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c-erbB-2 expression in different histological types
of invasive breast carcinoma
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Abstract
Sections of 149 breast carcinomas were
examined for the over-expression of
c-erbB-2 oncoprotein using the avidin-
biotin immunoperoxidase technique and
two different specific antibodies. These
included the polyclonal antibody 21N
and the monoclonal antibody 4D5. The
tumours were divided into two main
groups. The first included 75 cases of
invasive ductal and classic invasive
lobular carcinomas. The second group
consisted of 74 cases with histological
types known to have a good prognosis,
including mucinous, alveolar variant of
invasive lobular, medullary, tubular,
cribriform and papillary carcinomas.
Fifteen (20%) tumours of the first group
were positive with the two antibodies.
Fourteen of these were of the ductal type
and one was a mixed invasive ductal and
lobular carcinoma. Ten of the pure
ductal cases had areas of comedo
carcinoma. The intraductal elements in
a further tumour were positively stained
with 21N antibody only. None of the
second group of tumours, which
included histological types known to
have good prognosis, stained with 4D5,
although one mucinous carcinoma was
positively stained with 21N.
These findings suggest that in invasive

breast carcinoma immunostaining for
c-erbB-2 is mainly seen in a subgroup of
ductal tumours, and that almost all
other histological types, especially those
associated with good prognosis, lack this
expression.
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c-erbB-2 (also called HER2 and neu) is a

proto-oncogene which encodes a 185-190
kilodalton glycoprotein molecule that is
closely related in structure to the epidermal
growth factor receptor."A It maps to human
chromosome 17.5 Under experimental con-

ditions, c-erbB-2 becomes a potent oncogene
with transforming activity only when it is
overexpressed in the cells.6 In 1986 the
oncogene was found to be amplified in a small
percentage of adenocarcinomas of various
organs, including breast, but not in other
types of tumours.7
The gene product has been localised to the

cell membrane with extracellular, transmem-
brane, and intracellular domains.' Various
specific antibodies have been raised to the
extra- and intracellular domains. Repeated

studies have shown a good correlation be-
tween the amplification of the c-erbB-2 gene
and positive immunostaining for its protein
product in the cells using these specific
antibodies,8-12 although overexpression of the
protein product can sometimes occur in the
absence of gene amplification." 12

In breast carcinoma between 9-33% of
invasive tumours overexpress the gene
product,891120 and there is strong evidence
that overexpression is associated with
increased tumour aggressiveness.11317 19-25
Most of these studies were carried out mainly
on breast carcinomas of the ductal type. As
there are other less common types of invasive
breast carcinoma, some of which are known to
have a relatively good prognosis,26 27 we inves-
tigated the possibility that such tumours may
have a lower incidence of c-erbB-2 protein
overexpression. The study was carried out
using two specific antibodies, one raised to the
intracellular and the other to the extracellular
domains of the c-erbB-2 gene product.

Methods
Routinely processed paraffiin wax sections of
149 invasive breast carcinomas were studied.
The cases were selected on the basis of their
histological type and were divided into two
groups. The first included 75 cases of invasive
ductal and classic invasive lobular carcinomas.
The second group included 74 cases with
histological types known to have a good
prognosis, including mucinous, medullary,
tubular, cribriform, papillary and the alveolar
variant of invasive lobular carcinoma (table
1).27
Two specific antibodies were used: a poly-

clonal antibody, 21N (kindly supplied by
Dr W J Gullick, ICRF Oncology Group,
Hammersmith Hospital, London), raised to a
synthetic peptide of the predicted sequence of
the intracellular domain of c-erbB-2 gene
product,28 and a monoclonal antibody, 4D5
(Genentech, San Francisco, California, USA),
raised to the extracellular domain of the gene
product.293'
Four sections, each 5 gm thick, were cut

from a representative paraffiin wax embedded
tissue block of each case. Two of these sec-
tions were intended for staining with the
specific antibodies, and two were used as
controls. All sections were incubated over-
night at 37°C. On the following day they were
dewaxed in two changes of xylene for two
minutes each and hydrated in graded alcohols.
Endogenous peroxidase activity was blocked
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Table I c-erbB-2 immunostaining of breast carcinoma according to histological type

Histological type Total No Cases positive Cases positive
(all invasive) of cases with 21N (%) with 4D5 (%)

Ductal 63 14 (22%) 14 (22%)
Lobular, classic 11 0 0
Composite, ductal and lobular 1 1 1
Mucinous 23 1 (4%) 0
Lobular, alveolar variant 22 0 0
Medullary 13 0 0
Tubular 6 0 0
Cribriforr 6 0 0
Papillary 4 0 0
Total 149 16 (11%) 15 (10%)

by 3% hydrogen peroxide in methanol for 30
minutes at room temperature. This was foll-
owed by rinsing three times in 0-iM TRIS-
buffered-saline (TBS), pH 7-6.

Sections intended for staining with the
polyclonal antibody 21N, and their controls,
were incubated with 10% normal swine serum
in TBS. Sections intended for staining with
the monoclonal antibody 4D5, and their con-
trols, were incubated in 10% normal rabbit
serum. After 30 minutes excess serum was
removed and sections were incubated over-
night at 4°C either with the specific primary
antisera, or, for the negative controls, with
TBS.
On the following day sections were rinsed

in TBS and then covered for 30 minutes with
a 1 in 250 solution of the secondary antibodies
in TBS (biotinylated swine anti-rabbit
immunoglobulin for 21N, and biotinylated
rabbit anti-mouse immunoglobulin for 4D5;
both from Dakopatts, England). Sections
were then rinsed three times with TBS and
incubated for 60 minutes in avidin-biotin
complex-horseradish peroxidase (Dakopatts,
England). After rinsing in TBS sections were
incubated with diaminobenzidine (DAB,
Sigma, England) for six minutes and then
counterstained with Harris's haematoxylin,
dehydrated in graded alcohols, and mounted
with Permount.
The results were assessed semiquanti-

tatively according to the percentage of cells
showing membrane staining so that (-)
indicated absence of stained cells, (+)
indicated staining of less than 33% of tumour
cells, (+ +) staining of 33-66% of tumour
cells, and (+ + +) staining of more than 66%
of the cells. Cells showing cytoplasmic stain-
ing only were regarded as negative.32 33

