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Increased cell proliferation in chronic
Helicobacter pyloripositive gastritis and
gastric carcinoma – Correlation between
immuno-histochemistry and Tv image
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Backgound: Epithelial cell proliferation activity has been re-
ported both to be unaltered and increased inHelicobacter py-
lori (H. pylori) associated chronic gastritis. The proliferation
rate decreased followingH. pylori eradication, but results are
controversial whether this change is dependent on the suc-
cess of eradication. We compared the cell proliferation activ-
ity of H. pylori positive and negative gastric epithelial biop-
sies in chronic gastritis with and without intestinal metapla-
sia (IM) and gastric cancer by the expression of proliferation
cell nuclear antigen (PCNA) and Tv image cytometry, and
assessed the effect ofH. pylori eradication on the cell prolif-
eration rate in the gastric epithelium.

Methods: Brush smears and antral biopsies were taken
from 70 patients (42 men, 28 women, mean age 58± 15
y.o.) on routine endoscopy. Patients were divided into four
groups according to the histology; normal epithelia (n = 10),
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chronic gastritis without IM (n = 24), chronic gastritis with
IM (n = 20), and gastric carcinoma (n = 16). Thirty-three
patients wereH. pylori positive, and success of eradication
was controlled in 24 cases. Cell proliferation was measured
by immunohistochemistry using PCNA labeling index (LI)
and by Tv image cytometry evaluating 12 morpho- and den-
sitometric parameters of each nuclei and 6 additional param-
eters of each smear.

Results: PCNA LI, DNA index and S+ G2 ratio were all
higher in chronic gastritis than in the normal epithelium, and
were further increased in carcinoma. The lower PCNA LI ob-
served in chronic gastritis with IM corresponds to the lower
S phase ratio determined by Tv image analysis. InH. pylori
positive cases, the proliferation activity was 69.3± 13.05%
prior to the eradication and it decreased to 55.8± 23.31%
after the successful eradication therapy. When immunohis-
tochemistry was compared with Tv image cytometry, PCNA
LI significantly correlated with the percentage of cells in
G1 phase (r = −0.415) and S phase (r = 0.385), Inte-
grated Optical Density mean (r = 0.598), density maximum
(r = 0.608), surface (r = 0.670), layers (r = 0.638), diam-
eter minimum (r = 0.619), diameter maximum (r = 0.730)
and perimeter (r = 0.501), respectively (p < 0.05).

Conclusions: Epithelial cell turnover is increased in
chronic gastritis with or without IM, and in gastric carci-
noma. The lower PCNA LI observed in chronic gastritis with
IM corresponds to the lower S phase ratio determined by Tv
image analysis. Cell proliferation decreases after successful
H. pylori eradication. Both methods proved to be reliable for
the determination of epithelial cell proliferation.
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1. Introduction

Helicobacter pylori(H. pylori) infection is the main
etiopathogenetic factor responsible for inflammatory
and ulcerative changes in gastroduodenal mucosa. It
may induce both antral and diffuse types of gastritis,
and can be responsible for the development of gastric
carcinoma [1]. In this latter case, intestinal metapla-
sia is the intermediary stage between gastritis and can-
cer. Cell proliferation in gastric foveolae is a physio-
logical event with a constant turnover of the epithe-
lial layer, which is essential for the effective mucosal
barrier function. On the other hand, the high epithe-
lial turnover may be the indicator of an increased risk
of neoplastic changes, e.g., in long-standing, untreated
H. pylori positive chronic gastritis [2]. Following
H. pylori eradication therapy, the rate of proliferating
cells in gastric epithelium has decreased [3], but results
are controversial whether this change is detectable in-
dependently of the success of eradication [4].

The expression of proliferating cell nuclear antigen
(PCNA) has previously been proven to be a reliable
method for determination of proliferative activity of
gastric epithelium [5]. PCNA is a 36 kDa molecule
which is highly conserved in evolution. The entire gene
for human PCNA has been isolated and sequenced.
PCNA functions as a co-factor for DNA-polymerase
delta in both the S phase and in the DNA synthesis as-
sociated with DNA repair. PCNA has been shown to be
required for DNA nucleotide excision repair. It has a
very long half-life such that on exit from M phase, cells
will have detectable levels of PCNA for prolonged pe-
riods. In addition, very small levels of PCNA may be
found even in non-cycling cells with upregulation oc-
curring on entry into the cell cycle. PCNA expression
can also be induced by growth factors.

