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Abstract Introduction: Determination of the risk of 
invasive bladder tumors progressing is still imprecise 
due to the heterogeneous biological behavior of this 
neoplasm. The goals of this study were to evaluate the 
patterns of expression of the epidermal growth factor 
(EGE) system in invasive bladder cancer and to assess 
its prognostic value. 
Methods: This immunohistochemical study was per- 
formed using fresh frozen tumor samples and a panel of 
monoclonal antibodies on a series of 43 invasive blad- 
der cancers treated by cystectomy. 
Results: EGE was detected in 45% of the tumors and 
did not correlate with survival from bladder cancer. 
Transforming growth factor alpha (TGF~) was ex- 
pressed by 60% of the tumor~'and correlated strongly 
with death from bladder cancer. Epidermal growth 
factor receptor (EGF-R) expression was seen in 86% of 
cases and had no prognostic significance, c-erbB2 was 
expressed in 50% of cases and was inversely related to 
a poor prognosis. When EGF and TGFc~ were both 
expressed, there was little or no expression of c-erbB2. 
Conclusion: The accumulation of several growth fac- 
tors and the relevant receptor are necessary for the 
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progression of invasive bladder cancers. They could be 
used as indicators of tumor aggressiveness. 
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Introduction 

Bladder cancer is a common malignancy with a hetero- 
geneous biological behavior. There are different growth 
potentials even within the same groups of tumors as 
defined by classical prognostic factors [6]. The deter- 
mination of the risk for progression is still imprecise, 
despite the development of new prognostic markers. 
Altered expression of the retinoblastoma gene (Rb 
gene) has been shown to be a prognostic indicator in 
patients with invasive bladder cancer [3]. E-cadherin is 
expected to be a prognostic marker, and, for patients 
with invasive tumors, conservation of normal E-cad- 
herin staining gives a relatively good prognosis [1]. 
Overexpression ofp53 seems to predict a poor outcome 
in muscle-invasive tumors, with no independent 
prognostic value over clinical stage [16]. DNA 
ploidy [-35] may be useful for prognostic determination 
since aneuploidy is strongly linked to poor clinical 
outcome. 

Growth factors represent a wide group of low mo- 
lecular weight polypeptides (1.5-50kDa) which are 
closely linked to several cellular mechanisms including 
proliferation, motility and transformation. All respon- 
sive targets have cell membrane receptors that specifi- 
cally bind the appropriate ligand. There are a growing 
number of reports concerning the significance of ac- 
tivated proto-oncogenes and abnormal growth factor 
production in the induction of tumor cell growth and 
its association with an aggressive phenotype in many 
tumor groups. One of the best-characterized growth 
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factor pathways is the epidermal growth factor (EGF) 
system, which together with other factors controls 
some biological mechanisms [7]. EGF is a 53-amino- 
acid single-chain protein with a molecular weight of 
6.45 kDa. It is produced by several cell types in a 
precursor form and has both growth stimulatory and 
inhibitory effects on normal and tumoral cells of many 
types. It is linked to the epidermal growth factor recep- 
tor (EGF-R), which is its physiologic receptor and is 
found to be excreted in high concentrations in a biolo- 
gically active form in the urine. 

Transforming growth factor alpha (TGFc~) belongs 
to a family of heat- and acid-stable growth factors [28]. 
It is a phylogenetic and functional relative of EGF but 
with only limited structural homology. It is a ligand for 
EGF-R as well. Increased amounts are found in the 
urine of patients with disseminated cancers [33]. It 
seems likely that it is derived from the tumor itself 
since increased expression of TGF~ mRNA has 
been identified in a variety of tumors including 
renal cell carcinoma, breast cancer and squamous cell 
carcinoma. 

EGF-R is a 170-kDa transmembrane glycoprotein 
which is widely distributed in normal tissues, and is the 
product of the c-erbB1 gene, which is located on chro- 
mosome 7. It is a tyrosine kinase receptor with auto- 
phosphorylation of tyrosine residues after binding to its 
ligands [8]. Recent studies have indicated that EGF-R 
and its ligands are implicated in several mechanisms in 
the oncogenesis of certain tumors of epithelial origin 
(breast, bladder) and its expression is a marker of poor 
prognosis [12, 21, 30]. 

