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Summary. Archival biopsy specimens from transitional 
cell bladder cancers (n=88) were analysed immuno
histochemically for the expression of the retinoblastoma 
(Rb) gene protein , p53, mdm2, c-erbB-2, HLA-DR 
antigen and proliferation indices. An altered nuclear 
expression of Rb , p53 and mdm2 was observed in 
55.2%, 33 .3% and 18.2% of tumors respectively. 
Cytoplasmic membrane immunoreactivity (>25% tumor 
cells) for c-erbB-2 was detected in 14.l % of tumors and 
aberrant HLA-DR antigen cytoplasmic staining (>5% of 
tumor cells) in 22.2% of the cases. 

P53 overexpression was associated with higher 
tumor grade and stage . Aberrant HLA-DR antigen 
expression and PCNA were also correlated with the 
grade of differentiation and tumor stage. MIB I was 
statistically correlated with stage. pRb scores and HLA
DR antigen expression were correlated with proliferation 
activity as determined by PCN A and MIB 1 
immunostaining. p53 protein was also strongly 
correlated with the proliferation index PCNA. A strong 
correlation between PCNA and MIBI (p<O.OOOl) was 
also found. In addition a statistically positive correlation 
between p53 and HLA-DR antigen expression was 
observed. Our data show that , although pRb and p53 
protein expressions are not associated between them, 
they may contribute to the growth fraction of the bladder 
cancer. In addition , p53 and HLA-DR antigen expression 
could be indicators of aggressive behavior of bladder 
cancer. 
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Introduction 

There is increasing evidence that the alteration of 
tumor suppressor genes may playa role in the initiation 
and progression of human tumors. Of these , the best 
characterized are the retinoblastoma (Rb) and p53 tumor 
suppressor genes . Rb and p53 share some characteristics: 
both code for nuclear phosphoproteins present in normal 
cells and are thought to be involved in cell cycle control 
and in the negative regulation of cell growth. Alterations 
of the Rb gene have been observed in several epithelial 
tumors suggesting that structural abnormalities, 
including mutations and/or deletions of the Rb gene , 
may result in the inactivation of tumor suppressor 
protein and may be involved in tumorigenesis (Harbour 
et al., 1988; Lee et al., 1988; Goodrich et al. , 1991 ; Lin 
et ai. , 1991; Weinberg, 1991 ; Cordon-Cardo , 1995 ; 
Haas-Kogan et al., 1995; Jares et al., 1997). It has been 
shown that altered pRb patterns , may become an 
important prognostic variable in bladder cancer (Cairns 
et al. , 1991 ; Cordon-Cardo et al., 1992; Logothetis et al. , 
1992; Lipponen and Liukkonen 1995; Wright et al. , 
1995 ; Cordon-Cardo et ai., 1997 ; Cordon-Cardo and 
Reuter, 1997) . Mutations of the p53 gene are commonly 
found in bladder cancer and are associated with an 
aggressive clinical course (Lipponen , 1993; Moch et al., 
1993 , 1994; Soini et ai. , 1993; Wright et ai. , 1995; 
Wagner et ai., 1995 ; Skopelitou et ai., 1997). More 
recently , a cellular proto-oncogene product , the mdm2 
has been shown to bind to p53 and acts as a negative 
regulator, inhibiting its transcriptional transactivation 
activity. It has been shown that aberrant mdm2 and p53 
phenotypes may be important diagnostic markers in 
patients affected by bladder cancer (Lianes et al. , 1994) . 
C-erbB-2 amplification and over-expression may 
provide a useful molecular marker in transitional cell 
carcinoma of the bladder and merits further investigation 
as a potential prognostic indicator (Berner et al., 1993; 
Moch et al., 1993, 1994; Gorgoulis at al. , 1995; Wagner 
et al., 1995). In addition , previous studies showed that 
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tumor proliferation in bladder cancer was associated 
with tumor behavior (Cordon-Cardo et aI., 1992; 
Stavropoulos et aI., 1993; Moch et aI., 1994; Lipponen 
and Liukkonen, 1995; Wright et aI., 1995; Skopelitou et 
aI., 1997). Irregular HLA-DR antigen expression has 
been demonstrated in a variety of tumors (Rognum et aI., 
1983; Wilson et aI., 1984; Zuk and Walker, 1988; Zuk et 
aI., 1988; Ioachim et aI. , 1994) but the role of its 
ex press ion is not fully unders tood. In an attempt to 
elucidate the role of these molecules in bladder cancer, 
we correlated these molecular markers with each other 
as well as with other conventional clinicopathological 
parameters such as: recurrence of the tumor, squamous 
metaplasia , histological grade and stage. 

