
&p.1:Abstract The class I tyrosine kinase growth-factor re-
ceptors include epidermal growth factor receptor (EGFR),
ErbB2 (c-erbB-2, HER-2/neu), ErbB3 and ErbB4. To elu-
cidate their role in the regulation of homeostasis and car-
cinogenesis, we examined the expression of the receptors
in normal urothelium and in urothelial carcinoma by im-
munohistochemistry. EGFR was expressed in the basal
cells of normal urothelium, while ErbB2, ErbB3 and
ErbB4 were present mainly in the superficial layer. A dis-
tinct reciprocal distribution was observed between the
EGFR and the remaining members of the subclass
(P = 0.0001). Both BCL-2 protein and Ki-67 antigen
(MIB-1) showed a strong positive association with EGFR
(P = 0.002) and an inverse correlation with ErbB2, ErbB3
or ErbB4 (P = 0.0004, 0.0000, and 0.001, respectively).
With regard to carcinoma, there was no important rela-
tionship between receptor overexpression and tumour
grading (P > 0.1), while only EGFR overexpression was
correlated with muscular invasion (P = 0.02). Coexpres-
sion of EGFR-ErbB3 and ErbB3-ErbB4 was more often
detected in high-grade tumours and correlated with the
extent of tumour invasion. Our data indicate that class I
receptors are differentially expressed in normal urotheli-
um in vivo, but an orchestrated expression pattern does
not exist during tumorigenesis.
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Introduction

Urothelium consists of a three-layered transitional epithe-
lium lining the urinary tract from the renal pelvis down to
the urethra. Although the cellular turnover in resting state
is low, the regenerative potential of urothelium after inju-
ry is remarkable [22]. Previous studies suggested that
multiple growth factors and their binding receptor pro-
teins are implicated in the regenerative processes [2, 5,
22]. These include insulin-like growth factor, platelet-de-
rived growth factor, transforming growth factor beta, and
fibroblast growth factor-1. Epidermal growth factor
(EGF) is probably the most important, being present at
20 ng/mg creatinine in human urine [5]. There is no in-
formation concerning the heregulin family of growth fac-
tors in the urine, although the transcripts for ErbB3 and
ErbB4 can be detected in human kidney [11, 18].

EGF receptor (EGFR) is the first member of class I
tyrosine kinase receptors. The remaining three subclass
members are ErbB2 (c-erbB-2, HER-2/neu), ErbB3, and
ErbB4 [21]. They share structural homologies, especially
at the intracellular domain, and are normally coexpressed
in various combinations in diverse tissues excluding the
haematopoietic system. EGFR is only expressed in the
basal cells of normal urothelium [14, 28]. ErbB3 is
found mainly on the superficial cells [20]. However,
there are contradictory reports with regard to ErbB2 [7,
12, 19, 28], and information on ErbB4 is lacking. Given
that bladder mucosa is subject to necro-inflammatory re-
actions, an understanding of the topographic distribution
of the receptor proteins in normal urothelium may shed
some light on their role in the homeostasis of cell turn-
over. Expression of EGFR or subclass of receptors may
determine the rate of cell proliferation [5, 22].

The aim of this study was designed to analyse the ex-
pression patterns of class I receptor family in normal
urothelium in vivo, and their correlation with cell growth
rate or bcl-2 gene product (BCL-2) expression. The po-
tential implication of the receptor family in the urothelial
carcinogenesis was then evaluated in transitional cell
carcinoma (TCC).
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Materials and methods

Non-neoplastic urothelium was obtained from 58 patients who un-
derwent surgery with the diagnosis of chronic pyelonephritis
(n = 31), chronic ureteritis (n = 4), kidney laceration (n = 7), ure-
tero-pelvic junction stenosis (n = 12), or duplication of ureter
(n = 4). All samples were formalin-fixed and paraffin-embedded.
There was no history of previous or simultaneous urothelial carci-
noma for the control cases. A total of 56 cases of TCC was exam-
ined for expression patterns of class I receptors. Tumour grade and
clinical staging classification were determined according to the
WHO classification (1973) and the American Joint Committee on
Cancer (1983), respectively.

