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Clinical importance of p53 protein in gall bladder
carcinoma and its precursor lesions
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Abstract
Aims-To study the expression and
importance (if any) of p53 protein in gall
bladder carcinoma and its precursor
lesions.
Methods-Immunohistochemical stain-
ing was performed on formalin fixed,
paraffin wax embedded histological sec-
tions with an anti-human p53 monoclonal
antibody (DO-7; Dako Corporation M7001)
(24 carcinomas, one adenocarcinoma in
situ, six dysplasias, three adenomas and
four cases of chronic cholecystitis).
Invasive, in situ, and dysplastic areas as
well as normal-looking epithelium were
sought. Nuclear staining was assessed
according to intensity and extent of posi-
tive cells. Both variables were graded on a
scale of 1-3 and aggregate p53 scores were
obtained (range: 0, 2-6). Only p53 scores
of > 3 were regarded as significant.
Results-Clinically important amounts
of p53 were expressed in 92% of invasive
carcinomas, 86% of carcinoma in situ,
and 28% of dysplastic areas. None of the
adenomas contained clinically important
amounts of p53. Normal epithelium, pre-
sent in all the cases, did not express p53
except in one case of moderately differ-
entiated adenocarcinoma (p53 score 3).
In general, there was no difference in the
prevalence of p53 protein expression
between dysplasias associated with, and
those unassociated with invasive disease.
There was a tendency for higher grade
carcinomas to express more p53 protein.
Conclusions-The distribution of p53
protein in invasive carcinomas and the
adjacent dysplastic and preinvasive
lesions suggests that it is more commonly
expressed than previously thought. The
fact that p53 protein is also expressed in
cases of dysplasia and carcinoma in situ
unassociated with invasive malignancy
lends further support to the contention
that p53 gene mutations may have a role
in the pathogenesis of gall bladder can-
cer. Expression ofp53 protein may possi-
bly be an indication of likely disease
progression from dysplasia, to carcinoma
in situ, to invasive disease.

(7 Clin Pathol 1994;47:453-456)

p53 is a tumour suppressor gene.' The wild-
type p53 protein inhibits cell proliferation,
without which neoplastic transformation of

cells occurs. Mutations of the p53 gene are
among the commonest genetic lesions in
human cancers.2 Alterations of the gene may
lead to either loss of production of the protein
or to the production of a mutated protein.3
The latter is more stable and tends to accu-
mulate in cell nuclei. It is also more readily
demonstrated immunohistochemically than
the wild-type p53 protein.45 Overexpression
of p53 protein has been detected in a wide
variety of tumours,' including gall bladder
cancers.6

Carcinogenesis is a multistep process
involving several genetic changes which
include activation of cellular proto-oncogenes
and inactivation of tumour suppressor genes.7
Invasive carcinomas of the gall bladder are
often associated with dysplasia and adenocar-
cinoma in situ changes in the neighbouring
epithelium. This association implies a tempo-
ral progression or radical change in the
process of carcinogenesis and provides a good
sequential model for studying the evolution of
p53 protein expression in the malignant trans-
formation of gall bladder epithelium.

Methods
Twenty four carcinomas of the gall bladder,
one adenocarcinoma in situ, six epithelial dys-
plasias, three adenomas and four cases of
chronic cholecystitis were retrieved from the
files of the department of pathology, National
University Hospital. All the tissue had been
fixed in 10% buffered formalin and embedded
in paraffin wax. Slides stained with haema-
toxylin and eosin and periodic acid-Schiff
before and after diastase digestion were evalu-
ated. The cases were analysed for invasive, in
situ, and dysplastic areas as well as normal-
looking epithelium.