The proliferating state of cells can be characterized
by their DNA content. Recently, new Tv image cy-
tometry systems appeared for quantitative DNA and
morphometric analysis. It has been proved to be more
sensitive compared to the flow cytometry method in
detecting small DNA-aneuploid populations [6]. The
Tv image analysis of gastric brush smears obtained
directly from the gastric lesions has been shown to
be highly specific but less sensitive method. Compar-
ison between the mathematically determined G1-S-G2

phase fraction ratios and those determined by PCNA
immunohistochemistry has not yet been performed.

We compared cell proliferation activity ofH. pylori
positive and negative gastric biopsies in chronic gas-
tritis with and without intestinal metaplasia and gastric

cancer. The changes in cell proliferation following af-
ter H. pylori eradication therapy was also assessed. In
a certain group of patients, Tv image cytometry anal-
ysis of brush smears obtained from the endoscopically
pathological area was simultaneously performed. Cor-
relation between the proliferation activity, determined
by immunohistochemistry and morpho- and densito-
metric parameters, determined by Tv image analysis
was also evaluated.

2. Patients and methods

Brush smears and multiple gastric biopsies – 3
from the antrum and 3 from the corpus – were taken
from 70 subjects (42 men, 28 women, mean age 58
± 15 year old) who underwent routine diagnostic
endoscopy in the Endoscopy Laboratory of the 2nd
Department of Medicine, Semmelweis University of
Medicine. Biopsy specimen were placed in buffered
formalin, routinely processed and stained. Modified
Giemsa stain was used to detectH. pylori. Gastritis
biopsy specimen was graded by the pathologist accord-
ing to the histological activity using the number of
mononuclear cells per power field:<5 MNC = nor-
mal, 6–20 MNC= mild, 21–40 MNC= moderate,
>40 MNC= severe.

Patients were divided into four groups according
to the routine histology: (1) normal epithelia (n =
10) (2) chronic gastritis without intestinal metaplasia
(n = 24) (3) chronic gastritis with intestinal metapla-
sia (n = 20) (4) gastric carcinoma (n = 16). Thirty-
three patients who were positive forH. pylori on all13C
urea breath test, rapid urease test and histology under-
went H. pylori eradication therapy. Nine patients did
not agree to control endoscopy, therefore, success of
eradication could be controlled in 24 cases. One week
triple therapy (2× 1 g amoxycillin+ 2× 0.5 g clary-
thromycin+ 2 × 20 mg omeprazole) was successful
in 21 out of 24 patients, where all the13C urea breath
test, rapid urease test and histology were negative for
H. pylori. A follow-up endoscopy was performed four
weeks after the completition of the therapy.

For immunohistochemistry, all biopsy specimen
were fixed in buffered formalin and embedded in paraf-
fin. 4µm sections were cut and taken up on slides. Af-
ter deparaffinization in xylene and rehydration through
graded alcohol, sections were placed in citrate buffer
pH 6.0 (Antigen Retrieval Citrate, Biogenex) and in-
cubated in microwave oven (5 min at 750 W). Af-
ter washing in phosphate-buffered saline (PBS), im-
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munostaining was performed. Endogenous peroxidase
was blocked by 3% H2O2 for 5 min. The slides
were preincubated with 10% normal sheep serum di-
luted in 1% bovine serum albumin for 20 min. Sec-
tions were incubated with anti-PCNA antibody (Mon-
oclonal Mouse Anti-PCNA Clone PC 10, DAKO) di-
luted 1 : 80 in normal serum at 37◦C for 90 min. Sec-
tions were incubated for 30 min with biotinylated anti-
rabbit and anti-mouse IgG, washed in PBS and incu-
bated for 25 min with streptavidin conjugated to horse-
radish peroxidase (LSAB2 Kit Peroxidase, DAKO).
After washing in PBS, slides were incubated with
aminoethylcarbazole (AEC) for 15 min. Cell nuclei
were counterstained with aqueous hematoxylin and
slides were mounted with glycerin : PBS ratio 1 : 1.
A known PCNA positive tissue section was used as
positive control and included in each staining batch.
A negative control, where the primary antibody was
replaced by PBS, was carried out in parallel. The
count was performed by light microscopy (40× ob-
jective) in well-oriented crypts using a grid placed in
the ocular. The nuclei stained red completely and uni-
formly were considered as positive. The mean num-
ber of nuclei counted per specimen was 1000. The
PCNA labeling index (LI) was defined as a percent-
age of the PCNA positive nuclei over the total nuclei
counted.

