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Abstract Hyperplasia without and with atypia is consible consequence of the overexpression and is probably
sidered to be a precursor lesion for certain breast catkie to the previously described motility enhancing effect
nomas. The cytogenetic events and the molecular patludlthe cErbB-2 protein. The histological and differentia-
ogy involved in the multistep process from normal to ition classification of DCIS did not correlate with the ex-
vasive carcinoma are unknown. To characterise the ws# of disease. Using FISH, amplified genes at 17q12,
guence of early genetic abnormalities of chromosorakvays including the erbB-2 gene, were detected in all
179 and their biological consequences in the pathogeoagses of DCIS and invasive carcinoma witlrbB-2

sis of breast cancer, we performed immunohistochenserexpression. The centromeric region and the NF1 lo-
try on 451 breast tissues including 180 normal breasis, which is located between the centromere and c-
specimens, 28 hyperplastic lesions without atypia andet#B-2, were not amplified in any of the DCIS and inva-
with atypia, 100 cases of ductal carcinoma in situ (DCISiye breast carcinomas, but co-amplification of the my-
and 99 cases of invasive ductal carcinoma. We correlagdaperoxidase gene was detected in 3/5 DCIS and 1/5 in-
the overexpression of thekrbB-2 protein, the histolog- vasive carcinomas with EfbB-2 overexpression. In
ical and the recently proposed differentiation classificeentrast to erbB-2, immunohistochemical overexpres-
tion of DCIS with the extent of DCIS. For fluorescencgion of their respective gene products was not observed.
in situ hybridisation (FISH) analysis, different probesISH, reverse painting and CGH show similar amplified
spanning the 17q region including themB-2 gene lo- genes with amplified erbB-2 in cErbB-2 overexpress-
cus and those which are found adjacent, were used. iRg-SK-BR-3 and BT474 human breast cancer cells. The
verse painting and comparative genomic hybridisatiamplified genes are part of two different amplicons. Ex-
(CGH) were performed on several breast cancer delhsive modifications of the 17g chromosomal region,
lines. cErbB-2 overexpression was observed in onlgaused by translocation, were also observed in these cell
29% of DCIS and 23% of invasive carcinomas, but notlines. It is concluded that the modifications of chromo-
hyperplastic and normal tissueEcbB-2 overexpression some 17, inducing overexpression dimbB-2 protein,

is correlated with poor differentiation in DCIS but not inccur at the level of transition from hyperplasia to DCIS.
invasive carcinoma. In DCIS, there was no correlatidimey are preserved in invasive carcinoma with overex-
with the histological subtype classification. The averageession of d=rbB-2 protein. This had led to the hypoth-
extent of DCIS is significantly increased from 13.81 mesis that these modifications at 17q may lead to a larger
in c-ErbB-2 negative cases to 29.37 mm irEdB-2 extent of DCIS.

positive cases. The increase was considered to be a pos-
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study the earliest detectable alterations of the human %’epsy, nor in the past. The biopsy specimens were fixed in 10%

nome |n the Onset Of breast cancer. Therefore hyper alin and embedded in paraffin at53°C f0||0Wing I’OUtine prO-
! dures. In this study, two distinct classifications were used. The

sia with and_ without atyp[a was thoroughly studied al’Ii%tological classification, as described by Page and Anderson and
compared with DCIS and invasive breast cancer. by Sloane, discerns five different growth patterns: comedo, cribri-
We focused our study on changes of chromosome ZXattn, papillary and micropapillary [25, 28]. The second classifica-

during the evolution from normal tissue to invasive carék'if"?I a%p”tedl was trr]“? dif_fere'?lﬂatt)ion g'assmfa“o”lf pr%Pf?SGd t_by

_ _ H ollana et al., wnich Is primarily based on cytonuciear dirferentia-
noma. The @rbB-2 (HER-2 orney gene is I.Ocamd O.ntion, but also includes architectural differentiation or cellular po-
the long arm of chromosome 17 [12], and its protein i§isation [17]. This classification is subdivided into three classes:
overexpressed in approximately 20% of invasive duciall, moderately and poorly differentiated. In the cases of DCIS,
carcinomas and in 50% of DCIS [1, 8, 16, 24, 31]. Tliee extent of the lesion was determined in the following way.

