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ABSTRACT

INTRODUCTION: We evaluated the effect of Helicobacter pylori (HP) eradication on p53, cyclin D1 expression, and cell proliferation in gastric mucosa.
MATERIALS AND METHODS: We assessed p53, cyclin D1, and ki67 immunoexpression in gastric mucosa from 31 HP chronic gastritis patients and
12 controls. Reassessment was performed 6 months after successful HP eradication.

RESULTS: Successful eradication resulted in significant decrease of p53 (1.53 £ 0.16 vs 0.83 + 0.19, P = 0.01) and ki67 (9.84 + 0.96 vs 4.77 £ 0.27,
P < 0.001) staining in the antrum. Similarly, p5S3 immunoreactivity significantly decreased in the corpus (1.27 £0.20 vs 0.46 £ 0.15, P= 0.02), while there
was a trend for decreased corpus cyclin D1 and ki67 expression (0.17 £ 0.07 vs 0.0, P=0.08 and 8.71 + 1.24 vs 5.85 + 0.54, P=0.09, respectively). Impor-
tantly, after successful HP eradication, the immunoreactivity of the studied parameters was similar to that of controls.

CONCLUSION: Successtul HP infection eradication restores p53, cyclin D1, and ki67 immunoreactivity in the gastric mucosa to the level of controls.
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Introduction

Helicobacter pylori is classified as class I carcinogen for gastric
cancer and plays a pivotal role in the pathogenesis of gastric
cancer, through different changes in the gastric epithelial cells,
including DNA methylation! and cell cycle dysregulation.?
Eradication of H. pylori is considered as a decisive step for
the prevention of the gastric cancer in countries with high
incidence.’

'The p53 protein inhibits the cell cycle and induces apop-
tosis in cells with DNA damage, including gastric cancerous
epithelial cells;* however, there are conflicting data regard-
ing the role of p53 on the regulation of the H. pylori-infected
nondysplastic gastric epithelium.’ Cyclin D1 is member of the
cyclin protein family and a regulator of the cell cycle. While
overexpression of this protein has been observed during the
¢ recent studies suggest that H. pylori
infection also causes abnormalities to various cell cycle
inhibitors, such as cyclin D1,7 thus leading to dysregulation

process of carcinogenesis,

of cell cycle. Antigen ki67 is associated with ribosomal RNA
transcription and cell proliferation. It has been widely used as
a prognostic marker in various malignancies.8

Therefore, we conducted this study aiming to examine
the expression of the aforementioned proteins in nondysplastic
gastric mucosa and the eftects of . pylori eradication on their

expression.

Materials and Methods

Patients. Outpatients aged >18 years suffering from
dyspeptic symptoms’ were asked to participate in the study.
Exclusion criteria comprised history of severe comorbid-
ity preventing endoscopy, recent—within the previous
3 months—use of proton pump inhibitors (PPIs) and anti-
biotics, H. pylori eradication treatment in the past, inability
to sign informed consent, and significant pathology (ulcers,
esophagitis, varices, portal gastropathy, and neoplasms)
detected during endoscopy.

CLINICAL MEDICINE INSIGHTS: GASTROENTEROLOGY 2016:9 l 73


http://www.la-press.com/clinical-medicine-insights-gastroenterology-journal-j56
http://www.la-press.com
http://dx.doi.org/10.4137/CGast.S38330
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
mailto:ktriant@med.uoa.gr
http://www.la-press.com
http://www.la-press.com/clinical-medicine-insights-gastroenterology-journal-j56

Triantafyllou et al

2,

Eligible patients underwent upper gastrointestinal endos-
copy (T0), with biopsies obtained according to the Sydney
protocol for gastritis.!” H. pylori-positive participants received
first-line eradication treatment regimen (amoxicillin: 1,000 mg
bid; clarithromycin: 500 mg bid; and PPI: bid)." One month
later, they underwent 13C-urea breath test (Helicobacter test
INFAI®; Institut fur biomedizinische Analytik and NMR-
Imaging GmbH, Bochum, Germany)! to confirm successful
H. pylori eradication. In case of treatment failure, second-line
treatment regimen (amoxicillin: 1,000 mg bid; levofloxacin:
250 mg bid; and PPI: bid)!! was prescribed and eradication of
H. pylori was once again evaluated following the aforemen-
tioned procedure. Successfully eradicated participants were
asked to undergo a second upper gastrointestinal endoscopy
with mucosal sampling, 6 months later (T'1).