Serial sections from appropriate tissues were cut and submit-
ted for deparaffinization. Monoclonal anti-ErbB2 and EGFR an-
tibodies (Triton Diagnostics, Alameda, Calif.) were selected on
the basis of their advantage in detecting the gene product in rou-
tinely processed tissue [23]. The immunostaining dilution and
cross-reactivity have been described previously [12]. Monoclo-
nal anti-ErbB3 (RTJ.2) antibody (Santa Cruz Biotechnology,
Santa Cruz, Calif.) was raised against cytoplasmic domain of the
human ErbB3. ErbB4 was studied by using rabbit polyclonal an-
tibody (Santa Cruz Biotechnology) raised against a peptide cor-
responding to amino acids 1291–1308 mapping at the carboxyl
terminus of human ErbB4. Optimal dilution for ErbB3 (1:50)
and ErbB4 (1:20) was determined using colonic mucosa [20]
and human kidney [18] as controls. Monoclonal anti-BCL-2
oncoprotein (Dako, Carpenteria, Calif.) and MIB-1 (Dianova,
Hamburg, Germany) antibodies were used for differentiation and
cell growth rate analyses. The appropriate dilution for MIB-1
was determined as previously described with slight modification
[8], and the BCL-2 was established using human tonsil as con-
trol.

Sections were first washed for 5 min with phosphate-buffered
saline (pH 7.2) and blocked with 0.1 mol/l HCl for 20 min at room
temperature. Then they were covered with 3% normal horse serum
for 15 min. Primary antibodies to EGFR (1:2), ErbB2 (1:10),
BCL-2 (1:40), ErbB3 and ErbB4 were incubated for 2 h at room
temperature. For MIB-1 staining, sections were first treated with
the Antigen Retrieval Citra system (BioGenex, San Ramon, Calif.)
in a microwave oven for 5 min at 750 W. Then sections were
washed three times in a Tris buffer for 3–5 min. The StrAviGen
Super Sensitive MultiLink kit (BioGenex) was used to detect the
resulting immune complex. The procedures of blocking, linkage,
and labelling of binding reaction were carried out as per the in-
structions. The peroxidase activity was visualized by the 3,3’di-
amino-benzidine tetrahydrochloride (Sigma Chemical Co., St.
Louis, Mo.), except that EGFR and MIB-1 were demonstrated by
aminoethyl carbazole substrate kit (Zymed Laboratory, San Fran-
cisco, Calif.). Finally, sections was counterstained with haematox-
ylin.

In evaluation of the expression of receptors, only a membra-
nous reaction was regarded as positive. The MIB-1 index, ex-
pressed as the percentage of positive nuclei among a total of 100
counted cells [8], was scored independently by two pathologists.
To correlate receptor expression more specifically with MIB-1 in-
dex or BCL-2, the assessment was performed for different layers
of urothelium. For TCC, those exhibiting full thickness of immu-
nostaining for class I receptors was defined as positive result [12].
A focal reactivity of tumor cells was classified as “+” and diffuse
immunostaining, as “++”.

Fisher’s exact test was used to analyse the correlation of
class I receptors with BCL-2 expression, tumour grading, stage,
and the interrelationship between subclass members. The associa-
tion of cell proliferation with the expression of receptor family
was examined by Student’s t-test. The correlation of receptor ex-
pression or MIB-1 index, after logarithmic transformation of (1-
MIB-1) for analysis in relation to the compartment of the urothe-
lium, was compared by analysis of variance (ANOVA). Only
those variables with a P-value of 0.05 or lower were considered
significant.

Results

The distribution of class I receptor family in benign uro-
thelium is shown in Table 1. An orchestrated expression
pattern of the class I receptor family was maintained in
normal urothelium. The staining for EGFR was faint and
restricted to the basal cells of urothelium (Fig. 1) in 42
cases (P = 0.0001). ErbB2 protein product was detected
in 56 out of 58 (96.6%) cases of non-neoplastic urotheli-
um, with 41 cases in superficial cells only, and an addi-
tional 15 in intermediate cells (P = 0.0001). The immuno-
staining was rather strong on the basolateral side of cell
membrane (Fig. 2). Expression of ErbB3 was mostly
localized on the superficial cells of urothelium
(P = 0.0001), while in some cases there was full-thick-
ness staining, either focal or patchy in distribution
(Fig. 3). ErbB4 was preferentially expressed on the mem-
brane of superficial cells (P = 0.0001). There was more
cytoplasmic reaction than in other subclass members
(Fig. 4). As shown in Table 1, a distinct reciprocal distri-
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Table 1 Distribution of erbB receptor family and BCL-2 expres-
sion in relation to differentiation of normal urothelium&/tbl.c:&tbl.b:

