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Abstract
HER2/neu 185 kDa is a transmembrane receptor
tyrosine kinase being a part of epidermal growth
factor receptor family. Especially overexpression
was shown in breast cancer and treatment
procedures targeting this protein are in clinical
use. The aim of this study is to show the
overexpression of HER2/neu in bladder TCC
patients by using immunohistochemical methods.
46 TCC and 15 healthy bladder tissues as a control
group were used in the study. Deparafinized tumor
specimens were marked by using monoclonal
antihuman HER2 protein antibody and the protein
was shown by using peroxidase secondary
antibody. Non-staining or membrane staining less
than 10% were classified as 0, while membrane
staining partly more than 10% were 1, poor
complete membrane staining or moderate staining
more than 10% were 2 and complete membrane
strongly staining were classified as 3.
Classification 2 and 3 were evaluated as over
staining of HER2/neu. Overexpression of
HER2/Neu protein were shown in 12/46 (24.5%) of
TCC specimens. Overexpression of HER2/neu
were detected in 2 (12.5%) of Grade 1, 1 (16.6%) of
Grade 2 and 12 (50%) of Grade 3 patients.
Overexpression of HER2/Neu protein were positive
in 5 (17.8%) of 28 superficial (Ta-T1) tumor
specimens and 7 (38.8%) of 18 invasive (T2-T3)
tumor specimens. Overexpression of HER2/neu in
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Grade III tumors were statistically significant when
compared with Grade I and Grade II (p=0.012).
Overexpression of HER2/neu detected in bladder
TCC will be used in clinical setting as a treatment
option targeting this protein as in the breast cancer
in the future.
Keywords: Bladder carcinoma, HER2/neu, protein
overexpression, trastuzumab, immunohistochemistry

Introduction
HER2/neu, a 185 kDa transmembrane receptor
tyrosine kinase, is a member of the epidermal growth
factor receptor (EGFR) family. The Her2 gene is
localized to chromosome 17q and encodes a
glycoprotein with intrinsic tyrosine kinase activity. The
HER2/neu-encoded protein molecule occupies a
critical position in the biochemical pathways
responsible for the transduction of mitogenic signals
from a variety of growth factor receptors. In addition to
its role in regulating normal cellular proliferation,
overexpression of the HER2/neu gene appears to play
a role in neoplastic cell growth.
In breast carcinoma, HER2/neu gene amplification
and receptor protein overexpression are tightly
correlated and have prognostic and therapeutic
implications. Approximately 15% to 25% of all breast
cancers are HER2/neu positive for protein
overexpression or gene amplification, and is
associated with a poor clinical outcome (Slamon et al.,
1989; Slamon et al., 2001). HER2/neu positive
patients benefit from treatment with a monoclonal
antibody to the HER2/neu protein (trastuzumab). This
treatment modality has been shown to improve
survival significantly in patients with metastatic breast
cancer (Slamon et al., 2001)
The incidence of overexpression of HER2/neu in
bladder cancer is one of the highest among all human
malignancies, ranging from 9% to 34% of cancers
tested (Sato et al., 1992; Coombs et al., 1991). Its
prognostic value and correlation with tumor stage and
grade has been variably reported. In transitional cell
carcinoma of the bladder, it was found that HER2 is
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Table 1: Patient characteristics.

Control (n)

15

Man

12
Age (Range, years)

Woman
Age (Range, years)
Patients

28‐81
3
35‐76
46
31

Man
Age (Range, years)

41‐81

Grade I

10

Grade II

4

Grade III

17

Ta‐T1

16

T2‐T3

12

Woman
Age (Range, years)

15
44‐67

Grade I

6

Grade II

2

Grade III

7

Ta‐T1

8

T2‐T3

6

overexpressed with a greater frequency in higher
grades (40%) and stages (38%) than lower grades
(0%) and stages (8%) (Kruger et al., 2002). With
respect to the potential application of HER2/neu to the
treatment of TCC, protein overexpression or gene
amplification may predict the clinical response to
treatment
with
trastuzumab.
Furthermore,
trastuzumab acts synergistically, in breast cancer, with
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agents more commonly used in treatment of TCCs
such as cisplatin, with minimal additional toxic sideeffects, suggesting it may be of value in the treatment
of TCC (Pegram et al., 1999; Burris et al., 2000).
In this study, we examined bladder specimens with
grade 1 to 3 and superficial (Stage Ta ,T1) and invasive
(Stage T2, T3) TCC for the overexpression of the Her2/neu protein.
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Figure 1. HER2/neu immunoreactivity staining scores. Left figure shows negative staining, middle is +1 score staining and right
figure +3 score staining.

