
&p.1:Abstract Hyperplasia without and with atypia is con-
sidered to be a precursor lesion for certain breast carci-
nomas. The cytogenetic events and the molecular pathol-
ogy involved in the multistep process from normal to in-
vasive carcinoma are unknown. To characterise the se-
quence of early genetic abnormalities of chromosome
17q and their biological consequences in the pathogene-
sis of breast cancer, we performed immunohistochemis-
try on 451 breast tissues including 180 normal breast
specimens, 28 hyperplastic lesions without atypia and 44
with atypia, 100 cases of ductal carcinoma in situ (DCIS)
and 99 cases of invasive ductal carcinoma. We correlated
the overexpression of the c-ErbB-2 protein, the histolog-
ical and the recently proposed differentiation classifica-
tion of DCIS with the extent of DCIS. For fluorescence
in situ hybridisation (FISH) analysis, different probes
spanning the 17q region including the c-erbB-2 gene lo-
cus and those which are found adjacent, were used. Re-
verse painting and comparative genomic hybridisation
(CGH) were performed on several breast cancer cell
lines. c-ErbB-2 overexpression was observed in only
29% of DCIS and 23% of invasive carcinomas, but not in
hyperplastic and normal tissue. c-ErbB-2 overexpression
is correlated with poor differentiation in DCIS but not in
invasive carcinoma. In DCIS, there was no correlation
with the histological subtype classification. The average
extent of DCIS is significantly increased from 13.81 mm
in c-ErbB-2 negative cases to 29.37 mm in c-ErbB-2
positive cases. The increase was considered to be a pos-

sible consequence of the overexpression and is probably
due to the previously described motility enhancing effect
of the c-ErbB-2 protein. The histological and differentia-
tion classification of DCIS did not correlate with the ex-
tent of disease. Using FISH, amplified genes at 17q12,
always including the c-erbB-2 gene, were detected in all
cases of DCIS and invasive carcinoma with c-ErbB-2
overexpression. The centromeric region and the NF1 lo-
cus, which is located between the centromere and c-
erbB-2, were not amplified in any of the DCIS and inva-
sive breast carcinomas, but co-amplification of the my-
eloperoxidase gene was detected in 3/5 DCIS and 1/5 in-
vasive carcinomas with c-ErbB-2 overexpression. In
contrast to c-erbB-2, immunohistochemical overexpres-
sion of their respective gene products was not observed.
FISH, reverse painting and CGH show similar amplified
genes with amplified c-erbB-2 in c-ErbB-2 overexpress-
ing SK-BR-3 and BT474 human breast cancer cells. The
amplified genes are part of two different amplicons. Ex-
tensive modifications of the 17q chromosomal region,
caused by translocation, were also observed in these cell
lines. It is concluded that the modifications of chromo-
some 17q, inducing overexpression of c-ErbB-2 protein,
occur at the level of transition from hyperplasia to DCIS.
They are preserved in invasive carcinoma with overex-
pression of c-ErbB-2 protein. This had led to the hypoth-
esis that these modifications at 17q may lead to a larger
extent of DCIS.
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Introduction

The pathogenesis of breast cancer is considered to be a
multistep process, with hyperplasia with and without
atypia as the initial step, followed by ductal carcinoma in
situ (DCIS) and eventually invasive breast cancer [11,
26]. The precursor lesions represent a good model to
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study the earliest detectable alterations of the human ge-
nome in the onset of breast cancer. Therefore, hyperpla-
sia with and without atypia was thoroughly studied and
compared with DCIS and invasive breast cancer.

We focused our study on changes of chromosome 17q
during the evolution from normal tissue to invasive carci-
noma. The c-erbB-2 (HER-2 or neu) gene is located on
the long arm of chromosome 17 [12], and its protein is
overexpressed in approximately 20% of invasive ductal
carcinomas and in 50% of DCIS [1, 8, 16, 24, 31]. The
c-erbB-2 oncogene is a proto-oncogene, which codes for
a transmembrane protein belonging to the erbB proto-
oncogene family of tyrosine kinase receptors. From the
first reports, linking this protein with poor prognosis and
due to its similarity to epidermal growth factor receptor,
the protein was considered as a receptor for a growth
factor [9, 27]. Several investigations and experiments
supported this view, but the protein was also shown to
play an important role in cell motility and in the spread
of tumour cells during the process of metastasis [4, 5,
36]. The c-ErbB-2 protein is overexpressed in almost all
cases of Paget’s disease of the breast [21], and due to its
motility enhancing effect, it plays a key role in the patho-
genesis of the disease [7].