Another oncogene, neu (c-erbB2), which is closely 
related to erbB1, is located on chromosome 17q21 [19]. 
This proto-oncogene encodes a transmembrane 185- 
kDa glycoprotein which has 50% structural homology 
with the EGF-R amino acid sequence. It belongs to the 
tyrosine kinase receptor family and its putative ligand, 
heregulin, has only recently been identified [10]. 
Amplification of the c-erbB2 gene and overexpression 
of its protein product have been reported mainly in 
adenocarcinomas, and in breast cancer is associated 
with a poor prognosis [-4]. 

To date there has been a limited number of studies 
evaluating EGF-R [-14, 20, 24, 26, 27, 31, 32], EGF 
[-13], and c-erbB2 [-2, 17, 22, 34, 37, 38] in transitional 
cell carcinoma and to our knowledge no reports re- 
garding the prognostic significance of TGFc~ in 
this tumor. The concurrent expression of these has 
also not been reported. The goals of this study were 
to evaluate the patterns of immunostaining for 
EGF-R, EGF, TGFc~ and c-erbB2 in invasive bladder 
cancer and to assess their prognostic value alone 
and in association with each other. We also studied 
the relationship between EGF-R and c-erbB2 expres- 
sion. 

Material and methods 

Study population 

All patients included in this study had invasive bladder cancer (stage 
T1 or higher) and underwent radical cystectomy or cystoprostatec- 
tomy (42 patients) or partial cystectomy (1 patient) at Harper Hospi- 
tal, Detroit, MI, between 1983 and 1992. The criteria for inclusion 
were the availability of fresh frozen tumor samples in the frozen 
tumor bank and clinical follow-up information. Patient character- 
istics including age at cystectomy, sex, treatment and outcome data 
were obtained from chart review and physician contact. Slides from 
the radical cystectomy specimens were reviewed and tumors as- 
sessed for histologic type, histologic grade (WHO) [23] and patho- 
logic stage (1987 UICC) [11]. 

Immunohistochemical procedures 

All specimens were obtained at the time of radical cystectomy. 
Each sample was snap frozen and stored at - 7 0 ° C .  A control 
H&E-stained section at the beginning and end of sectioning was 
performed in order to confirm the presence of tumor within the 
frozen tissue sample. Frozen tissue sections cut at 5 ~tm were immer- 
sed in cold acetone for 10 min and then rehydrated. Slides were then 
incubated for 20 min with the primary antibody (60 min with EGF). 
Commercially available monoclonal antibodies against EGF, 
TGF~, EGF-R (Abl, Ab2 and Abl, respectively, from Oncogene 
Science Inc.) and c-erbB2 (Triton Biosciences, Inc.) were used. Dilu- 
tions were 1/20, 1/200, 1/200 and 1/2000, respectively. Positive and 
negative controls were used for each antibody. Slides were washed in 
modified phosphate-buffered saline (MPBS) and then incubated for 
10 min with the secondary antibody at 1/200 dilution (biotinylated 
rabbit anti-mouse immunoglobins). Slides were washed again in 
MPBS. Finally, an avidin and biotinylated peroxidase complex 
(ABC Vectastain, Vector Laboratories) was incubated for 10 min. 
Samples were then washed in double-distilled water, counterstained 
and mounted in Immuno-mount (Shandon) under cover-slips. 

A sample was considered negative when immunostaining of the 
tumor cells was the same as the negative control. Positive samples 
were assessed for staining intensity (zero, weak, moderate, strong) 
and extent (focal, diffuse) independently by two examiners (D.J.G., 
V.R.). In cases of disagreement, a third examination under a double- 
headed microscope was carried out and a final assessment agreed 
upon. For purposes of data analysis, positivity of a sample was 
defined by the presence of at least focal staining of moderate or 
strong intensity. Lesser degrees of reactivity were combined with 
those showing a complete absence of immunoreactivity. All slides 
were reviewed without knowledge of outcome data. 