Attikon University General Hospital Institutional
Review Board approved the study protocol (third meeting,
March 9,2006) and all participants provided written informed
consent at enrollment. Our research complied with the prin-
ciples of the Declaration of Helsinki.

Histology and immunochemistry. An experienced
gastrointestinal pathologist examined all specimens for .
pylori gastritis and immunoexpression of p53, ki67, and cyclin
D proteins. In case of uncertainty, an expert in gastrointes-
tinal pathology decided. Using Giemsa staining, classifica-
tion and grading of gastritis was performed according to the
updated Sydney system.!® Activity and chronicity of gastritis,
as well as H. pylori density, were evaluated using a scale of
0-3. Intestinal metaplasia and gastric atrophy were scored as
present or absent.

Immunoexpression of p53, cyclin D1, and ki67 proteins
was evaluated with the avidin-biotin complex method using
p53 monoclonal mouse anti-human antibody (Clone PA6240;
Dako, Glostrup, Denmark), cyclin D1 monoclonal rabbit
anti-human antibody (Clone EP12; Dako), and ki67 mouse
anti-human antibody (clone MIB-1; Dako). Expression of
p53 protein was assessed with a semiquantitative score, for
both staining intensity (0: no stain, 1: weak stain, 2: medium
stain, and 3: strong stain) and distribution (0: no nuclear
expression, 1: <10% nuclear expression, 2: 10%-50% nuclear
expression, 3: >50% nuclear expression), with the overall score
ranging from zero to six. A section of gastric adenocarcinoma
tissue with high p53 immune-positivity was used as a positive
control. Immunoexpression of cyclin D1 protein was evaluated
using a semiquantitative score (0: no expression, 1: <5% expres-
sion, 2: 5%-30%, 3: 31%—60%, 4: >60%). A section of breast
cancer tissue with intense immune-positivity for cyclin D1 was
used as the positive control. Finally, cellular proliferation was
assessed with ki67 labeling index (LI), which is the proportion
of cells with ki67-positive nuclear immunostaining. A section
of gastric adenocarcinoma tissue with high ki67 LI was used
as a positive control. Consecutive paraffin sections, in which
incubation with primary antibody was omitted, were used as
negative control for p53, ki-67, and cyclin D.

Statistical analysis. Quantitative data are expressed as
mean (SEM) or mean (SD), as appropriate, while categorical
data are expressed as number (%).

Nonparametric tests for nonrelated and paired samples
were performed to detect significance at the level of 0.05.

Study end points. Our study end points comprised the
following: (1) evaluation of the effects of H. pylori eradica-
tion therapy on the immunoexpression of p53, cyclin D1, and
ki67 proteins in the gastric mucosa; and (2) comparison of
the expression of the aforementioned proteins in the gastric
mucosa of the H. pylori-eradicated patients with that of the
H. pylori-negative ones.

Results
Patients’ characteristics. As shown in study flowchart

(Fig. 1), 43 of the 70 screened dyspeptic outpatients were enrolled.

The study population consisted of middle-aged (mean age:

47.6 years) dyspeptic patients; 30 (69%) were female and 13 (31%)

male. Among them, 31 patients were H. pylori positive at TO

histology. All of them received eradication therapy, and 28 (90%)

were successfully eradicated of H. pylori (one patient required sec-

ond-line therapy). However, two patients denied second endos-
copy; therefore, biopsies were obtained from 26 patients at T1.

Participants’ baseline demographic, histological, and immuno-

histochemical characteristics are shown in Table 1.

End points.