The aim of this study was to characterise changes of
chromosome 17q early in the multistep process of breast
cancer, these changes being eventually associated with c-
ErbB-2/neu/HER-2 overexpression, and to study their ef-
fect on the biological behaviour and classification of
DCIS by measuring the extent of the disease. There is
evidence that the extent of the lesion is one of the most
important determinants of local recurrence of DCIS after
resection.

For this purpose, immunohistochemical tests were
performed to investigate overexpression of the c-ErbB-2,
myeloperoxidase (MPO) and ErbA proteins, all of which
are coded on 17q. Fluorescence in situ hybridisation
(FISH) with probes for these and other genes located at
17q was carried out on tissue sections from hyperplastic
tissue and from DCIS and invasive ductal carcinoma,
with and without overexpression of the c-ErbB-2 pro-
tein. These results were compared with the results of
FISH, reverse painting and comparative genomic hybrid-
isation (CGH) obtained from two human cell lines de-
rived from invasive breast carcinomas, SK-BR-3 and
BT474, both overexpressing the c-ErbB-2 protein, in or-
der to investigate whether the amplified genes were part
of one or more amplicons. The demonstration of ampl-
icons in routinely processed biopsy specimens is not
possible; only by reverse painting and CGH using cell
lines, these amplicons can be visualised.

Materials and methods

Normal breast tissue (n=180), hyperplasia with (n=44) and with-
out (n=28) atypia, DCIS (n=100) and invasive ductal carcinoma
(n=99) of the breast were selected (Table 1). The 100 cases of
DCIS were not associated with an invasive carcinoma. These pa-
tients had no invasive tumour in the same breast at the time of the

biopsy, nor in the past. The biopsy specimens were fixed in 10%
formalin and embedded in paraffin at 53° C following routine pro-
cedures. In this study, two distinct classifications were used. The
histological classification, as described by Page and Anderson and
by Sloane, discerns five different growth patterns: comedo, cribri-
form, papillary and micropapillary [25, 28]. The second classifica-
tion applied was the differentiation classification, proposed by
Holland et al., which is primarily based on cytonuclear differentia-
tion, but also includes architectural differentiation or cellular po-
larisation [17]. This classification is subdivided into three classes:
well, moderately and poorly differentiated. In the cases of DCIS,
the extent of the lesion was determined in the following way.
Whenever possible, the extent of disease was measured micro-
scopically. In small lesions, the DCIS was completely surrounded
by normal tissue in all slides. When the DCIS was too large to be
incorporated on one slide, the maximal diameter was determined
from combined macroscopical and microscopical data, as previ-
ously described [8]. The intact specimen was measured, oriented
and sliced at 3 mm intervals after specimen radiography, and the
slides were numbered consecutively. The lesion was then recon-
structed by combining the individual positive tissue blocks and the
largest diameter of the lesion estimated, with only completely re-
sected cases of DCIS considered. The assessment of margins in lo-
cal excision specimens was performed using pigment inks [8]. To
calculate the relationship between c-ErbB-2 overexpression and
the extent of disease Student’s t-test was performed.

The stock culture medium used for the maintenance of the SK-
BR-3 cells and the BT474 cells, was Rega 3 minimal essential me-
dium containing non-essential amino acids (Gibco BRL, Gent,
Belgium) supplemented with 10% fetal calf serum, 20 mM Hepes,
14.3 mM sodium bicarbonate, 50 IU penicillin/ml, 50 IU strepto-
mycin/ml and 2 mM L-glutamine (Gibco BRL).

For immunohistochemistry the avidin-biotin complex tech-
nique was applied as follows: 5µm sections from formalin fixed
paraffin embedded tissues were cut and deparaffinised. For the de-
tection of the expression of the c-ErbB-2 protein (Oncogene Sci-
ence, Uniondale, NY), MPO (Dako, Glostrup, Denmark) and the
ErbA protein (Santa Cruz Biotechnology, Santa Cruz, Calif.), the
slides were incubated with the primary antibodies for 1 h at a con-
centration of 1µg/ml in phosphate-buffered saline (PBS) pH 7.6 at
room temperature in a moist chamber. They were then incubated
with biotinylated rabbit-anti-mouse immunoglobulins (Dako;
1:400 in PBS) for 30 min followed by addition of the avidin-
biotin-peroxidase complex (Dako) and the incubation continued
according to the manufacturer’s instructions for 30 min. The chro-
mogen used was 3-amino-9-ethylcarbazole and 0.01% hydrogen
peroxide in acetate buffer pH 5.2 was used as the substrate, the
slides being incubated for 10 min. Between the steps the slides
were washed in PBS. All sections were counterstained with May-
er’s haematoxylin and mounted in Aquatex (Merck, Darmstadt,
Germany). Negative control sections were prepared by omission
of the primary antibody.