Statistical analysis 

Distribution characteristics (means ± SD) for quantitative variables 
such as age and frequency tables for quantitative demographic 
and clinical data were generated for all variables. All study 
variables were tested by chi-square (two-tailed test) and Fisher's 
exact test for small samples (one-tailed test) for significant bivariate 
associations. Each variable was tested for prognostic significance for 
mortality due to bladder cancer using Kaplan-Meier survival curves 
and the log-rank test. A multivariate analysis for demographic and 
clinical variables was tested using the Cox stepwise regression 
model. All statistical analyses were performed using the SAS statist- 
ical software program. Results were considered significant at 
P = 0.05. 



Table 1 Clinicopathologic data and immunohistochemical results 

Case Age (years) Sex Race Stage Grade E C F - R  E G F  T G F ~  c-erbB2 F U  (months) Outcome 

11 

1 63 M C TIN0 3 + + + + 38 A + W 
2 72  M C T 1 N 0  3 + + - + 69 A + W 

3 84 M C T 1 N 0  2 + - - + 15 A + W 
4 51 F C T 2 N 0  3 - + + - 84 A + W 
5 61 M B T 2 N 0  3 + - - + 19 A + W 
6 67  M C T 2 N 0  3 + - - - 23 D U C  

7 62 M C T 3 a N 0  3 . . . .  17 A + W 
8 63 M B T 3 a N 0  3 + - - + 72  A + W 
9 73 M C T 3 a N 0  3 + - - - 47  A + W 

10 75 M C T 3 a N 0  2 + - - + 64 D U C  

11 80  M B T 3 a N 0  2 + - - + 19 D U C  
12 34 F C T 3 a N 1  3 + - -  + - 19 D O D  
13 55 M C T 3 a N 2  3 - + - + 44  A + W 
14 58 M B T 3 b N 0  3 + + + + 43 D U C  
15 61 M C T 3 b N 0  3 + + + + 34 D O D  
16 63 F B T 3 b N 0  2 + - - + 20  D U C  
17 65 F C T 3 b N 0  3 + + + - 15 D O D  

18 72 M C T 3 b N 0  3 + - - - 68 A + W 
19 74  F C T 3 b N 0  3 - + + - 14 D O D  
2 0  75 M C T 3 b N 0  3 + + + + 14 D O D  

21 77 M C T 3 b N 0  3 + + + + 18 D O D  
22 78 M C T 3 b N 0  3 + + + + 10 D O D  

23 81 M C T 3 b N 0  3 + + + - 30 A + W 
24  72  M C T 3 b N t  3 + - + - 15 A + W 
25 74 F C T 3 b N 1  3 + - - - 18 A + W 

26 80 M C T 3 b N 1  3 + + + - 41 D O D  
27 45  M C T 3 b N 2  3 + + + + 13 D O D  
28 75 M B T 3 b N 2  3 N / A  N / A  N / A  N / A  10 D O D  
29 51 M C T 4 N 0  3 + + - 25 A + W 
30 54 M C T 4 N 0  3 + - - + 08 A + W 
31 63 F C T 4 N 0  3 + - + - 23 D O D  
32 75 M C T 4 N 0  3 + - -  + + 17 D U C  

33 76 M C T 4 N 0  3 + + + - 07  D O D  
34 76  M C T 4 N 0  3 + + + - 08  D O D  
35 66 F B T 4 N 1  2 + - + 20  A + W 
36 67 F C T 4 N 1  3 + + + - 14 D O D  
37 34 M C T 4 N 2  3 + + + 15 D O D  

38 57 F C T 4 N 2  3 - + + - 26 D O D  
39 62 M C T 4 N 2  3 + + + - 15 D O D  
4 0  63 M C T 4 N 2  3 + - - - 06  D O D  
41 63 M C T 4 N 2  3 + - + - 09  D O D  

4 2  67 F C T 4 N 2  3 - - + - 12 D O D  
43  67 F B T 4 N 2  3 + - - - 07  D O D  

(Abbreviatior~s - M male, F female, C Caucassian, B African-American, N/A not availab!e, FU follow-up, A + W alive and well, DUC dead 
from unrelated cause, DOD dead from bladder cancer) 