Materials and methods 

The tumour specimens were obtained transurethrally 
from 88 patients aged 29 to 88 years (mean 71.1 yea rs) 
with a male to female ratio of 7:1. Biopsies near to and 
distant from the tumor were also taken . Bladder wall 
biopsies from patients undergoing transure thral 
prostatectomy were used as controls. The histo
pathological diagnosis was made on paraffin sections 
stained with haematoxylin and eosin. We used the three
grade system proposed by the American Bladder tumour 
Registry and the World Health Organization (WHO) 
(Mostofi et aI., 1973; Collan et aI., 1979). The American 
Joint Commission-TNM system (1983) was adopted for 
staging. We used the 'p' category in Ta and Tl tumors 
and we omit it in T2-T3 muscle-infiltrating, clinically 
staged les ions, as sampJes were obtained transurethrally. 

Immunohistochemistry 

Was performed on one or two selected blocks from 
each case on 4 ,urn tissue sections using the avidin-biotin 
and immunoperoxidase method as previous described 
(Hsu et aI., 1981). After blockage of endogenous 
peroxidase with H20 2 in methanol for 30 min, sections 
were immersed in citrate buffer (PH 6.0) in a 
microwave-resistant container. To unmask the epitopes 
of Rb, p53, mdm2, MIBl, we microwaved the sections, 
while PCNA unmasking was achieved without using the 
heat mediated antigen retrieval method . The sources and 
dilution of the antibodies are shown in table 1. 
Immunoperoxidase detection was employed using the 
ABC method (Dako) and diaminobenzidine substrate. 
Counter staining was performed with haematoxy lin. 
Tumour sections subjected to the whole procedure 
expected for incubation with the primary Ab, were used 
as "negative"substitute. No specific immunoreactivity 
was detected in these sections. 

Immunohistochemical evaluation 

Immunostaining (nuclear or cytoplasmic or 
membrane cytoplasmic) was calculated as the percentage 
of positive tumour cells in relation to the total number in 

repre se ntative fields. Every s tain e d nucleus was 
considered positive, irrespective of intens ity. Only 
intense membrane immunostaining was considered to 
represent the overexpression of c-erbB-2 protein, since it 
has been shown to yield the best prognostic associations 
(De Potter et aI. , 1990). All slides were reviewed and 
scored blindly by two observers without any knowledge 
of other data. Each sample was first scanned with a low 
magnification, and at least 10 fields were assessed with a 
high-power magnification . 

Statistical analysis 

The associa tion of continuous variables was 
confirmed using a non parametric test for two or several 
independent samples or Spearman bivariable correlation. 
p-values under 0.05 were considered statistically 
significant. 

Results 

The histological findings are shown in Table 2. 
Nuclear Rb gene expression was detected in 55.2%, p53 
protein in 33.3 % and mdm2 in 18.2% of the tumors 
(Figs. 1-3). Membrane immunoreactivity for c-erbB-2 
(>25 % of neoplastic cells) was detected in 14.1 % of the 
tumors (Fig. 4). Aberrant HLA-DR antigen cytoplasmic 
immunostaining (>5% of neoplastic cells) was detected 
in 22.2% of tumors (Fig. 5). Nuclear MIBl (Fig. 6) and 
anti PCNA immunostaining were also detected in a 
variety of number of the tumor cells. Simple statistics of 
the various parameters studied are shown in Table 3. 

The clinicopathological data were s tati s ticall y 
correlated with the following markers: p53 with grade 
(p=0.0088) and stage (p=0.0038), HLA-DR with grade 
(p=0.02) and stage (p=O.0072), PCNA with grade 

Table 1. Antibodies used. 

ANTIBODIES SUPPLIER DILUTION INCUBATION 
TIME 

Rb (AB-5)# Oncogene 1:80 Overnight* 
DO-7 (lgG2b)# Ylem 1:200 Overnight* 
MDM2 (AB-1)# Oncogene 1 :80 Overnight* 
C-erbB-2 (OM-11-925) ICI, Cambridge 1:500 One hour 
Anti-HLA Dako t :50 One hour 
PC-10 Dako 1:50 One hour 
MIB1# Ylem 1:10 Overnight' 

*: with microwave oven antigen retrieval; #: citrate buffer incubation. 

Table 2. Histological grade and stage. 

