 ) group, in comparison to CagA( 2 ) group,

there was a signi® cantly highe r percentage of inte sti-

nal metaplasia, which is in agreement with previous

obse rvations (18, 48) . There is recent evidence (49)

that apoptosis is signi® cantly reduced in H. pylori-

re lated inte stinal metaplas ia, which is furthe r

strengthened by the fact that reduced apoptosis was

found in early inte stinal-type gastric carcinoma (50) , a

situation close ly related to intestinal metaplasia (51) .

In this study we used western blotting to determine

CagA status, but we did not determine cagA genotype

of the H. pylori isolate s. Cover et al (52) , studying the

relationship between CagA seropositivity and cagA

genotype of H. pylori isolate s, described anti-CagA

antibodie s in 26.7% of their patients from whom a

strain lacking cagA was isolate d and, in contrast, no

antibodie s in 7.6% of patients with cagA
1

isolate s.

Based on this, it could be sugge sted that serology

alone may not be the most appropriate test in deter-

mining diffe rences in virule nce among H. pylori

strains. However, H. pylori CagA status, as deter-

mined by immunoblotting, has increasingly been used

in recent pape rs in the lite rature (53, 54) and this test

H. pylori CagA STATUS
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has been found to have greater sensitivity than other

relevant serological tests, such as ELISA (55) .

In conclusion we showed that subje cts infected with

H. pylori CagA( 1 ) strains had increased gastric cell

prolife ration and decreased apoptosis indice s in com-

parison to H. pylori CagA( 2 ) strains. According to

these ® ndings, it is plausible that dissociation of pro-

liferation from apoptosis may be an important mech-

anism of increased malignant potential related to

infection with H. pylori CagA( 1 ) strains.

REFERENCES

1. Marshall BJ, McGe chie DB, Rogers PA, Glancy RJ: Pyloric

Campylobacter infection and gastroduodenal disease. Med J

Aust 142:439 ± 444, 1985

2. Rokkas T, Sladen G: Infection with Campylobacter pylori. J R

Coll Phys London 22:97± 100, 1988

3. Graham D: Campylobacter pylori and peptic ulcer disease.

Gastroente rology 96:615± 625, 1989

4. Raws EA, Tytgat GNJ: Cure of duodenal ulcer associated with

eradication of Helicobacter pylori. Lance t 335:1233± 1235, 1990

5. Tytgat GNJ, Lee A, Graham DY, Dixon MF, Rokkas T: The

role of infectious agents in peptic ulcer disease. Gastroente rol

Int 6:76 ± 89, 1993

6. Sipponen P, Kosunen TU, Valle J, Riihela M, Seppala K:

Helicobacter pylori infection and chronic gastritis in gastric

cancer. J Clin Pathol 45:319 ± 323, 1992

7. Graham D: Pathogenic mechanisms leading to Helicobacter

pylori-induced in¯ ammation. Eur J Gastroenterol Hepatol

4(suppl 2):S9 ± S16, 1992

8. Forman D, Newell DG, Fullerton F, Yarne ll JWG, Stacey AR,

Wald N, Sitas F: Association between infection with H. pylori

and risk of gastric cance r. Evidence from a prospective inves-

tigation. BMJ 302:1302± 1305, 1991

9. Parsonnet J, Friedman GD, Vanderstee n DP, Chang Y, Vo-

gelman JH, Orentre ich N, Sibley RK: H. pylori infection and

the risk of gastric carcinoma. N Engl J Med 325:1127± 1135,

1991

10. Nomura A, Stemme rman GN, Chyou PH, Kato I, Pere z-Perez

GI, Blase r MJ: H. pylori and gastric carcinoma among Japanese

Americans in Hawaii. N Engl J Med 325:1132± 1136, 1991

11. Talley NJ, Zinsmeister AR, Weaver A, Dimagno EP, Carpen-

ter HA, Pere z-Perez GI, Blase r MJ: Gastric adenocarcinoma

and H. pylori infection. J Natl Cancer Inst 83:1734 ± 1739, 1991

12. The Eurogast Study Group. An association between Helicobac-

ter pylori infection and gastric cance r: An international study.

