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Expression of p53 in early (Ti) gastric carcinoma
and precancerous adjacent mucosa
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Abstract
Abnormalities of the tumour suppressor
gene p53 have been shown in approxi-
mately 60% of advanced gastric adeno-
carcinomas and it has been suggested
that the immunohistochemical finding of
increased p53 expression is a prognostic
marker in gastric cancer. No studies of
early (T1) tumours have been reported.
Over expression of p53 protein in 95 early
gastric carcinomas and in adjacent
mucosa was investigated using immuno-
histochemistry with antibody CM1. Thirty
five per cent ofthe tumours were positive.
The frequency ofp53 positivity in tumours
of tubular histological type (46%) was
significantly higher than that in signet
ring tumours (10%) (p=0O006), and
neoplasms that invaded deeply into the
submucosa were more frequently positive
(45%) than others (30%). Five of eight
(62%) Ti tumours with lymph node
metastases showed immunoreactive p53.
In signet ring tumours, immunopositivity
correlated with the frequency of DNA
aneuploidy. p53 Over expression was
also found in 15% of 26 examples of high
grade dysplasia in mucosa adjacent to
invasive tumours. No positivity was
found in intestinal metaplasia or in
normal mucosa. The findings show
that immunocytochemically demonstra-
ble over expression of p53 correlates
with other morphological markers of
aggressiveness in Ti gastric adenocarci-
noma. The increasing frequency of
p53 immunoreactivity in the sequence
of high grade dysplasia-early gastric
cancer-advanced gastric cancer supports
the view that abnormalities of p53 are
related to tumour progression in gastric
carcinogenesis.
(Gut 1994; 35: 1697-1700)

A number of molecular events are being
recognised as playing a part in gastric carcino-
genesis.' Among these, mutation of the
tumour suppressor gene p53 is well described
in gastric adenocarcinomas2 as is loss of

TABLE I p53 Immunostaining according to macroscopic type of tumours (Murakami'4)

Macroscopic type

p53 Protruded Elevated Flat Depressed Excavated
Staining (D (IIa) (IIb) (IIc) (III) Total

Positive 10 5 4 10 4 33
Negative 15 5 5 27 10 62
Total 25 10 9 37 14 95
%Positive 40 50 44 27 28 35

heterozygosity on chromosome 17p, the locus
of p53.3 Immunohistochemically demonstra-
ble over expression of p53 has been found
in approximately 60% of advanced gastric
cancers.4 5 There is much evidence from a
range of human tumours to show that this
is the result of p53 mutation which leads
to the accumulation of a stable mutant
p53 protein in the cell nucleus which can
be visualised by immunohistochemistry,6 7
although non-mutational stabilisation of wild
type p53 may be responsible in some cases.8
p53 Is a protein implicated in growth

regulation. The wild type acts functionally as a
tumour suppressor gene,9 while the mutated
form acts as a dominant oncogene cooperating
with ras to transform many different cell
lines.'0 Wild type p53 may also have a role in
preventing replication of damaged DNA1'
while failure of this function in mutant p53
may lead to destabilisation of the genome
and predisposition to the development of
aneuploidy. 12
We have previously found that 57% of

advanced gastric carcinomas (invading into or
beyond the muscularis propria) show p53
positivity on immunohistochemistry and that
there is a significant association between the
p53 status and survival time after diagnosis.4 A
similar frequency of p53 positivity in advanced
tumours has been reported by Joypaul et al,5
who also found positive staining in a low
proportion (16%) of cases of high grade gastric
dysplasia. No studies of p53 in early (TI)
gastric cancer - that is, gastric adenocarcinoma
confined to the mucosa or submucosa - have
been reported. Since Ti gastric cancer might
be regarded as an intermediate stage between
high grade dysplasia and advanced gastric
cancer, we have investigated the possible role
of p53 expression in tumour progression in
gastric carcinogenesis using p53 immuno-
histochemistry in 95 examples of Ti tumours
and 26 examples of high grade dysplasia and
compared the results with our previous
study of advanced cases.4 We used the
polyclonal antibody CMI, which is effective
in paraffin sections and reacts with bold wild
type and stabilised mutant forms of p53.
We have also correlated p53 staining with
the various subtypes ofTl gastric cancer, some
of which may reflect tumours of differing
aggression. 13

Methods
Histological sections from 95 resection
specimens for early (T1) gastric carcinoma
from four different centres (Santa Marta
Hospital, Lisbon (n=39); University Hospital
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TABLE II p53 Immunostaining according to histological type of tumours (WHO'5)

Histological type
p53
StaTning Tubular Signet ring Papillary Mucinous Undifferentiated Total

Positive 26 2 3 1 1 33
Negative 30 18 6 4 4 62
Total 56 20 9 5 5 95
% Positive 46* 10* 33 20 20 35

*Significance difference. x2 test p=0-006.