Results 

The patient population consisted of 31 males and 12 
females (Table 1); age ranged from 34 to 84 years (mean 
66 years, median 67 years). Pathologic stage was pT1 in 
3 cases; pT2, 3 cases; pT3a, 7 cases; pT3b, 15 cases; and 
pT4, 15 cases. Lymph node metastases were documented 
in 16 patients (37%). Two patients with stage T1 disease 
underwent radical cystectomy for extensive, multifocal 
disease and for associated diffuse transitional cell carci- 
noma in situ which had failed bacille Calmette- 
Gu6rin (BCG) therapy, respectively. The third 

patient with T1 disease had tumor involving a diver- 
ticulum and was treated by partial cystectomy. Of the 43 
patients, 22 (51%) died of bladder cancer. Follow-up for 
those not dead of cancer ranged from 8 to 84 months 
(median 23 months, mean 35 months). There were 41 
transitional cell carcinomas, 1 squamous cell carcinoma 
and 1 small cell carcinoma. The histologic grade was 2 of 
3 in 5 cases and 3 of 3 in the remaining 38 cases. Tumor 
stage was a highly significant predictor of outcome 
(P = 0.0002; log-rank test). The presence of lymph node 
metastases was also a poor prognostic indicator 
(P < 0.02; log-rank test). Histologic grade was not a sig- 
nificant predictor of outcome (P = 0.066, log-rank test). 
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Fig. 1 Invasive high-grade 
transitional cell carcinoma 
showing strong expression of 
TGFe. Immunohistochemical 
stain, x 190 

Fig. 2 Strong expression of 
EGF in an invasive high-grade 
transitional cell carcinoma. 
Immunohistochemical stain, 
x 190 

Fig. 3 Kaplan-Meier survival 
curve of disease-specific survival 
by TGFc~ expression. 
P = 0.0009, log-rank test 
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Fig. 4 Kaplan-Meier survival 
curve of disease-specific survival 
by EGF expression. P > 0.05, 
log-rank test 
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Fig. 5 Invasive high-grade 
transitional cell carcinoma with 
strong immunoreactivity for 
EGF-R. Immunohistochemical 
stain, x 190 

Fig. 6 Kaplan-Meier survival 
curve of disease-specific survival 
by EGF-R expression. P > 0.05, 
log-rank test v 
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Fig. 7 Strong positive 
immunoreactivity for c-erbB-2 in 
a case of invasive transitional 
cell carcinoma. 
Immunohistochemical stain 
x 190 

Fig. 8 Kaplan-Meier survival 
curve of disease-specific survival 
by c-erbB-2 expression. 
P = 0.04, log-rank test 
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Immunohistochemical results were available for 42 
of 43 cases. In one case no tumor remained in the 
sections stained. The number of tumor cells stained for 
EGF, TGFc~ and EGF-R varied among individual 
cases and intra-tumoral staining heterogeneity was of- 
ten present. TGFc~ and EGF were expressed in tumor 
cells by 60% (25/42) and 45% (19/42) of the samples, 
respectively. TGF~ and EGF staining was observed in 
both the cytoplasm and on the membranes, but neither 
were necessarily present in the same areas (Figs. 1, 2) of 
any given sample. TGFc~ was expressed within stromal 
tissue as well while EGF staining was constantly weak 
as compared to TGFc~ staining. There was a significant 
association between TGF~ expression and tumor stage 
(P < 0.05, chi-square) but not with grade (P > 0.05; 
chi-square) and a strong association with decreased 

