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Gastric epithelial cell kinetics in the progression
from normal mucosa to gastric carcinoma

R J Cahill, C Kilgallen, S Beattie, H Hamilton, C O'Morain

Abstract
Increased epithelial cell proliferation is
associated with an increased risk ofadeno-
carinoma and is associated with
Helicobacter pylori infection. The aim of
this study was to assess both gastric epithe-
lial cell proliferation and the influence ofH
pylori infection on cell kinetics in the pro-
gression from normal mucosa to gastric
carcinoma. One hundred and forty four
subjects were assigned to study groups
based on diagnosis and H pylorn status:
microscopically normal mucosa and
H pylorn negative (n=28); chronic active
gastritis and H pyloni positive (n= 83);
atrophic gastritis (n=9); intestinal meta-
plasia (n= 19); gastric carcinoma (n= 12).
Gastric antral epithelial cell proliferation
was assessed using the in vitro bromode-
oxyuridine immunohistochemical tech-
nique and expressed as the labelling index
per cent (LI%). Subjects with chronic
atrophic gastritis, intestinal metaplasia or
gastric cancer have increased gastric
epithelial cell proliferation compared with
normal mucosa (LI% mean (SEM): 5.14
(0.6), 4.68 (0.3), 6.50 (0.5) v 3'08 (0.2),
p<0.001). This increase in gastric epithe-
lial cell proliferation was not influenced by
H pyloni status. Gastritis associated with
H pylorn had an increased LI% compared
with normal controls or subjects with
Hpylori negative gastritis (4.98 (0.2) v 3.08
(0.2), 3.83 (0.2), p<0.01). Hpylorn infection
although associated with an increased
epithelial cell proliferation in subjects with
chronic gastritis, does not influence the
increased epithelial cell proliferation seen
in subjects with precancerous lesions or
gastric carcinoma. This is further evidence
that H pylori may be an initiating step in
gastric carcinogenesis.
(Gut 1996; 38: 177-181)
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Although the overall incidence of gastric
cancer has steadily declined during the past 50
years in the Western world, it is still a major
health problem and it remains the second most
common cancer in the world. Gastric cancer
has a poor prognosis and in a recent British
study the overall five year survival for subjects
with resectable gastric cancer was 20%.l
The aetiology of gastric carcinoma has not

been fully elucidated. In 1988 Correa and
colleagues proposed a human model of gastric
carcinogenesis based on epidemiological,

pathological, and clinical findings. They postu-
lated that gastric cancer develops through a
complex sequence of events from normal
mucosa to superficial gastritis, chronic
atrophic gastritis, intestinal metaplasia, dys-
plasia, and finally to intestinal type gastric
carcinoma. Correa suggested that an environ-
mental agent induced chronic gastritis, the first
step in the progression to malignancy.2

Helicobacter pylori is associated with a sixfold
increased risk of gastric carcinoma.3 Hpylori is
frequently found in association with gastric
cancer and precancerous lesions.4 5 Longterm
studies of H pylori infection have provided
evidence of a progression from H pylon gastri-
tis to atrophic gastritis, intestinal metaplasia,
and dysplasia.6
The mechanism by which H pylori partici-

pates in gastric carcinogenesis is largely
unknown. We have identified an increased
gastric epithelial cell proliferation associated
with H pylori infection, which is reversed when
the organism is eradicated.7 8 Increased epithe-
lial cell proliferation has been associated with
an increased risk of adenocarcinoma.9 The aim
of this study is to investigate gastric epithelial
cell kinetics at different stages in the progres-
sion from normal mucosa to gastric carcinoma
and to assess the role of H pylori in this pro-
gression.

Methods
Biopsy specimens from 155 subjects, attending
the endoscopy clinics of the Meath and
Adelaide hospitals, Dublin, Ireland with dys-
peptic symptoms were studied. Subjects with a
history of gastrointestinal cancer excluding
gastric cancer, adenomatous polyps, H pylorn
eradication therapy, non-steroidal anti-inflam-
matory drugs (NSAID) or antibiotic therapy in
the previous three months were excluded from
the study.