In order to investigate the long arm of chromosome 17 by
FISH analysis, probes localising the following genes, starting from
the centromeric region to the telomeric region, were tested: centro-
meric probe (pl7H8) [34], NF1 (neurofibromatosis gene 1; probe
7G4) [33], HER-2/neu (Oncor, Gaithersburg, Md.) erbA (THRA1
Y397F9, GDB 1 d GOO-195-323, NIH Human Genome Center,
University of Michigan), RARA (Oncor), MPO (Oncor) and telo-
meric probe (TEL17; Oncor). MPO is an enzyme found in poly-
morphonucleocytes and is involved in the destruction of microor-
ganisms and debris [23]. NF1, mapped at 17q11.2-12 proximal to
the c-erbB-2-locus [3], is classified as a tumour suppressor gene
[22]. The erbA gene encodes a thyroid hormone receptor [35]. The
RARA gene encodes the retinoic acid receptor alpha and has been
mapped between erbA and MPO [3].

The pl7H8, 7G6 and erbA probes were biotinylated (biotin-16-
dUTP, 0.4 mM, Boehringer Mannheim, Germany) and/or dig-
oxygeninated (digoxygenin-11-dUTP, 0.4 mM, Boehringer Mann-
heim) by standard nick-translation.

Five randomly selected examples of each lesion were subjected
to FISH. Five micrometre sections were deparaffinised according
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to routine procedures and were air-dried after immersion in 96%
ethanol. The slides were pretreated with a solution consisting of a
powder (Oncor) dissolved in 2× saline sodium phosphate ethyl-
enediaminetetracetic acid-buffer (SSPE). They were rinsed with
fresh 2×SSPE and subjected to protein digestion for 45 min with
proteinase K (Merck) at 45° C.

For the digoxygenin labelled probes, the slides were hybridised
with 10µl/2 cm2 tissue digoxigenin labelled probe mix (Oncor),
which was first preheated to 37° C for 5 min. They were then heat-
ed to 90° C for 12 min and further incubated in a moist chamber at
37° C. After post-hybridisation washes, single detection and am-
plification of the digoxigenin modified probes was achieved by
subsequent incubations with mouse-anti-dig (Sigma, St. Louis,
Mo.; 1:500 in 0.5% blocking reagent), sheep-anti-mouse-dig
F(ab′)2 (Boehringer Mannheim; 1:100 in blocking reagent) and
sheep-anti-dig fluorescein isothiocyanate (FITC) F(ab′)2 (Boeh-
ringer Mannheim; 1:100 in blocking reagent), respectively. For the
biotin labelled probes, the slides were hybridised with 10µl/2 cm2

tissue biotin labelled probe mix. The probes were mixed with Cot-
I-DNA (Gibco BRL), sodium acetate and 100% ethanol and put on
ice for 30 min. They were then centrifuged at 14000 rpm at 4° C.
The pellet was dissolved in 50% formamide/12.5% dextransul-
phate/2×SSPE at 37° C for 30 min.

After post-hybridisation washes, single detection and amplifi-
cation of the biotin modified probes was achieved by subsequent
incubations with Neutralite-avidin-FITC (Eurogentec, Liège, Bel-
gium; 1:200 in % non fat dry milk), and biotinylated goat-anti-avi-
din (Vector Laboratories, Brussels, Belgium; 1:200 in 5% non fat
dry milk), respectively. The slides were mounted in antifade solu-
tion and counterstained with 0.5µg/ml propidium iodide. Slides
were observed with a standard epifluorescence microscope
equipped with a 100 W lamp. The SK-BR-3 and BT474 cell lines
were also subjected to FISH analysis, using the probes described
above.

Reverse painting on normal human lymphocyte metaphase
spreads using the DNA of SK-BR-3 cells was done according to
Joos et al. [19], with minor modifications [32]. CGH analysis of
BT474 cells was performed [10, 20] using the ISIS, digital imag-
ing system and CGH software (Metasystems, Heidelberg, Ger-
many).

Results

The results for the breast lesions stained for c-ErbB-2
overexpression are summarised in Table 1. Normal and
hyperplastic tissue with and without atypia all proved to
be negative. Of the 100 cases of DCIS, 29 showed over-
expression for c-ErbB-2 whereas 71 were negative.