survival (P = 0.0009; log-rank test; Fig. 3). EGF expres- 
sion correlated weakly with grade (P = 0.05; chi- 
square) but not with stage (P = 0.09; chi-square) or 
survival (P = 0.10; log-rank test; Fig. 4). The majority 
of tumors expressed EGF-R (36/42, 86%) with strong 
membrane reactivity (Fig. 5), while in most of them 
there was an increasing EGF-R expression from basal 
cells to superficial ones. There was no correlation 
between EGF-R expression and grade (P > 0.05; chi- 
square), stage (P>0 .05 ;  chi-square) or survival 
(P > 0.05; log-rank test; Fig. 6). The oncogene c-erbB2 
was expressed in 21 cases (50%) (Fig. 7). The staining 
was strongly and homogeneously expressed on the cell 
membrane. Interestingly, this was inversely correlated 
with decreased survival (P =0.04; log-rank test; 
Fig. 8). There was a weak association between c-erbB2 
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expression and grade (P = 0.04; chi-square) but not 
with stage (P > 0.05; chi-square). No relationship was 
observed between c-erbB2 and EGF-R expression. Of 
19 EGF-positive samples, 10 were c-erbB2 positive 
(52.6%) and of 25 TGFc~-positive samples, 10 were 
c-erbB2 positive (40%). Coexpression of EGF-R and 
both its ligands was statistically correlated with poor 
outcome (P < 0.03; log-rank test). 

In the Cox stepwise regression model, pathologic 
stage was the most significant predictor of death from 
bladder cancer (P = 0.002). TGF~ approached statis- 
tical significance (P = 0.09). In this analysis the Cox 
regression model is limited by the small number of 
patients. 

Discussion 

Increased levels of EGF-R have been found in several 
cancer systems. Several groups have reported on the 
expression of this receptor in bladder cancers. In most 
studies the authors have reported good correlations 
between EGF-R expression and tumor stage, histologic 
grade and size, with overexpression most often seen in 
deeply invasive and high-grade bladder cancers [13 15, 
26, 27, 39]. Expression in muscle-invasive tumors has 
been found in up to 100% of cases [20]. EGF-R expres- 
sion has also been found to correlate with higher prolif- 
eration rates in bladder carcinoma [25, 32]. In our 
panel of invasive cancers, there was overexpression of 
EGF-R in most cases, in accordance with previous 
studies. In prognostic studies, the presence of EGF-R in 
non-muscle-invasive tumors has been found to be pre- 
dictive for time of first recurrence and for future pro- 
gression [26]. It has also been associated with cancer 
death, but in these studies no significance was demon- 
strated when the data from patients with muscle-inva- 
sive tumors were analyzed separately [26, 27]. We 
also found no correlation between the expression of 
this receptor and clinical outcome, suggesting that 
EGF-R on its own has no prognostic value for locally 
advanced bladder tumors. The high EGF-R expression 
rate (86%) may explain why this receptor failed to 
demonstrate any prognostic value in this group of 
patients. 

EGF is distributed in various tissues, but it has been 
suggested that the tubular and ductal epithelium of the 
kidney is the primary site of EGF synthesis [13]. There 
are only limited data available on EGF expression in 
bladder cancer and, to our knowledge, there are no 
prognostic data available for EGF expression in inva- 
sive bladder cancers. In our analysis, EGF expression 
could be demonstrated in 45% of invasive bladder 
carcinomas but was not a significant prognostic 
indicator. 

TGF~ has a multiplicity of biological effects on 
a variety of mesenchymal and epithelial cells, alone or 

in combination with other growth factors [5]. Gleave 
et al. [9] have demonstrated that TGFa and basic 
fibroblast growth factor (bFGF) expression can be in- 
duced by both autocrine and paracrine mechanisms in 
a bladder cancer cell line. They also showed the effects 
of TGFc~ can be inhibited by anti-EGF-R antibodies. 
There has been no previous prognostic analysis of 
TGF~ expression in invasive bladder cancers. In our 
series, expression of TGFc~ was seen in 60% of cases 
and correlated significantly with outcome. In the 
multivariate analysis this approached but was not 
independent of stage, however, the number of cases 
studied is too few for firm conclusions to be reached. 
Several recent studies have considered EGF-R and 
its ligands together as potential prognosticators in can- 
cer [36]. If the coexpression of TGF~, EGF and high 
levels of EGF-R are needed to contribute to tumor 
development in vivo, then these events should be co- 
selected in human malignancies. Our study has demon- 
strated that the coexpression of EGF-R and both its 
ligands (TGFc~, EGF) was significantly related to 
a poor prognosis. This correlation is of considerable 
interest since the expression of a receptor has been 
closely linked to the ligand binding (in experiments of 
cellular growth). 

