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P53 Overexpression in Gastric Adenocarcinoma
with Helicobacter pylori Infection
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Gastric carcinogenesis has been studied in various aspects. Helicobacter pylori (Hp) infection
and mutation of the p53 tumor suppressor gene have recently been argued to be important factors
of gastric carcinogenesis. There have been many studies to determine the precise mechanism
of how Hp is related to gastric cancer, but it is so far still unknown. We studied the relationship
of Hp infection and p53 overexpression and tried to discover some significance in clinico-
pathologic factors such as age, sex, stage, site, differentiation and gross morphology. Ninety-six
patients who were diagnosed with gastric cancer at Severance Hospital, Yonsei University Me-
dical College from November 1995 to March 1996, and 96 control patients of non-ulcer dyspep-
sia (NUD) were studied by endoscopic biopsy of normal gastric tissue and cancer tissue. They
also underwent the CLO® (Deilta West, Melbourne, Western Australia) test for Hp positivity and
p53 immunohistochemical stain for p53 positivity. These data were analyzed for comparison with
the clinicopathologic characteristics of gastric cancers. In conclusion, the differentiated group
cancer had a significantly high Hp positivity and p53 positivity. There is a possibility that Hp
infection and p53 tumor suppressor gene mutation might be significantly related in the gastric
carcinogenic process of well- and moderately-differentiated adenocarcinomas, but further study
is necessary to determine more direct clues on the carcinogenic roles of these Jactors.
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Despite the high mortality of gastric cancer, the
etiology of the disease is still uncertain. Food, en-
vironment, and genetic aspects have been the fields
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of active investigation (Lipkin, 1992). Until 1983,
the main determinant of the gastric microenviron-
ment responsible for oncogenic cell transformations
was believed to be related to food (Correa, 1983),
After the first report that Helicobacter pylori (Hp)
may be related to gastric carcinogenesis (Marshall
and Warren, 1984), Hp was studied as another im-
portant risk factor for gastric cancer. Hp was then
reported to be related to gastric cancer in 3 pro-
spective case-control studies (Forman et al. 1991;
Nomura et al. 1991; Parsonnet et al. 1991), and a
study of 17 patient populations in 13 European
countries showed that an Hp-infected patient had a
6-times higher risk of gastric cancer compared to a
non-infected patient (Forman et al. 1993). Another

117



Kyung-Hee Chang, et al.

study reported that the duration of Hp infection and
the risk of gastric cancer was proportionally related
(Forman et al. 1994). Finally, the International
Agency for Research on Cancer confirmed Hp as an
infectious group 1 carcinogen along with Hepatitis
B virus, Human papilloma virus, Schistosoma hae-
matobium, and Opisthorchis viverrini (International
Agency for Research on Cancer, 1994).

There have been many attempts to determine how
Hp is involved in gastﬁc carcinogenesis. Hp-infected
normal tissue aggregates polymorphonuclear cells
and progresses to chronic gastritis where the gastric
mucosa is atrophied and develops atrophic gastritis,
which in turn transforms to intestinal metaplasia and
through dysplasia changes to gastric cancer tissue.
This is the chronological model proposed by Correa
in 1995 (Correa, 1995). In atrophic gastritis, gastric
acid and pepsin secretion is decreased, which in-
creases the gastric pH and the growth of the bac-
teria. Nitrates are converted to nitrites by the re-
ductase of the bacteria which eventually stimulates
mitosis of the gastric mucosal cells and turns to
premalignant lesions such as intestinal metaplasia or
dysplasia (Keefer and Roller, 1973). Hp also con-
verts urea to ammonia by H. pylori urease and sti-
mulates mitosis (Tsujii ez al. 1992). Vacuolating
cytotoxin, acetaldehyde, cytokines and various bio-
logical mediators secreted by Hp stimulate growth
and differentiation of epithelial cells, and accelerate
gastric carcinogenesis (O’Connor, 1992).

Among the many inflammatory cells infiltrated in
the gastric mucosal tissue, polymorphonuclear cells
and monocytes are the major cells that migrate
through the epithelial cells from the interstitium to
the gastric Iumen. A proportion of the polymorpho-
nuclear cells are degénerated and “oxidative bursts”
release nitric oxides and hydroxyl radicals, which
eventually mutate the DNA of the dividing epithelial
cells (Nguyen er al. 1992). This mutation may oc-
cur on various genes such as the p53 tumor sup-
pressor gene. The polymorphonuclear cells are also
infiltrated ngar the cells which have already gone
through dysplasia and may cause additional muta-
tions (Correa, 1992). The wild type of p53 gene sup-
presses cell. growth and transformations, but its
small quantity and short half-life makes it difficult
to be viewed by immunohistochemical stain (Rogel
et al. 1985). The mutant type of p53 gene under-
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goes a structural change and its long half-life en-
ables a large amount of intracellular accumulation
which makes it possible to be revealed by immuno-
histochemical stain (Bartek et al. 1990; Gannon et
al. 1990; Rodrigues et al. 1990).

