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Helicobacter pylori and Epstein-Barr virus infection
and the p53 tumour suppressor pathway in gastric
stump cancer compared with carcinoma in the
non-operated stomach

Inge 0 Baas, Bastiaan P van Rees, Alex Musler, Mike E Craanen, Guido N J Tytgat,
FrankM van den Berg, G Johan A Offerhaus

Abstract
Aim-To evaluate similarities and differ-
ences between gastric stump cancer and
conventional carcinoma in the non-
operated stomach.
Methocds-26 stump carcinomas were
compared with 24 conventional stomach
cancers. Stage, histological type, and
demographics were comparable in the two
groups. Expression of p53 and p21-Wafl/
Cipl was evaluated by immunohisto-
chemical staining. Helicobacter pylori
infection was evaluated by examining
haematoxylin-eosin stained slides and
immunohistochemistry. Epstein-Barr
virus infection was evaluated by RNA in
situ hybridisation.
Results-Expression ofp53 and p21-Wafl/
CipI was similar in both groups and posi-
tive in more than half of the patients. H
pylori infection was observed in six stump
carcinomas and 17 conventional carcino-
mas in the intact stomach (p < 0.01). RNA
in situ hybridisation (EBERI-ISH) for
Epstein-Barr virus was positive in nine
stump carcinomas and two carcinomas in
the non-operated stomach (p < 0.05).
Conclusions-There appear to be aetio-
logical differences between stump carci-
noma and cancer in the intact stomach.
Further study of these differences may
improve our understanding of gastric car-
cinogenesis in general.
(7ClinPathol 1998;51:662-666)

Keywords: stomach; gastric stump; carcinoma; p53;
Hpylori; Epstein-Barr virus

Despite its declining incidence, gastric cancer
remains an important cause of death in the
western world.' 2 The prognosis of gastric car-
cinoma is poor, because most patients present
in an advanced stage when the disease is
symptomatic.3 Patients with early gastric can-
cer have an excellent prognosis and can be
detected by surveillance of high risk groups.4
The natural history of the disease is not well
established. Of the two distinctive types of
stomach cancer, the one that is thought to be
governed by environmental factors, which is
referred to as intestinal type of gastric cancer,5
is best understood. The intestinal type of
gastric cancer is preceded by a precancerous
process, characterised by precursor lesions of
the gastric mucosa. These precursor lesions

represent the morphological substrates of a
multistep tumour progression model in which
there is an interplay between oncogene activa-
tion and loss of tumour suppressor function,
similar to the adenoma-carcinoma sequence in
the colorectum.7 8
Remote partial gastrectomy is a premalig-

nant condition.9 10 After peptic ulcer surgery,
patients enter an accelerated neoplastic process
that looks very similar to that proposed for the
intestinal type of gastric cancer in the non-
operated stomach. There is a steady increase in
the gastric cancer risk with increasing length of
the postoperative interval." In the long term
after partial gastrectomy, atrophy with intesti-
nal metaplasia and dysplasia becomes more
frequent and these changes resemble the
precursors of the intestinal type of stomach
cancer.'2 13 Also the cell proliferation kinetics of
the premalignant mucosa in the gastric rem-
nant are similar to those observed in the
non-operated stomach. '4 Therefore we have
postulated that gastric stump cancer could
provide a suitable model to study the molecu-
lar genetics of gastric carcinogenesis in
general. 1
The specific molecular changes accompany-

ing the gastric dysplasia-carcinoma sequence
are less well defined than in the
colorectum.7 8 1618 Alterations of the p53 tu-
mour suppressor gene, associated with the
transition of an in situ into an invasive
neoplasm in the colorectum, probably plays a
similar role in the stomach.'9 20 Disruption of
the p53 protein function can be detected by
immunohistochemistry, since it is mostly ac-
companied by a prolonged half life of the
protein.2' Wild-type p53 protein, but not the
mutant p53 protein, binds specifically to DNA
and acts as a transcription factor for several
genes, including p2 1-Wafl/Cip 1, a potent cyc-
lin dependent kinase inhibitor that controls
progression through the cell cycle.22 23 Immu-
nohistochemistry for expression of p21-Wafl/
Cip 1 therefore forms another indicator of the
integrity of the p53 tumour suppressor path-
way, even though its expression appears not
exclusively dependent on intact p53
function.24 25

Helicobacter pylori infection is a well estab-
lished carcinogenic factor in the non-operated
stomach, but its role in carcinogenesis in the
gastric remnant is unknown, and has not been
studied in detail.7 8 Recently, it has been
suggested that Epstein-Barr virus (EBV) plays
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Table 1 Comparison of baseline characteristics in the
group ofgastric stump carcinomas and conventional
primary carcinomas in the intact stomach