c-erbB-2 oncogene is a proto-oncogene, which codes Wpenever possible, the extent of disease was measured micro-
! scopically. In small lesions, the DCIS was completely surrounded

a transmembrane protein belonging to #16B proto- p, ormal tissue in all slides. When the DCIS was too large to be
oncogene family of tyrosine kinase receptors. From tii€orporated on one slide, the maximal diameter was determined
first reports, linking this protein with poor prognosis anidom combined macroscopical and microscopical data, as previ-
due to its similarity to epidermal growth factor receptd?US'y described [8]. The intact specimen was measured, oriented

. . sliced at 3 mm intervals after specimen radiography, and the
the protein was considered as a receptor for a gro lides were numbered consecutively. The lesion was then recon-

factor [9, 27]. Several investigations and experimendigucted by combining the individual positive tissue blocks and the
supported this view, but the protein was also shownldaest diameter of the lesion estimated, with only completely re-

p|ay an important role in cell mot|||ty and in the spreaﬁfcted cases of DCIS considered. The assessment of margins in lo-
cal excision specimens was performed using pigment inks [8]. To

of tumour cells durlng_th_e process of met_aStaSIS MéjElculate the relationship betweerEbB-2 overexpression and
36]. The cErbB-2 protein is overexpressed in almost aghe extent of disease Studerit®st was performed.

cases of Paget's disease of the breast [21], and due to itshe stock culture medium used for the maintenance of the SK-
motility enhancing effect, it plays a key role in the path8R-3 cells and the BT474 cells, was Rega 3 minimal essential me-
genesis of the disease [7]. dium containing non-essential amino acids (Gibco BRL, Gent,

: : . Belgium) supplemented with 10% fetal calf serum, 20 mM Hepes,
The aim of this study was to characterise changes; }gmM sodium bicarbonate, 50 IU penicillin/ml, 50 IU strepto-

chromosome 17q early in_the multistep process of br_emst;in/ml and 2 mM.-glutamine (Gibco BRL).
cancer, these changes being eventually associated with d=or immunohistochemistry the avidin-biotin complex tech-
ErbB-2/neUHER-2 overexpression, and to study their efique was applied as follows:\in sections from formalin fixed

: : : e raffin embedded tissues were cut and deparaffinised. For the de-
fect on the biological behaviour and classification ‘ﬁﬁxion of the expression of theErbB-2 protein (Oncogene Sci-

DCIS by measuring the extent of the disease. Theresdge, Uniondale, NY), MPO (Dako, Glostrup, Denmark) and the
evidence that the extent of the lesion is one of the mB&A protein (Santa Cruz Biotechnology, Santa Cruz, Calif.), the
important determinants of local recurrence of DCIS aftgides were incubated with the primary antibodies for 1 h at a con-
resection centration of Jug/ml in phosphate-buffered saline (PBS) pH 7.6 at
. . . . room temperature in a moist chamber. They were then incubated
For this purpose, immunohistochemical tests Wefgh biotinylated rabbit-anti-mouse immunoglobulins (Dako;
performed to investigate overexpression of therlaB-2, 1:400 in PBS) for 30 min followed by addition of the avidin-

myeloperoxidase (MPO) arigrbA proteins, all of which biotin-peroxidase complex (Dako) and the incubation continued

; i iJicatid¢rording to the manufacturer’s instructions for 30 min. The chro-
are coded on 17g. Fluorescence in situ hybridisatigf en used was 3-amino-9-ethylcarbazole and 0.01% hydrogen

: 0

(FISH) with probes for these and other genes locate égxide in acetate buffer pH 5.2 was used as the substrate, the
17q was carried out on tissue sections from hyperplastiges being incubated for 10 min. Between the steps the slides
tissue and from DCIS and invasive ductal carcinomeegre washed in PBS. All sections were counterstained with May-

with and without overexpression of theEchB-2 pro- er's haematoxylin and mounted in Aquatex (Merck, Darmstadt,

: . Germany). Negative control sections were prepared by omission
tein. These results were compared with the resultsgé?]!he primary antibody.