Materials and methods
The tissue samples used in this study were obtained
from 15 patients with benign and 46 patients with
malignant bladder tumors. Tumor tissues were
analyzed
for
HER2/neu
expression
by
immunohistochemistry (IHC) using a commercial
monoclonal antibody on 4-µ-thick, formalin fixed,
parafin embedded tissue sections from archival blocks
using standardized avidin-biotin techniques. Briefly,
sections
were
deparaffinized
and
cleared.
Endogenous peroxidase activity was blocked by a 3%
solution of hydrogen peroxide and methanol. Sections
were then hydrated in graded alcohol to distilled water.
Microwave heat-induced (100 ºC) antigen retrieval was
performed in citrate-buffered solution for a total of 4
minutes (twice times 2-minute cycles). Slides were
then cooled to room temperature and placed in a
humidified chamber. A solution of 10% normal horse
serum was applied for 20 minutes. After blotting, the
primary antibody (c-erb B2; Biogenex; 1:50 dilution)
was applied and incubated overnight at 4 ºC. After
rinsing in phosphate-buffered saline (PBS), a horseantimouse biotinylated antibody applied at a dilution of
1:800 and incubated for 60 minutes at room
temperature. Two PBS rinses were followed by 30minute incubation with avidin-biotin complex. Color
development was achieved by application of the
chromagen 3,3´diaminobenzidine tetrahydrocloride
and careful monitoring of staining by direct light
microscopy visualization (generally for 2-3 minutes per
section). The slides were then rinsed thoroughly in
running tap water, counterstained in mayers
hematoxylin, dehydrated, cleared, and coverslipped.
Duplicate sections that were subjected to all phases of

staining except the primary antibody served as
negative controls. Positive controls were paraffin
embedded sections of breast carcinoma that had been
identified as positive for HER2/neu by IHC.
Sections were analyzed with light microscopy by a
single pathologist, and the presence of malignant cells
was confirmed. Sections were scored as positive only
if membrane staining was evident and ranked as 0 (no
staining or <10% staining of tumor cells), 1+ (faint
staining in >10% of cells; however, only partial staining
of the membrane is seen), 2+ (weak-to-moderate,
complete membrane staining in >10% of tumor cells),
or 3+ (strong, complete membrane staining in >10% of
tumor cells) (Figure 1).

Results
Tissue samples were collected from 15 patients with
benign bladder lesions and 46 patients with malignant
bladder tumors. There were 43 males and 18 females,
with a mean age of 65 years (range 28-81 years).
Overall, 12 (24.5%) of the 46 TCC specimens were
positive for HER2/Neu protein overexpression using
IHC (Table 1).
Overexpression of HER2/neu were detected in 2
(12.5%) of the 16 patients (Grade 1), 1 (16.6%) of the
6 patients (Grade 2) and 12 (50%) of the 24 patients
(Grade 3). Overexpression of HER2/Neu protein were
positive in 5 (17.8%) of 28 superficial (Ta-T1) tumor
specimens and 7 (38.8%) of 18 invasive (T2-T3) tumor
specimens (Table 2). Overexpression of HER2/neu in
Grade 3 tumors was statistically significant when
compared with Grade 1 and Grade 2 (p=0.012).
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Table 2. HER-2/neu expression and correlation with tumor parameters.