STAGE 

Pta 
pT1 
pT2-T3 

GRADEl 

16 
7 

GRADE II 

5 
33 

GRADE III 

5 
18 
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(p=O.0006) and stage (p=O.0014) , MIBl with stage 
(p=O.012). Rb protein expression, mdm2 and c-erbB-2 
did not correlate with grade and stage of the tumor. None 
of the above markers was correlated with squamous 
metaplasia and the tumor recurrence. 

The proliferation indices were statistically correlated 
with: Rb with peNA (p=O.019) and MIBl (p=O.031), 

Table 3. Simple statistics of various parameters studied. 

VARIABLES MEAN Std. Dev. 

Rb* 17.83 21 .11 
P53* 14.06 25.61 
MDM2* 0.72 1.92 
C·erbB-2* 11.28 23.48 
HLA-DR* 9.01 18.56 
MIB1* 6.86 11.51 
PCNA* 26.85 29.47 

*: percentage of positive tumour cells . 

Fig. 1. Nuclear Rb protein staining expression in a case of transitional 
cell carcinoma of the urinary bladder cancer. ABC, x 200 

p53 with peN A (p<O.OOOl) and HLA-DR with peNA 
(p<O.OOOl) and MlBl (p=O.015). A strong correlation 
between peNA and MIBl (p<O.OOOl) was also found. A 
trend of correlation was found between mdm2 and 
peNA (p=O.057), c-erbB-2 and MIBl (p=O.06) as well 
as between Rb and MDM2 (p=O.055). In addition, a 
statistically positive correlation was observed between 

MINIMUM MAXIMUM NUNBER OF CASES 

0.00 65.00 87 
0.00 95.00 84 
0.00 10.00 88 
0.00 100.00 78 
0.00 80.00 74 
0.00 70.00 79 
0.00 90.00 84 

Fig. 2. Extensive nuclear p53 protein expression in a case of infiltrating 
bladder cancer. ABC, x 200 
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p53 and HLA-DR antigen expression (p=O.012). 

Discussion 

Little is known about the pathogenesis of transitional 
cell bladder cancer. Environmental carcinogens, growth 
factors and oncogene as well as suppressor gene 
products probably have a critical role in the early 
development of bladder cancer. Better understanding of 
the underlying mechanisms might help us in developing 
new treatment strategies. A number of pathological 
features have been identified as predictors of the clinical 
course in urinary bladder cancer. Among them are the 
grade of differentiation, tumor stage as well as the rate of 
tumor cell proliferation (Cordon-Cardo et aI., 1992; 
Stavropoulos et aI., 1993; Moch et ai., 1994; Lipponen 
and Liukkonen, 1995; Wright et aI., 1995; Skopelitou et 
ai., 1997). Deregulation of the cell cycle control is now 
considered a key event in oncogenesis and alterations of 
genes involved in this control are a frequent finding in 

Fig. 3. Nuclear MDM2 immunostaining in a case of transitional cell 
carcinoma of the urinary bladder cancer. ABC, x 200 

different cancer models. Mutational inactivation of the 
retinoblastoma (Rb) gene is considered to be of central 
importance in the pathogenesis of many human 
malignant neoplasms. Recently it has become clear that 
the genomic or epigenetic loss of pRb function leads to 
uncontrolled cell growth and apoptosis (Cordon-Cardo, 
1995; Haas-Kogan et aI., 1995). This is not only an 
initiating event in tumorigenesis, but also a step 
associated with malignant progression and aggressive 
outcome (Harbour et aI., 1988; Lee et aI., 1988; 
Goodrich et ai., 1991; Lin et aI., 1991; Weinberg, 1991; 
Cordon-Cardo, 1995; Haas-Kogan et aI., 1995; Jares et 
aI. , 1997). It has been shown that altered pRb patterns, 
may become an important prognostic variable in bladder 
cancer. Previous studies in bladder cancer have reported 
that Rb alterations are frequent events and associated 
with tumor progression and although altered pRb 
expression occurs in all grades and stages, this is more 
commonly associated with muscle-invasive tumors 
(Cairns et aI., 1991). Furthermore bladder cancers 
exhibiting decreased expression of the Rb gene-coded 

Fig. 4. C-erbB-2 cytoplasmic membrane immunostaining. ABC x 200 
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product (pRb) had a more aggressive biological behavior 
than those that expressed the Rb protein in the majority 
of their tumor cells. In addition, reduced expression of 
the retinoblastoma gene protein is related to cell 
proliferation (Cairns et aI., 1991; Cordon-Cardo et aI., 
1992, 1997; Logothetis et aI., 1992; Lipponen and 
Liukkonen, 1995; Wright et aI., 1995; Cordon-Cardo and 
Reuter, 1997). In our study pRb expression was detected 
irrespectively of tumor grade and stage, but a strong 
relationship with the two proliferation associated indices 
was found, suggesting that this nuclear protein is a 
potential growth marker in bladder cancer. 