We have investigated the overexpression of the
P53 tumor suppressor gene by immunohistochemical
stain of the mutant type of p53 gene. By examining
the Hp infectivity, we tried to find a certain rela-
tionship between Hp infection and the p53 tumor
suppressor gene mutation, and to make a comparison
with various clinicopathologic characteristics of the
gastric cancers.

MATERIALS AND METHODS
Materials

The subjects were 96 patients who were diag-
nosed with gastric adenocarcinoma at Yonsei Uni-
versity Severance Hospital from November 1995 to
March 1996 and 96 control patients who were ran-
domly chosen from non-ulcer dyspepsia (NUD) pa-
tients by esophagogastroduodenoscopy during the
same period of time. Among the gastric cancer pa-
tients, the male-to-female ratio was 1.6:1, and the
average age was 56.1 years. There were 54 early
gastric cancer patients and 42 advanced gastric can-
cer patients. The control patients had no history of
gastric surgery, no history of chronic drug use, no
history of systemic diseases, and no abnormalities
found on routine physical examination.

Methods

Hp positivity was measured in gastric cancer pati-
ents by endoscopic biopsy and CLO® (Delta West,
Melbourne, Western Australia) test of the normal
gastric mucosa and the mucosa near the cancer
tissue. In the control patients, 2 mucosal biopsies
were taken from the fundus and the pylorus and the
CLO® test was performed.

P53 immunohistochemical staining was done by
the following method. The pathology slides were
re-examined and selected paraffin blocks were cut in
4 um thickness. Mouse monoclonal antibody clone
DO7 (Novocastra laboratories, Newcastle, UK) was
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used for antibodies of the p53 stain. The paraffin
blocks were deparaffinized by xylene and rehydrated
by sequentially concentrated alcohol, and endogen-
ous peroxidase activity was blocked by 0.3% hy-
drogen peroxide. To decrease nonspecific binding,
the tissue was combined with normal goat serum for
20 minutes and bound with primary antibody diluted
by 1:100 for 1 hour at room temperature. After PBS
buffer washing, the tissue was reacted with biotiny-
lated antibody for 30 minutes at room temperature,
washed again with PBS buffer for 10 minutes and
reacted with Novostain Super ABC Reagent for 30
minutes at room temperature. The DAB substrate
peroxidase was spread for 2-7 minutes and the slides
were stained by hematoxylin-eosin for 1 minute.
After washing in tap water the slides were finally
dried and mounted. P53 overexpression was read
positive in cells with a stained nucleus and was read
negative in cells with an unstained nucleus.

Statistics

SPSS was used for X* test continuity correction
and multivariate logistic regression analysis. Statis-
tical significance was defined by the p-value of less
than 0.05.

RESULTS

Among the 96 gastric cancer patients, 65 patients
underwent surgery, 31 patients underwent endosco-
pic biopsy only, 9 patients refused surgery, 15 pati-
ents were treated by chemotheropy, 5 patients were
conservatively treated, and 2 patients died. The
male-to-female ratio of the cancer patients was 59
to 37 (1.6:1). The age ranged from 28-to-77 years
with an average age of 56.1 years. There was no
significant statistical difference in the sex ratio and
age distribution in the 96 control patients.

Hp positivity in the gastric cancer patients was 75
cases (78.1%) and in the control patients, 55 cases
(57.3%). Hp positivity was significantly high in the
gastric cancer patients compared to the control pa-
tients (p<0.05). P53 overexpression in gastric cancer
patients was 46.9% and in control patients, 5.2%.
P53 positivity was significantly high in gastric can-
cer patients compared to control patients (p<0.01).
The positively-stained nucleus of p53 immunohis-
tochemical stain in gastric adenocarcinoma is shown
in Fig. 1. Among the gastric cancer patients, 42
cases (43.8%) were EGC (early gastric cancer) and

Fig. 1. Positively-stained nucleus of p53 immunohistochemical stain in gastric adenocarcinoma ( X 100).
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Fig. 2. Helicobacter pylori positivity and p53 overex-
pression in EGC and AGC.