Factors Layering of urothelium (n=58) P-value

Basal Intermediate Superficial

EGFR 42a 0 0 0.0001
ErbB2 0 15 56 0.0001
ErbB3 7 7 47 0.0001
ErbB4 0 0 39 0.0001
BCL-2 32 14 3 0.0001

a The numbers indicate cases positive for immunostaining&/tbl.b:

Fig. 1 Weak membranous staining of EGFR is present in the bas-
al layer of human urothelium only. Biotin–streptavidin stain/ami-
noethyl carbazole chromogen/Mayer’s haematoxylin, original
magnification ×300&/fig.c:

Fig. 2 ErbB2 immunostaining is revealed at the cell membrane,
especially the basolateral portion, of superficial cells of human
urothelium. Biotin–streptavidin stain/diamino-benzidine chromo-
gen/Mayer’s haematoxylin, original magnification ×300&/fig.c:

Fig. 3 The ErbB3 is distributed throughout the whole layer of
urothelium at the left side, whereas the right half shows predomi-
nant staining on the superficial layer. Biotin–streptavidin stain/di-
amino-benzidine chromogen/Mayer’s haematoxylin, original mag-
nification ×300&/fig.c:

Fig. 4 The ErbB4 is weakly stained on the superficial layer of
urothelium with some cytoplasmic reaction. Biotin–streptavidin
stain/diamino-benzidine chromogen/Mayer’s haematoxylin, origi-
nal magnification ×300&/fig.c:

Fig. 5 The BCL-2 is restricted to the basal layer of urothelium
with strong cytoplasmic reaction. Biotin–streptavidin stain/diami-
no-benzidine chromogen/Mayer’s haematoxylin, original magnifi-
cation ×300)&/fig.c:

Fig. 6 The MIB-1 is predominatly stained on the basal and some
intermediate cells of urothelium. Biotin–streptavidin stain/amino-
ethyl carbazole chromogen/Mayer’s haematoxylin, original magni-
fication ×300&/fig.c:
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bution was observed between EGFR and ErbB2, ErbB3
and ErbB4 (P = 0.0001 respectively); while, among the
ErbB2, ErbB3, or ErbB4, a positive correlation was de-
monstrable between two of them (P = 0.0001).

BCL-2 protein was expressed predominantly in basal
cells of urothelium as seen in Fig. 5 (P = 0.0001). The
relationship between BCL-2 expression and class I re-
ceptors was examined specifically in different layer of
urothelium. There was a positive relationship between
BCL-2 and EGFR and inverse relationships of BCL-2
with ErbB2, ErbB3 or ErbB4 (P = 0.0001).

MIB-1 was more often expressed in the basal, and oc-
casionally in the intermediate, cells of normal urotheli-
um (Fig. 6), with mean values at 2.8%, 1.7% and 0.6%
for basal, intermediate and superficial layers, respective-
ly (Table 2). The MIB-1 index showed a stepwise decre-
ment accompanying cellular differentiation (P = 0.0001
by ANOVA). Pairwise comparisons confirmed a differ-
ence between each two compartments (P < 0.005 respec-

tively). There was a strong, positive association of
growth rate with the expression of EGFR (P = 0.0001),
whereas an overall negative correlation with ErbB2,
ErbB3, or ErbB4 (P = 0.0001, respectively). In addition,
pairwise comparisons revealed a decreased growth rate
in association with ErbB2 expression (P = 0.0004). A
comparable reduction of MIB-1 index was also observed
for ErbB3 and ErbB4 (P = 0.00001 and 0.001, respec-
tively).

On the basis of these findings, the role of class I re-
ceptors in urothelial carcinogenesis was investigated in
56 cases of TCC (Table 3). Basically, receptor expres-
sion did not correlate with histological grading (P > 0.5).
In terms of tumour staging, EGFR was positively corre-
lated with extent of tumour invasion (P = 0.02), as op-
posed to ErbB2, ErbB3, and ErbB4 (P > 0.1).