Stump Primary
carcinoma carcinoma
(n = 26) (n = 24)

Sex
Male 20 12
Female 6 12

Age (mean, years) 64.8 66.8
Tumour stage

Early 12 9
Advanced 14 15

Morphological
classification
Intestinal 19 16
Diffuse 2 4
Mixed 5 4

a role in gastric carcinogenesis, particularly in
gastric stump cancer."" In addition, binding
of one of the EBV encoded proteins to p53 has
been found to inactivate this tumour suppres-
sor pathway.30

In the present study we have compared gas-
tric stump cancer with stomach cancer in the
non-operated stomach for these various geno-
typic and phenotypic molecular markers (p53,
p21-Wafl/Cipl, H pylori, EBV) to further
explore the possible similarities and differences
between these two types of tumour.

Methods
Twenty six stump cancers from the Amsterdam
postgastrectomy cohort-of which 10 were
detected by the screening programme-were
available for study.3' 32 These were compared
with 24 conventional gastric cancers in the
non-operated stomach, which had a similar
stage (early carcinoma defined as limited to the
mucosa or submucosa) and a comparable
morphology according to the Lauren
classification.5 The patients' age was the same
in the two groups, but there was a male
predominance among the stump carcinomas
compared with the primary cancers. The
demographic and other features are listed in
table 1. Importantly, carcinomas of the cardia
were not included in the study, and all the pri-
mary carcinomas were located in the distal
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Figure 1 Immunohistochemical detection ofp53 tumour suppressor gene product with
monoclonal antibody DO-7 in a gastric stump carcinoma (SA23). Typical nuclear staining
is confined to the carcinoma cells.

stomach; the stump cancers were located near
the gastro-enterostoma.

Formalin fixed and paraffin embedded tissue
blocks of the tumour and environment were cut
into 5 gm sections for haematoxylin-eosin
(H&E) staining, immunohistochemistry, and
in situ hybridisation. Typing and staging of the
tumours was done by histopathological exam-
ination of the H&E stained slides.

IMMUNOHISTOCHEMISTRY
Immunohistochemistry for p53 and p2 1-Wafli
Cip 1 was performed as described
previously.2' 23 25 DO-7 (Dako, Glostrup, Den-
mark) was used as primary antibody to detect
the p53 protein (fig 1), Ab-1 (Oncogene
Science, Cambridge, Massachusetts, USA) as
primary antibody to detect p2 1-Wafl/Cip 1. As
in previous studies, nuclear staining of at least
10% of the tumour cell population was
regarded as positive. Tumours were scored for
positivity by three independent observers with-
out knowledge of the clinical data. Where there
was disagreement, consensus was reached
using a multiheaded microscope.

RNA IN SITU HYBRIDISATION FOR EBV DETECTION

Sections (5 jtm) were deparaffinised to 70%
ethyl alcohol and directly treated with 0.5 M
EDTA, pH 8.0, for 15 minutes at 37°C,
followed by incubation with 5 ,ug/ml proteinase
K (Boehringer Mannheim, Mannheim, Ger-
many) in TE buffer (TE = 100 mM Tris-HCl,
pH 7.5, 50 mM EDTA) for 30 minutes at
37°C. Sections were rinsed in 70% ethyl alco-
hol, dehydrated in 96% ethyl alcohol, and air
dried.

Probe mixture (12 gIl/slide) of 0.45 M NaCl,
45 mM sodium citrate, pH 7.0, 25% forma-
mid, 1Ox Denhardt's solution, 10% dextran
sulphate, 1% Triton X100, and 0. 1% sodium
dodecyl sulphate (SDS), containing 1 ,ug/ml
fluorescein labelled EBlf oligonucleotide, was
applied to the sections and overlaid with an 18
x 18 mm glass coverslip. The EBIf probe is a
newly designed 30 mer antisense oligonucle-
otide (5'-CTAGCAAAACCTCTAGGGCAG
CGTAGGTCC-3') with fluorescein molecules
at both 3' and 5' ends which hybridises with the
EBER1 EBV infected cell nuclear RNA
molecules. Results with this probe are the same
as a detection kit (Dako) against EBER1
nuclear RNA molecules when tested on
lymphomas. Hybridisation was for 18 hours at
37°C in a sealed humidified container.