Immunohistochemical staining was per-
formed using a streptavidin-biotin immuno-
peroxidase method. Waxed sections (4 im)
were treated with 3% hydrogen peroxide for
10 minutes to block endogenous peroxidase.
The sections were then incubated with 5%
bovine serum albumin (BSA) in TRIS-
buffered saline (TBS) for 30 minutes to elimi-
nate any non-specific staining. Excess BSA
was drained from the slides before incubation
with an anti-human p53 monoclonal antibody
(DO-7; Dako Corporation M7001) at an
optimal dilution of 1 in 50 in 0-1% BSA
overnight at 4°C. The tissue sections were
subsequently washed with TBS and incubated
with biotinylated rabbit-anti-mouse immuno-
globulin (Dako; E354), 1 in 200 in 0-1% BSA
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Table 1 Expression ofp53 protein in gaUl bladder neoplasia

Normal Dysplasia Carcinoma in situ Carcinomaladenoma

Case 10- 10- 10- 10-
No Histological diagnosis 0 <10% 50% >50% 0 <10% 50% >50% 0 <10% 50% >50% 0 <10% 50% >50%

1 Adenocarcinoma, well differentiated, papillary 0 NA NA +++
2 Adenocarcinoma, well differentiated, papillary 0 NA ++ ++
3 Adenocarcinoma, well differentiated, papillary NA NA NA ++
4 Adenocarcinoma, well differentiated 0 + ++ ++
5 Adenocarcinoma, well differentiated 0 ++ ++ ++
6 Adenocarcinoma, moderately differentiated, 0 NA NA +++

papillary
7 Adenocarcinoma, moderately differentiated 0 NA +++ +++
8 Adenocarcinoma, moderately differentiated NA NA NA +++
9 Adenocarcinoma, moderately differentiated ++ NA NA +++
10 Adenocarcinoma, moderately differentiated 0 0 NA +++
11 Adenocarcinoma, moderately differentiated 0 ++ NA ++
12 Adenocarcinoma, moderately differentiated NA NA NA ++
13 Adenocarcinoma, moderately differentiated 0 0 0 0
14 Adenocarcinoma, poorly differentiated 0 0 ++ +++
15 Adenocarcinoma, poorly differentiated 0 +++ NA +++
16 Adenocarcinoma, poorly differentiated 0 0 NA +++
17 Adenocarcinoma, poorly differentiated 0 NA NA +++
18 Adenocarcinoma, poorly differentiated 0 + NA ++
19 Adenosquamous carcinoma NA NA NA +++
20 Adenosquamous carcinoma NA NA NA ++
21 Adenosquamous carcinoma 0 NA NA ++
22 Adenosquamous carcinoma 0 NA NA ++
23 Adenocarcinoma with squamous and 0 NA NA ++

neuroendocrine components
24 Adenocarcinoma, mucinous 0 0 NA +
25 Adenocarcinoma in situ 0 0 +++
26 Adenoma 0 NA NA +
27 Adenoma 0 0 NA +
28 Adenoma 0 NA NA 0
29 Dysplasia 0 ++
30 Dysplasia 0 ++
31 Dysplasia 0 +
32 Dysplasia 0 +
33 Dysplasia 0 0
34 Dysplasia 0 0
35 Chronic cholecystitis 0
36 Chronic cholecystitis 0
37 Chronic cholecystitis 0
38 Chronic cholecystitis 0

NA = Not available.
Expression of p53 protein was evaluated according to percentage of cells in the respective groups staining positively; and the intensity of staining as follows:
0 (absent), + (weak), + + (moderate), + + + (strong).

for one hour at room temperature. After
washing with TBS the sections were incu-
bated with peroxidase conjugated streptavidin
(Dako; K9000), 1 in 400 in TBS (pH 7 6) for
one hour at room temperature. Finally, the
sections were developed in diaminobenzidine
in hydrogen peroxide substrate with 50 mg of
imidazole (Sigma chemicals; I-0250) for 10
minutes. The sections were counterstained
with Gill's haematoxylin. A negative control

Table 2 p53 scores in gall bladder carcinoma and its
precursor lesions

p53 score

Histological lesion Availability 0, 2* 3-4 5-6

Normal epithelium
Chronic cholecystitis 4/4 4 0 0
Adenoma 3/3 3 0 0
Dysplasia 6/6 6 0 0
Carcinoma in situ 1/1 1 0 0
Carcinoma 19/24 18 lt 0

Adenoma 3/3 3 0 0
Dysplasia

Alone 6/6 4 2 0
Adenoma 1/3 1 0 0
Carcinoma in situ 1/1 1 0 0
Carcinoma 10/24 7 2 1

