
INTRODUCTION

Helicobacter pylori (H. pylori) is the first bacterial
infection recognized as a human carcinogen, es-
sentially on the basis of clinical and epidemiologi-
cal studies (1, 2). It is not clear if the carcinogenic
influences of the infection are due to bacterial,
host or a combination of both factors. Many recent
reports have demonstrated that H. pylori infection
of the gastric mucosa has been associated with an

increase in gastric epithelial cell proliferation
(3–7). However, the exact mechanism of the
hyperproliferation is controversial. Hyperprolife-
ration may occur as a direct result of the factors
produced by H. pylori or may be associated with
epithelial damage by inflammatory cells induced
by H. pylori, which may lead to compensatory
hyperproliferation. The aim of our study was to
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Amaç: Helicobacter pylori’nin mide epitelinde hiperproliferas-
yona yol açarak malign de¤iflikliklere neden olabilece¤i bildiril-
mektedir. Bu çal›flma Helicobacter pylori’nin gastrit bulgular›
ile iliflkisini ve mide epiteli proliferasyonundaki rolünü araflt›r-
mak için planland›. Yöntem: Histopatolojik olarak kronik
gastrit tan›s› alm›fl 331 olgudan elde edilen endoskopik biyopsi
materyalleri çal›flmaya al›nd› ve Sydney kriterlerine göre tek-
rar de¤erlendirildi. Gastrik hücre proliferasyonunu de¤erlen-
dirmek için normal proliferatif zon, intestinal metaplazi ve re-
aktif atipi gösteren alanlarda PCNA ekspresyonu araflt›r›ld›.
Bulgular: Helicobacter pylori kolonizasyon yo¤unlu¤u ile kro-
nik aktif gastrit aras›nda anlaml› bir iliflki saptand›. Helico-
bacter pylori kolonizasyon yo¤unlu¤u ve varl›¤› ile proliferas-
yon indeksleri karfl›laflt›r›ld›¤›nda anlaml› bir iliflki gözlenme-
di. Ayr›ca lenfoid folikül izlenen olgularda PCNA tüm katlarda
ve rejeneratif atipinin izlendi¤i alanlarda anlaml› pozitiflik
gösteriyordu. Sonuç: Lenfoid foliküllerin varl›¤›nda, tüm kat-
larda ve rejeneratif atipinin izlendi¤i alanlarda PCNA expres-
yonu gözlendi. Ancak Helicobacter pylori’nin varl›¤› ve yo¤un-
lu¤u ile gastrik epiteliyal proliferasyon aras›nda anlaml› bir
iliflki saptanmad›. Bu bulgular gastrik epiteliyal proliferasyon
üzerinde Helicobacter pylori’nin kendisinden ziyade kronik inf-
lamatuar hücrelerin gastrik hücre proliferasyonunu uyard›¤›n›
düflündürmüfltür.

Anahtar kelimeler: Helicobacter pylori, gastrik proliferasyon,
PCNA, gastrik karsinogenez

Background/aims: It has been reported that cases of
Helicobacter pylori (H. pylori) gastritis, those with epithelial
hyperproliferation, have potential for malignant transforma-
tion. This study was planned to determine the effects of H.
pylori on gastritis and the gastric epithelial cell proliferation.
Methods: In this study, we re-evaluated biopsy samples
obtained from 331 cases of chronic gastritis according to
Sydney criteria, retrospectively. We examined the gastric epithe-
lial cell proliferation with proliferating cell nuclear antigen in
the proliferating zone, in the whole mucosa of intestinal meta-
plasia and in areas of regenerative atypia, separately. Results:
The relationship between H. pylori colonization density and
chronic active gastritis was statistically significant. We did not
see any relationship between the presence and density of H.
pylori in gastric mucosa via proliferating cell nuclear antigen
indices. In the presence of lymphoid follicles, we noted a signif-
icant expression of proliferating cell nuclear antigen in the
areas of whole gastric mucosa and regenerative atypia.
Conclusions: In the presence of lymphoid follicles, proliferat-
ing cell nuclear antigen expression was observed in the areas of
whole gastric mucosa and regenerative atypia, but we did not
see any relationship between the presence and density of H.
pylori in gastric mucosa via proliferating cell nuclear antigen
indices. This observation suggests the role of chronic inflamma-
tory cells in gastric epithelial cell proliferation rather than the
bacterium itself.