All subsequent steps were performed at
room temperature and washing in between
steps was done with PBST (phosphate buffered
saline, 0.05% Tween20). Cover slips were slid
off by gently submerging the sections sideways
in PBST, and sections were then rinsed
thoroughly in PBST. Endogenous peroxidase
activity was blocked with 0.3% H202 in PBST
containing 1% sodium azide for 15 minutes.
The fluorescein label of the hybridised probe

molecules was detected by subsequent incuba-
tion for 30 minutes with rabbit anti-FITC
(Dako; 1/400 diluted in PBST containing 10%
human AB serum), biotinylated swine anti-
rabbit immunoglobulins (Dako; 30 minutes,
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Table 2 p53, p21-WafliCipl, Hpylori (HP), and
Epstein-Barr virus (EBV) positivity in stump cancers
compared with carcinomas of the non-operated stomach

Stump carcinoma Primary carcinoma
(n = 26) (n = 24)

p53+/- 14/12 14/10
p21-Wafl/Cipl +- 20/6 17/7
HP +/-** 6/20 17/7
EBV +/-* 9/17 2/22

**p<0.01; *p<0.05.

diluted 1/500) and avidin biotinylated horse-
radish peroxidase complex (ABC; Dako; 30
minutes, diluted 1/200). Staining was for three
to seven minutes in 50 mM TRIS buffer (pH =
7. 5) with 0.03% H202 and 0.1% diaminoben-
zidine (DAB) as chromogen. After rinsing in
tap water, nuclei were counterstained with
haematoxylin (fig 2).

H PYLORI DETECTION
Assessment for the presence of H pylori was
done by histopathological examination of the
H&E stained sections. To enhance the sensitiv-
ity of our study we subsequently performed
immunohistochemistry on cases that were
negative for H pylori. Antigen enhancement
was done by boiling in 0.1 M sodium citrate
(pH 6.0) for 10 minutes. The B 471 polyclonal
rabbit anti-H pylori antibody (Dako) was used
as a primary antibody. Subsequently, the
sections were incubated with biotinylated
swine anti-rabbit secondary antibody and
avidin biotinylated horseradish peroxidase
complex (both Dako). Finally, staining was
done with DAB as a chromogen.

STATISTICS
Comparison of frequencies among the differ-
ent groups was tested for statistical significance
by a conventional Fisher's exact test. Statistical
significance levels were set at 5% (two sided).

Results
The results of our analyses are summarised in
table 2.
p53 Immunohistochemistry was positive in

14 stump carcinomas (54%) and 14 conven-
tional carcinomas (58%) (fig 1); p21-Wafl/
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Figure 2 RNA in situ hybridisation with EBERI specific EBlfoligonucleotide probe in a
gastric carcinoma (SE8). Typical nuclear staining is only observed in carcinoma cells, the
relatively dense lymphocytic infiltrate does not show positive staining.

Table 3 Relation between Epstein-Barr virus (EBV) and
p53, according to stage in the EBVpositive stump
carcinomas and carcinomas in the intact stomach

Stump Primary
carcinoma carcinoma

Early Advanced Early Advanced

EBV+ and p53-
(n=4) 3 1 0 0

EBV+ and p53+
(n=7) 5 0 1 1

Cip 1 immunohistochemistry was positive in 20
stump carcinomas (77%) and 17 conventional
stomach cancers (71%). There was no inverse
correlation between p53 positivity and p21-
Wafl/Cip 1 expression in any of the two groups,
nor was a correlation present with tumour type
or extension of the tumour and immunohisto-
chemistry for p53 or p2 1-Wafl/Cip 1.
The prevalence ofH pylori was significantly

(p < 0.01) greater in conventional stomach
cancers (17 positive cancers, 71%) than in the
stump carcinomas (six positive carcinomas,
23%).

Non-radioactive RNA in situ hybridisation
for EBV was positive in nine stump carcinomas
(35%) and two conventional stomach carcino-
mas (8%) (p <0.05) (fig 2). The staining was in
general strongly positive, with a specific
nuclear pattern limited to the epithelial tumour
cells. There was heterogeneity, with only parts
of the tumour strongly positive. The two EBV
positive conventional cancers were an early and
an advanced carcinoma; both occurred in male
patients. The EBV positive stump cancers
comprised eight early and one advanced carci-
noma. One EBV positive early stump cancer
occurred in a female patient. The other EBV
positive stump carcinomas (seven early and
one advanced) occurred in male patients. None
of the EBV positive carcinomas was a typical
lymphoepithelioma, but in some cases there
was a relatively dense infiltrate (fig 2). There
was no correlation between p53 positivity and
EBV positivity (table 3).