The 100 cases of DCIS were categorised into the two
different classifications described above. The results for
both classifications and their correlation with the average
extent of disease of each category are summarised in Ta-
ble 2. The mean diameter of the c-ErbB-2 positive cases
was 29.37 mm and of the c-ErbB-2 negative cases 13.81
mm. There was a significant correlation between c-
ErbB-2 overexpression and the extent of DCIS
(P<0.001). For the histological classification, 24 tumours
were classified as solid, 4 as papillary, 34 as comedo, 17
as micropapillary and 21 as cribriform. There was no
significant correlation between the subtypes of DCIS and
c-ErbB-2 overexpression (P>0.05; data not shown).
There was no significant correlation between the histo-
logical subtype classification and extent of disease
(P>0.05; Table 2). The largest lesions were noted in the
micropapillary subgroup, but they were not significant

because of the high standard deviation. With the differ-
entiation classification, the highest diameter was noted
for the poorly differentiated subgroup and the lowest for
the well differentiated subgroup (Table 2), but this differ-
ence was not significant (P>0.05). However, there was a
significant correlation between the poorly differentiated
subtype and c-ErbB-2 overexpression (P<0.01; data not
shown).

For the invasive carcinomas, 23% overexpressed c-
ErbB-2 (Table 1). Several invasive carcinomas contained
a DCIS component, which always showed the same ex-
pression pattern for c-ErbB-2 protein as its invasive
counterpart. Although poorly differentiated invasive car-
cinomas tended to be more positive for c-ErbB-2 overex-
pression, the difference was not significant (P>0.05; Ta-
ble 3).

MPO and the ErbA-protein were not expressed in
DCIS and in invasive carcinomas. From this series of
cases, five c-ErbB-2 negative and five positive cases of
each lesion were randomly selected for the FISH study.

The chromosomal localisation of the genes investigat-
ed is presented in Fig. 1. The results of the FISH experi-
ments are summarised in Table 4. Normal cells and cells
from hyperplastic lesions showed only 1 or 2 fluorescent
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Table 1 c-ErbB-2 overexpression in breast tissues (DCIS ductal
carcinoma in situ, + only a staining pattern on the cytoplasmic
membrane is considered positive, − no staining pattern on the cy-
toplasmic membrane)&/tbl.c:&tbl.b:

Lesion (number of cases) Results

+ −

DCIS (100) 29 71
Invasive ductal carcinoma (99) 23 76
Normal tissue (180) 0 180
Hyperplasia without atypia (28) 0 28
Hyperplasia with atypia (44) 0 44

&/tbl.b:
Table 2 c-ErbB-2 overexpression, histological classification, dif-
ferentiation classification and extent of disease for DCIS&/tbl.c:&tbl.b:

Feature Mean diameter standard number
(mm) deviation of cases

c-erbB-2 overexpression*
Present 29.37 6.52 29
Absent 13.81 2.36 71

Histological classification**
Solid 10.77 3.30 24
Papillary 11.00 6.45 4
Comedo 22.89 5.97 34
Micropapillary 26.01 8.42 17
Cribriform 14.74 4.14 21
Total 18.32 16.29 100

Differentiation classification**
Poorly 21.63 4.11 47
Intermediate 16.12 3.69 41
Well 12.86 4.97 12

* P<0.001
** P>0.05&/tbl.b:



spots (Fig. 2A), whereas cells with multiple bright spots
were considered to contain amplified sequences. Ampli-
fied genes were usually seen as two or more clusters in
the nucleus, each cluster containing 10–20 spots (Fig.
2B). However, tumour cells contained 3 or 4 isolated
spots in rare cases. This was not considered as amplifica-
tion but could be due to aneuploidy.

No amplification was observed in the nuclei of DCIS
and of the invasive carcinoma after hybridisation with
the p17H8 centromere specific and NF1 probes.

In all cases with overexpression of c-ErbB-2, amplifi-
cation of the c-erbB-2 gene took place. All cases without
overexpression of the c-ErbB-2 protein showed only 1 or
2 spots, as did the normal epithelial and mesenchymal
cells. In one c-ErbB-2 overexpressing invasive carcino-
ma (case number 13) and in the SK-BR-3 and BT474
cell lines, we detected co-amplification of the c-erbB-2
gene with the erbA gene.

In three of five cases of DCIS with overexpression of
c-ErbB-2, amplification of the MPO gene was also de-
tected. None of the DCIS cases without c-ErbB-2 over-
expression showed amplification of the MPO gene. For
the invasive carcinomas, there was amplification for
MPO as well as for RARA in one c-ErbB-2 overexpress-
ing case (number 15). Both genes were amplified in most
but not all tumour cells. The invasive carcinomas without
overexpression of c-ErbB-2 protein never showed any
amplification of the MPO gene. In the interphase nuclei
of BT474 cells, the RARA and MPO genes co-amplified
with c-erbB-2.

In three cases of DCIS, the specific telomeric region
detected by TEL17 probe was shown to be amplified.
One case also showed overexpression of c-ErbB-2, the
two others were negative. All other cases of DCIS and of
invasive carcinoma failed to show amplification.

