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Expression of pS3 product in Chinese human bladder carcinoma
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Summary. Expression of p53 protein was examined in 67
cases of primary transitional cell carcinoma of the bladder
and 6 normal controls using an immunohistochemical
method on paraffin sections. Positive nuclear staining for
p53 in malignant cells was found in 34 (51%) of the 67
cancer patients; no positive staining for p53 was detected
in any of the normal controls or in the benign cells,
including stromal and inflammatory cells, within the
tumor tissue. There were 8 positive cases (33%)in 24 grade
G1 tumors, 12 (48%) in 25 G2 tumors and 14 (78%) in 18
G3 tumors. p53 protein was detected positively in 14
(36 %) of 39 superficial tumors (Tis-T1)and in 20 (71 %) of
28 invasive tumors (T2-T4). Thus, positive staining for
p53 was found more frequently in poorly differentiated
tumors (chi-squared test: G3/G1+G2 P<0.01) and in
invasive tumors (chi-squared test: T2-T4/Tis-T1
P <0.01). Expression of p53 was also closely associated
with recurrence of tumors. Alterations in p53 expression
may be of prognostic value in cases of bladder transitional
cell carcinoma.
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p53, a 53-kDa nuclear protein, was first described as a
cellular protein bound to large T antigen in cells trans-
formed with simian virus 40 (SV40) [14, 16]. The human
p53 gene is located on the short arm of chromosome 17.
p53 has been found in all mammalian cells so far studied
and in the toad Xenopus. Its normal function was obscure,
but it was implicated in control of the cell cycle by
regulating entry into and progression through the normal
cycle [19]. Recent transfection studies showed that wild-
type p53 has an inhibitory effect on cell proliferation and
transformation and that a high incidence of lung, bone
and lymphoid tumors was observed in transgenic mice
overexpressing mutant alleles of p53 [15]. Current data
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suggest that wild-type p53 may function as a tumor
suppressor gene by inhibiting transformation, while mu-
tant p53 may act as an oncogene, probably by interfering
with normal p53 function, acting in a dominant negative
fashion [10] and cooperating with mutant ras genes in
cellular transformation [26].

In normal cells and tissues wild-type p53 has a short
intracellular half-life [24] and attains such a low steady-
state level that it is not detectable histologically [2, 9]. In
contrast, the mutant p53 protein, which forms complexes
with heat shock protein 70 in the cytoplasm and also binds
wild-type p53 [5], has an extended half-life {6, 29]; this
results in an increase in its intracellular concentration and
allows its detection by histochemical analysis. It is no
means certain that increased stability of p53 is always
associated with mutation of the p53 gene. It is possible
that elevated levels of wild-type p53 protein accumulate
due to another mechanism such as inactivation of an
enzymatic pathway responsible for p53 degradation or
stabilization by complex formation with a protein from a
DNA tumor virus [11]. Another possibility is that signifi-
cant expression of wild-type protein may occur in the
setting of rapid, non-neoplastic cellular proliferation [20].

There have been studies of the molecular alterations in
human bladder carcinoma, including allelic loss of
chromosome 17 [23] and p53 gene mutation [7]. Recently
CM-1, a polyclonal antibody against p53, has proved
highly sensitive in staining paraffin-embedded tissue [21].
The aims of the present study were to detect p53 ex-
pression in human bladder cancer (paraffin-embedded)
tissue by using an immunohistochemical method with
CM-1 antibody and to explore any correlation between
such expression and the prognosis of the carcinoma.

Materials and methods

Source of tissue samples

Samples were obtained from 67 patients (57 male, 10 female; mean
age 59 years) with newly diagnosed primary transitional cell
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Fig. 1a,b. Avidin-biotin-peroxidase immunohistochemical analysis
of p53 expression in Chinese human bladder transitional cell
carcinomas using CM-1 on formalin-fixed, paraffin-embedded
tissues. A Positive nuclear staining in malignant cells; B no positive
nuclear staining in malignant cells. (X800, not counterstained)

carcinoma of the bladder at Changhai Hospital in Shanghai between
1980 and 1987. Twenty-three of these cases were recurred within 5
years of resection; the other 44 cases did not recur during the follow-
up time or were found to have recurred more than 5 years after
resection. Tissue was obtained by means of open or transurethral
bladder operations, fixed in 10% buffered formalin and embedded
in paraffin. Six subjects with normal bladder tissue were used as
controls. Patients were excluded from the study if their clinical
records were incomplete or if they had received chemotherapy and
radiotherapy before the operation. The tumors were staged at
operation according to UICC criteria and were divided into two
groups: stages Tis-T1 (39 cases) and stages T2-T4 (28 cases).
Embedded sections of tissue were stained with hematoxylin and
eosin and the histological grade of each tumor assessed by patholo-
gists according to current WHO criteria. Twenty-four cases were
found to be grade 1, 25 cases grade 2 and 18 cases grade 3.