Amplification and overexpression of c-erbB2 has 
been reported in a number of different human tumor 
systems. In bladder tumors, preliminary reports have 
been contradictory. Wood [37] found that DNA am- 
plification occurred infrequently in bladder cancers but 
c-erbB2 mRNA was overexpressed in 36% of tumors. 
This report thus indicates that overexpression of c- 
erbB2 in the absence of gene amplification is the pri- 
mary mechanism in bladder cancer as well. Swanson 
[34] did not find any relationship between c-erbB2 
immunoreactivity and tumor stage (50% in superficial 
and 50% in invasive tumors), clinical outcome or DNA 
content. In contrast, Wright [38] found a weak correla- 
tion between c-erbB2 status and tumor stage and 
Moriyama [22] reported that c-erbB2 was more fre- 
quently expressed in high-grade and high-stage 
tumors. Coombs [2] and Lipponen [16] also indicated 
that there was a relationship between grade and gene 
amplification or immunohistochemical status of the 
protein. The latter study, utilizing paraffin-embedded 
specimens from deep and superficial transitional cell 
carcinoma (TCC), found that moderate and strong ex- 
pression of c-erbB2 was related to a poor prognosis 
[17]. One explanation for the conflicting results is 
perhaps the significant variability in the sensitivity and 
specificity of the antibodies used in different studies 
[29]. 

In this series of predominantly muscle-invasive 
tumors, expression of c-erbB2 was inversely related to 
prognosis m contradiction to previous reports. This 
reverse relationship was also found by Nguyen [27], 
who, similarly to us, studied patients (n = 85) with 
invasive TCC treated by cystectomy. In that report 
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c-erbB2 positivity was seen in 29% of cases (compared 
to 50% in our series). The loss of c-erbB2 expression 
could represent a major change in the cell im- 
munophenotyping that could be linked in part to the 
modifications of the tumor behavior towards aggres- 
siveness. We also noted that when EGF and/or TGF:~ 
were expressed, there was often no expression of 
c-erbB2; this could indicate that downregulation of 
c-erbB2 is caused by EGF and/or TGF~, Marth [18] 
found that TGFc~ and EGF reduced the measurable 
amount of c-erbB2 protein in ovarian and mammary 
cell lines, perhaps because of inducing internalization 
and rapid degradation of c-erbB2 (thus not recognized 
by the antibody). The mechanism for this relationship, 
however, requires further study. In our study there was 
no correlation between expression of the c-erbB2 prod- 
uct and EGF-R, a finding which is consistent with one 
previous report [22]. 

In summary, the accumulation and interactions of 
several growth factors appears to be important for 
the progression of invasive cancer of the urinary 
bladder. These may be attributed to genetic changes 
including activation of oncogenes, inactivation 
and deletion of anti-oncogenes and transcriptional 
regulatory sequences. The altered expression of these 
genes might occur independently, but may be co-se- 
lected for, as a result of the proliferative advantage 
conferred. This study shows that c-erbB2 and the EGF 
system may be involved in the biology of invasive 
bladder cancers. 

Acknowledgements The authors wish to thank Ms. Pam Tabaczka 
for expert technical support and Miss Laura F. Kulesza for excellent 
secretarial assistance. 

References 

1. Bringuier PP, Umbas R, Schaafsma HE, Karthaus HFM, 
Debruyne FMJ, Schalken JA (1993) Decreased E-cadherin im- 
munoreactivity correlates with poor survival in patients with 
bladder tumors. Cancer Res 53:3241 

2. Coombs LM, Oliver S, Sweeney E, Knowles M (1993) 
Immuno-cytochemical localization of c-erbB2 protein in 
transitional cell carcinoma of the urinary bladder. J Pathol 
168:35 

3. Cordon-Cardo C, Wartinger D, Petrylack D, Dalbagni G, Fair 
WF, Fuks Z, Renter VE (1992) Altered expression of retinobas- 
toma protein and known prognostic variables in locally ad- 
vanced bladder cancer. J Natl Cancer Inst 84:1256 