Diagnosis was made at endoscopy and con-
firmed by histological examination, CLO test,
Gram stain, and culture. Subjects were
assigned to one of five study groups based on
histological findings. Group 1: macroscopically
and microscopically normal mucosa, H pylori
negative, group 2: type B gastritis, H pylorn
positive, group 3: atrophic gastritis, group 4:
intestinal metaplasia, group 5: gastric adeno-
carcinoma. The diagnosis of gastric adenocar-
cinoma was further classified as intestinal or
diffuse type according to the Lauren classifi-
cation.10 The gastric carcinomas were also
classified according to the Goseki method of
histological classification, which relates the
histological type of gastric cancer to the mode
of extension.11
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TABLE I Demographic profile of all study groups

Age Age range H pylori status
Study group No mean (SD) (y) Male:female pos:neg

Normal 32 44 (16) 23-81 12:20 0:32
Hpylori positive gastritis 83 45 (16) 17-84 41:42 83:0
Atrophic gastritis 9 72 (13)* 43-86 2:7 6:3
Intestinal metaplasia 19 59 (15)* 32-81 13:6 6:13
Gastric cancer 12 70 (9)* 53-82 10:2 3:9

*p<0.05 when compared with normal controls. The mean age of subjects with precancerous
lesions and gastric carcinoma was significantly older than subjects with H pylori positive gastritis
alone or normal mucosa.

Endoscopies were carried out between
9 am and 12 noon to control for diurnal
variation. Seven antral mucosal pinch biopsy
specimens were taken from each subject
before and after treatment; one for microbio-
logical assessment, one for CLO test (Delta-
West, Bently, Australia), and one for
histological assessment. Four antral mucosal
biopsy specimens were taken for proliferation
analysis from macroscopically normal mucosa
away from any macroscopic lesions. These
were immediately placed in modified
Waymouths medium.

Cell proliferation technique
Specimens were cultured in Waymouths
medium (Flow Labs, Hertfordshire) supple-
mented with 1O0% fetal calf serum, 1 mM
glutamine and gentamicin, 50 KuM bromode-
oxyuridine (BrdU) (Sigma, Poole, UK), and
5 KM fluorodeoxyuridine (Sigma, Poole,
UK). The specimens were incubated in the
medium for one hour at 101.3 kPa of pressure
in a sealed modular incubation chamber
(Flow Labs, Hertfordshire) previously infused
with 95% oxygen and 5% carbon dioxide at a
thermoregulation temperature of 37°C. The
specimens were fixed in Carnoys fixative
overnight and embedded in paraffin wax.
Immunohistochemical detection of the BrdU
incorporation was carried out on 4 Km sec-
tions using the technique previously
described'2 with a monoclonal antibody to
BrdU (Dakopatts, Denmark). Labelled cells
were visualised by the diaminobenzidine reac-
tion and lightly counterstained with haema-
toxylin.

Immunohistological analysis
A mean of 20 sections were examined for each
subject. Only entire gastric pits longitudinally

sectioned, visible in their entire length, and
greater than 100 cells were analysed. A mean

number of 10 well orientated gastric pits were
examined for each specimen.

Labelling index per cent (LI%) was

measured by counting the number of BrdU
positive cells and expressing the result as a per-

centage ratio of the total number of cells in a

gastric pit. The relative positions of the positive
cells in the pit were noted. For cell kinetic
evaluation, each gland was divided into five
compartments of equal size. The compart-
ments were referred to by the ordinal numbers
1 (apex) to 5 (base) and the LI calculated for
each compartment.

Statistical analysis
The total LI% and the LI% per compartment
were compared between the study groups.

Significance was analysed using Students' t test
for unpaired data. p Values less than 0.05 were

considered statistically significant.

Results
One hundred and fifty five subjects were

recruited for the study. Thirty two subjects
were included in the normal control group, 83
in the H pylori positive gastritis study group,
nine subjects in the atrophic gastritis group,
and 19 in the intestinal metaplasia study
group. Twelve subjects were included in the
gastric adenocarcinoma study group. Table I
shows the demographic profile and H pylori
status of the study groups. Subjects with type
C gastritis without H pylori infection were
included in this paper as a reference group, the
demographic profile of these subjects is previ-
ously described.7 A subgroup of the H pylori
positive gastritis study group has also been
previously reported.7

Subjects with chronic atrophic gastritis or

intestinal metaplasia had an increased epithe-
lial cell proliferation compared with normal
mucosa (LI% mean (SEM): 5.14 (0.6), 4-68
(0.3) v 3-08 (0.2), p<0-01, Table II, Figure).
The increased proliferation was seen through-
out the entire gastric pit including the apex of
the pit.