The FISH analysis performed on metaphase chromo-
somes of BT474 and SK-BR-3 cells gave multiple bright
spots on chromosome 17 after hybridisation for the c-
erbB-2 gene as a consequence of amplification. Howev-
er, the amplified sequences were also spread over several
other chromosomes (Fig. 3). This is attributed to translo-
cations of particular parts of chromosome 17q. Similar
amplification patterns were observed for erbA in SK-
BR-3 cells and for erbA, RARA and MPO in BT474
cells. The other genes were not amplified. Double
minute chromosomes were not observed.

In summary, our results show translocation in both
cell lines and amplification in the cell lines and biopsies,

of a series of genes located on 17q (Table 2). The ampli-
fied genes of 17q12 always including c-erbB-2, are high-
ly correlated with c-ErbB-2 overexpression and are al-
ready present in DCIS but not in hyperplasia. The ampli-
fication of the RARA and erbA genes is rare. Similar re-
sults were obtained in invasive carcinomas.

Reverse painting with SK-BR-3 DNA revealed two
distinct amplified regions on 17q (Fig. 4). The amplified
region starting at 17q12 corresponds with the amplifica-
tion pattern of the c-erbB-2 and erbA genes as visualised
by FISH analysis on metaphase spreads. The second am-
plified region at 17q might correspond with the amplifi-
cation of a series of genes located between the non-am-
plified MPO gene and the telomere.

CGH analysis of BT474 cells showed amplification of
two regions on 17q (17q12 and 17q22–q24) on individu-
al ratio profiles. The averaged profile of 16 metaphases
showed only one large amplified region of 17q (Fig. 5).
Again, the amplified regions correspond with the ampli-
fication pattern of the different genes on chromosome
17q as visualised by FISH analysis on metaphase spreads
of BT474 cells. The first amplified region corresponds
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Table 3 c-ErbB-2 overexpression invasive ductal carcinoma
(P>0.05)&/tbl.c:&tbl.b:

Grading Results

+ −

Well differentiated 0 4
Moderately differentiated 5 29
Poorly differentiated 18 43

&/tbl.b:

Table 4 Results of the various breast lesions investigated for am-
plification of genes as the long arm of the chromosome 17. The
order of the genes is from centromere to telomere (− no amplifica-
tion, + amplification, +/− amplification in some but not all tumour
cells, CEN17centromeric region, NF1 neurofibromatosis gene, c-
erbB-2HER-2 or neugene, erbATHRA gene, MPO myeloperoxi-
dase gene, RARAretinoic acid receptor α gene, TEL17 telomeric
region)&/tbl.c:&tbl.b:

CEN17 NF1 c-erbB-2 erbA RARA MPO TEL17

DCIS/with c-ErbB-2 overexpression
1 − − + − − − +
2 − − + − − + −
3 − − + − − − −
4 − − + − − + −
5 − − + − − + −

DCIS/no c-ErbB-2 overexpression
6 − − − − − − −
7 − − − − − − −
8 − − − − − − +
9 − − − − − − −

10 − − − − − − +

Invasive ductal carcinoma/with c-ErbB-2 overexpression
11 − − + − − − −
12 − − + − − − −
13 − − + + − − −
14 − − + − − − −
15 − − + − +/− +/− −

Invasive ductal carcinoma/no c-ErbB-2 overexpression
16 − − − − − − −
17 − − − − − − −
18 − − − − − − −
19 − − − − − − −
20 − − − − − − −

Human breast cancer cell lines
BT474 − − + + + + −
SK-BR-3 − − + + − − −

&/tbl.b:



with the amplification of c-erbB-2 and erbA. The second
amplicon is located more distally and encompasses the
MPO gene.

Discussion

This study describes a sequence of changes at the chro-
mosomal level in the development of breast cancer from
normal tissue. The long arm of the chromosome 17 does
not show any particular amplification of the genes inves-
tigated in normal tissues and in hyperplasia with and
without atypia. However, at the level of transition to
DCIS, amplifications at 17q take place. These amplifica-
tions, which include the c-erbB-2 gene, are always asso-
ciated with overexpression of its protein but not of the
co-amplified genes. Reverse painting and CGH studies
on SK-BR-3 and BT474 cells show that the amplified
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Fig. 1 Chromosomal localisation of the genes on chromosome 17
investigated by fluorescence in situ hybridisation (FISH)&/fig.c:

Fig. 2A Interphase nuclei after FISH with an MPO probe: 2 sin-
gle spots per nucleus are visible (arrowhead). There is no amplifi-
cation. B Interphase nuclei after FISH with HER2/neuprobe on a
c-ErbB-2 overexpressing ductal carcinoma in situ (DCIS) showing
amplification of c-erbB-2 (arrowhead) &/fig.c:

Fig. 3A, B Metaphase spreads from BT474 cells (A) and SK-BR-
3 cells (B) hybridised with HER-2/neu probe, showing multiple
bright spots representing amplified and non-amplified translocated
and non-translocated c-erbB-2 gene copies on different chromo-
somes&/fig.c:

Fig. 4 Reverse painting with DNA from SK-BR-3 cells on normal
human lymphocytes showing two distinct amplified regions on
17q (arrowheads) &/fig.c:



genes are part of large amplicons located on chromo-
some 17q. From the FISH study on metaphase spreads of
both cell lines, it can be concluded that these amplicons
are accompanied by complex translocations of the ampli-
fied regions to other chromosomes. The first of these
amplicons starts in the region between 17q11 and 17q12
and always contains c-erbB-2. In BT474 cells, a second
amplicon is located distal to c-erbB-2 containing co-am-
plified MPO.

The amplification at the transition level to DCIS is
not sufficient to explain c-ErbB-2 overexpression. Not
all amplified genes on chromosome 17q are overex-
pressed; MPO and erbA are not. Other investigations
have been unable to detect overexpression of ErbA and
Int-2 in breast carcinoma with amplification of these
genes [29, 30]. Therefore, other mechanisms than ampli-
fication may be involved, such as specific transcription
factors which enhance the transcription of the c-erbB-2
gene [2, 13, 18]. Even these cannot fully explain why
overexpression of c-ErbB-2 is usually correlated with
amplification and the possibility exists that one or a few
translocated c-erbB-2 genes might have been rearranged
with overexpression of c-ErbB-2 as a result. This hy-
pothesis needs further investigation.

The immunohistochemical investigation also shows
that overexpression of c-ErbB-2 is specific for malignant
lesions in the breast and confirms previous results on a
large series of patients [6, 14, 17]. The overexpression
does not occur in the cases of hyperplasia studied here.
From a clinical point of view, the “17q translocation –
17q amplification – c-ErbB-2 overexpression” sequence

may lead to an extension of DCIS and subdivision of this
lesion into two relevant subgroups: DCIS with overex-
pressed c-ErbB-2, usually with a large diameter, and
DCIS without overexpression, usually with a smaller di-
ameter. When related to recent publications on the motil-
ity function of c-ErbB-2 and its role in cell movement,
the increased diameter of c-ErbB-2 overexpressing DCIS
can be regarded as a consequence of the enhanced motil-
ity of c-ErbB-2 overexpressing carcinoma cells [4, 5, 8].
Increased spread of carcinoma cells throughout the
ducts, leading to more extensive disease, would be the
result of this increased motility of c-ErbB-2 overexpress-
ing tumour cells and might be regarded as an unfavour-
able factor in considering breast conserving therapy [8].

This study also shows that no significant relationship
exists between any specific histological subtype of DCIS
and c-ErbB-2, although comedo type DCIS tends to be
more positive and the solid DCIS usually tends to be
negative [8]. Neither the histological classification nor
the classification based on differentiation, proposed by
Holland et al. [17], correlates with the extent of disease.
c-ErbB-2 overexpression alone is correlated significantly
with the variable extent of disease. It is reasonable to
consider whether new classifications for DCIS should
not contain c-ErbB-2 overexpression as an objective cri-
terion in predicting recurrence of disease.

In conclusion, this study shows a sequence of altera-
tions at chromosome 17q, these being translocation and
amplification which then result in c-ErbB-2 overexpres-
sion. These early chromosomal aberrations in the patho-
genesis of breast cancer occur at the transition level to
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Fig. 5 Comparative genomic
hybridisation profile of BT474
cells with high level copy-num-
ber increases of chromosomal
subregions at 17q and 20q. The
number of investigated chro-
mosomes is indicated for each
particular chromosome&/fig.c:



DCIS. They lead to a particular subtype of DCIS with
overexpression of c-ErbB-2 which has a larger diameter
compared with its c-ErbB-2 negative counterpart. The
chromosomal alterations are preserved in invasive carci-
nomas with overexpression of c-ErbB-2. The involve-
ment of these 17q modifications in the pathogenesis of
breast cancer is schematically represented by Fig. 6.

&p.2:Acknowledgements N.V.R. and F.S. are supported by “Centrum
voor Studie en Behandeling van Gezwelziekten” and by “Verenig-
ing voor Kankerbestrijding”. E.D.C. receives from “Intern On-
derzoeksfonds” of the University of Ghent. R.W. is “chercheur
qualifiée of FNRS”, M.G. is a recipient of a Télévie grant from the
FNRS.