With regard to coexpression patterns, the interrela-
tionship between subclass member and tumour grading
or stage classification is shown in Tables 4 and 5. For
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Table 2 Correlation of erbB
receptor family expression
with cell growth rate in normal
urothelium (n=58)&/tbl.c:&tbl.b:

erbB Receptors MIB-1 Indexa Overall P-valueb

Basal Intermediate Superficial

EGFR (-) 2.7±4.5 1.8±3.3 0.6±1.3 1.4±2.9 0.002
(n=14) (n=50) (n=50) (n=114)

(+) 2.8±4.8 – – 2.8±4.8
(n=35) (n=0) (n=0) (n=35)

ErbB2 (-) 2.8±4.7 1.5±2.7 0 2.2±4.0 0.0004
(n=49) (n=38) (n=1) (n=88)

(+) – 2.6±4.6 0.6±1.3 1.0±2.4
(n=0) (n=12) (n=49) (n=61)

ErbB3 (-) 3.0±4.8 1.9±3.4 1.1±1.9 2.3±4.0 0.0000
(n=45) (n=45) (n=10) (n=100)

(+) 0.8±1.2 0.2±0.2 0.5±1.1 0.5±1.1
(n=5) (n=5) (n=40) (n=50)

ErbB4 (-) 2.8±4.6 1.8±3.3 0.5±1.1 2.0±3.8 0.001
(n=50) (n=50) (n=14) (n=114)

(+) – – 0.7±1.4 0.7±1.4
(n=0) (n=0) (n=36) (n=36)

Mean 2.8±4.6 1.7±3.3 0.6±1.3 0.0001c

a Mean ± standard deviation
b By Student’s t-test
c ANOVA was used&/tbl.b:

Table 3 Correlation of erbB
receptor family expression with
clinicopathologic properties of
urothelial carcinoma (n=56)&/tbl.c:&tbl.b:

Parameters Tumour grading P value Tumour stage P value

1 2 & 3 Ta-T1 T2-T3 T4

EGFR (-) 6a 37 0.79 25 13 5 0.02
(+) 0 7 0 6 1
(++) 0 6 3 3 0

ErbB2 (-) 6 40 0.70 23 18 5 0.41
(+) 0 7 2 4 1
(++) 0 3 3 0 0

ErbB3 (-) 4 29 1.00 19 10 4 0.24
(+) 2 18 9 9 2
(++) 0 3 0 3 0

ErbB4 (-) 6 44 1.00 25 20 5 0.41
(+) 0 5 3 1 1
(++) 0 1 0 1 0

a The numbers indicate cases
positive for immunostaining&/tbl.b:



high-grade TCCs (grades 2 and 3), EGFR was signifi-
cantly linked to ErbB3 (P = 0.0005), while ErbB3 was
often coupled to ErbB4 (P = 0.001). There was no sub-
stantial correlation with grade 1 TCC (data not shown).
An identical coexpression pattern was also revealed in
muscle-invasive tumours (P = 0.01), except that ErbB3
and ErbB4 was also coexpressed in Ta-T1 tumours
(P = 0.03; data not shown). There was no important rela-
tionship between the expression of subclass member and
occurrence of metastasis (P > 0.3; data not shown).

Discussion

We have demonstrated the appearance of class I recep-
tors in normal urothelium in vivo. Although sequential
expression of the receptor family is difficult to elucidate
by in situ techniques, our correlative data suggest an or-
chestrated expression of class I receptors in normal uro-
thelium. EGFR appears in the basal layer only; ErbB2 is
expressed on the superficial and some of the intermedi-
ate cells; ErbB3 tends to be distributed on the superficial
cells, although some is noted in the whole of the urothe-
lium; and ErbB4 is present predominantly in the superfi-
cial layer. The conclusion that expression of class I re-
ceptors in vivo is associated with cell differentiation
agrees with previous reports with regard to EGFR and
ErbB2 expression in normal human tissues [27–30].