Tissue remote from gastric adenocarcinoma
also had an increased epithelial cell prolifera-
tion compared with normal controls (LI%:
6.50 (0.5) v 3.08 (0.2), p<0-001, Table II,

TABLE II Gastric epithelial cell kinetics of all study groups

H pylori positive Atrophic Intestinal Gastric
Normal gastritis gastritis metaplasia cancer

No of subjects 32 83 9 19 12
Crypts per subject 10 10 1 10-3 10 10
Total cells counted per subject 1449 (29) 1445 (34) 1475 (70) 1505 (29) 1343 (62)
Total labelled cells per subject 44-2 (2.2) 47-6 (2.4) 74-4 (7.2) 69-4 (4.5) 87.2 (6-1)
Total cells per crypt 144-3 (3.2) 170-3 (2.3) 142-5 (5.3) 150-5 (2.6) 134-3 (5.6)
LI% total 3-08 (0.2) 4-84 (0.2)* 5-14 (0.6)* 4.68 (0.3)* 6-50 (0.5)**
LI% per compartment
LI% 1 0-01 (0 01) 0-10 (0.03) 0-17 (0.1) 0-32 (0.11)* 0-57 (0.3)*
LI% 2 0 34 (0.08) 1-32 (0 1)t 1-68 (0.7)t 1-72 (0.4)t 2-84 (0.8)t
LI! 3 2-28 (0 28) 4 50 (0.3)t 4-42 (0.9)t 4 45 (0.5)t 5-82 (0.90)t
LI% 4 5-62 (0-44) 8-32 (0.3)t 9-70 (1-5)t 7.60 (0.8)t 10-20 (0.8)t
LI% 5 7.07 (0.44) 10 94 (0.7)t 10.18 (11)t 9 33 (0.8)t 13 18 (1.3)t

All results expressed as mean (SEM). *p<0.01, tp<0.005 when compared with normal controls and Hpylori negative gastritis.
jp<O0Ol compared with all study groups except atrophic gastritis. All specimens were taken from the antrum remote from
macroscopic lesions.
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Figure). The increase of proliferation was seen
in all compartments of the pit including the
apex of the gastric pit. Four of the subjects
were diagnosed with diffuse type adenocarci-
noma and eight with intestinal type, there was
no significant difference in the LI between
both groups (LI%: 670 (1-03) v 6-36 (0.5)).
Similarly there was no significant difference
between groups classified according to the
Goseki method although subjects with GI
(n=4) had a lower proliferation rate compared
with both GII (n=3) and GIII (n= 5) with pro-
liferation rates of 5.34% (04), 7-26% (1-5),
and 7-1% (0.9) respectively.
The presence or absence of H pyloni infec-

tion did not change the increased epithelial cell
proliferation seen in subjects with atrophy,
intestinal metaplasia or gastric carcinoma

TABLE iII Influence ofH pylori status on gastric epithelial
cell proliferation of tissue remotefrom any macroscopic
lesion in subjects with antral gastritis, atrophic gastritis,
intestinal metaplasia or gastric cancer

Number LI% p Value

Antral gastritis
Hpylori negative 28 3-33 (0.2) =0-0014
Hpylori positive 83 4-98 (0.2)

Atrophy
H pylori negative 3 4-98 (1-4) p=0-519Hpylori positive 6 5-34 (1-8)

Intestinal metaplasia
Hpylori negative 13 4-75 (1-6) -0.954
Hpylori positive 6 4-60 (1-2)

Gastric cancer
Hpylori negative 9 6-62 (2-1) p 940
Hpylori positive 3 6-44 (2-6) P

p Value compares subjects with H pylori infection with those
without H pylori infection at the time of biopsy. Subjects with
H pylori infection and antral gastritis had a significantly higher
LI% compared with those with H pylori negative gastritis
(reference group, 10). H pylori infection did not seen to
influence the epithelial cell proliferation of subjects with
precancerous lesions (atrophy, intestinal metaplasia) or gastric
cancer. Data shown as mean (SEM).

(Table III). H pylori positive gastritis had
increased epithelial cell proliferation compared
with normal controls and subjects with type C
gastritis (H pylori negative) (Table III). This
increased gastric epithelial cell proliferation
was not significantly different from that associ-
ated with chronic atrophic gastritis, intestinal
metaplasia or tissue remote from gastric carci-
noma.

Discussion
This study assessed gastric epithelial cell kinet-
ics, using the BrdU immunohistochemical
technique. Antral mucosal biopsy specimens
remote from macroscopic lesions of subjects
with H pylori positive gastritis, precancerous
lesions (atrophy and intestinal metaplasia),
and gastric carcinoma were studied. Subjects
with H pylon gastritis, intestinal metaplasia or
atrophic mucosa have an increased epithelial
cell proliferation compared with normal
mucosa. This increased epithelial cell prolifer-
ation is not significantly different from that
associated with tissue remote from gastric car-
cinoma.
Most studies of gastric epithelial cell kinetics

have used the tritiated thymidine technique.
This technique is time consuming and entails
the use of radioactive isotopes. The BrdU
immunohistochemical technique has been
found to be as accurate as the tritiated thymi-
dine technique.13