FISH, reverse painting and comparative genomic hybrid-in order to investigate the long arm of chromosome 17 by
isation (CGH) obtained from two human cell lines dé&iSH analysis, probes localising the following genes, starting from

rived from invasive breast carcinomas, SK-BR-3 afite centromeric region to the telomeric region, were tested: centro-

; _ s _ meric probe (pl7H8) [34], NF1 (neurofibromatosis gene 1; probe
BT474, both overexpressing theecbB-2 protein, in or 7G4) [33], HER-2feu(Oncor, Gaithersburg, MderbA (THRAL

der to investigate whether the amplified genes were pggb7rg "GDB 1 d GOO-195-323, NIH Human Genome Center,
of one or more amplicons. The demonstration of ampiriversity of Michigan), RARA (Oncor), MPO (Oncor) and telo-

icons in routinely processed biopsy specimens is magric probe (TEL17; Oncor). MPO is an enzyme found in poly-

hla it i rphonucleocytes and is involved in the destruction of microor-
possible; only by reverse painting and CGH using Cg]ffnisms and debris [23]. NF1, mapped at 17q11.2-12 proximal to

lines, these amplicons can be visualised. the cerbB-2-locus [3], is classified as a tumour suppressor gene
[22]. TheerbA gene encodes a thyroid hormone receptor [35]. The
RARA gene encodes the retinoic acid receptor alpha and has been
Materials and methods mapped betweeerbA and MPO [3].
The pl7H8, 7G6 andrbA probes were biotinylated (biotin-16-

Normal breast tissuen£180), hyperplasia withnE44) and with- dUTP, 0.4 mM, Boehringer Mannheim, Germany) and/or dig-
out (h=28) atypia, DCIS r=100) and invasive ductal carcinomapxygeninated (digoxygenin-11-dUTP, 0.4 mM, Boehringer Mann-
(n=99) of the breast were selected (Table 1). The 100 casesheim) by standard nick-translation.

DCIS were not associated with an invasive carcinoma. These pa-+ive randomly selected examples of each lesion were subjected
tients had no invasive tumour in the same breast at the time oftth&ISH. Five micrometre sections were deparaffinised according
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to routine procedures and were air-dried after immersion in 968ble 1 c-ErbB-2 overexpression in breast tissueC(S ductal
ethanol. The slides were pretreated with a solution consisting afacinoma in situ, + only a staining pattern on the cytoplasmic
powder (Oncor) dissolved in 2x saline sodium phosphate ethylembrane is considered positiveno staining pattern on the cy-
enediaminetetracetic acid-buffer (SSPE). They were rinsed witiplasmic membran =)

fresh 2xSSPE and subjected to protein digestion for 45 min with

proteinase K (Merck) at 45° C. Lesion (number of cases) Results

For the digoxygenin labelled probes, the slides were hybridised
with 10pl/2 cn? tissue digoxigenin labelled probe mix (Oncor), + -
which was first preheated to 37° C for 5 min. They were then heet
ed to 90° C for 12 min and further incubated in a moist chambe#EIS (100) 29 71
37° C. After post-hybridisation washes, single detection and amvasive ductal carcinoma (99) 23 76
plification of the digoxigenin modified probes was achieved kyormal tissue (180) 0 180
subsequent incubations with mouse-anti-dig (Sigma, St. Louiyperplasia without atypia (28) 0 28
Mo.; 1:500 in 0.5% blocking reagent), sheep-anti-mouse-dityperplasia with atypia (44) 0 44