4. DePotter CR, Beghin C, Makar AP, Vandekerchkhove D, Roels 
HJ (1990) The neurooncogene protein as a predictive factor for 
hematogenous metastases in breast cancer patients. Int J Cancer 
45:55 

5. DiMarco E, Pierce JH, Aaronson SA, DiFiore PP (1990) Mech- 
anisms by which EGF receptor and TGF alpha contribute to 
malignant transformation. Nat Imm Cell Reg 9:209 

6. Fradet Y (1990) Biological markers of prognosis in invasive 
bladder cancer. Semin Oncol 17:533 

7. Fukuyama R, Shimizu N (1991) Expression of epidermal growth 
factor (EGF) and the EGF receptor in human tissues. J Exp 
Zool 258:336 

8. Gates RE, King LE, Jr (1985) Different forms of the epidermal 
growth factor receptor kinase have different autophosphoryla- 
tion sites. Biochemistry 24:5209 

9. Gleave ME, Hsieh JT, Wu HC, Hong S J, Zhau HE, Guthrie PD, 
Chung LWK (1993) Epidermal growth factor receptor-mediated 
autocrine and paracrine stimulation of human transitional cell 
carcinoma. Cancer Res 53:5300 

10. Holmes WE, Sliwkowski MX, Akita RW, Henzel W J, Lee J, 
Park JW, Yansura D, Abadi N, Raab H, Lewis GD (1992) 
Identification of heregulin, a specific activator of p185 erbB2. 
Science 256:1205 

11. International Union Against Cancer (1987) TNM classification 
of malignant tumors, 4th edn. Springer, Berlin Heidelberg New 
York 

12. Klijn JG, Berns PM, Schmitz PI, Foekens JA (1992) The clinical 
significance of epidermal growth factor receptor (EGF-R) in 
human breast cancer: A review of 5232 patients. Endocr Rev 
13:3 

13. Lau JLT, Fowler JE, Jr, Ghosh L (1988) Epidermal growth 
factor in the normal and neoplastic kidney and bladder. J Urol 
139:170 

14. Limas C (1991) Relationship of epidermal growth factor recep- 
tor deductibility with the A,B,H blood group antigens: 
Emphasis on normal and neoplastic urothelium. Am J Pathol 
139:131 

15. Limas C, Bair R, Bernhart P (1993) Reddy P proliferation 
activity of normal and neoplastic urothelium and its relation to 
epidermal growth factor and transferrin receptors. J Clin Pathol 
46:810 

16. Lipponen P (1993) Over-expression of p53 nuclear onco- 
protein in transitional-cell bladder cancer and its prognostic 
value. Int J Cancer 53:365 

17. Lipponen P (1993) Expression of c-erbB-2 oncoprotein in 
transitional cell bladder cancer. Eur J Cancer 29A:749 

18. Marth C, Lang T, Cronauer MV, Doppler W, Zeimet AG, 
Bachmair F, Ullrich A, Dazembichler G (1992) Epidermal 
growth factor reduces HER-2 protein level in human ovarian 
carcinoma cells. Int J Cancer 52:311 

19. McCann A, Dervan PA, Johnston PA, Gullick WJ, Carney DN 
(1990) c-erbB-2 oncoprotein expression in primary human 
tumors. Cancer 65:88 

20. Messing EM (1990) Clinical implications of the expression of 
epidermal growth factor receptors in human transitional cell 
carcinoma. Cancer Res 50:2530 

21. Messing EM, Reznikoff CA (1987) Normal and malignant hu- 
man urothelium: In vitro effects of epidermal growth factor. 
Cancer Res 47:2230 

22. Moriyama M, Akiyama T, Yamamoto T, Kawamoto T, Kato T, 
Sato K, Watanuki T, Hikage T, Katzuta N, Mori S (1991) 
Expression of c-erbB-2 gene product in urinary bladder cancer. 
J Urol 145:423 

23. Mostofi FK, Sobin HL, Torlini H (1973) Histologic typing of 
urinary bladder tumors. World Health Organization, Geneva 