References

1. Bartkova J, Barnes DM, Millis RR, Gullick WJ (1990) Immu-
nohistochemical demonstration of c-erbB-2 protein in mam-
mary ductal carcinoma in situ. Hum Pathol 21:1164–1167

2. Bosher JM, Williams T, Hurst HC (1995) The developmental-
ly regulated transcription factor AP-2 is involved in c-erbB-2
overexpression in human mammary carcinoma. Proc Natl
Acad Sci USA 92:744–747

3. Cuticchia AJ, Pearson PL (eds) (1993) Human gene mapping
(a compendium). Johns Hopkins University Press, Baltimore

4. De Corte V, De Potter C, Vandenberghe D, Van Laerebeke,
Azam M, Roels H, Mareel M, Vanderkerckhove J (1994) A
50-kDa protein present in conditioned medium of COLO-16
cells stimulates cell spreading and motility and activates tyro-
sine phosphorylation of Neu/Her-2 in human SK-BR-3 mam-
mary cancer cells. J Cell Sci 107:405–416

5. De Potter CR, Schelfhout AM (1995) The neu-protein and
breast cancer. Virchows Arch 426:107–115

6. De Potter CR, Quatacker J, Maertens G, Van daele S, Pauwels
C, Verhofstede C, Eechaute W, Roels H (1989) The subcellu-
lar localization of the neu protein in human normal and neo-
plastic cells. Int J Cancer 44:969–974

7. De Potter CR, Eeckhout I, Geerts ML, Schelfhout AM, Roels
H (1994) Keratinocyte induced chemotaxis in the pathogenesis
of Paget’s disease of the breast. Histopathology 24:349–356

8. De Potter CR, Schelfhout AM, Verbeeck P, Lakhani SR,
Brünken R, Schroeter CA, Van den Tweel JG, Schauer AJ,
Sloane JP (1995) Neu-overexpression correlates with extent of
disease in large cell ductal carcinoma in situ of the breast.
Hum Pathol 26:601–606

9. Di Fiore PP, Pierce JH, Kraus MH, Segatto O, King CR, Aar-
onson SA (1987) ErbB-2 is a potent oncogene when overex-
pressed in NIH/3TH cells. Science 237:178–182

10. Du Manoir S, Speicher MR, Joos S, Schröck E, Popp S,
Döhner H, Kovacs G, Robert-Nicoud R, Lichter P, Cremer T
(1993) Detection of complete and partial chromosome gains
and losses by comparative genomic in situ hybridization. Hum
Genet 90:590–610

11. Dupont WD, Page DL (1985) Risk factors for breast in women
with proliferative breast disease. N Engl J Med 312:146–151

12. Fukushige SI, Matsubara KI, Yoshida M, Sasaki M, Suzuki T,
Semba K, Toyshima K, Yamamoto T (1986) Localization of a
novel v-erbB-related gene, c-erbB-2, on human chromosome
17 and its amplification in a gastric cancer cell line. Mol Cell
Biol 6:955–959

13. Grooteclaes M, Pasleau F, Dijkmans H, Berzi P, Albert A,
Winkler-Gol R (1994) The 6-kilobase c-erbB-2 promotor con-
tains positive and negative regulatory elements functional in
human mammary cell lines. Cancer Res 54:4193–4199

14. Gullick WJ, Berger MS, Bennett PLP, Rothbart JB, Waterfield
MD (1987) Expression of the c-erbB-2 protein in normal and
transformed cells. Int J Cancer 40:246–254

15. Gusterson BA, Machin LG, Gullick WJ, Gibbs NM, Powles
TJ, Price P, McKinna A, Harrison S (1988) Immunohisto-
chemical distribution of c-erbB-2 in infiltrating and in situ
breast cancer. Int J Cancer 42:842–845

16. Gusterson BA, Machin LG, Gullick WJ, Gibbs NM, Powles
TJ, Elliott C, Ashley S, Monaghan P, Harrison S (1988) c-
erbB-2 expression in benign and malignant breast disease. Br J
Cancer 58:453–457

17. Holland R, Peterse JL, Rosemary RM, Eusebi V, Faverly D,
van de Vijver M, Zafrani B (1994) Ductal carcinoma in situ: A
proposal for a new classification. Semin Diagn Pathol
11:167–180

18. Hollywood DP, Hurst HC (1993) A novel transcription factor,
OB2-1, is required for overexpression of the proto-oncogene
c-erbB-2 in mammary tumour lines. EMBO J 12:2369–2375