For DNA ploidy measurements, brush smears were
air-dried and fixed in Carnoy solution. Staining was
performed with a modified Feulgen–Schiff method
(pararosaniline). The measurements were carried out
by the DNASK Tv image cytometry system [7].
DNASK hardware consists of and Olympus BH2 mi-
croscope with a 560 nm filter, a black and white CCD
camera (Stemmer Datentechnik, Germany) a 512×
512 pixel frame grabber (HRT 512× 512, USA) with
256 gray values. Koehler illumination and 40× mag-
nification was used for the measurements. Type and
numerical aperture of the objective used was SPLAN
40PL, 0.70. DNASK software measures 12 different
parameters of each nucleus after performing the cor-
rection of shading, glare and diffraction errors: mor-
phometric parameters: surface (area of the nuclei), lay-
ers (ratio of the total nuclei area to the convex nuclei
area), diameter minimum, diameter maximum, perime-
ter, form factor and densitometric parameters: inte-
grated optical density (IOD), average density, sigma
density, minimum density, maximum density, density
range. Integrated optical density was calculated ac-
cording to the Lambert–Beer law for the object and ref-
erence cells, respectively. From each smear further pa-

rameters can be determined in addition the mean val-
ues of the parameters mentioned above: DNA index,
2c deviation index, 5c exceeding rate (after the Böck-
ing’s algorithm) for quantification of aneuploidy, G1,
S, G2 rate (after the Baisch method) [8]. In total, 29 pa-
rameters were determined for each smear. Because of
the complexity of morphometry the detection of a large
number of parameters is needed in order to overcome
the limitation of the method and the difficulty of judg-
ment. 200 cells were measured from every smear and
10 normal epithelial cells were used as internal refer-
ence (mean value of the CVs 6.1± 1.5, maximal ac-
cepted value 7.5%) (Fig. 1). Preliminary studies dis-
closed that this number of cells are enough for the ac-
curacy of the measurement as all cells are visualized.
For standardization of the method, 200 Feulgen–Schiff
stained lymphocytes nuclei of cytospin samples were
analyzed by Tv image cytometry, and DNA measure-
ments after standard propidium iodide staining of the
same lymphocyte solution were carried out on a Facs-
Star Plus flow cytometer system (Beckton Dickinson,
USA). The CV of the DNA histograms obtained from
the lymphocytes was used as reference of the internal
error of the system. The spatial resolution of the im-
age analysis system was quantified using a standard-
ized Burker chamber.

Statistical analysis: One-way ANOVA, pairedt-test
and correlation analysis of the CSS Statistica (Statsoft,
USA, 1991) software were used for the evaluation of
results. Null hypothesis was rejected if its probability
was less than 0.05. For further evaluation post hoc LSD
test was performed.

3. Results

Figure 1(a, b) demonstrates PCNA positive cells
in HP positive gastritis and in gastric cancer, respec-
tively. The overexpression of PCNA in the foveolae
cells shows different pattern of gastric mucosa com-
pared to the normal epithelium (Fig. 1a). In this case
of gastric cancer, almost all cells are labeled (Fig. 1b).

Table 1 shows the percentage of PCNA positive cells
observed. There is a higher level of PCNA positive
cells in all groups when compared to that in the nor-
mal epithelium. LI in carcinoma cases is significantly
higher then that in any other group. In cases of gastri-
tis with intestinal metaplasia, the ratio of PCNA pos-
itive cells is decreased when compared to the gastri-
tis cases without IM. This finding corresponds to the
lower S phase ratio determined by Tv cytophotometry,
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(a)

(b)

Fig. 1. PCNA immunostaining ofH. pylori positive gastritis (a) and gastric cancer (adenocarcinoma) (b). Positive nuclei are stained red/black
(counterstain in blue/gray, 200×) (2 pictures).

we found previously in gastritis with intestinal meta-
plasia.