A key role in bladder cancer biology has also been 
defined for the p53 tumor suppressor gene, which is 
frequently altered in bladder tumors. P53 mutations can 
frequently be detected by immunohistochemistry, 
because many p53 mutations result in a prolonged half
life of the protein. Previous reports indicate that 
abnormalities in the p53 exist in bladder cancer, are 
associated with tumor progression and are involved in 

Fig. 5. Aberrant HLA-OR antigen expression in a case of transitional 
cell bladder cancer. ABC x 200 

the growth regulation of the tumor (Cairns et aI., 1991; 
Logothetis et aI., 1992; Lipponen, 1993; Moch et aI. , 
1993, 1994; Soini et aI., 1993; Lipponen and Liukkonen, 
1995; Wagner et aI., 1995, 1997; Wright et aI., 1995; 
Cordon-Cardo and Reuter, 1997; Cordon-Cardo et aI., 
1997; Skopelitou et aI., 1997). In the current study, we 
found a strong relationship of the p53 protein expression 
with tumor grade and stage as well as with the 
proliferative activity, as it was estimated by the 
proliferation associated index PCNA, confirming the 
important prognostic value of the p53 in bladder cancer. 
Although abnormalities of both the Rb and p53 genes 
has been detected in a number of different human 
cancers, in our study there was no significant correlation 
between the expression of these two proteins as reported 
in other studies (Sawan et aI., 1992). Perhaps, these 
proteins contribute to the regulation of cell growth in 
different ways. 

The relationship between p53 and mdm2 in 
neoplasia is complex, with examples of both wild type 

Fig. 6. Nuclear MIB1 expression in a case of infiltrating bladder cancer. 
ABC x 400 
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and mutant p53 being associated with both low 
expression and high expression of mdm2. Mdm2 may 
have additional roles in the control of transcription and 
is known to be regulated by mechanisms other than p53-
mediated transcriptional control (Thut et aI., 1997). 
Mdm2 can also interact with other critical elements of 
the cell cycle and apoptotic regulatory controls, such as 
E2F and Rb (Martin et aI., 1995; Xiao et aI. , 1995). It 
has been shown that mdm2 was correlated with p53 
overexpression and low-stage, low-grade bladder tumor 
(Lianes et aI. , 1994). In the present study, we found a 
limited correlation between mdm2 expression and pRb 
as well as with the proliferation associated index PCNA. 
These conflicting results may suggest that different 
tumor phenotypes might be associated with different 
etiopathogenic mechanisms or because of the use of 
multiple methods or antibodies, and therefore there is a 
variation in epitope availability. C-erbB-2 amplification 
has also been found in transitional cell carcinomas but 
its prognostic significance has not been demonstrated. 
Previous studies have observed an association of c-erbB-
2 with metastasis (Moch et aI. , 1993) as well as with 
tumor grade or stage (Sato et aI., 1992; Moch et aI., 
1993), while others did not find any correlation (Berner 
et aI., 1993) and their results are in agreement with ours. 
We also found no correlation with the p53 protein in 
contrast to the findings of Moch et al. (1993) as well as 
with the proliferative activity. The latter finding is in line 
with the report of Moch et al. (1994). 

The role of HLA-DR antigen expression by tumor 
cells is unknown. Although the functional role of this 
antigen is to mediate communication among immuno
competent cells, in a previous study with frozen sections 
(Ioachim et aI., 1994) we found that HLA-OR antigen 
expression is independent of lymphocyte subpopulations 
in bladder cancer. An interesting point of this study is 
the statistically significant correlation of HLA-OR 
antigen expression with tumor grade and stage as well as 
with p53 protein expression indicating an aggressive 
phenotype. Whether this expression is an independent 
marker of worse prognosis in bladder tumor or this 
aberrant expression by tumour cells is mediated by 
mutant p53 gene is a matter of discussion. 

In summary, our data show that, although pRb and 
p53 proteins are not associated between them, they may 
contribute in the growth fraction of the bladder cancer, 
with different pathway. In addition, p53 and HLA-OR 
antigen expression could be indicators of the 
aggressiveness of bladder cancer behavior. 
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