Lance t 341:1359 ± 1362, 1993

13. Hansson LE, Engstrand L, Nyren O, Evans DJ, Lindren A,

Betgstrom R, Andersson B, Athlin L, Bendtsen O, Tracz P:

Helicobacter pylori infection: Independent risk indicator of

gastric adenocarcinoma. Gastroenterology 105:1098 ± 1103,

1993

14. International Agency for Research on Cance r. Schistosomes,

liver ¯ ukes and Helicobacter pylori. Evaluation of carcinoge nic

risks to humans. IARC Monograph Evaluating Carcinogenic

Risks to Humans 61, 1994

15. Kuipers EJ, Perez-Perez GI, Meuwissen SG, Blaser MJ: Heli-

cobacter pylori and atrophic gastritis: importance of CagA

status. National Cance r Inst 87:1777± 1780, 1995

16. Blaser MJ, Perez-Pe rez GI, Kleanthous H, Cover TL, Peek

RM, Chyou PH, Stemmerman GN, Nomura A: Infection with

Helicobacter pylori strains possessing cag A is associated with an

increase d risk of developing adenocarcinoma of the stomach.

Cancer Res 55:2111± 2115, 1995

17. Crabtree JE, Wyatt, Sobala GM, Miller G, Tompkins DS,

Primrose JN, Morgan AG: Systemic and mucosal humoral

responses to Helicobacter pylori in gastric cance r. Gut 34:1339 ±

1343, 1993

18. Rokkas T, Liatsos C, Petridou E, Papatheodorou G, Karameris

A: Atrophic gastritis and intestinal metaplasia in Helicobacter

pylori infection: The role of the CagA phenotype. Endoscopy

29:E36, 1997

19. Censini S, Lange C, Xiang Z, Crabtree JE, Ghiara P, Bodor-

ovsky M, Rappuoli R, Covacci A: cagA a pathogenicity island

of Helicobacter pylori, encodes type I-speci® c and disease -

associated virulence factors. Proc Natl Acad Sci USA

93:14648 ± 14653, 1996

20. Frase r AG, Sim R, Sankey EA, Dhillon AP, Pounder RE:

Effect of eradication of Helicobacter pylori on gastric epithelial

ce ll proliferation. Aliment Pharmacol Ther 8:167± 173, 1994

21. Lynch DA, Mapstone NP, Clarke AM, Sobala GM, Jackson P,

Morrison L, Dixon MF, Quirke P, Axon AT: Cell proliferation

in Helicobacter pylori associated gastritis and the effect of

eradication therapy. Gut 36:346 ± 350, 1995

22. Harvard TJ, Sars® e ld P, Wotherspoon AC, Steer HW: In-

creased gastric epithelial ce ll proliferation in Helicobacter py-

lori-associated follicular gastritis. J Clin Pathol 49:68 ± 71, 1996

23. Cahill RJ, O’Morain CA: Gastric epithelial cell proliferation.

Eur J Cancer Prev 3:55± 60, 1994

24. Cahill RJ, Xia H, Kilgallen C, Beattie S, Hamilton H,

O’Morain C: Effect of eradication of Helicobacter pylori infec-

tion on gastric epithelial cell proliferation. Dig Dis Sci 40:1627±

1631, 1995

25. Bechi P, Balzi M, Beccioni A, Mangeni A, Raggi CC, Amorosi

A, Dei R: Helicobacter pylori and ce ll proliferation of the

gastric mucosa: possible implications for gastric carcinogene sis.