of Wales, Cardiff (n=30); Guy's Hospital,
London (n= 14); General Hospital,
Birmingham (n= 14)) were analysed. The
tumours were classified according to: (i)
macroscopic type (protruded, elevated, flat,
depressed, and excavated) according to
Murakamil4; (ii) histologic type (tubular,
signet ring, papillary, mucinous, undifferen-
tiated) as defined by the WHO International
Classificationl5; (iii) growth pattern (small
mucosal (S), superficial spreading (SS), and
penetrating (Pen) types A and B) according to
Kodama et al;16 and (iv) lymph node status.
Nearby mucosa showing high grade dysplasia17
(n=26) or intestinal metaplasia (complete
type=45, incomplete type=5)18 was also
studied. Care was taken to choose fields of
dysplasia that were not obviously in direct
continuity with the carcinoma.
The pathological material had been fixed in

10% buffered formalin for 24 hours and
blocks (1-2 cm) were routinely processed and
embedded in paraffin. Adjacent sections (3
,um) were stained with haematoxylin and eosin
and CM1, a polyclonal antibody that
recognises both wild type and mutant p5319 20
by a three layered immunoperoxidase method.
All procedures were carried out at room
temperature.
The sections destined for p53 staining

had been mounted on poly-L-lysine coated
glass slides and air dried overnight. They
were dewaxed in xylene, rehydrated through
alcohol, and immersed in 1% hydrogen
peroxide in methanol for 30 minutes to block
endogenous peroxidase. After washing in
phosphate buffered saline (PBS) and exposure
to 4% normal swine serum for 20 minutes to
reduce non-specific binding, antibody CM1
(diluted 1:1500 in PBS) was applied for
60 minutes. Further washing with PBS was
followed by incubation for 60 minutes with
biotinylated swine anti-rabbit immunoglobulin
(Dakopatts, Copenhagen, Denmark), diluted
1:300 in 15% fetal calf serum/3%
normal human serum. After further PBS
washing, a streptavidin-horseradish complex
(Bio-Sciences, Cambridge, UK) diluted 1:100

TABLE III p53 Immunostaining according to growth pattern of the tumour (Kodama
et al'6)

Growth pattern

Small Small
p53 mucosal mucosal Superficial Superficial
Staining M SM M SM Pen A Pen B Total

Positive 6 3 4 6 3 11 33
Negative 15 12 8 10 6 11 62
Total 21 15 12 16 9 22 95
% Positive 29 20 33 37 33 50 35

Pen=penetrating.

in PBS was applied for 15 minutes. Peroxidase
activity was demonstrated by the addition of
chromogen made up from 25 mg diamino-
benzidine in 50 ml PBS, 1 25 ml of 1% cobalt
chloride, 1 ml of nickel ammonium sulphate,
and four drops of hydrogen peroxide which
had been left to stand for three minutes.
Nuclear fast red was applied for 30 seconds
as a counterstain. Finally, the sections were
dehydrated in alcohol, cleared in xylene, and
mounted in DPX.
The specificity of p53 staining was con-

firmed using parallel negative control sections
which were processed immunohistochemically
after replacing the primary antibody with PBS
and positive control sections from a colonic
adenocarcinoma previously shown to express
high levels of p53 by immunocytochemistry
with CM1. Previous studies had also shown
the abolition of nuclear staining of colonic
carcinoma after preabsorption of antibody
CM1 with p53 protein.

Staining for p53 was assessed by two
independent observers. Only nuclear staining
was considered a positive reaction.

Associations between p53 positivity and
other variables were investigated statistically
using a x2 test. Where frequencies in various
cells of a contingency table were small, Fisher's
exact test was used instead.

Results
All control sections gave appropriate results.
Concordance between the two independent
observers was complete.

Thirty three of the 95 (35%) early (TI)
gastric carcinomas showed immunopositivity
for p53. Although the extent of staining was
variable, more than 25% of tumour nuclei
were stained in all positive cases. The intensity
of nuclear staining varied little either within or
between cases. The distribution ofp53 staining
according to the various subtypes is shown in
the Tables I-III.

MACROSCOPIC TYPE (TABLE I)
Tumours of protruded, elevated, and flat types
showed a higher frequency of p53 expression
than depressed and excavated types, although
this did not reach statistical significance.

HISTOLOGICAL TYPE (TABLE II)
Tumours of tubular type were more frequently
p53 positive (46%) (Fig 1) while those of
signet ring type were only infrequently
stained (10%). This difference is statistically
significant (X2 test, p=0006). The number of
tumours of other types was too small for useful
comparison.

GROWTH PATTERN (TABLE III)
Although not statistically significant, differ-
ences in p53 immunopositivity between the
various growth patterns were observed, with
tumours invading the submucosa tending to
show a higher frequency of staining than
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Expression ofp53 in early (Ti) gastric carcinoma and precancerous adjacent mucosa
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Figure 1: Tubular, well differentiated adenocarcinoma (Ti) (A) stained with
haematoxylin and eosin and (B) showing extensive nuclear stainingfor p53 (original
magnification X 50).

mucosal tumours. This was particularly true
for Pen A and Pen B tumours which invade
deeply into the submucosa (45% p53 positive
v 30% in other types).