24. Neal DE, Mellon K (1992) Epidermal growth factor receptor 
and bladder cancer: a review. Urol Int 48:365 

25. Neal DE, Bennett MK, Hall RR, Marsh C, Abel P, Sainsbury 
JRC (1985) Epidermal growth factor receptors in human blad- 
der cancer: Composition of invasive and superficial tumours. 
Lancet I:366 

26. Neal DE, Sharples L, Smith K, Fennelly J, Hall RR, Harris AL 
(1990) The epidermal growth factor receptor and the prognosis 
of bladder cancer. Cancer 65:1619 

27. Nguyen PL, Swanson PE, Jaszcz W, Aeppli DM, Zhang G, 
Singleton TP, Ward S, Dykoski D, Harvey J, Niehans GA 
(1994) Expression of epidermal growth factor receptor in invas- 
ive transitional cell carcinoma of the urinary bladder: a multi- 
variate survival analysis. Am J Clin Pathol 101:166 

28. Nickell KA, Halper J, Moses HL (1983) Transforming growth 
factors in solid human malignant neoplasms. Cancer Res 
43:1966 



17 

29. Press MF, Hung G, Godolphin W, Slamon DJ (1994) Sensitivity 
of HER-2/neu antibodies in archival tissue samples: Potential 
source of error in immunohistochemical studies of oncogene 
expression. Cancer Res 54:2771 

30. Sainsbury JRC, Malcom AJ, Appleton DR, Farndon JR, Harris 
AL (1985) Presence of EGF-R as an indicator of poor prognosis 
in patients with breast cancer. J Clin Pathol 38:1225 

31. Sato K, Moriyama M, Mori S, Saito M, Watanuki T, Terada K, 
Okuhara E, Akiyama T, Toyoshima K, Yamamoto T, Kato 
T (1992) An immunohistologic evaluation of c-erbB-2 gene 
product in patients with urinary bladder carcinoma. Cancer 
70:2493 

32. Sauter G, Haley J, Chew K, Kerschmann R, Moore D, Carroll 
P, Moch H, Gudat F, Mihatsch MJ (1994) Epidermal growth 
factor receptor expression is associated with rapid tumor prolif- 
eration in bladder cancer. Int J Cancer 57:508 

33. Sherwin SA, Twardzik DR, Bohn WH, Cockley KD, Todaro GJ 
(1983) High molecular weight transforming growth factor activ- 
ity in the urine of patients with disseminated cancer. Cancer Res 
43:403 

34. Swanson PE, Frierson HF, Jr, Wick MR (1992) c-erbB-2 
(HER-2/neu) oncopeptide immunoreactivity in localized high 

grade transitional cell carcinoma of the bladder. Mod Pathol 
5:531 

35. Tribukait B, Gustafson H, Esposti PL (1982) The significance of 
ploidy and proliferation in the clinical and biological evaluation 
of bladder tumors: A study of 100 untreated cases. Br J Urol 
54:130 

36. Visscher DW, Castellani R, Wykes SM, Sarkar FH, Hussain 
ME (1993) Concurrent abnormal expression of ERBB-2, EGFR 
and p53 genes and clinical progression of breast carcinoma. Br 
Cancer Res Treat 28:261 

37. Wood DP, Jr, Wartinger DD, Reuter V, Cordon-Cardo C, Fair 
WR, Chaganti SK (1991) DNA, RNA and immunohistochemi- 
cal characterization of the HER-2/neu oncogene in transitional 
cell carcinoma of the bladder. J UroI 146:1398 

38. Wright C, Mellon K, Johnston P, Lane DP, Harris AL, Home 
CHW, Neal DE (199t) Expression of mutant p53, c-erbB-2 
and the epidermal growth factor receptor in transitional 
cell carcinoma of the human urinary bladder. Br J Cancer 
63:967 

39. Wright C, Mellon K, Neal DE, Johnson P, Corbett IP, Home 
CHW (1990) Expression of c-erbB-2 (neu) protein product in 
bladder cancer. Br J Cancer 62:764 