Grade

HER2/neu overexpression
Grade I (n=16)

2 (12.5%)

Grade II (n= 6)

1 (16.6%)

Grade III (n=24)

12 (50%)

Ta‐T1 (n=28)

5 (17.8%)

T2‐T3 (n=18)

7 (38.8%)

Stage

Discussion
HER-2 gene received attention in the early 1990s, with
several studies aimed at defining its role in bladder
TCC and its capacity as a prognostic indicator. The
prognostic value of HER2 in bladder carcinoma has
not been established; however, the success of
trastuzumab therapy in patients with breast carcinoma
has stimulated interest in exploring the potential of this
therapy for patients with urothelial carcinoma.
Early studies of the expression of HER2 protein in
bladder carcinoma found a correlation between
increased HER2 expression and both higher tumor
stage and grade (Christopher et al., 2004; Gorgoulis et
al., 1995; Moch et al., 1993; Moriyama et al., 1991).
Others suggested that the overexpression of HER2
was an independent variable in determining patient
survival (Sato et al., 1991; Korkolopoulou et al., 1997).
A confounding variable in these studies was that
several different antibodies were used for IHC and that
the criteria for IHC positivity were based on
cytoplasmic and/or membrane staining patterns.
HER2/neu overexpression could be evaluated by
IHC, fluorescence in situ hybridization (FISH), and
serum analysis. The best method to detect HER2/neu
overexpression in urothelial cancer is not known.
Because the greatest clinical benefit is observed in
patients with the highest levels of Her-2/neu
expression, trastuzumab trials in breast cancer often
require eligible patients to have either 3+
overexpression by IHC or 2+ overexpression by IHC
with positive FISH results. However, initial studies
permitted patients with 2+ or 3+ overexpression by
IHC, as we did in this trial (Slamon et al., 2001;
Cobleigh et al., 1999).
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HER2/neu protein overexpression is believed to
arise from a combination of two possible mechanisms.
The first is gene amplification which as several reports
suggests that it is not a common mechanism in
bladder cancer (Coombs et al., 1991; Kruger et al.,
2002). The other mechanism is upregulated
transcription which is possibly reflective of the nature
of the HER2/neu protein (as a growth factor). Higher
levels of transcription factors, even in the absence of
gene amplification result in increased HER2/neu
protein overexpression (Latif et al., 2004).
Using IHC, we found a statistically significant
difference in HER2/neu protein overexpression in
grade 3 TCC compared with grade 1 and 2 and in
invasive TCC (T2 or T3) versus superficial TCC (Ta or
T1), with overexpression more prevalent in the high
grade and invasive specimens. This is consistent with
the findings of several recent reports (Christopher et
al., 2004; Ravery et al., 1997; Jimenez et al., 2001;
Kruger et al., 2002; Gandour-Edwards et al., 2002).
Despite the inconclusive data on the prognostic
value of HER2 as an independent marker of tumor
progression, there may be a therapeutic role for
trastuzumab, the humanized monoclonal antibody
directed against the HER2 surface receptor, in
combination with a taxane in patients with HER2
positive disease. It has been shown previously in
pivotal trials of trastuzumab plus paclitaxel that this
combination is efficacious in patients with metastatic,
HER2 positive breast carcinoma (Slamon et al., 2001).
A multicenter National Cancer Institute-sponsored
study conducted a trial to investigate the safety and
efficacy of trastuzumab, carboplatin, gemcitabine, and
paclitaxel in patients with advanced urothelial
carcinoma. In this study the overall response rate was
70%; myelosuppression and cardiac toxicity were
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high, and in the context of the setting is felt to be
clinically acceptable and consistent with that observed
in breast cancer trials. Determining the true
contribution of trastuzumab requires randomized trials
(Hussain et al., 2007).

Conclusions
Using IHC, the results of our study demonstrated that
overexpression of the HER2/neu protein is present in
human bladder TCC. Moreover, a statistically
significant trend of an increased prevalence of
overexpression in grade 3, invasive bladder TCC
specimens compared with grade 1 and 2, superficial
TCC was observed. Larger studies that include
metastatic TCC specimens for HER2/neu protein
overexpression and gene amplification are necessary
to provide more complete information on HER-2/neu in
bladder TCC. Once these data are obtained, the
appropriateness of clinical trials with trastuzumab can
be ascertained.
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