Methods of immunohistochemical staining

p53in tumor tissue was evaluated by immunohistochemical staining
with CM-1 polyclonal antiserum raised against full-length recombi-
nant human p53 protein produced in a bacterial system [21].
Formalin-fixed paraffin-embedded tissue sections were cut at 5 ym,
placed on slides coated with poly-1-lysine solution and air-dried at
room temperature. Immunohistochemical analysis was performed

Table 1. Correlation between positive staining for p53 and histologi-
cal grade of tumor

Grade Staining for p53 Total
Negative Positive

Gl 16 (67%) 8 (33%) 24 (100%)

G2 13 (52%) 12 (48%) 25 (100%)

G3 4 (22%) 14 (78 %) 18 (100%)

using the avidin-biotin-peroxidase method as outlined below. After
dewaxing, inactivating endogenous peroxidase activity and blocking
nonspecific binding with normal goat serum, the sections were
incubated with CM-1 diluted in 1/1000 in phosphate-buffered saline
(PBS), cither overnight at 4°C or for 1 h at room temperature in a
humidified chamber. Thereafter the sections were washed in PBS
and localization of the primary antibody was achieved by sub-
sequent sequential application of a biotinylated goat anti-rabbit
antibody, an avidin-biotin complex conjugated to peroxidase (Vec-
tor ABC kit) and diaminobenzidine as chromogen [12]. Substitution
of PBS or an irrelevant polyclonal antibody for the CM-1 solution
provided negative controls. The control sections were used in each
batch of slides to provide consistent immunolabelling results.
Counterstaining of nuclei was usvally omitted in order to obtain
clear results, especially for black and white photography.

The intensity and pattern of p53 immunostaining were evaluated
by the authors and scored as follows: negative staining (), no
staining was found; weak staining (+), less than 30% of tumor nuclei
were stained; moderate or strong staining (++), more than 30% of
tumor nuclei were stained. Statistical analysis of results was
performed using the chi-squared test.

Results

Using the CM-1 polyclonal antiserum, nuclear p53 pro-
tein was detected in 34 (51%) of 67 cases of bladder
transitional cell carcinoma. In 14 cases staining was either
strong or moderate (++), and weak staining (+) was
demonstrated in a further 20 cases. Reaction product
marking the binding of CM-1 was confined to the nuclei of
neoplastic cells (Fig. 1). At high antibody concentrations
pale staining was occasionally observed in smooth muscle
or blood vessels, but not at the dilution used. Staining
within the tumor nuclei had a diffuse, granular or clumped
appearance. Pale cytoplasmic staining was seen in some
cases where there was nuclear staining. No appreciable
staining was detected in tissue from the 6 normal control
bladders or in stromal, inflammatory cells or non-cancer
cells in the tumor tissue studied. The immunostaining
pattern was not uniform in the positive tumors and the
cells that stained were distributed without any polarity.
No preponderance of staining was observed at either the
luminal or the basal side of tumor tissues and the intensity
of staining varied among the tumors.

The relationships between p53 expression and tumor
clinical stage, histological grade and recurrence are shown
in Tables1, 2 and 3 respectively. Eight of 24 gradel
tumors, 12 of 25 grade2 tumors and 14 of 18 grade3
tumors stained positively for p53. Overexpression of p53
protein was strongly associated with poorly differentiated



Table 2. Correlation between positive staining for p53 and clinical
stage of tumor

Stage Staining for p53 Total
Negative Positive

Tis-T1 25 (64%) 14 (36 %) 39 (100%)

T2-T4 8 (29%) 20 (71%) 28 (100%)

Table 3. Correlation between positive staining for p53 and tumor
recurrence

Staining for p53 Total
Negative Positive
Recurrent? 7 (30%) 16 (70%) 23 (100%)
Non-recurrent® 26 (59 %) 18 (41%) 44 (100%)

@ Recurrent within 5 years of resection
¥ Non-recurrent during follow-up or recurrent more than 5 years
after resection

bladder tumors (chi-squared test: G3/G1+ G2, P<0.01;
G3/Gl, P<0.01; G3/G2, P>0.05; G2/G1, P>0.05; see
Table 1). Positive staining for p53 was observed in 14 of 39
Tis-T1 tumors and in 20 of 28 T2-T4 tumors; the
difference was highly significant (chi-squared test: T2-T4/
Tis-T1, P<0.01; see Table 2). Sixteen of 23 tumors that
recurred within 5 years of resection and 18 of 44 in the
non-recurrent group stained positively for p53. This
difference was also significant (chi-squared test: P <0.05;
see Table 3).

