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Abstract A recent in vitro study has suggested that
overexpression of ERBB2 may mediate breast tumour
progression and metastasis by inhibiting the transcription
of the E-cadherin (E-CD) gene. To test this hypothesis in
human breast cancer in vivo, we studied the relationship
between the expression of both molecules in 247 breast
carcinomas immunohistochemically. Five ductal carcino-
mas in situ overexpressed ERBB2 and showed preserved
E-CD expression. Forty-four of 226 infiltrating ductal
carcinomas (19.47%) showed ERBB2 overexpression,
and a statistically significant relationship was found be-
tween ERBB2 overexpression and high histological
grade. E-CD expression was preserved in 111 cases
(49.1%) and correlated with the histological grade. How-
ever, no significant relationship was found between
ERBB?2 and E-CD expression. None of the 16 infiltrating
lobular carcinomas expressed ERBB2 or E-CD. These
observations in different histological types of breast car-
cinoma strongly argue against a role for ERBB2 as a
transcriptional regulator of E-CD expression in most hu-
man breast carcinomas in vivo.
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Introduction

The human ERBB2 gene (c-erbB-2, HER-2/neu) en-
codes a transmembrane 185-kDa protein, which is a
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member of the type 1 family of receptor tyrosine kinases
[14, 25]. This receptor protein is expressed at low levels
in normal breast tissue, but gene amplification and pro-
tein overexpression occur in 10-40% of breast cancers
and are reported to correlate with poor prognosis [1, 4, 9,
22, 26, 28, 29]. In addition, it has been observed that tu-
mours that overexpress ERBB2 have a lesser response
rate to conventional chemotherapeutic agents [9] and
tomoxifen [10]. Although the activation of the ERBB2
receptor tyrosine kinase appears to play an important
patt in mammary tumour progression and metastasis, the
mechanisms by which ERBB2 promotes these events are
unclear. Recently, it has been shown that the ability of
ERBB2 transfectants of a human mammary epithelial
cell line to undergo morphogenesis in vitro is reduced,
and this phenomenon has been related with decreased
expression of the E-cadherin (E-CD) gene [5]. Based on
this in vitro observation, the authors suggested that
ERBB2 overexpression would mediate tumour progres-
sion and metastasis in human breast carcinoma by inhibi-
tion of E-CD expression [5].

E-CD is a Ca?*-dependent cell-cell adhesion mole-
cule, which usually mediates homophilic and homotypic
intercellular adhesion between epithelial cells [27]. Ob-
servations in experimental and human carcinomas have
suggested that reduced E-CD expression induces dedif-
ferentiation, tumorigenicity and invasiveness in carcino-
ma cells [3, 15, 18, 23]. E-CD is expressed in breast epi-
thelial luminal cells, and a relationship between E-CD
expression and the histological type and/or tumour grade
has been observed in breast carcinomas by ourselves and
others [8, 13, 16, 20, 24]. In addition, Oka et al. have re-
ported an association between reduced E-CD expression
and tumour size and metastasis [20]. These authors also
observed that the expression of epidermal growth factor
receptor, another member of the type 1 family of recep-
tor tyrosine kinases, which is partially homologous with
ERBB2, tended to be positive in tumours with preserved
E-CD [20].

To investigate whether or not ERBB2 overexpression
could mediate breast carcinoma progression via inhibi-
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tion of E-CD expression in vivo, we conducted an immu-
nohistochemical study of the relationship between the
two molecules as regards their expression in a large sam-
ple of breast carcinomas.

Materials and methods

Breast tissue was obtained from 247 patients with operable prima-
ry breast cancer. Neoplastic and nonneoplastic breast tissue sam-
ples were embedded in OCT compound (Miles Laboratory, Naper-
ville, IL.) snap-frozen in liquid nitrogen-cooled isopentane, and
stored at ~70° C. The remaining breast tissue was routinely fixed
in 10% formalin for 24 h and embedded in paraffin. Histological
typing was performed on formalin-fixed and paraffin-embedded
samples. The combined histological grade (I, II, and III) of infil-
trating ductal carcinomas was obtained as described by Elston [7].
Immunostaining for ERBB2 and E-CD was performed by the
avidin-biotin-alkalinc phosphatase method. Immunostaining for
ERBB2 was performed on formalin-fixed paraffin-embedded tis-
sue sections. E-CD expression was studied in cryostat sections as
previously reported [8, 21]. To analyse ERBB2 overexpression the
rabbit anti-human c-erbB-2 oncoprotein polyclonal antibody
(Dako, Glostrup, Denmark) was used. ECCD-2 (a generous gift
from M. Takeichi, Kyoto University, Japan) is a rat monoclonal
antibody against mouse E-CD, which also recognizes human E-
CD I8, 21]. The primary antibodies were applied at dilutions of
1:400 and 1:200, respectively. After washing in Tris-buffer, tissue
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sections were incubated with biotinylated goat anti-rabbit or rabbit
anti-rat immunoglobulins (Dako), and then incubated with strepta-
vidin-alkaline phosphatase complex (Dako). The alkaline phos-
phatase activity was developed using naphtol AS-MX phosphate
as substrate and Fast-Red as the chromogen group (Sigma Chemi-
cal Co., St. Louis, Mo.). The sections were finally counterstained
with Mayer haematoxylin. In negative controls the primary anti-
body against ERBB2 or E-CD was omitted or replaced by an irrel-
evant antibody.