Discussion
Although the numbers in the present study are
relatively small, the results suggest similarities
between the group of stump carcinomas and
conventional stomach cancers, but more im-
portantly also a few remarkable differences.
The two groups were matched as closely as
possible for tumour type and stage to avoid
confounding, and the demographics of the two
gi,oups were comparable. Cardia carcinomas
were excluded from the study because they
may form a separate entity among stomach
carcinomas.
The p53 tumour suppressor pathway is often

involved in stomach tumour formation.20 Ex-
pression of the p53 protein detected by immu-
nohistochemistry indicates an altered gene
product that is more stable, and positivity was
the same in the two groups of carcinomas. This
suggests, but does not prove, that molecular
change of the p53 tumour suppressor gene is
the same, and the similarity in expression of
p21-Wafl/Cipl -an intermediate in the p53
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tumour suppressor pathway-lends support to
this notion.24 33 It is our experience that immu-
nohistochemistry suffices as a first screening
test and on the basis of the results one can then
decide to do further analyses.2' However,
sequencing of the p53 gene would be needed
for precise comparison of the molecular genetic
changes in p53 in the two groups.
H pylori infection was initially assessed by

evaluation of the available H&E stained slides
of the gastric stump cancers and primary
gastric carcinomas. This obviously is not the
optimal assessment of differences in infection
rate between the two groups and such differ-
ences should be interpreted cautiously. Nega-
tive cases were, however, also stained immuno-
histochemically against Hpylori and only a few
extra positives were found, which did not
change the comparison between the two
groups. Bile reflux may provide an explanation
for the observed low prevalence ofH pylori in
the stomach epithelium bordering stump
carcinomas (table 2). Bile salts seem to have a
bactericidal effect on H pylori and after a
Billroth resection H pylori disappears rapidly
from the gastro-enterostoma.34 Since the role of
H pylori in the carcinogenesis of the intact
stomach has now been accepted, a possible dif-
ference at the gastro-enterostoma anasto-
mosis-a well established premalignant
condition-is intriguing and needs further
study.

Epstein-Barr virus involvement in gastric
carcinoma has been demonstrated previously
by the presence of EBV genome and EBV
encoded small RNA (EBER) in the carcinoma
cells, monoclonal proliferation ofEBV infected
carcinoma cells, and raised antibody titres.229
Our study shows that the prevalence of EBV
involvement among gastric carcinomas may be
more prominent in gastric remnant cancer, and
this has been suggested before.27 Whether this
implies a direct causal relation cannot be con-
cluded from these results, however. It might be
that the virus infection is related to the baseline
disease (previous peptic ulcer) for example and
not to cancer. Further research will be
necessary to clarify this question. In situ
hybridisation for EBER1 applied to paraffin
sections revealed 35% positivity in stump can-
cers versus 8% in primary cancers. The
presence ofEBV in the carcinoma cells implies
that the EBV encoded EBNA-5 protein (alter-
natively designated EBNA-LP), which can
form a molecular complex with the p53

30tumour suppressor protein, may cause a pro-
longed lifespan of wild type p53 in the EBV
infected stump carcinomas, resulting in posi-
tive p53 immunohistochemistry. However, in
confirmation of published observations26 and
as shown in table 3, p53 positivity was not cor-
related with EBV positivity in stump carcino-
mas. Previous reports on involvement of EBV
in carcinogenesis in the gastric stump were
from studies performed in Taiwan and
Japan.26.29 To our knowledge this study is the
first to establish an increased prevalence of
EBV in gastric stump cancers in the western
world, suggesting that EBV infection is a global
phenomenon, independent of geographical

area. The question of why EBV preferentially
infects (premalignant) stomach epithelial cells
in the vicinity of the Billroth junction of stom-
ach and duodenum remains obscure. One pos-
sible explanation may be bile reflux into the
stomach which could act as a cofactor mediat-
ing EBV infection of the epithelial cells, for
instance by inducing fusion of EBV carrying B
cells and epithelial cells. There was no correla-
tion with tumour type.
The EBV positive carcinomas were predomi-

nantly of the early type, which is consistent
with previous observations that EBV infection
perhaps occurs early in carcinogenesis. As in
previous reports, in our present study EBV
positivity was strongly correlated with gender,
all positive cases except one being males.
Although there was a more striking male
predominance in the stump carcinoma group,
it seems unlikely that this gender difference
could be the sole explanation of our observa-
tions.

In summary then, two important differences
were observed between gastric stump carcino-
mas and conventional primary stomach can-
cers. Hpylori infection, which is associated with
the occurrence of cancer in the intact stomach,
appears rare near the anastomosis of the gastric
remnant, the site prone to carcinogenesis. In
contrast, EBV infection appears more common
in gastric stump cancer, not only in Asian
countries, but in the western world as well.
Further studies of these differences may help
us gain a better understanding of gastric
carcinogenesis in general.
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