LYMPH NODE STATUS

Eight cases had lymph node metastasis. In five
of these (62%) the primary gastric tumour was

positive for p53.

DYSPLASIA AND INTESTINAL METAPLASIA
Four of 26 areas of high grade dysplasia (15%)
were positive for p53 (Fig 2). None of the 50
examples of intestinal metaplasia showed p53
staining.

Discussion
Our study has found that expression of p53 in
early (T1) gastric carcinomas is lower than in
our previously reported series of advanced
cases (35 v 57%),8 and that tumours confined
to the mucosa show a lower frequency of p53
immunoreactivity than those penetrating

deeply into the submucosa. Tumours with
lymph node metastases showed the highest
frequency of p53 staining (62%). We also
found immunopositivity for p53 in 15% of
high grade dysplasia lesions, and this agrees
with a recent publication.5 These observations
support the suggestion that over expression of
p53 is associated with tumour progression in
gastric carcinogenesis and may be related to
prognosis.

Broadly speaking, p53 staining also corre-
lated with previously recognised phenotypic
markers of prognosis in early gastric cancer.
Over expression of p53 occurred much more
frequently in tumours of tubular histological
type than signet ring type (43% v 10%) and
this correlates with the clinical behaviour of
these subtypes. Complete resection of signet
ring early gastric cancers (as opposed to
advanced tumours) almost always cures the
patient while intestinal early gastric cancers
(which are mostly of tubular type) occasionally
give rise to distant metastases.13 Interestingly,
a previous study of advanced gastric cancers
showed a higher frequency of allele loss
on chromosome 17p in intestinal tumours
compared with 'diffuse' and 'poorly differen-
tiated' carcinomas (which often include signet
ring forms). 1 3 Early gastric cancers of elevated
and protruded macroscopic types also have a
worse prognosis than tumours of depressed or
ulcerated type, and this also correlates with our
results of p53 expression.

In this study we did not classify tumours into
intestinal and diffuse types according to
Lauren,2' preferring the WHO classification
because of its better observer reproducibility.
Generally speaking, however, the tubular,
papillary and mucinous types of the
WHO classification correspond to 'intestinal'
tumours and the signet ring and undifferen-
tiated types to 'diffuse' tumours. Over
expression of p53 can therefore be said to
occur in approximately 43% (30 of 70) of early
gastric cancers of intestinal type and 12%
(three of 25) of diffuse early gastric cancers.
Immunohistochemical demonstration of

p53 protein may not always correspond to p53
mutation and absence of staining does not
exclude mutation. 'False negatives' have been
reported in a range of tumours when mutation
results in a truncated protein or a weakly
stabilised product which is not detected by
immunohistochemistry.1 8 'False positives'
may occur if there is non-mutational stabilisa-
tion of wild type p53, perhaps because of inter-
ruption of the normal degradative pathway of
p538 or increased transcription in rapidly
proliferating cells.' This appears to occur with
some frequency in breast carcinomas,22 but
not in colorectal cancer.23 The situation in
gastric adenocarcinoma is unknown and future
studies should address this issue.
Mechanisms whereby increased expression

of p53 might contribute to the malignant
phenotype are poorly understood, but a recent
study of colorectal cancer indicated a correla-
tion between p53 immunoreactivity and
aneuploidy, suggesting that wild type p53
may be involved in protecting the cell from
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Figure 2: Dysplastic glands showing p53 positive nuclear staining.

aneugenesis.24 It is therefore pertinent to
compare the results of p53 expression in this
study with our previous study of DNA
ploidy in Ti gastric cancer.25 Signet ring
type tumours showed a significantly lower
frequency of aneuploidy than tubular type
tumours, and this mirrors our finding with p53
immunostaining. On the other hand, in early
gastric cancers of non-signet ring cell type
there is no clear relationship between p53
staining and ploidy in individual cases. This
indicates that the role of p53 over expression
in gastric carcinogenesis is not confined to
facilitating the emergence of aneuploid clones,
and that there are other mechanisms in
malignant transformation.

In summary, our study adds further
information on two important aspects of
gastric carcinogenesis. Firstly, the progressive
increase in the frequency of p53 immuno-
positivity in the sequence of high grade
dysplasia-iearly gastric cancer-oadvanced
gastric cancer supports the view that abnor-
malities of p53 are associated with tumour
progression. Secondly, in early gastric cancer,
tumours that are depressed or ulcerated and of
signet ring morphology represent a subgroup
of relatively indolent tumours which have low
metastatic potential while elevated tumours
of tubular or papillary type, especially
when invading the submucosa over a
broad front, are more aggressive. This has
implications for endoscopic screening and
patient management.

Although our study supports the notion
that p53 immunopositivity is related to the
aggressiveness of both early and advanced
gastric cancer, it is premature to recommend
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