Carcinoma in situ
Alone 1/1 0 0 1
Carcinoma 6/24 1 3 2

Carcinoma 24/24 2 1 °t 12**

* p53 staining was considered not significant.
t This was from a moderately differentiated adenocarcinoma.
t Three well-; 3 moderately/poorly differentiated adeno-
carcinomas; 4 others.
** Two well-; 9 moderately/poorly differentiated adeno-
carcinomas; 1 other.

for immunostaining was carried out by replac-
ing the primary antibody with non-immune
rabbit serum. A gastric carcinoma known to
be p53 positive was used as a positive control.

In the analysis of p53 immunoreactivity,
only nuclear staining was regarded as specific
staining. The intensity of staining in the
respective areas of invasive carcinoma, in situ
carcinoma, dysplasia, adenomatous change,
and histologically normal epithelium was
graded as either absent (0), weak (+), moder-
ate (+ +), or strong (+ + +). The extent of
staining was semiquantitatively evaluated and
categorised as <10%, 10%, and 50%, and
>50% of positive cells. Both variables were
each graded on a scale of 1-3 and aggregate
p53 scores were obtained (range 0, 2-6). Only
p53 scores of > 3 were regarded as significant.

Categorical data were assessed using
Fisher's exact probability test (one-sided).
Probability values of <0 05 were considered
significant.

Results
Table 1 shows the extent and intensity of p53
protein expression in gall bladder neoplasia.
Table 2 shows p53 scores in various lesions of
the gall bladder.

NORMAL EP1THELIUM
Normal-looking epithelium, which was present
in all cases of chronic cholecystitis (n = 4),
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Clinical importance ofp53 protein in gaU bladder carcinoma

- <?J.>.R.b6t>+t''.,bamO>.::£.'>- %gadenomas (n = 3), dysplasia (n = 6), adeno-
V*-> -> Xe ' s carcinoma in situ (n =1) and 19 cases of
f-l6Niut>'$XtR> ~ whitv>rs E x X invasive carcinomas, showed no p53 staining
1`4 1( with the exception of one case (case 9), a

-SS#x,'' moderately differentiated adenocarcinoma in
*;>\;.;'-which a few nuclei of normal-looking epithe-
-'8#* h.E **: 6 lium stained positive (score = 3).
*0 .... i..t. ADENOMA

- _- qf --|w2ix> *C Two of the three (67%) adenomas weakly
expressed p53 with scores of 2.

-s<eSg,Kg2,A Ee, DYSPLASIA
( -< q}*!^-f2SpS6lS ;^;'A7s9 Dysplasia unassociated with malignant dis-

ease was seen in six gall bladders. On the
0, .* other hand, it was seen in association with one

- adenoma, one adenocarcinoma in situ, and 10
invasive carcinomas. In general, nine of 18

Figure 1 Note the abrupt transition between the p53-positive dysplastic epithelium and (50%) dysplastic areas expressed p53 protein.
the non-staining residual normal glandular epithelium from a gall bladder However,onsly five cases had p53 scores of(immunoperoxidase). Hwvr nyfv ae a 5 crsoi

3. Abrupt changes in the expression of p53
protein were observed between dysplastic and
normal epithelium at the transformation
zones (fig 1).

ADENOCARCINOMA IN SITU
Adenocarcinoma in situ was the sole diagnosis
in one case. In situ changes were also identi-
fied in the vicinity of six invasive carcinomas,
p53 protein expression with scores of > 4 was
seen in six of seven (86%) cases (fig 2).

There were 24 invasive carcinomas of the gall
- bladder comprising five well, eighit moder-

ately, and five poorly differentiated adenocar-
cinomas; four adenosquamous carcinomas;

4 one adenocarcinoma with squamous and neu-
roendocrine components; and one mucinous

;̂;::>* 4+ + N q *; S adenocarcinoma. Expression of p53 protein
*X was observed in 23 of24 (96%) cases (fig 3).

i*.. Of these, 10 showed p53 scores of 3-4 (three
*; -,-t | * * #; > ** * *04 1 well, two moderately, and one poorly differen-

tiated adenocarcinoma/s, three adenosqua-
Figure 2 Adenocarcinoma in situ of the gall bladder showing p53 staining mous carcinomas, and one adenocarcinoma(immunoperoxidase).moscrmmsanoeadoacoa

with squamous and neuroendocrine compo-
nents); 12 had scores of 5-6 (two well, five
moderately, and four poorly differentiated
adenocarcinomas and one adenosquamous
carcinoma).