PCNA LI was not different betweenH. pylori posi-
tive and negative cases.

The percentage of PCNA positive cells observed in
mild, moderate and severe gastritis, is shown in Ta-
ble 2. In severe gastritis, a significantly higher LI could
be detected while LI did not statistically differ between
mild and moderate gastritis.

The percentage of PCNA positive cells decreased in
the same patients after the successfulH. pylori eradica-
tion therapy, however, the difference observed did not
reach statistical significance (prior to 69.27± 13.05%
vs. afterH. pylori eradication 55.81± 23.31%,p =
0.084).

Three typical DNA histograms of normal, gastritis
and carcinoma cases are shown in Fig. 2. In case of
normal epithelium, 8–12% of the cells are in the S+
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Table 1

Ratio of PCNA positive cells in different gastric lesions

Histology LI (%)

Normal (n = 10) 45.8± 11.07*,+

Chronic gastritis (n = 19) 63.3± 18.25*,̂

Gastritis with intestinal metaplasia (n = 19) 52.0± 21.65#

Carcinoma (n = 11) 76.2± 12.35+,̂,#

Results are expressed as mean± SD.
Significant differences between groups are marked (p < 0.05):
∗between normal and chronic gastritis; + between normal and carci-
noma; ˆ between chronic gastritis and carcinoma; # between gastritis
with intestinal metaplasia and carcinoma.
LI%, PCNA labeling index.
n, Number of cases.

Table 2

Ratio of PCNA positive cells in different degree of gastritis

Gastritis LI (%)

Mild (n = 41) 50.0± 23.48 *

Moderate (n = 14) 49.8± 24.23̂

Severe (n = 9) 71.3± 13.59 *,̂

Results are expressed as mean± SD.
Significant differences between groups are marked (p < 0.05):
∗between mild and severe chronic gastritis; ˆ between moderate and
severe gastritis.
LI%, PCNA labeling index.
n, Number of cases.

G2 phase. When gastritis is present, an increased cell
proliferation with wider DNA histograms can be seen,
and the percentage of cells in S+ G2 phase is higher.
In these cases, no aneuploid cells are found about 5c.
In carcinoma, an aneuploid population and aneuploid
cells above 5c could also be detected (Fig. 2).

When normal epithelia, gastritis with intestinal meta-
plasia and carcinoma cases were compared, analysis
of variance revealed significant differences in various
densito- and morphometrical parameters. Object cells
CV, DNA index, 2cDI, the ratio of cells in S phase
and IOD mean were all increased in malignant smears.
The result of post-hoc comparisons is shown in Ta-
ble 3.

A significantly higher DNA index (1.08± 0.06 vs.
1.05± 0.05) and higher average density of nuclei were
found inH. pylori positive cases. This correlates to the
DNA amount.

Comparison of results obtained by immunohisto-
chemistry and Tv image cytophotometry revealed that
PCNA LI correlated with percentage of cells in G1

phase (r = −0.4147) and S phase (r = 0.3851). Con-
cerning the cases of gastritis with intestinal metaplasia,
the following parameters showed correlation with the
LI: IOD mean (r = 0.5982), density maximum (r =

0.6079), surface (r = 0.6596), layers (r = 0.6377),
diameter minimum (r = 0.6194), diameter maximum
(r = 0.7302) and perimeter (r = 0.5010).

4. Discussion

The assessment of cell proliferation activity may
supply information about the regeneration process or
malignant transformation of the epithelia. A consecu-
tive quantitative DNA and morphometric analysis of
the epithel cells may yield further quantitative diagnos-
tic and prognostic data. Both quantitative DNA anal-
ysis performed by flow cytometry and PCNA labeling
rates were shown to be independent prognostic factors
in gastric cancer [9]. Until now, most of the data on
DNA-aneuploidy and cell proliferation kinetics were
obtained by flow cytometry analysis. In recent years,
new microscopic image analysis systems were devel-
oped. The Tv image cytometry systems were shown to
be more sensitive in the detection of low grade DNA-
aneuploidy compared to flow cytometry [6]. In addi-
tion to the DNA content, these systems can determine
several other densito- and morphometric parameters of
one nuclei. We have previously shown that the image
analysis of gastric imprint smears might yield impor-
tant additional parameter to the histological diagno-
sis [10].