Table 1. Hp and p53 pesitivity in EGC and AGC
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Fig. 3. Helicobacter pylori positivity and p53 overex-
pression in differentiated and. undifferentiated group
adenocarcinoma.

AGC Total

EGC
Hp positivity 36/42  (85.7%)*
p53 positivity 20042 (47.6%)

39/54 (72.2%)
25/54 (46.3%)

75/96 (78.1%)
45/96 (46.9%)

Hp : Helicobacter pylori

EGC: early gastric cancer

AGC: advanced gastric cancer
* : p<0.05

54 cases (56.3%) were AGC (advanced gastric can-
cer) patients. Hp positivity was 85.7% (36 cases)
and 72.2% (39 cases) respectively and Hp positivity
was significantly high in the EGC patients (p<0.05).
P53 positivity was 46.3% in AGC and 47.6% in
EGC and there was no significant relationship with
Hp positivity (Fig. 2)(Table 1). The gastric cancer
patients were divided into 2 age groups. Thirty cases
were below the age 40, and 66 cases were over 40.
Hp positivity was 93.3% (28 cases) in the former
group and 71.2% (47 cases) in the latter group. Hp
positivity was significantly lower in the higher age
group (p<0.05), but they were not related to p53
positivity. The sex ratio of the gastric cancer patients
was 59 men and 37 women, and Hp positivity was
78.0% (46 cases) and 78.4% (29 cases) respectively,
with no significant difference: between the 2 groups.
There was no significant difference in p53 positivity
between men and women. Among the gastric cancer
patients, moderately-differentiated adenocarcinoma
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was the most frequent type of cellular differen-
tiation. Well-differentiated and moderately-differen-
tiated adenocarcinoma, which makes up the differ-
entiated group, were 32 cases (33.2%), and poorly-
differentiated adenocarcinoma, signet ring cell carci-
noma and mucinous adenocarcinoma, which makes
up the undifferentiated group, were 64 cases (66.7%).
Hp positivity in the differentiated group and undif-
ferentiated group was 90.6% (29 cases) and 71.9%
(46 cases) respectively, and Hp positivity in the
differentiated group was significantly high compared
with the undifferentiated group (p<0.05). P53 posi-
tivity in the differentiated group was 71.9% (23
cases) and was significantly high (p<0.005) com-
pared with the undifferentiated group, which was
34.4% (22 cases). Hp positivity and p53 positivity
were both significantly high (p<0.05) in the dif-
ferentiated group cancer (Fig. 3)(Table 2). The most
frequent site of gastric cancer was 55 cases (57.3%)
in the lower 1/3. Hp positivity in the lower 1/3 was
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Table 2. Hp and p53 positivity according to gross and microscopic morphology, location, and stage

Parameter Class Hp (+) (%) p-value P53 (+) (%) p-value
Cellular Differentiated 29/32 (90.6) p<0.05 23/32 (71.9) p<0.005
differentiation Undifferentiated 46/64 (71.9) 22/64 (34.9)
Location Upper 1/3 3/5 (60.0) NS 1/5 (20.0) NS
Middle 1/3 24/32 (75.0) 17/32 (53.1)
Lower 1/3 45/55 (81.8) 26/55 47.3)
Diffuse 3/4 (75.0) 1/4 (25.0)
1 16/20 (80.0) NS 11/20 (55.0) NS
TNM 2 18/24 (75.0) 12/24 (50.0)
stage 3 21/26 (80.8) 11/26 (42.3)
4 20/26 (76.9) 11/26 42.3)
Gross EGC protruded 11/13 (84.6) NS 6/13 (46.2) NS
morphology nonprotruded 25/29 (86.2) 14/29 (48.3)
protruded AGC 6/8 (75.0) 4/8 (50.0)
nonprotruded 33/46 (1.7 21/46 45.7)

Differentiated group: well-differentiated, moderately-differentiated, papillary adenocarcinoma
Undifferentiated group: poorly-differentiated, signet ring cell ca., mucinous adenocarcinoma

I, Ila

EGC : early gastric cancer --- protruded :
--- nonprotruded :
AGC : advanced gastric cancer --- protruded :
--- nonprotruded :