Key words: Helicobacter pylori, gastric proliferation, PCNA,
gastric carcinogenesis
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determine the effects of H. pylori on the gastritis
and the relationship with gastric epithelial cell
proliferation. Proliferating cell nuclear antigen
(PCNA) labeling index was used as an indicator of
gastric epithelial cell proliferation.

MATERIALS AND METHODS

In this study, we re-evaluated gastric endoscopic
biopsy specimens previously diagnosed histopat-
hologically and obtained from 331 patients who
had undergone gastric endoscopy at Pamukkale
University Hospital over a five-year period (April
1996-April 2001). Exclusion criteria were previous
gastrectomy for a malignant tumor and presence
or suspicion of a tumor in the gastric biopsy speci-
mens.

Clinical information was obtained from patients’
records. For routine histological analysis, biopsy
specimens were fixed in 10% formalin, embedded
in paraffin and stained with hematoxylin and eo-
sin (H&E). Pathological examination of gastric en-
doscopy specimens was performed in the same
hospital in the Department of Pathology and a
single pathologist reviewed all the slides and eva-
luated them on a retrospective basis using light
microscopy. The presence of H. pylori, chronic inf-
lammation, activity, lymphoid follicle, intestinal
metaplasia, gastric atrophy and dysplasia was re-
corded.

We confirmed the presence of H. pylori by histo-
pathological examination of the H&E- and toluidi-
ne blue-stained tissue sections. In H&E sections,
the grade and activity of gastritis, as well as den-
sity of colonization with H. pylori were evaluated
in accordance with the Sydney system (8). Density
of H. pylori infection in toluidine blue-stained sec-
tions was graded as follows: Grade 0: no bacteria
detected; Grade 1: sporadic bacteria seen; Grade 2:
many bacteria seen in most microscopic fields;
Grade 3: bacteria seen in clusters in all fields. The
other variables assessed were the presence and
degree of lymphocyte/mononuclear cell (0–3) and
neutrophil polymorphonuclear infiltration (0–3),
atrophy (0–3) and intestinal metaplasia (0–3).

Sections were stained with Alcian blue (pH 2.5)-
periodic acid-Schiff to diagnose intestinal metap-
lasia.

PCNA immunohistochemical evaluation was limi-
ted to 59 patients for proliferation zone and 26 pa-
tients in the whole mucosa due to technical prob-
lems. For PCNA immunostaining, paraffin-em-

bedded sections were de-waxed and hydrated
using xylene, graded ethanol and distilled water.
Then the slides were immersed for 35 min in 3%
H2O2 with methanol to block endogenous peroxi-
dase and then taken to PBS (pH 6). A three-step
immunoperoxidase staining technique was perfor-
med; the monoclonal DQ–7 mouse anti-human
PCNA (DAKO LSAB®) was used. Sections were
then incubated with diaminobenzidine (DAB),
washed with distilled water, counterstained with
hematoxylin, dehydrated through graded alcohols
to xylene and coverslipped. After histopathological
examination, 72 gastric biopsy specimens, inclu-
ding active gastritis, intestinal metaplasia and re-
generative atypia, were stained for PCNA immu-
nohistochemically. We evaluated the PCNA exp-
ression in the proliferating zone, in the whole mu-
cosa of intestinal metaplasia and in the areas of
regenerative atypia, in order to evaluate the state
of proliferation associated with H. pylori.