Discussion

Oncogenes and tumor suppressor genes are believed to
play a fundamental role in the development and pro-
gression of human neoplasms. Several oncogenes are
implicated in human bladder carcinomas: ras mutation
and altered ras expression have been described [8];
superficial or non-recurrent bladder neoplasms had sig-
nificantly higher c-myc oncoprotein levels than invasive or
recurrent ones [18]; and expression of c-erbB-2 protein
was closely associated with degree of differentiation and
clinical stage [32]. Tumor suppressor genes are thought
actively to prevent the initiation or progression of numer-
ous types of tumor of diverse origin, the central hypothesis
being that the functions of tumor suppressors are abrogat-
ed or altered in some way in tumors compared with the
normal tissue from which the tumor originates. Though
the p53 gene was initially regarded as a classical oncogene,
more recent findings have suggested that it may function
normally as a tumor suppressor [1, 22].

Allelic deletions on the short arm of chromosome 17
have been observed in a variety of human tumors [17, 31,
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33] and are frequently accompanied by mutation of the
remaining allele [1, 22]. Mutant p53 expression has been
identified as a frequent genetic change in a variety of
human tumor types [22]. The molecular basis of overex-
pression of the p53 protein is becoming clear. Iggo and
colleagues [13] found that in a series of primary lung
tumors overexpression of the protein was associated with
expression of point mis-sense mutant mRNA and loss of
expression of the normal p53 mRNA. The studies of
Bennett and colleagues [3] suggested that high-level
expression of p53 protein correlates with the occurrence of
mis-sense point mutations encoding amino acid substitu-
tions in Chinese esophageal cancers. A similar finding
came from the analysis of tumors and tumor cell lines
from human lung, breast and colon tumors[2, 13, 27]. But
this is currently a controversial point in many immunobhis-
tological studies dealing with p53 expression. Some
researchers found that the percentage of p53 expression in
superficial and invasive cancer is much higher when
antibody-dependent methods are used than when molecu-
lar analysis is performed [30]. Borresen [4] reported that
the association between p53 immunocytochemical find-
ings and p53 DNA mutations is not clear-cut.

Investigation of quantitative or qualitative changes in
the expression of oncogenes and anti-oncogenes may play
a role in classifying tumors into different prognostic
categories. Indeed this has been shown to be the case in
bladder cancer for the c-erbB-2 and the c-myc genes [18,
32]. In breast and colorectal tumors the expression of p53
protein might well supplement traditional prognostic
factors such as histological grade and clinical stage [25,
28]. In the present study, the staining for p53 protein was
detected by using an immunchistochemical method with
CM-1 polyclonal antiserum in 67 bladder transitional cell
carcinomas. The frequency of positive staining was high
(51%). Further molecular biological investigation is
necessary to determine the exact incidence of point
mutations of the p53 gene in bladder neoplasms. But from
the clinical point of view one may speculate that such a
high frequency of staining may provide useful prognostic
information. The percentage of positive staining is higher
in poorly differentiated and muscle-invasive bladder
neoplasms than in well or moderately differentiated and
superficial bladder neoplasms. These results suggest that
tumors containing high levels of altered p53 protein may
be at high risk of progression. Tumor markers that would
provide the clinician with sufficient information to predict
accurately the prognosis of a tumor would be of great
interest. In this study it was also found that tumors which
recurred within 5 years of resection has stained positively
for p53 more frequently than tumors which did not recur
during the follow-up time or recurred more than 5 years
after resection. Expression of p53 protein may clearly be
used as a marker of infiltrative activity or prognosis of
bladder cancer. No positive staining for p53 was observed
in normal control bladder tissues or in benign cells within
tumor tissue. These data are consistent with the results of
previous investigations that found that in normal tissues
wild-type p53 protein has too short a half-life to accumu-
late sufficiently to be visualized by histological methods
[2, 9]
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But Lavigueur [15] found in transgenic animals that
even high-level expression of mutant p53 does not prod-
uce transformation in some tissues, indicating that
changes in p53 alone are not sufficient to cause neoplasms.
In human bladder carcinogenesis several other genetic
changes occur with high frequency, such as ras activation
and allelic losses of chromosomes 9, 11 and 178, 31]. The
cumulative effect of these events seems more important in
determining prognosis.

In conclusion, antibody CM-1 has potential use as a
predictive marker for diagnosis of transitional cell carci-
noma. Further investigations are needed in larger
numbers of patients with complete clinical follow-up data,
accompanied by studies of other oncogenes or tumor
suppressor genes.
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