Ib, Ilc, IOI
Borrmann 1
Borrmann 2,34

Hp : Helicobacter pylori
NS : not significant

45 cases (81.8%), middle 1/3 was 24 cases out of
32 cases (75.0%), upper 1/3 was 3 cases out of 5
cases (60.0%), and diffuse gastric cancer was 3 out
of 4 cases (75.0%). There was no significant differ-
ence in Hp positivity and p53 positivity according
to site (Table 2). Stages of gastric cancer were 20
cases (20.8%) in stage 1, 24 cases (25.0%) in stage
2, and 26 cases (27.1%) in stages 3 and 4. Hp
positivity was 80.0% (16 cases) in stage 1, 75.0%
(18 cases) in stage 2, 80.8% (21 cases) in stage 3,
and 76.9% (20 cases) in stage 4, which showed no
relationship between Hp positivity and stage. There
was no significant relationship between p53 posi-
tivity and stage (Table 2). According to gross mor-
phology, EGC type I and Ila were classified as
protruded type, and IIb, IIc, and III were classified
as nonprotruded type. Hp positivity in the protruded
type was 11 cases (84.6%) and in the nonprotruded
type it was 25 cases (86.2%). In AGC, Borrmann
type 1 was classified as protruded type and Borr-
mann type 2, 3, and 4 were classified as nonprot-
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ruded type. Hp positivity in the protruded type was
6 cases (75.0%) and in the nonprotruded type was
33 cases (71.7%) with no statistical significance.
P53 positivity was not related to gross morphology
(Table 2).

In the Hp positive group of gastric adenocarci-
noma, p53 overexpression was not significantly po-
sitive in any of the variables of age, sex, site, stage
or gross morphology. Among the Hp positive group,
p53 overexpression was significantly high in the
well- and moderately-differentiated adenocarcino-
mas, which make up the differentiated group of
cellular differentiation (p<0.05)(Table 3). To analyze
the simultaneous positivity of Helicobacter and p53
overexpression, logistic regression was run and the
p values were statistically significant as 0.0244 in
univariate analysis and 0.0470 in multivariate analy-
sis in the differentiated group cancers of cellular
differentiation.
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Table 3. Relationship between Helicobacter pylori positivity and p53 overexpression according to gross and mi-

croscopic morphology

Hp positive Hp negative

Parameter Class
p53 () p53 () p53 (+) P53 ()
Gross EGC protruded 5 (45.5) 6 (54.5) 1 (50.0) 1 (50.0)
morphology nonprotruded 12 (48.0) 13 (52.0) 2 (50.0) 2 (50.0)
AGC protruded 3 (50.0) 3 (50.0) 1 (50.0) 1 (50.0)
nonprotruded 18 (54.5) 15 (45.5) 3 (23.1) 10 (76.9)
. - Differentiated* 21 (72.4) 8 (27.6) 2 (66.7) 1 (33.3)
Cellular differentiation ;v renriated 17 (36.9) 29 (63.1) 5 (27.8) 13 (72.2)

* : p<0.05
Hp : Helicobacter pylori

Differentiated group : well-differentiated, moderately-differentiated, papillary adenocarcinoma
Undifferentiated group : poorly-differentiated, signet ring cell ca., mucinous adenocarcinoma

EGC : early gastric cancer --- protruded : I, Oa

--- nonprotruded : IIb, Ilc, III
AGC : advanced gastric cancer --- protruded : Borrmann 1

--- nonprotruded : Borrmann 2,34

DISCUSSION

There have been studies of the relationship bet-
ween Hp positive gastric cancer and various gene
mutations such as the TGF- RII, p16 and p53 gene.
Mismatch repair failure has been confirmed to cause
mutation on the poly(A) tract of TGF-p RII gene
and is significantly related to the intestinal-type
gastric carcinoma in Hp positive patients (Chung ez
al. 1996). We specifically chose the p53 tumor sup-
pressor gene among the many genes that may un-
dergo mutations in gastric carcinogenesis to discover
any relationship between Hp infection and p53 gene
mutation by comparing various clinicopathologic
characteristics such as the age, sex, stage, site, gross
and microscopic morphology of the gastric cancers.
Our study revealed a higher p53 overexpression and
Hp positivity in well- and moderately-differentiated
adenocarcinomas. Such a relationship may suggest
the possibility that Hp infection triggers p53 gene
mutation in a part of the gastric carcinogenic pro-
cess. The question as to which stage p53 gene muta-
tion may be involved and how Hp is related should
be studied by investigating Hp positivity and p53
overexpression in each premalignant lesion, such as
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atrophic gastritis, intestinal metaplasia and dysplasia.
The degenerated features of the polymorphonuclear
cells, the appearance and amount of free radicals and
the destroyed features of the DNA should be con-
firmed in each of the premalignant stages in order
to learn the detailed carcinogenic mechanism of
gastric cancer. There was a study to actually deter-
mine the mechanistic link between Hp infection and
gastric cancer. Increased oxidative DNA damage in
Hp-infected gastric cancer was demonstrated by
measuring the 8-hydroxydeoxyguanosine content in
the DNA of human gastric mucosa, which is a
marker for oxygen-free-radical-induced DNA dam-
age (Baik et al. 1996). Some studies show a direct
proportion of the dysplastic degree and the amount
of p53 overexpression, where in low-grade dyspla-
sias there is no p53 overexpression and in high-
grade dysplasias there is abundant p53 overexpres-
sion (Rugge et al. 1992; Lauwers et al. 1993; Tahara
et al. 1993). These results may permit speculation
that p5S3 mutation has a role in the end stage of
dysplasia.