Discussion
Carcinoma of the gall bladder is relatively
rare, most cases evolve from precursor lesions

'4;.f 9;-s- ~- -* ~ of the organ.8 This multistep development of
Ji J ~~~~~~~~~~~~~humancancer seems to have a genetic basis,

and so far p53 gene mutation has been identi-
fied in a variety of tumours.910 A recent

- immunohistochemical study, using a poly-
V. ,§B 0# SP;Jet ,,; bt^clonalp53 antibody (CM-i), noted expres-
-ttiff ,* * ^ -¶ __* > >], sion of p53 in dysplasia and carcinoma ofthe

*>~~-~~~ - \,~ gall bladder6 suggesting that p53 mutation

- *WK may be a common genetic alteration in the
--t$***+sisMtt <tve6i ai # development of gall bladder malignancy.

* ~'><t+*r,.;*y*t *v jd4+ . We have shown that clinically important
A pp53 protein expression (p53 scores of >3)

can be detected in almost all gall bladder car-
Figure3 A moderately differentiated adenocarcinoma of the gall bladder showing cinomas (92%) as well as in areas of carci-
extensive p53 staining (immunoperoxidase). noma in situ (86%). Significant p53 staining
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was, however, less common in dysplastic
epithelium (28%) when compared with either
carcinoma in situ (p < 0-015) or invasive car-
cinoma (p < 0.00003). None of the adenomas
showed significant p53 expression. Normal-
looking epithelium did not express it except
for one case associated with a moderately dif-
ferentiated adenocarcinoma. These results
imply that: (i) benign neoplastic transforma-
tion in itself may not be associated with
demonstrable p53 mutations; (ii) p53 muta-
tions are mostly associated with malignant
transformation; and (iii) p53 mutations, when
they occur, mostly do so before invasion of
the basement membrane.
The expression of p53 protein and its asso-

ciation with prognostic indicators, such as
tumour grade, has been noted in some malig-
nancies," but others have found no correla-
tion with tumour grade-for example, in
colorectal cancer.'2 The study on gall bladder
carcinoma found more p53 expression in high
grade tumours than in low grade ones.6 In our
study higher grade tumours also tended to
express more p53 protein.

Although there is a strong association
between p53 expression and p53 gene muta-
tion, some cases of p53 expression might not
be due to an accumulation of mutated p53
protein. Under certain circumstances wild-
type p53 can be detected by immunoperoxi-
dase methods."3 The unexpected finding of
p53 positivity in normal-looking epithelium in
one of the cases of invasive carcinoma might
be explained by increased transcription of the
gene or an altered expression of wild-type p53
that had occurred during epithelial cell trans-
formation.' Alternatively, the wild-type p53
protein might have been stabilised by other
growth factors involved in gall bladder neo-
plasia and have become immunohistochemi-
cally detectable. This might also explain why
two of the adenomas stained slightly. On the
other hand, strong staining was seen in some
cases of dysplasia-in case 15 the dysplastic

areas had the maximum score of 6. This sug-
gests that we are detecting mutated p53 pro-
tein, implying that p53 mutations had already
occurred. This finding lends further support
to the observation that dysplasia is a precursor
lesion to gall bladder carcinoma.

In conclusion, the aberrant expression of
the p53 gene product is probably involved in
the neoplastic transformation of gall bladder
epithelial cells. Further studies of patients
with gall bladder dysplasias are required to
determine whether p53 expression could be
used as a marker of disease progression from
dysplasia to invasive carcinoma.

We thank Mr TC Tan for photography, Mr Ow for technical
work, and Mrs AT Mok and Mdm MH Kwan for typing the
manuscript.
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