PCNA-positive cells were counted only in well-ori-
ented sections with visible entire gastric pits. Bi-
opsies that did not include surface epithelium, and
muscularis mucosae were not used for the deter-
mination of proliferation indices. Proliferation of
gastric epithelial cells was analyzed by performing
direct cell counting of the PCNA-stained cells, and
approximately 300 cells of the glandular neck re-
gion, which corresponds to the area of cell prolife-
ration, were evaluated for each tissue section. The
PCNA labeling index represented the percentage
of cells with positive nuclear staining (regardless
of the staining intensity) in the total number of
cells counted. The cytoplasmic staining was not
evaluated. 

Data are expressed as mean ± SD. All scores were
entered into a database and analyzed using SPSS
10.0 packaged programs. Statistical analysis of ob-
served findings of each group was done by chi-squ-
are, sample T and Mann-Whitney U test. Statisti-
cal significance of differences and relationships
was determined by p values of <0.05.

RESULTS

The distribution of various histopathological fe-
atures of the gastritis studied is shown in Table 1.
Gastric biopsies from 331 patients [182 (55%)
male, 149 (45%) female, age range: 15 to 95 years]
were studied. The mean age of patients was 51.6
years.
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H. pylori was present in 230 (69.5%) biopsies with
evidence of gastritis. H. pylori prevalence in young
patients was higher than in older patients (age
>50) and the difference was statistically signifi-
cant (p: 0.007).

Evidence of varying grades of neutrophil activity
was found in 234 (70.7%) biopsies. A statistically
significant positive correlation (p: 0.001) was fo-
und between increasing grade of H. pylori coloni-
zation density and activity.

Sex and age were not correlated with the degree of
cell proliferation (PCNA indices) and presence of
activity. Degree of neutrophil infiltration (p: 0.02)
and intestinal metaplasia (p: 0.04) increased with
increasing age.

One or more lymphoid follicles were observed in
157 (47.4%) biopsies (Figure 1). Presence of
lymphoid follicles was significantly correlated
with the presence of H. pylori (p: 0.03), but no cor-
relation was observed between the density of H.
pylori colonization and lymphoid follicles.

Atrophy in gastric glands was detected in 61 cases
(18.4%) and was correlated with increasing age (p:
0.006). There were statistically significant diffe-
rences among the two groups in terms of atrophy
and presence and degree of intestinal metaplasia
(p: 0.004).

Reactive nuclear atypia was detected in 55 cases
(16.6%) and it was correlated with the density of
H. pylori colonization (p: 0.001), not with the pre-
sence of H. pylori.

PCNA Indices

The distribution of various PCNA indices in diffe-
rent areas of the gastric mucosa is shown in Table
2. We did not see any relationship between the
presence and density of H. pylori in gastric muco-
sa via PCNA proliferation indices.

H. pylori (-) H. pylori (+) H. pylori (++) H. pylori (+++) p value
Neutrophilic infiltration

0 12 (85.7%) 2 (14.3%) 0 0 0.001
1 31 (37.3%) 33 (39.8%) 19 (22.9%) 0
2 43 (24%) 57 (31.8%) 55 (30.8%) 24 (13.4%)
3 15 (23%) 8 (12.4%) 24 (36.9%) 18 (27.7%)
Atrophy
Positive 17 (27.9%) 21 (34.4%) 15 (24.6%) 8 (13.1%)
Negative 84 (31.1%) 79 (29.3%) 73 (27%) 34 (12.6%)

Lymphoid follicle
Positive 39 (24.8%) 53 (33.8%) 40 (25.5%) 25 (15.9%) 0.03
Negative 62 (35.6%) 47 (27.0%) 48 (27.6%) 17 (9.8%)

Table 1. H. pylori relationship with histopathological features of the gastric mucosa according to the Sydney criteria 

Figure 1. Follicular gastritis that is invariably associated with
H. pylori infection and H. pylori microorganisms on the surface
epithelium (H&E, x10)

N PCNA indices Standard 
Deviation

Proliferative zone 73 27.23 ± 9.45
Intestinal metaplasia 39 29.15 ± 7.74
Whole gastric mucosa 54 22.88 ± 14.62
Regenerative atypia 45 30.26 ± 12.83

Table 2. PCNA indices in different areas of the gastric
mucosa 

In the presence of lymphoid follicles, we noted
PCNA staining in the areas of whole gastric muco-
sa (p: 0.018) and regenerative atypia (p: 0.009;
Mann-Whitney U test) (Figures 2, 3).