Positive ERBB2 and E-CD expression was only considered to
be present when linear membrane staining was observed. A semi-
quantitative estimation of protein expression based on the staining
intensity and relative abundance of immunoreactive cells was per-
formed independently by two pathologists. The intensity of immu-
nostaining was graded 0 to +3, and the percentage of positive cells
was assessed by counting at least 100 tumour cells in areas of het-
erogeneous expression (O=under 5% of cells positive; 1=5-25%;
2=26-50%; 3=51-75%; 4=76-100%). With these data a compos-
ite score was obtained by adding the values of the immunoreaction
intensity and relative abundance. Preserved E-CD expression was
estimated when the composite score was 6 or 7, as previously re-

Fig. 1A-D Photomicrographs illustrating ERBB2 overexpression
and preserved E-cadherin expression in two breast tumours. A, B
Comedo ductal carcinoma in situ. C, D Grade 1T infiltrating duc-
tal carcinoma. Note strong membrane immunoreactivity in most
cells on immunohistochemical staining with antibodies against
ERBB2 (A, C) and E-cadherin (B, D)




Table 1 Relationships between ERBB2 overexpression and (u-
mour grade and E-cadherin expression in infiltrating ductal breast
carcinoma (n.s. not significant according to Chi-square test)

No. Percentage with p
ERBB2 overexpression

Tumour grade

I 47 10.6

II 82 13.4

m 97 28.8 0.007
E-cadherin
Preserved 111 18.0
Reduced 115 20.8 I.S.

ported [8, 21]. Tumours were considered ERBB2 positive when at
least 25% of the cells showed moderate (+2) or intense (+3) im-
munoreactivity.

The Chi-square test was used to analyse the statistical signifi-
cance of the relationships between ERBB2 and E-CD expression,
and between the expression of each proteins and the histological
grade of infiltrating ductal breast carcinomas.

Results

All 5 ductal carcinomas in situ and 44 out of 226 infil-
trating ductal carcinomas (19.47%) showed ERBB2
overexpression (Fig. 1A, C). In contrast, none of the 16
infiltrating lobular carcinomas expressed ERBB2. In in-
filtrating ductal carcinomas, ERBB2 overexpression was
significantly more frequent in tumours with high histo-
logical grade (Table 1).

Preserved E-CD expression was observed in the 5
ductal carcinomas in situ analysed and in 111 out of 226
infiltrating ductal carcinomas (49.1%) (Fig. 1B, C). Infil-
trating lobular carcinomas did not express E-CD. Table 1
shows that ERBB?2 overexpression correlated significant-
ly with the tumour grade and that among infilirating duc-
tal carcinomas with reduced E-CD expression the per-
centage of tumours with ERBB2 overexpression was
similar to that observed among cases with preserved E-
CD: the relationship between ERBB2 and E-CD expres-
sion was not statistically significant. A statistically sig-
nificant relationship was observed between E-CD ex-
pression and the tumour grade: E-CD expression was
preserved in 65.3%, 57.14% and 35% of the grade 1, II
and II tumours, respectively (Chi-square=14.96%;
P=0.0006). A significant relationship between E-CD and
tumour grade was also observed in the group of 44 duc-
tal breast carcinomas with ERBB2 overexpression. Thus,
E-CD expression was preserved in the 100% (5 out of 5),
45.4% (5 of 11) and 35.7% (10 of 28) of the grade I, II
and III tumours that overexpressed ERBB2 (Chi-
square=7.07; P=0.0291).

Discussion

Our results agree with previous observations which sug-
gest that ERBB2 overexpression may be involved in hu-
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man breast carcinoma progression. Thus, ERBB2 was al-
ways overexpressed in the comedo type of in situ ductal
carcinoma, the subtype of in situ ductal carcinoma that is
largest and has the greatest tendency to local recurrence
[12]. Approximately 20% of infiltrating ductal carcino-
mas (IDC) in this series overexpressed ERBB2, a pro-
portion that is in the range of previously reported fre-
quencies [9, 22]. Moreover, ERBB2 overexpression was
associated with high histological grade, as previously ob-
served in other series [9, 22, 29].