1. As shown in Table 2, there was a statistically significant
decline of p53 protein expression after the successful erad-
ication of H. pylori, in both the gastric antrum (P = 0.01)
and the body (P=0.023) mucosa. There was also a reduc-
tion in cyclin D1 immunostaining after /. pylori eradica-
tion only in the gastric body mucosa, albeit this reduction
did not reach statistical significance (P = 0.083). Finally,

Patients screened
(N=70)

Did not undergo gastroscopy (N = 15)
Denied (N =7) —
Ineligible due to comorbidities (N = 8)

Underwent gastroscopy
(N = 55)

Excluded (N = 12)

Cancer (N=1)

Portal hypertension (N = 3)

IBD (N =2)

Insufficient material for histology (N = 6)

Patients enrolled
(N =43)

H. pylori positive
(N =231)

H. pylori negative
(N=12)

Figure 1. Flowchart of study.
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Table 1. Histological and immunohistochemical findings at
enroliment (TO).

H. pylori

H. pylori
POSITIVE NEGATIVE
N =31 N=12

Table 2. Histological and immunohistochemical findings in the
gastric mucosa of Helicobacter pylori-positive patients at enrollment
(TO) and at 6 months after successful eradication (T1).

TO T1 P
N =31 N =26

there was a significant reduction of ki67 antigen expres-
sion in the gastric antrum mucosa (P < 0.001) and a
trend toward lower ki67 LI in the gastric body mucosa
(P=0.095) at T1. Representative pictures of p53, cyclin
D1, and ki67 immunostaining in H. pylori-positive gas-
tric tissue and after successful eradication of H. pylori are
shown in Figures 2 and 3, respectively.

2. Table 3 and Figures 3 and 4 indicate that there was no dif-
ference in terms of p53, cyclin D1, and ki67 immunostain-
ing in the gastric mucosa among the groups of successfully
eradicated and the original H. pylori-negative patients.

Discussion

Ovur study evaluated, for the first time, the effects of H. pylori erad-
ication therapy on the expression of cell cycle-related genes using
histological and immunohistochemical mapping of nonneoplastic

Male sex, n (%) 10 (32.2) 3(25.0) 0.73 Gastritis activity, mean (SEM)
Age, mean (SD) 49 (14) 41 (13) 041 Antrum 1.32 (0.12) 0 <0.0001
Gastritis activity, mean (SEM) Body 0.94 (0.15) 0 0.002
Antrum 1.32 (0.12) 0 <0.0001 Gastritis chronicity, mean (SEM)
Body 0.94 (0.15) 0 0002 Antrum 1.81(0.13) 0.85 (0.07) <0.0001
Gastritis chronicity, mean (SEM) Body 1.42 (0.13) 0.62 (0.10) <0.0001
Antrum 1.81(0.13) 0.33 (0.14) <0.0001 Gastric atrophy, n (%)
Body 1.42 (0.13) 0.55(015)  0.02 Antrum 4 (13) 4(154) !
Gastric atrophy, n (%) Body 4 (13) 0 0.05
Antrom 4 (13) 16.3) p Intestinal metaplasia, n (%)

Antrum 6 (19) 4 (15.4) 1
Body 4 (13) 1(8.3) 1

Body 4 (13) 0 0.05
Intestinal metaplasia, n (%) H. pylori density, median (SEM)
Antrum 6(19) 0 0.16 Antrum 2.2 (0.13) 0 <0.0001
Body 4(13) 0 055 Body 17.(1.7) 0 <0.0001
H. pylori density, median (SEM) p53, mean (SEM)
Antrum 2.2(0.13) 0 <0.0001 Antrum 1.53 (0.16) 0.83 (0.19) 0.01
Body 1.7 (1.7) 0 <0.0001 Body 1.27 (0.19) 0.46 (0.15) 0.02
p53, mean (SEM) Cyclin D1, mean (SEM)
Antrum 1.53 (0.16) 0.92 (0.26) 0.065 Antrum 0.27 (0.8) 0.32 (0.09) 0.593
Body 1.27 (0.19) 0.75 (0.32) 0.083 Body 0.17 (0.07) 0 (0) 0.083
Cyclin D1, mean (SEM) ki67 labeling index, mean (SEM)
Antrum 0.27 (0.8) 0.33 (0.14) 0.669 Antrum 9.84 (0.96) 4.77(0.27) <0.001
Body 047 (0.07) 0 0129 Body 8.71 (1.24) 5.85 (0.54) 0.095
ki67 labeling index, mean (SEM)
Antrum 9.84 (0.96) 6.0 (1.16) 0.008
Body 8.71 (1.24) 5.25 (0.44) 0.107 gastric mucosa. We investigated, at the same time, the expres-

sion of three different proteins (p53, cyclin D1, and ki67) in
H. pylori-infected patients, each one associated in a different way
in cell cycle regulation—with no evidence that any of them pre-
dominates'>—and consequently in gastric carcinogenesis.