Am J Gasroente rol 91:271± 276, 1996

26. Rokkas T, Liatsos C, Karameris A, Lazaris A, Antoniades D,

Kalafatis E: Proliferating ce ll nuclear antigen (PCNA) immu-

nostaining and nucleolar organise r regions (AgNORs) staining

in Helicobacter pylori infection: Impact of eradication. Gastro-

enterology 112( suppl):A645, 1997

27. Moss SF, Calam J, Agarwal B, Wang S, Holt PR: Induction of

gastric epithelial apoptosis by Helicobacter pylori. Gut 38:498 ±

501, 1996

28. Mannick EE, Bravo LE, Zarama G, Realpe JL, Zhang XJ,

Ruiz B, Fontham ET, Mera R, Miller MJ, Correa P: Inducible

nitric oxide synthase, nitrotyrosine, and apoptosis in Helicobac-

ter pylori gastritis: Effect of antibiotics and antioxidants. Cance r

Res 56:3238 ± 3243, 1996

29. Slomiany BL, Piotrowsky J, Slomiany A: Induction of tumor

necrosis factor-alpha and apoptosis in gastric mucosal injury by

indomethasin: effect of omeprazole and ebriditine. Scand J

Gastroente rol 32:638 ± 642, 1997

30. Marshall BJ, Francis G, Langton S, Goodwin CS, Blincow ED:

Rapid urease test in the managemen t of Campylobacter pylori-

dis associated gastritis. Am J Gastroente rol 3:200 ± 210, 1987

31. Potters HVPJ, Loffeld RJLF, Stobbering E, Van Spreeuwe l JP,

Arends JW: Rapid staining of Campylobacter pyloridis. Histo-

pathology 11:1223, 1987

32. Dixon MF, Genta RM, Yardley JH, Correa P: Classi® cation

ROKKAS ET AL

492 Digestive Diseases and Sciences, Vol. 44, No. 3 (March 1999)



and grading of gastritis. The updated Sydney system. Am J

Surg Pathol 20:1161± 1181, 1996

33. Ploton D, Menage r M, Jeanne sson P, Himber G, Pigeon F,

Adnett JJ: Improve ment in the staining and the visualization of

argyrophilic proteins of the nucleolar organize r region at the

optimal level. Histochem J 18:5± 14, 1986

34. Correa P, Ruiz B, Shi TY, Janney A, Sobhan M, Torrado J,

Hunter F: Helicobacter pylori and nucleolar organizer regions

in the gastric antral mucosa. Am J Clin Pathol 101:656 ± 660,

1994

35. Rosl F: A rapid and simple method for detection of apoptosis

in human cells. Nucleic Acids 20:5243, 1992

36. Schmitz GG, Walker T, Reibl R, Kessler C: Nonradioactive

labeling of oligonucleotides in vitro with the hapten digoxige -

nin by tailing with terminal transferase . Anal Biochem

192:222± 231, 1991

37. Xiang Z, Censini S, Bayeli PF, Te lford JL, Figura N, Rappuoli

R, Covacci A: Analysis of expre ssion of CagA and VacA

virulence factors in 43 strains of Helicobacter pylori reveals that

clinical isolates can be divided into two major types and that

CagA is not necessery for expression of the vacuolating cyto-

toxin. Infect Immun 63:94 ± 98, 1995

38. Motalsky H: Intuitive Biostatistics. Oxford Unive rsity Press,

New York, 1995

39. Wagner S, Be il W, Westermann J, Logan RPH, Bock CT,

Trautwein C, Bleck JC, Manns MP: Regulation of gastric

epithelial cell growth by Helicobacter pylori: Evidence for a

major role of apoptosis. Gastroenterology 113:1836 ± 1844,

1997

40. Peek RM Jr, Moss SF, Tham KT, Perez-Pe rez GI, Wang S,

Miller GGM, Atherton JC, Holt PR, Blaser MJ: Helicobacter

pylori cagA
1

strains and dissosiasion of gastric epithelial ce ll

proliferation from apoptosis. J Natl Cance r Inst 89:863± 868,

1997

41. Bedi A, Pasricha PJ, Akhtar AJ, Barber JP, Bedi GC, Giardello

FM, Zehnbauer BA, Hamilton SR, Jones RJ: Inhibition of