In the presence of chronic active gastritis, we no-
ted high PCNA indices in the areas of intestinal
metaplasia, while we observed no differences in
PCNA expression in the areas of regenerative aty-
pia and normal proliferating zone. There was no
statistically significant correlation with gastric at-
rophy and PCNA indices.



ference was statistically significant. This finding
may be related to the fact that in developing count-
ries, H. pylori is common among children of lower
socioeconomic status (9). Also, the incidence of H.
pylori decreases with progressing preneoplastic le-
sions, including gastric atrophy, intestinal metap-
lasia and gastric carcinoma, more prominent in the
elderly. Furthermore, gastric epithelial cells may
be altered so as to be unfavorable for H. pylori. It
is obvious that persons infected with H. pylori at a
young age who generate a marked inflammatory
response would be at risk of gastric carcinoma (10).

In our study, sex and age were not correlated with
the degree of cell proliferation and presence of ac-
tive inflammation, similar to the findings of other
studies (11, 12). The finding that there is no corre-
lation between gastric epithelial proliferation and
a patient’s age and sex is not surprising. But, in
our study, degree of neutrophil infiltration and in-
testinal metaplasia increased in conjunction with
the patient’s age. If active inflammation was pre-
sent, a higher degree of neutrophils was observed
in older patients when compared with the younger
patients (age<50). The possible explanation of this
result may be the mean age of the patients in our
study, 51.6 years, and differences in active inflam-
mation may reflect differences in host susceptibi-
lity, in organism virulence, or both. In the litera-
ture, there was no specific study about the relati-
onship between active inflammation and age. Why
older patients had a higher degree of active inf-
lammation is unclear. The term "active gastritis"
refers to the persistence of enzymatically active
neutrophils in a gastric mucosa that also contains
chronic inflammation. It reflects the continuing
destructive activity of neutrophils on the gastric
epithelium, and inflammation virtually always co-
exists with the presence of H. pylori. Many more
cases need to be evaluated to provide more reliab-
le results about the influence of age on active inf-
lammation.

One or more lymphoid follicles were observed in
47.4% of biopsies. Presence of lymphoid follicles
was significantly correlated with the presence of
H. pylori, but no correlation was observed with the
density of colonization. We suggest that lymphoid
follicles are virtually pathognomonic for the pre-
sence of H. pylori, and minimal colonization is
enough to result in an immune defense against H.
pylori. The inflammatory response correlates clo-
sely with the density of H. pylori colonization, and
it was suggested that the presence of neutrophils
is a highly specific predictor of H. pylori (8, 11, 13).
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DISCUSSION

H. pylori is associated with chronic atrophic gast-
ritis and an increased risk of gastric carcinoma (1).
Gastric carcinoma is a multifactorial disease, in-
volving genetic susceptibility, environmental inf-
luences, and infection, generally with H. pylori. In
the Correa model of gastric carcinogenesis, envi-
ronmental factors (salt intake, nitrate, a lack of vi-
tamin C and beta-carotene, bile reflux, bacterial
overgrowth in atrophic gastritis with nitrosamine
formation) contribute to the evolution from nor-
mal gastric mucosa through superficial gastritis,
multifocal atrophic gastritis, intestinal metaplasia
and dysplasia to carcinoma (3).

In most developing countries, H. pylori infection is
endemic, with as much as 80% of the population
infected by age 15. In our study, H. pylori was de-
tected in 69.5% of biopsies with evidence of gastri-
tis. H. pylori prevalence in young patients was
higher than in older patients (age>50), and the dif-

Figure 2. PCNA staining in the proliferating zone (PCNA, x10)

Figure 3. PCNA staining in the areas of whole gastric mucosa
(PCNA, x10)



In our study, a statictically significant positive
correlation was found between increasing grade of
H. pylori colonization density and activity.