The manner in which the aberrant expression of
ERBB2 promotes malignant progression is still not un-
derstood, although several mechanisms have been pro-
posed. Activation of the ERBB2 kinase results in tyro-
sine phosphorylation and activation of a number of
downstream signalling proteins [17]. It has also been ob-
served that there is a cross-regulation between ERBB2
and oestrogen receptor in vitro, since cells lines that
overexpressed ERBB2 showed a decrease in mRNA
transcript and protein when treated with oestradiol but
treatment with a putative ligand for ERBB2 blocked the
induction of the oestrogen-responsive progesterone re-
ceptor gene [14]. There is some evidence indicating that
ERBB2 overexpression may decrease host ability to
maintain immune surveillance by inhibition of natural-
killer cell activity and by inducing resistance to tumour
necrosis factor [10].

A recent in vitro study has shown that ERBB2 over-
expression down-regulated E-CD gene expression at the
level of transcription in the nontumorigenic human mam-
mary epithelial cell line MTSV1-7. Transfectants ex-
pressing higher ERBB2 copy number showed greater re-
duction in levels of E-CD mRNA and protein. In addi-
tion, it was demonstrated that this effect was related to
the signal generated by the ERBB2 receptor [5]. Since E-
CD down-regulation has been proposed as an important
mechanism for invasion and metastasis in human cancer
[3, 15, 18, 23], this in vitro observation may explain how
ERBB2 overexpression participates in tumour progres-
sion. To test this hypothesis in vivo, we have investigated
the relationship between ERBB2 and E-CD expression in
a large sample of human patients with breast cancer. We
used an immunohistochemical approach, but it has al-
ready been shown that there is a significant correlation
between genomic amplification and ERBB2 oncoprotein
overexpression detected by immunohistochemistry in
breast cancer [11], and between E-CD mRNA and pro-
tein levels in other types of carcinomas [6]. Our observa-
tions on different histological types of human breast car-
cinomas strongly suggest that ERBB2 overexpression
and reduced E-CD expression are usually independent
alterations in human breast cancer. Thus, ERBB?2 over-
expression is a constant finding in large-cell pure come-
do IDC [1}, which in our series also showed preserved E-
CD expression. Moreover, a similar percentage of cases
with preserved and reduced E-CD expression were found
among IDC that overexpressed ERBB2, indicating no
statistically significant association between ERBB2 and
E-CD expression. Finally, infiltrating lobular carcinoma
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is characterized by a complete absence or marked reduc-
tion in the expression of E-CD, and it has been suggested
that this molecular alteration may be responsible for its
typical noncohesive pattern of infiltration [8, 16, 24];
however, ERBB2 overexpression is a very unusual find-
ing in this particular histological type of infiltrating
breast carcinoma [9].

In this series, we confirm our previous observation [8,
21] that there is a strong correlation between E-CD ex-
pression and the histological grade of infiltrating ductal
carcinoma, since a decreased E-CD expression was a fre-
quent finding in grade III tumours. This relationship was
also observed in the group of cases that showed ERBB2
overexpression. In fact, 5 out of 5 grade I tumours with
ERBB2 overexpression had preserved E-CD expression,
suggesting normal functionality of E-CD in this group.
However, it would be of interest to explore the functional
status of E-CD in breast carcinomas with ERBB2 over-
expression further particularly in grade Il tumors with
preserved E-CD expression. It has been shown that tyro-
sine phosphorylation of the E-CD-catenin complex by
v-src gene induces reduced epithelial differentiation and
increased invasiveness in vitro [2], and recent evidence
suggests that activation of ERBB2 mediates clevated
c-src tyrosine kinase activity by direct inferaction be-
tween the two molecules [17]. In addition, Ochiai et al.
(191 have reported an association of the ERBB2 gene
product with -catenin and plakoglobin in gastric cancer
cell lines, indicating that ERBB2 gene product may reg-
ulate the cell adhesion and invasive growth of cancer
through the E-CD-catenin complex.

Our results demonstrate that ERBB2 overexpression
is not associated with down-regulation of E-CD expres-
sion at the transcriptional level in human breast carcino-
ma in vivo. However, we cannot completely exclude the
possibility that ERBB2 overexpression might reduce E-
CD expression in a particular subset of breast carcino-
mas in which both features are present or that ERBB2
modifies the cadherin-mediated cell adhesion system in
some cancer cells through other mechanisms.
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