In the past, several studies have investigated the immuno-
expression of p53 in H. pylori-infected patients, alone or com-
bined with the expression of ki67, which is the most commonly
studied cell proliferation index in dysplastic and nondysplas-
tic gastric mucosa.*> However, comparison of p53 expression
before and in the long term after eradication treatment has been
less studied, especially in nonneoplastic gastric mucosa. Cyclin
D1 has been investigated only in neoplastic gastric lesions.!3

Our study showed that eradication of H. pylori infection
resulted in significantly lower immunostaining of the three
studied proteins in the gastric nondysplastic mucosa, both in
the antrum and in the corpus. More importantly, treatment of
the infection restored mucosa immunoreactivity to the levels
of the controls.

More precisely, while we observed higher expression of
ki67 in the H. pylori-positive nondysplastic gastric mucosa
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Figure 2. Immunostaining for p53 (A), cyclin D1 (B), and ki67 (C) in H. pylori-associated gastritis section.

Note: Positively stained cells for each protein are brown.

(both in the antrum and in the body), as compared to the
expression in the control gastric mucosa, successful H. pylori
eradication statistically reduced cell proliferation in the
antrum, this effect being less prominent in the gastric corpus.
This finding probably correlates with the natural course of
H. pylori infection because the bacterium colonizes the gastric
antrum first and the gastric body later. Alternatively, the small
study sample might have resulted in nonsignificant results.
Immunoexpression of p53 was higher (albeit nonsignificant)
in the gastric mucosa of infected individuals, compared to that
of controls, and 6 months after eradication treatment, it was
significantly reduced in the mucosa of the gastric antrum and
body. Finally, we observed a weak expression of cyclin D1 in
the gastric nondysplastic mucosa independently of H. pylori
infection status. Apparently, there was no effect of eradication
treatment on gastric mucosa cyclin D1 staining.

Earlier publications have shown similar findings regard-
ing the expression of p53 and ki67 after eradication of H. pylori
infection. Satoh et al** have found a significant lowering of p53
expression in chronically infected H. pylori gastric mucosa,
1 month after successful eradication treatment. In contrast to
our study evaluating the expression of the protein 6 months
after successful eradication, early reexamination performed
by Satoh et al'* precluded evaluation of a long-term result.

115

Similar to our results, Hibi et al' reported increased gastric

cell proliferation and p53 accumulation in H. pylori-associated
gastritis and showed that values returned to normal 6 months
after eradication therapy. Moreover, a small study detected
the persistent—up to 6 months—recovery of the normal
rate of gastric antral epithelial proliferation following eradi-
cation treatment.!® Hsu et al'” approached the study of cell
proliferation and p53 immunoexpression in H. pylori gastritis.
They reported a significant reduction of p53 expression in the
whole foveolar epithelium and in each segment (upper, mid-
dle, and lower) of the gastric pit after eradication treatment,
while cell proliferation decreased only in the middle segment
of the gastric pit. However, the effect of H. pylori infection
on p53 protein expression and cell proliferation in gastritis is
not unanimous in the literature. For example, Nardone et al'8
reported weak expression of p53 and increased cell prolifera-
tion in chronic gastritis patients independently of the presence
of H. pylori, and Unger et al'? showed that antral cell prolif-
eration was higher in chronic gastritis than in normal gastric
mucosa, independently of H. pylori infection, as well.

While cyclin D1 has been widely studied in gastric
cancer?’ and in gastric precancerous conditions,?! the influence
of H. pylori on the expression of cyclin D1 has been studied
previously only in in vitro models. Chang et al?? observed that
H. pylori CagA strains increased cyclin D1 expression and host
cell survival, raising the suspicion of increased risk for gastric

Figure 3. Immunostaining for p53 (A), cyclin D1 (B), and ki67 (C) in gastric mucosa sections 6 months after successful H. pylori eradication therapy.
Notes: Positively stained cells for each protein are brown. There are only scarce p53 (A) and cyclin D1 (B) weakly stained cells, while ki67

immunostaining is limited to the regenerative part of the gastric pits (C).
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Table 3. Comparison of p53, cyclin D1, and ki67 immunostaining
in the gastric mucosa of Helicobacter pylori-negative and H. pylori-
eradicated patients.