Atrophy was found in 18.4% of biopsies, and no as-
sociation was found in terms of atrophy and PCNA
indices. In fact, mucosal atrophy was reported to
be associated with increased gastric epithelial pro-
liferation (14). Also, Liu et al. (15) demonstrated
that gastric epithelial cell proliferation increases
progressively from normal mucosa to atrophic
gastritis, dysplasia and gastric cancer. But Peek
et al. (16) and Lynch et al. (11) reported that the-
re was no correlation between gastric atrophy and
epithelial proliferation. Patchy character and sub-
jective evaluation of the gastric atrophy may be
responsible for the controversial results. More stu-
dies of other mechanisms appear to be necessary.

Although the effects of H. pylori on the microenvi-
ronment of the gastric mucosa are not completely
understood, several pathways can be identified to
explain the association between H. pylori and
gastric carcinoma. The mechanisms involved in
carcinogenesis are probably multiple and include
induction of a hyperproliferative state of gastric
epithelium, depletion of protective epithelial mu-
cins and DNA damage related to abundant release
of reactive oxygen metabolites by leukocytes (17).

Recent reports have proposed that mucosal
hyperproliferation represents an early step in car-
cinogenesis and is an important indicator of incre-
ased risk for gastric carcinoma (3–5). It has been
clearly shown that H. pylori infection increases
gastric epithelial cell proliferation, demonstrated
by interventional and non-interventional methods
for proliferating cell detection (3, 6, 7, 18–20), alt-
hough the exact mechanisms by which H. pylori
promotes cell proliferation have not been fully elu-
cidated.

Much effort has been made to identify H. pylori-re-
lated factors contributing to pathogenesis, inclu-
ding urease, adherence factors for colonization,
inflammation and virulence factors that are invol-
ved in the induction of alterations in the gastric
epithelial cells (21-24). There are also other fac-
tors that influence gastric epithelial cell prolifera-
tion such as salt intake, ammonia and bile reflux.

The pathogenicity of H. pylori may involve not
only bacterial virulence factor but also host immu-
nity. Although criteria for causality have not been
completely satisfied for H. pylori and gastric carci-
noma, there are reasonable mechanisms by which

chronic inflammation could induce carcinogenesis
(25). This hypothesis is strengthened by the docu-
mented relationship between cancer and chronic
inflammation in the literature, regardless of the
etiology. Chronic inflammation, which has been
causally linked with malignancies, is thought to
induce cancer by stimulating cell proliferation and
increasing free-radical formation. Increased gast-
ric epithelial cell proliferation increases the risk
for DNA damage by replication error, and replica-
ting single strands of DNA are more susceptible to
the genotoxic effects of endogenous inflammation-
related mutagens and exogenous dietary muta-
gens (7, 10). This increased mitogenesis leads to
intestinal metaplasia followed by dysplasia and
gastric carcinoma (19, 26). Mutagenic bacterial
metabolites are also suspected to increase risk for
cancer. However, in vivo data on human carcino-
genesis by bacterial metabolites are inconsistent.
Parsonnet (27) suggested that H. pylori infection
has been linked to cancer by two mechanisms: in-
duction of chronic inflammation and production of
carcinogenic bacterial metabolites. H. pylori da-
mages the gastric mucosa, leading to a compensa-
tory hyperproliferation and increasing the replica-
tion zone which may expose vulnerable cells to lu-
minal exogenous or endogenous mutagens (7).

Smoot et al. (28) suggested that direct contact by
H. pylori inhibits gastric cell proliferation, suppor-
ting the theory that the hyperproliferation of gast-
ric epithelial cells seen in vivo with H. pylori gast-
ritis is a reflex response to cell injury, not directly
caused by bacterial contact. It seems more likely
that the chronic inflammatory cells, which only
slowly regress following eradication of the bacte-
ria, provides the stimulus to gastric epithelial pro-
liferation (11). Although several possible carcino-
genic mechanisms can be proposed, many studies
support the notion that H. pylori and resultant
inflammation causes gastric epithelial hyperproli-
feration (4, 11, 19).