Here we found that both morpho- and densitomet-
rical parameters show significant differences between
the normal gastritis and carcinoma cases. As the results
of this study, a multivariate statistical approach can be
developed for the automated classification of the sam-
ples.

Böcking et al. showed previously, that gastric in-
flammatous epithelia show non-malignant polyploidis-
ation. Therefore the 5c exceeding rate could not be ac-
cepted, as a marker of malignancy [11]. Its role as diag-
nostic criteria should be evaluated in multiparametric
study.

The obtained difference in DNA Index between the
H. pylori positive and negative group requires further
justification.

As our data concerns only the measurement of 200
nuclei per case, the correlation between PCNA and
proliferation parameters should be considered as pre-
liminary. DNA measurement with higher number of
cells (several thousands) should be done using auto-
mated scanning microscopes.

PCNA appears to be a reliable method that has been
showed to correlate well with autoradiography and
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Fig. 2. DNA histograms of a normal (a), a chronic active gastritis (b), and a carcinoma (c) case.

bromodeoxyuridine (BrdU) immunostaining, although
not all authors are convinced of the validity of the
method for measuring cell proliferation. According to
Lynch, PCNA detected by PC10 does not accurately
reflect the S-phase fraction in gastric mucosa as de-
termined by BrdU labeling [12]. However, researches
on a variety of malignant tumors demonstrated a good
correlation between PCNA immunoreactivity and cell
proliferation data obtained by other techniques such

as3H thymidin incorporation and BrdU. The value of
PCNA LI in assessing cell proliferation is also sup-
ported by studies of carcinoma of the stomach, show-
ing a good correlation with S+ G2 phase of flow cy-
tometric analysis and with Ki67. When PCNA LI was
compared with BrdU and flow cytometry it has been
shown a higher percentage of proliferating cells that
might be due to the long half life of PCNA (about
20 h). Strongly positive nuclei has been reported to
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Table 3

DNA parameters of cytological brush smears

Normal (n = 8) Gastritis with IM (n = 18) Carcinoma (n = 9)

Object cells CV 19.8± 5.35* 23.7± 8.26̂ 31.6± 10.54*,̂

DNA Index, s 1.03± 0.02* 1.07± 0.07̂ 1.27± 0.22*,̂

2cDI, s 6.9± 11.82* 4.9± 3.65̂ 29.2± 31.97*,̂

5cER, s 0.06± 0.15 0.44± 1.21 2.42± 3.04

G1 85.5± 8.54* 82.5± 12.48̂ 66.1± 16.23*,̂

S 14.2± 8.06* 15.3± 9.49̂ 27.5± 12.49*,̂

G2, s 0.2± 0.679 2.2± 3.89 6.4± 6.06

IOD mean, s 82.7± 33.73* 107.9± 26.48 120.5± 47.01*

Average density 111.1± 9.46 117.6± 8.30 111.1± 5.52

Sigma density 6.0± 2.53 6.0± 2.49 4.7± 1.20

Maximum density 175.2± 9.99+ 184.0± 8.79+,̂ 172.7± 6.51̂

Density range 49.1± 10.43 51.0± 9.31 47.3± 6.58

Surface 47.4± 21.87* 63.7± 19.36 69.2± 22.60*

Layers 2.0± 0.51 2.3± 0.39 2.4± 0.40

Diameter minimum 5.4± 1.75* 6.4± 1.23 7.0± 1.33*

Diameter maximum 8.5± 1.96+,* 10.0± 1.54+ 10.3± 1.64*

Perimeter 32.0± 9.03 38.9± 9.78 40.9± 7.61

Form factor 1.6± 0.13 1.6± 0.28 1.7± 0.16

Results are expressed as mean± SD; n: number of cases.
Significant differences are marked: s,p < 0.05.
Significant differences between groups are marked (p < 0.05):∗between normal and carcinoma;
ˆ between chronic gastritis with intestinal metaplasia (IM) and carcinoma; +between normal and
chronic gastritis with intestinal metaplasia.

show a better correlation with BrdU and flow cytome-
try indexes.