Results
Only 15 tumours stained with both antibodies
(table 1). Of these, 14 were invasive ductal
(22% of all ductal cases examined), 10 ofwhich
had areas ofintraductal comedo elements (fig 1).
The only other positive case was a composite
tumour comprising two distinct zones, one
invasive ductal and the other classic lobular;
both showed strong positive staining (+ + +)
with the two antibodies.

Positive staining with 21N was seen in two
other tumours. These included a moderately
stained (+ +) pure mucinous carcinoma (fig 2)
and the intraductal elements of an invasive

Figure I c-erbB-2 positive invasive ductal carcinoma
(avidin-biotin complex).
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Figure 2 c-erbB-2 (21N) positive pure mucinous
carcinoma (avidin-biotin complex).

Table 2 Comparison of semiquantitatively assessed
staining results of 21N and 4D5 antibodies in invasive
elements of 63 ductal carcinomas

Antibody Total - + + + + + +

21N 63 49 0 1 13
4D5 63 49 2 6 6

ductal tumour. These two tumours did not
stain with 4D5.

All remaining 133 tumours were negative
with the two antibodies. These included all
pure classic and alveolar lobular carcinomas,
22 of the 23 mucinous carcinomas, and all
medullary, tubular, cribriform and papillary
tumours examined (table 1).
Thus the two antibodies gave concordant

results in 147 (98-7%) out of the 149 cases

examined. In a given positive case, however,
21N tended to stain more cells than 4D5 (table
2). On the other hand, cytoplasmic staining,
presumably non-specific, was often seen with
21N, but was not encountered in cases stained
with 4D5.

Discussion
The main finding of this study is the almost
consistent absence of c-erbB-2 immunostaining
in the uncommon histological varieties of
invasive breast carcinoma, which are known to
be associated with better prognosis than the
common invasive ductal variety. This was
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especially so when the monoclonal antibody
4D5, which recognises the extracellular
domain of the oncogene product, was used.
The results obtained with the polyclonal
antibody 21N were similar, except for one case
of mucinous carcinoma which was positive
with this antibody but not with 4D5 (table 1).
The findings provide indirect support for the
existence of an association between positive
c-erbB-2 immunostaining and increased
aggressiveness of invasive tumours. As most of
these special types of breast carcinoma, with
the exception of the medullary type, are also
usually rich in oestrogen receptors,27 34 the
findings are in line with the presence, in general,
of an inverse relation between c-erbB-2 and
oestrogen receptors. 25 39
Almost all cases of invasive lobular carcin-

oma examined, whether classic or alveolar in
type, did not overexpress this oncoprotein. The
only positive lobular elements were seen in a
composite tumour which consisted of separate,
but adjacent, lobular and ductal parts. There
are no published references about the c-erbB-2
expression of the alveolar variant of lobular
carcinoma, but investigators who have
examined cases of the classic variant found
them either all negative,12 17 35 40 or to have
included only an occasional positive case.9 14 39 41
In view of the recently reported absence of the
oncoprotein in lobular carcinoma in SitU40 42 the
findings suggest that overexpression of
c-erbB-2 may not have an important role in
lobular neoplasia. The presence of c-erbB-2
immunostaining in the composite ductal/
lobular tumour examined may indicate that the
pathogenesis ofthe lobular-looking elements in
this case is different from that of pure lobular
tumours.
The only cases that were positively stained

with the two antibodies used in this study were
either purely or partly of ductal type, and most
of these cases also contained intraductal
comedo elements. This is consistent with the
findings of most previous studies and strongly
supports the suggestion that overexpression of
c-erbB-2 oncoprotein in invasive breast carcin-
oma is almost totally restricted to a subset of
ductal tumours with specific morphological
features.9 16 40 42 It also seems that there are only
two specific types ofin situ breast tumour which
frequently overexpress the oncoprotein-
namely, intraductal comedo carcinoma9 39 42 and
Paget's disease of the nipple.4043 It is tempt-
ing to suggest that a common thread may
connect these three lesions, one invasive and
two in situ, together. They are all characterised
by large cell size, and although they may
occasionally occur separately, they are more
commonly seen in a combination of two or
three; and when they do, they almost all
overexpress the c-erbB-2 oncoprotein.43 4 The
neoplastic changes are probably the same and
involve specific cells at specific anatomical sites,
and what determines what type of lesion(s)
develop(s) is the primary site of the target
cell(s) involved in the neoplastic process and its
original directional -proliferation potential.
Our study also shows that there is an

excellent correlation (98-7%) between the

immunostaining results obtained with the two
antibodies used which were raised to different
domains of the oncogene product (intra- and
extra-cellular). The polyclonal antibody raised
to the intracellular domain (21N), however,
tended to stain more cells in a given case,
exclusively stained two (1-4%) extra cases
(table 2), and in some tumours showed cyto-
plasmic staining which is considered to be non-
specific by most authors.

We thank Dr W J Gullick of the ICRF Oncology Group,
Hammersmith Hospital for supplying us with the 21N antibody.
Photography was carried out by Mr Ron Barnett.

This study was presented in the Summer meeting of the
Pathological Society of Great Britain and Ireland which was
held in Nottingham, England, between 10-13 July 1990.
This work is part of Dr Soomro's PhD thesis.
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