Since successful treatment of H. pylori-induced
gastritis results in clearance of the bacteria as
well as the inflammation, it has been difficult to
decide whether H. pylori or inflammation acco-
unts for the hyperproliferation of gastric epitheli-
al cells. In our study, we were not able to evaluate
the gastric epithelial cell proliferation after H.
pylori eradication. In both in vitro and in vivo ex-
periments, H. pylori infection has been shown not
only to induce cell proliferation, but also to provi-
de a source of endogenous mutagens through its
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acute and chronic stimulation of inflammatory
cells. But the finding that eradication of H. pylori
does not lead to an immediate decline in epitheli-
al proliferation argues against a direct effect (11).
Indeed, recent in vitro studies indicate that H.
pylori itself has a suppressant effect on epithelial
proliferation (29). Our findings indicate that gast-
ric epithelial cell proliferation is related with the
histological parameters like lymphoid follicles and
intestinal metaplasia, so we concluded that H.
pylori induces epithelial cell proliferation indi-
rectly by inflammatory cells rather than the bacte-
rium itself, similar to the findings of Lynch and
Liu et al. (11, 15).

Only less than 10% of H. pylori carriers develop
malignancy, and increased epithelial cell prolife-
ration is one of the earliest identifiable abnorma-
lities in the development of gastric carcinoma.
From the biological point of view, progression to
atrophy, intestinal metaplasia and gastric carcino-
ma seems to be dependent on other factors, prima-
rily genetic and environmental, and requires furt-
her DNA changes. A combination approach that
includes H. pylori eradication and dietary supple-
mentation may be necessary. Furthermore, new
studies must be performed to investigate the role
of the bacterium-related metabolites and other
factors.

REFERENCES
1. Parsonnet J, Freidman GD, Vandersteen DP, et al. Helico-

bacter pylori infection and the risk of gastric carcinoma. N
Engl J Med 1991; 325: 1127-31.

2. Nomura A, Stemmermann GN, Chyou P-H, et al. Helico-
bacter pylori infection and gastric carcinoma among Japa-
nese Americans in Hawaii. N Engl J Med 1991; 25: 1132.

3. Correa P. Helicobacter pylori and gastric carcinogenesis.
Am J Surg Pathol 1995; 19 (Suppl 1): S37–43.

4. Cahill RJ, Kilgallen C, Beattie S, et al. Gastric epithelial
cell kinetics in the progression from normal mucosa to
gastric carcinoma. Gut 1996; 38: 177–81.

5. Murakami K, Fujioka T, Kodama R, et al. Helicobacter
pylori infection accelerates human gastric mucosal cell pro-
liferation. J Gastroenterol 1997; 32: 184-8.

6. Fan XG, Kelleher D, Fan XJ, et al. Helicobacter pylori inc-
reases proliferation of gastric epithelial cells. Gut 1996; 38:
19-22.

7. Lynch DAF, Mapstone NP, Clarke AMT, et al. Cell prolife-
ration in Helicobacter pylori associated gastritis and the ef-
fect of eradication therapy. Gut 1995; 36: 346-50.

8. Dixon MF, Path FRC, Genta RM, et al. Classification and
grading of gastritis. The Updated Sydney System. Am J
Surg Pathol 1996; 20: 1161-81.

9. Graham DY, Malaty HM, Evans DG, et al. Epidemiology of
Helicobacter pylori in an asymptomatic population in the
United States. Effect of age, race and socioeconomic status.
Gastroenterology 1991; 100: 1495-501.

10. Parsonnet J. Helicobacter pylori and gastric cancer. Gast-
roenterol Clin North Am 1993; 22: 99.

11. Lynch DA, Mapstone NP, Clarke AM, et al. Correlation
between epithelial cell proliferation and histological gra-
ding in gastric mucosa. J Clin Pathol 1999; 52: 367- 71.