In our study, according to cellular differentiation,
the differentiated group, which includes the well-dif-
ferentiated and moderately-differentiated adenocar-
cinomas, has a significantly higher Hp positivity and
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P53 overexpression compared to the undifferéntiated
group which includes the poorly-differentiated ade-
nocarcinoma and signet ring cell carcinoma. The
relationship of cellular differentiation and the p53
gene has been thoroughly debated. A study of 149
cases of gastric cancer showed p53 overexpression
in 4% of signet ring cell carcinoma and 43% of
non-signet ring cell carcinoma (Uchino et al. 1992).
Another study of 118 cases had a p53 overexpres-
sion of 37% in well- and moderately-differentiated
adenocarcinoma and 0% in poorly-differentiated
adenocarcinoma and signet ring cell carcinoma (No-
guchi et al. 1993). But there have also been reports
of irrelevance between cellular differentiation and
p53 mutation (Tamura et al. 1991; Starzynsky et al.
1992). A study discriminated two separate car-
cinogenic pathways which end up to be intestinal
and diffuse gastric cancers. P53 gene mutation was
restricted to the intestinal gastric cancer in the Hp-
infected 205 early gastric cancers (Solcia et al.
1996). Our study had similar results showing in-
creased p53 and Hp positivity in the well-differ-
entiated and moderately-differentiated adenocarcino-
mas, which are mostly the intestinal-type gastric
cancers.

Hp positivity increases with increasing age in the
general population. On the other hand, Hp positivity
decreases with increasing age in gastric cancer
patients (Taylor and Blaser, 1991). Our study had
the same result of low Hp positivity in higher age
groups. The most appropriate explanation for this
trend is the spontaneous disappearance of Helico-
bacter pylori microbials (Banatvala et al. 1993).
Hp-infected gastric mucosa becomes atrophic gas-
tritis with hypochlorhydria and transforms to in-
testinal metaplasia, which is a microenvironment un-
favorable to the viability of Hp (Siurala ez al. 1988).
As time passes, Helicobacter will diminish from the
gastric mucosa and will eventually show low Hp
positivity in gastric cancer patients. Another possible
explanation is the disappearance of Hp by the direct
effect of the tumor cell, where the tumor growth
forces out Hp from the tissue. For this mechanism
to be credible, Hp positivity must decrease with a
larger tumor mass and higher stage, but in our study,
as well as in other studies, there have been no such
relationships. There are reports of p53 overexpres-
sion increasing in higher age groups, but our study
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showed no relationship between age and p53 gene
mutation.

Whether early gastric cancer (EGC) progresses to
advanced gastric cancer (AGC) is a controversial
subject. Recent epidemiologic studies describe most
untreated EGC as progressing to AGC in a period
of 4-t0-5 years (Tsukuma et al. 1983; Eckardt et al.
1990). In our study, while Hp positivity in EGC was
significantly higher than the control, AGC was not
so. This may be explained by the decrease of Hp
as EGC progresses to AGC because of the unfa-
vorable microenvironment made as the tumor grows
larger (Karnes ez al. 1991, Craanen et al. 1992). P53
overexpression had no specific relationship with
either EGC or AGC in our study.

In conclusion, the differentiated group cancer had
a significantly high Hp positivity and p53 positivity.
There is a possibility that Hp infection and p53
tumor suppressor gene mutation might be signi-
ficantly related in the gastric carcinogenic process of
well- and moderately-differentiated adenocarcino-
mas, but further study is necessary for more direct
clues on the carcinogenic roles of these factors.
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