apoptosis during development of colorectal cance r. Cance r Res

55:1811± 1816, 1995

42. Moss SF, Scholes JV , Holt PR: Abnormalities of epithelial

apoptosis in multistep colorectal neoplasia demonstrated by

terminal deoxyuridine nick end labeling. Dig Dis Sci 41:2238 ±

2247, 1996

43. Chow KW, Bank S, Ahn J, Roberts J, Blumstein M, Kranz V:

Helicobacter pylori infection does not increase gastric antrum

mucosal cell proliferation. Am J Gastroenterol 90:64 ± 66, 1995

44. Jones NL, Shannon PT, Cutz E, Yeger H, Sherman PM:

Increase in proliferation and apoptosis of gastric epithelial ce lls

early in the natural history of Helicobacter pylori infection.

Am J Pathol 151:1695± 1703, 1997

45. Sharma SA, Tummuru MK, Blaser MJ, Kerr LD: Activation of

IL-8 gene expression by Helicobacter pylori is regulated by

transcription factor muclear factor-kappa B in gastric epithelial

ce lls. J Immunol 160:2401± 2407, 1998

46. Munzenmaie r A, Lange C, Glocker E, Covacci A, Morran A,

Bereswill S, Baeuerle PA, Kist M, Pahl HL: A secreted/shed

product of Helicobacter pylori activates transcription factor

nuclear factor-kappa B. J Immunol 159:6140 ± 6147, 1997

47. Keates S, Hitti YS, Upton M, Kelly CP: Helicobacter pylori

infection activates NF-kappa B in gastric epithelial ce lls. Gas-

troenterology 113:1099 ± 1109, 1997

48. Crabtree JE, Wyatt J, Perry GR, Davies A, Covacci A, Morgan

AG: CagA seropositive Helicobacter pylori infected non-ulcer

patients have increased incidence of intestinal metaplasia. Gut

38(suppl 1) :A3, 1996

49. Scotiniotis IA, Rokkas T, Furth EE, Plotkin JW, Rigas B, Schiff

SJ: Reduced apoptosis in H. pylori-associated gastric intestinal

metaplasia: A factor in gastric carcinoge nesis? Gastroente rol-

ogy 114(No. 4) : A676, 1998

50. Vindigni C, Miracco C, Spina D, Presenti L, Gallonni M, Vatti

R, de Stefano A, Roviello F, Pinto E, Filipe MI, Tosi P: Cell

proliferation, ce ll death and angiogenesis in early and ad-

vance d gastric cance r of intestinal type . Int J Cance r 74:637±

641, 1997

51. Rokkas T, Filipe MI, Sladen GE: Detection of an increased

incidence of early gastric cance r in patients with intestinal

metaplasia type III who are close ly followed up. Gut 32:1110 ±

1113, 1991

52. Cover TL, Glupczynski Y, Lage AP, Burette A, Tammuru MK,

Pere z-Perez GI, Blaser MJ: Serologic detection of infection

with cagA ( 1 ) Helicobacter pylori strains. J Clin Microbiol

33:1496 ± 1500, 1995

53. Beale s IL, Crabtree JE, Scunes D, Covacci A, Calam J: Anti-

bodies to CagA protein are associated with gastric atrophy in

Helicobacter pylori infection. Eur J Gastroenterol Hepatol

8:645± 649, 1996

54. Sozzi M, Valentini M, Figura N, De Paoli P, Tedeschi RM,

Gloghini A, Serraino D, Poletti M, Carbone A: Atrophic

gastritis and Intestinal metaplasia in Helicobacter pylori infec-

tion: The role of CagA status. Am J Gastroente rol 93:375± 379,

1998

55. Xiang Z, Bugnoli M, Ponzetto A, Mergando A, Figura N,

Covacci A, Petracca R, Pennatini C, Cencini S, Arme llini D:

Detection in an enzyme immunoassay of an immune response

to a recombinant fragment of the 128 kilodalton protein

(CagA) of Helicobacter pylori. Eur J Clin Microbiol Infect Dis

12:739 ± 745, 1993

H. pylori CagA STATUS

493Digestive Diseases and Sciences, Vol. 44, No. 3 (March 1999)