19. Joos S, Scherthan H, Speicher MR, Schlegel J, Cremer T,
Lichter P (1993) Detection of amplified DNA sequences by re-
verse chromosome painting using genomic tumour DNA as
probe. Hum Genet 90:584–589

20. Kallioniemi A, Kallioniemi OP, Piper J, Taner M, Stokke T,
Chen L, Smith HS, Pinkel D, Gray JW, Waldman FM (1994)
Detection and mapping of amplified DNA sequences in breast
cancer by comparative genomic hybridization. Proc Natl Acad
Sci USA 91:2156–2160

21. Lammie GA, Barnes DM, Milliss RR, Gullick WJ (1989) An
immunohistochemical study of the presence of c-erbB-2 pro-
tein in Paget’s disease of the nipple. Histopathology
15:505–514

371

Fig. 6 Schematic representa-
tion of the sequence of events
on chromosome 17q in the
pathogenesis of breast cancer
involving translocation, ampli-
fication and c-ErbB-2 overex-
pression. The average diameter
is indicated for DCIS. − no c-
ErbB-2 overexpression, + c-
erbB-2 overexpression&/fig.c:



22. Levine AJ (1993) The tumor suppressor genes. Annu Rev Bio-
chem 62:623–651

23. Matheson NR, Wong PS, Travis J (1981) Isolation and proper-
ties of human neutrophil myeloperoxidase. Biochemistry
20:325–330

24. Murphy DS, McHardy P, Coutts J, Mallon EA, George WD,
Kaye SB, Brown R, Keith WN (1995) Interphase cytogenetic
analysis of erbB2 and topo I-alpha co-amplification in invasive
breast cancer and polysomy of chromosome 17 in ductal carci-
noma in situ. Int J Cancer 64:18–26

25. Page DL, Rogers LW (1987) Carcinoma in situ (CIS). In: Page
DL, Anderson TJ (eds) Diagnostic histopathology of the
breast. Churchill Livingstone, New York, pp 157-192

26. Page DL, Dupont WD, Rogers LW, Landenberger M (1982)
Intraductal carcinoma of breast: follow-up after biopsy only.
Cancer 49:751–758

27. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A,
McGuire WL (1987) Human breast cancer: correlation of re-
lapse and survival with amplification of the HER2/neu onco-
gene. Science 235:177–181

28. Sloane JP (1985) Intraductal hyperplasia and neoplasia. In:
Sloane JP (ed) Biopsy pathology of the breast. Chapman and
Hall Medical, New York, pp 111–123

29. Tsuda H, Hirohashi S, Shimosato Y, Hirota T, Tsugane S,
Yamamoto H, Miyajima N, Toyshima K, Yamamoto T, Yokota
J, Yoshida T, Sakamoto H, Terada M, Sugimura T (1989) Cor-
relation between long-term survival in breast cancer patients
and amplification of two putative oncogene-coamplification
units: hst-1/int-2 and c-erbB-2/ear-1. Cancer Res 49:3104–
3108

30. Van de Vijver, Van de Bersselaar R, Devilee P, Cornelisse C,
Peterse J, Nusse R (1987) Amplification of the neu(c-erbB-2)
oncogene in human mammary tumors is relatively frequent
and is often accompanied by amplification of the linked c-
erbA oncogene. Mol Cell Biol 7:2019–2023

31. Van de Vijver MJ, Peterse JL, Mooi WJ, Wisman P, Lomans J,
Dalesio O, Nusse R (1988) Neu protein overexpression in
breast cancer. Association with comedo type ductal carcinoma
in situ and limited prognostic value in stage II breast cancer. N
Engl J Med 319:1239–1245

32. Van Roy N, Forus A, Myklebost O, Cheng NC, Versteeg R,
Speleman F (1995) Identification of two distinct chromosome
12 derived amplification units in neuroblastoma cell line MGP.
Cancer Genet Cytogenet 82:151–154

33. Watkins WS, O’Connell P, Stevens J, Culver M, Ewart A,
Jorde LB (1991) A Bg/II RFLP near the human neurofibroma-
tosis type 1 gene. Nucleic Acids Res 19:6662

34. Waye JS, Willard HF (1986) Molecular analysis of a deletion
polymorphism in alpha satelite of human chromosome 17: evi-
dence for homologous unequal crossingover and subsequent
fixation. Nucleic Acids Res 14:6915–6927

35. Weinberger C, Thompson CC, Ong ES, Lebo R, Gruol DJ,
Evans RM (1986) The c-erb-A gene encodes a thyroid hor-
mone receptor. Nature 324:641–646

36. Yu D, Hung MC (1991) Expression of activated rat neuonco-
gene is sufficient to induce experimental metastasis in 3T3
cells. Oncogene 6:1991–1996

372