12. Rokkas T, Ladas S, Liatsos C, et al. Relationship of Helico-
bacter pylori CagA status to gastric cell proliferation and
apoptosis. Dig Dis Sci 1999; 44: 487-93.

13. Safatle-Ribeiro AV, Ribeiro U, Clarke MR, et al. Relations-
hip between persistence of Helicobacter pylori and dyspla-
sia, intestinal metaplasia, atrophy, inflammation, and cell
proliferation following partial gastrectomy. Dig Dis Sci
1999; 44: 243-52.

14. Tsujii M, Kawano S, Tsujii S, et al. Cell kinetics of mucosal
atrophy in rat stomach induced by long-term administrati-
on of ammonia. Gastroenterology 1993; 104: 796- 801.

15. Liu WZ, Zheng X, Shi Y, et al. Effect of Helicobacter pylori
infection on gastric epithelial proliferation in progression
from normal mucosa to gastric carcinoma. World J Gastro-
enterol 1998; 4: 246-8.

16. Peek RM, Moss SF, Tham KT, et al. Helicobacter pylori Ca-
gA (+) strains and dissociation of gastric epithelial cell pro-
liferation from apoptosis. J Natl Cancer Inst 1997; 89: 863-
8.

17. Correa P. Helicobacter pylori as a pathogen and carcino-
gen. J Physiol Pharmacol 1997; 48 Suppl 4: 19–24.

18. Panella C, Ierardi E, Polimeno L, et al. Proliferative acti-
vity of gastric epithelium in progressive stages of Helico-
bacter pylori infection. Dig Dis Sci 1996; 41: 1132-8.

19. Misra V, Bisht D, Misra SP, et al. Argyrophilic nucleolar
organizer regions in Helicobacter pylori-associated gastric
lesions. APMIS 2000; 108: 448-52.

20. Brenes F, Ruiz B, Correa P, et al. Helicobacter pylori ca-
uses hyperproliferation of the gastric epithelium: pre- and
post-eradication indices of proliferating cell nuclear anti-
gen. Am J Gastroenterol 1993; 88: 1870-5.

21. Sommi P, Savio M, Stivala LA, et al. Helicobacter pylori re-
leases a factor(s) inhibiting cell cycle progression of human
gastric cell lines by affecting cyclin E/cdk2 kinase activity
and Rb protein phosphorylation through enhanced
p27(KIP1) protein expression. Exp Cell Res 2002; 281:
128-39.

22. Meyer F, Wilson KT, James SP. Modulation of innate cyto-
kine responses by products of Helicobacter pylori. Infect
Immun 2000; 68: 6265-72.

23. Shibata A, Parsonnet J, Longacre TA, et al. CagA status of
Helicobacter pylori infection and p53 gene mutations in
gastric adenocarcinoma. Carcinogenesis 2002; 23: 419-24.

24. Tsuji M, Kawano S, Tsuji S, et al. Ammonia, a possible pro-
motor in Helicobacter pylori-related gastric carcinogenesis.
Cancer Lett 1992; 65: 15-8.

25. Ames BN, Gold LS. Too many rodent carcinogens: mitoge-
nesis increases mutagenesis. Science 1990; 249: 970-1.

26. Correa P. A human model of gastric carcinogenesis. Cancer
Res 1988; 48: 3554-60.

27. Parsonnet J. Bacterial infection as a cause of cancer. Envi-
ron Health Perspect 1995; 103 Suppl 8: 263–8.

28. Smoot DT, Wynn Z, Elliott TB. Effects of Helicobacter pylo-
ri on proliferation of gastric epithelial cells in vitro. Am J
Gastroenterol 1999; 94: 1508-11.

29. Wagner S, Beil W, Westermann J, et al. Regulation of gast-
ric epithelial cell growth by Helicobacter pylori: evidence
for a major role of apoptosis. Gastroenterology 1997; 113:
1836–47.