Expression of class I receptors along the sequence of
urothelial regeneration/proliferation can be envisioned as
follows: the immature urothelial cells expressing EGFR
and some ErbB3 have the capacity to proliferate in re-
sponse to mucosal injury. When urothelial cells maturate,
there will be up-regulation of ErbB2, ErbB3 and ErbB4
with down-regulation of EGFR. In support of these obser-
vations, in vitro experiments show evidence of cross-phos-
phorylation of ErbB3 by EGFR [10]; cooperation of
ErbB3 with ErbB2 to provide a high-affinity receptor for
heregulin with tyrosine kinase capability [1, 25], and in-
duction of phenotypic differentiation when specific ligand
interacts with ErbB4 in the absence of activation of ErbB2

[18]. A plausible explanation for the tendency toward par-
tition of the receptors into opposite compartment of hu-
man urothelium seems to act as a counterbalance in tissue
homeostasis. An elaborate model study with a defined ex-
pression system is mandatory to confirm our hypothesis.

Proto-oncogene bcl-2 encodes a 25 kDa protein that
localizes to the mitochondrial membrane, nuclear enve-
lope, and endoplasmic reticulum [24]. Previous studies
have shown that BCL-2 is selectively expressed in the
less differentiated (basal) cells of normal mucosa [24].
Thus, the localization of BCL-2 in immature cells of uro-
thelium is consistent with the current concept of gene ac-
tivity in association with cell differentiation. As a result,
the reciprocal distribution of BCL-2 in relation to ErbB2,
ErbB3 and ErbB4 provides additional proof for a termi-
nally differentiated attribute of these receptors, though a
direct causal relationship between receptor activation
and the activity of bcl-2 is lacking.

Of particular interest is the expression of ErbB2 in
mature cells of urothelium and its association with de-
creased growth rate. This observation is recent [12, 19,
28]. Currently, we have no rationale to relate our obser-
vation to earlier experimental data showing an associa-
tion of ErbB2 with enhanced cell proliferation [6, 9, 13],
and some previous reports indicating a negative expres-
sion of ErbB2 in normal urothelium. However, a study in
renal cell carcinoma found an inverse relationship be-
tween the expression of EGFR and ErbB2 mRNA [30].
Micrometastatic tumour cells overexpressing ErbB2
were found to be in a dormant state of cell growth [16].
The evidence described above appears to imply that ex-
pression of ErbB2 may confer only limited proliferative
capability as suggested in transfection of erbB2 in im-
mortalized human epithelium [17].

Despite the inability to find a specific ligand for
ErbB2, recent studies indicate that receptor dimerization
and cross-phosphorylation may play an important role in
the growth factor signalling cascade [4, 18, 25]. The con-
tradictory biological responses of ErbB2 in previous
studies could thus be partly explained by transregulation
by other subclass members [26]. This interpretation,
however, needs to be verified by a specific gene transfer
experiment.

In contrast, expression patterns of class I receptors in
urothelial carcinoma appears to be more diverse than in
normal urothelium. The finding that overexpression of
EGFR was significantly associated with muscular inva-
sion agrees with earlier reports [15]. In addition, coex-
pression of EGFR and ErbB3 in high grade and/or inva-
sive TCCs is consistent with their interaction observed in
vitro [3, 10, 26], despite of the fact that ErbB3 lacks an
intrinsic tyrosine kinase activity [3]. Although the prefer-
ential localization of ErbB4 in superficial cells supports
its linkage with differentiated property as revealed by in
vitro experiment [18], we have no explanation to account
for the linkage of ErbB4 and ErbB3 with poorly differen-
tiated and/or invasive tumours. To clarify the biological
relevance of coexpression of class I receptors in urothe-
lial carcinoma, an additional study is ongoing.
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Table 4 Correlation of erbB receptor family expression in high
grade (grades 2 and 3) urothelial carcinoma (n=50)&/tbl.c:&tbl.b:

erbB Receptors EGFR ErbB2 ErbB3

ErbB2 0.33
ErbB3 0.0005 0.86
ErbB4 0.12 1.00 0.001

&/tbl.b:

Table 5 Correlation of erbB receptor family expression in muscle-
invasive (stage T2-T3) urothelial carcinoma (n=22)&/tbl.c:&tbl.b:

erbB Receptors EGFR ErbB2 ErbB3

ErbB2 0.20
ErbB3 0.01 0.61
ErbB4 0.16 1.00 0.01

&/tbl.b:
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