In this study, we compared data obtained by two
different methods: Tv image cytometry analysis and
PCNA immunostaining. When compared with some
previous studies [2,3] the absolute values of cell ki-
netic results are different on both normal mucosa and
in case of gastritis. However, according to our know-
ledge, no studies using real comparable methods have
been published yet.

PCNA LI, DNA index and S+ G2 ratio are all higher
in chronic gastritis than those in the normal epithelium,
and are further increased in carcinoma. In most stud-
ies, gastritis inevitably leads to increased epithelial cell
proliferation. Results are controversial whetherH. py-
lori has a causative role in hyperproliferation. In an
in vitro study,H. pylori-products impaired the physi-
ological process required for mucosal repair and Vac
A inhibited cell proliferation specifically [13]. On the
contrary, most of the previousin vivostudies on gastric
epithelial turnover have shown thatH. pylori-induced
chronic active gastritis is associated with hyperprolif-
eration [2,14–17]. Other authors, however, found no
difference in PCNA LI, antrum mucosal cell prolif-
eration determined by BrdU [18], or3H-thymidin in-

corporation [19] betweenH. pylori positive and nega-
tive patients. In our study, the DNA index is higher in
H. pylori associated gastritis than that inH. pylori neg-
ative ones, whereas PCNA LI is not different between
the two groups. The distribution of PCNA positive
cells in chronic gastritis is different from that in normal
epithelia. In case of gastritis, we found PCNA positive
cells in the upper part of gastric foveolae, which in nor-
mal conditions does not represent the site of epithelial
renewal. This “superficialization” of the proliferative
compartment was already shown inH. pylori positive
patients [16].

Several mechanisms have been suggested forH. py-
lori involvement in gastric carcinogenesis. Increased
cell proliferation induced byH. pylori, might play
a role in initiation and promotion of the process [20].
In chronic gastritis, hyperproliferation supposed to be
present for many years. Genetic mutations are fa-
cilitated in the proliferating cells and they are also
more sensitive to exogen mutagenic factors such as
N-nitroso compounds formed in the stomach. Panella
et al.’s data showed a progressive increase of epithe-
lial proliferation in the successive stages ofH. py-
lori infection, ranging from gastritis to the devel-
opment of incomplete intestinal metaplasia, a well-
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known precancerous condition [2]. In contrast with his
and Fraser’s [4] results which show that IM is associ-
ated with higher rates of epithelial cell proliferation,
we observed a lower PCNA LI in chronic gastritis with
IM which corresponds to the lower S phase ratio in
gastritis with IM as determined by Tv cytometry. We
detected a significantly higher LI in severe gastritis, as
suggested by Peek, who found that mucosa prolifer-
ation in gastritis correlated with the severity of acute
gastritis. He observed no parallel increase in apoptosis
which might contribute to a higher risk for carcinoma
in these cases [21].

The percentage of PCNA-positive cells inH. pylori
positive patients decreased after the successful eradica-
tion therapy, however, the difference did not reach sta-
tistical significance. Results in the literature are contro-
versial. Gastric mucosal cell proliferation determined
by BrdU has been reported to be increased inH. py-
lori associated gastritis and it returned to normal af-
ter eradication therapy [22,23]. PCNA LI was signif-
icantly decreased after successful eradication, or even
following ineffective therapy [4]. In this latter case, the
lower proliferation rate could be explained by the re-
duced inflammation. On the contrary, PCNA LI of pa-
tients who remainedH. pylori positive was unaltered,
while it was reduced in patients who clearedH. py-
lori [3].

Controversies in the literature might origin from the
relative small number of cases, but also suggest that
H. pylori is not the only factor responsible for the in-
creased cell turnover, and this regulation is more com-
plex than previously estimated. Because of this com-
plexity, parallel measurements are needed. Our results
with parallel measurements of both PCNA-LI and Tv
cytometry, support the view that cell proliferation is
enhanced ifH. pylori infection is present. However,
further and larger studies are needed to strengthen this
hypothesis.
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