Quantification of gastric epithelial cell pro-
liferation can be carried out by assessing the
number of proliferating cells in the entire gland
or in the gastric pit. The assessment of epithe-
lial cell proliferation in the gland entails quan-
tifying proliferating cells in randomised fields.
Assessment of gastric pit epithelial cell prolifer-
ation is the preferred method of assessment of
gastric epithelial cell kinetics and it reflects
overall gastric epithelial cell proliferation. In
the assessment of epithelial cell kinetics of the
gastric pit, the zone of maximum proliferation
is in the base of the gastric pit. This has been
shown in normal rat14 and human mucosal
and has been confirmed by our study.
There is evidence that gastric cancer

develops through the progression from normal
mucosa to gastric atrophy, intestinal meta-
plasia to gastric carcinoma.2 The pathogenesis
of the sequence of events is largely unknown,
however, there is a substantial amount of evi-
dence supporting the role ofH pylori in gastric
carcinogenesis, which comes from many
sources. Epidemiological studies have identi-
fied a high prevalence of serum antibodies
against H pylori in areas of high incidence of
gastric cancer.3 15 Histological studies have
also identified H pylori associated with pre-
cancerous lesions and gastric cancer, although
H pylori cannot be found in intestinal meta-
plastic tissue or adenocarcinoma cells.4 16
H pylori adheres to normal gastric mucosal
cells and does not seem to adhere to intesti-
nalised cells, therefore the incidence ofHpylori
infection as determined by biopsy methods
decreases with progressing preneoplastic
lesions.'7 This was seen in our study. Research
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assessing serum antibody concentrations of
subjects with these lesions would suggest that
the subjects have probably been infected with
H pylori at an earlier stage in the progres-
sion. 18

Previous studies have assessed gastric
epithelial cell proliferation in tissue adjacent to
and remote from gastric carcinoma and found
it increased compared with normal mucosa
using the BrdU immunohistochemical tech-
nique.'9 Our study also identified an increased
epithelial cell proliferation associated with
gastric carcinoma. This increased epithelial
cell proliferation was not related to the histo-
logical type of gastric carcinoma, intestinal or
diffuse. Epidemiological studies have sug-
gested that the intestinal type carcinoma is
more influenced by environmental factors than
diffuse type carcinoma, which is thought in
part to be familial or genetic.20 21 The role of
H pylori in these types of gastric carcinoma is
controversial, however, recent studies have
identified Hpylori as a risk factor for both types
of gastric carcinoma. 18 22 23
Few studies have assessed epithelial cell

kinetics in the progression from normal
mucosa to gastric carcinoma. Two studies have
identified an increased epithelial cell prolifera-
tion associated with atrophic gastric mucosa
using the tritiated thymidine technique.2425
These studies, however, did not assess the
influence ofH pylori infection on this changed
epithelial cell proliferation. Our study assessed
gastric epithelial cell kinetics at all stages in the
progression from normal mucosa to gastric
carcinoma in a large series of patients and
identified an increased epithelial cell prolifera-
tion associated with gastric atrophy, intestinal
metaplasia, and tissue remote from gastric car-
cinoma. This finding suggests that increased
epithelial cell proliferation is one of the earliest
identifiable abnormalities in the development
of gastric carcinoma.

This study also showed increased epithelial
cell proliferation associated with Hpylori infec-
tion compared with normal mucosa, which our
group has previously described.7 This finding
has been confirmed by other groups.2628
H pylori infection was associated with an
increased total epithelial cell proliferation and
an increased number of proliferating cells at
the apex of the gastric pit. This is significant as
a recent study has shown that cells proliferat-
ing near the luminal surface are more suscept-
ible to carcinogens than those proliferating
deeper in the gastric gland.29 The increase in
gastric epithelial cell proliferation associated
with Hpylori infection was not significantly dif-
ferent from that associated with gastric precan-
cerous lesions. H pylori infection, however, did
not seem to influence the changed gastric
epithelial cell proliferation in subjects with pre-
cancerous lesions or gastric cancer, which sug-
gests that although Hpylori has a part to play in
early gastric carcinogenesis, it may not have as
strong an influence in the later stages of the
disease.

In conclusion this study identified increased
epithelial cell proliferation associated with
gastric precancerous lesions and gastric

carcinoma. This was also seen in subjects with
Hpylori infection in the absence of any precan-
cerous change. H pylori may be the precipitat-
ing factor that triggers the genesis of events
terminating in gastric carcinoma.
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