H. pylori H. pylori

NEGATIVE (T0) ERADICATED (T1)

N=12 N=26
p53, mean (SEM)
Antrum 0.92 (0.26) 0.83 (0.19) 0.8
Body 0.75 (0.32) 0.46 (0.15) 0.7
Cyclin D1, mean (SEM)
Antrum 0.33 (0.14) 0.32 (0.09) 1
Body 0 0(0) 1
ki67 labeling index, mean (SEM)
Antrum 6.0 (1.16) 4.77 (0.27) 0.7
Body 5.25 (0.44) 5.85 (0.54) 0.9

oncogenesis. The weak expression of cyclin D1, irrespective of
infection status, in our study may indicate that the contribution
of cyclin D1 is a late event in gastric tumorigenesis.

No previous studies have investigated simultaneously
the expression of these three proteins in relation to H. pylori
infection in nonneoplastic gastric mucosa. However, two
studies have examined this relation in cancerous or precancer-
ous lesions. Polat et al?* have shown overexpression of p53,
ki67, and cyclin D1 in gastric tissue from patients with gastric
adenocarcinoma and chronic H. pylori gastritis but no overex-
pression in H. pylori-negative patients with nondysplastic gas-
tric mucosa. Moreover, the effect of H. pylori eradication was
not examined in their study. In contrast to our study where
the prevalence of atrophy and intestinal metaplasia was low,
Guarner et al?* studied biopsy samples from multifocal gas-
tritis prior and 1 year after H. pylori eradication. They found
that ki67 and p53 proteins were expressed more frequently in
atrophic and metaplastic gastric mucosa compared to mucosa
with gastritis only.

Beyond studying simultaneously the expression of three
different proteins, each one related with a different pathway of

cell cycle regulation in the gastric nondysplastic epithelium,
another strength of our study is the evaluation of the expression
of these proteins using histological and immunochemical map-
ping of the stomach, eg, in gastric mucosa from the antrum
and the corpus. Moreover, we evaluated the expression of the
studied proteins in gastric tissue with relatively mild abnor-
malities, thus giving us the opportunity to delineate the early
appearance of p53 protein expression simultaneously with
increased cell proliferation. However, there were also several
drawbacks in our study. The small number of participants
limits the strength of our findings and the potential gener-
alization of our conclusions. Furthermore, H. py/ori coloniza-
tion can be patchy, leading to false-negative biopsy sampling.
Therefore, inaccurate classification of infected patients to the
control group cannot be ruled out. It is also impossible to
obtain biopsy samples before and after the eradication treat-
ment from the same site of the gastric mucosa exactly. More-
over, it is not clear if 6 months is an adequate period to detect
sustained effects of eradication of H. pylori infection on the
gastric epithelial cell kinetics. Finally, not using molecular
studies in combination with the performed immunohisto-
chemistry, as well as the inability to provide potential expla-
nations regarding the regulatory mechanism of eradication of
H. pylori infection on the expression of the studied proteins, is
another drawback of the study.

In conclusion, successtul H. pylori eradication signifi-
cantly decreases the immunoexpression of p53 and cyclin D1,
as well as cell proliferation, in nondysplastic gastric mucosa.
Moreover, eradication therapy restores the expression of the
studied proteins to levels similar to those in the gastric mucosa
of the uninfected participants, indicating a potential cancer-
preventive role of the eradication treatment when applied early
during the disease process.

Ethics

The Ethics Committee of the Attikon University General
Hospital has reviewed and approved the study protocol
and all participants provided signed informed consent at
enrollment.

Figure 4. Immunostaining for p53 (A), cyclin D1 (B), and ki67 (C) in H. pylori-negative gastric mucosa sections.
Notes: Positively stained cells for each protein are brown. There is absence of p53 immunostaining (A), weak cyclin D1 immunoexpression in a small
amount of epithelial cells (B), and ki67 immunostaining is limited to the regenerative part of the gastric pits (C).
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