F(ab)2 (Boehringer Mannheim; 1:100 in blocking reagent) and
sheep-anti-dig fluorescein isothiocyanate (FITC) H@lfBoeh-
ringer Mannheim; 1:100 in blocking reagent), respectively. For tfiable 2 c-ErbB-2 overexpression, histological classification, dif-
biotin labelled probes, the slides were hybridised witli®cn? ferentiation classification and extent of disease for [.CIS

tissue biotin labelled probe mix. The probes were mixed with Cet=

I-DNA (Gibco BRL), sodium acetate and 100% ethanol and put &eature Mean diameter standard number
ice for 30 min. They were then centrifuged at 14000 rpm at 4° C. (mm) deviation of cases
The pellet was dissolved in 50% formamide/12.5% dextranstt

phate/2xSSPE at 37° C for 30 min. c-erbB-2 overexpression*

After post-hybridisation washes, single detection and amplifiyegent 29.37 6.52 29
cation of the biotin modified probes was achieved by subseun\Bgem 13.81 236 71
incubations with Neutralite-avidin-FITC (Eurogentec, Liége, Bel- '
gium; 1:200 in % non fat dry milk), and biotinylated goat-anti-aviHistological classification**
din (Vector Laboratories, Brussels, Belgium; 1:200 in 5% non fg})iq 10.77 3.30 24
dry milk), respectively. The slides were mounted in antifade SOIP'apillary 11.00 6.45 4
tion and counterstained with Oug/ml propidium iodide. Slides comedo 22 89 597 34
were observed with a standard epifluorescence microsc%ﬁféropapillary 26.01 8.42 17
equipped with a 100 W lamp. The SK-BR-3 and BT474 cell lingS;ipriform 14.74 4.14 21
Wgre also subjected to FISH analysis, using the probes descri | 18.32 16.29 100
above.

Re(\j/erse painting on normal human lymphocyte metaphd3#ferentiation classification**
spreads using the DNA of SK-BR-3 cells was done according
Joos et al. [19], with minor modifications [32]. CGH analysis qlzi?grrrlzediate 21166132 4?;1619 4471
BT474 cells was performed [10, 20] using the ISIS, digital imagyg| 12.86 497 12
ing system and CGH software (Metasystems, Heidelberg, Ger- : :
many). * P<0.001

** P>0.05
Results because of the high standard deviation. With the differ-

entiation classification, the highest diameter was noted
The results for the breast lesions stained f&rkiB-2 for the poorly differentiated subgroup and the lowest for
overexpression are summarised in Table 1. Normal ahd well differentiated subgroup (Table 2), but this differ-
hyperplastic tissue with and without atypia all proved &nce was not significanP$0.05). However, there was a
be negative. Of the 100 cases of DCIS, 29 showed ow@gnificant correlation between the poorly differentiated
expression for &rbB-2 whereas 71 were negative. subtype and &rbB-2 overexpressionP&0.01; data not

The 100 cases of DCIS were categorised into the talwown).

different classifications described above. The results forFor the invasive carcinomas, 23% overexpressed c-
both classifications and their correlation with the averafebB-2 (Table 1). Several invasive carcinomas contained
extent of disease of each category are summarised ina®CIS component, which always showed the same ex-
ble 2. The mean diameter of th€EdhB-2 positive cases pression pattern for ErbB-2 protein as its invasive
was 29.37 mm and of theErbB-2 negative cases 13.8Icounterpart. Although poorly differentiated invasive car-
mm. There was a significant correlation between cinomas tended to be more positive fdErB-2 overex-
ErbB-2 overexpression and the extent of DCIfression, the difference was not significat@.05; Ta-
(P<0.001). For the histological classification, 24 tumoultde 3).
were classified as solid, 4 as papillary, 34 as comedo, 1™PO and theErbA-protein were not expressed in
as micropapillary and 21 as cribriform. There was maCIS and in invasive carcinomas. From this series of
significant correlation between the subtypes of DCIS andses, five d&rbB-2 negative and five positive cases of
c-ErbB-2 overexpression P&0.05; data not shown).each lesion were randomly selected for the FISH study.
There was no significant correlation between the histo- The chromosomal localisation of the genes investigat-
logical subtype classification and extent of diseasd is presented in Fig. 1. The results of the FISH experi-
(P>0.05; Table 2). The largest lesions were noted in theents are summarised in Table 4. Normal cells and cells
micropapillary subgroup, but they were not significafitom hyperplastic lesions showed only 1 or 2 fluorescent
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Table 3 c-ErbB-2 overexpression invasive ductal carcinom@able 4 Results of the various breast lesions investigated for am-

(P>0.05 plification of genes as the long arm of the chromosome 17. The
order of the genes is from centromere to telomenmo(amplifica-
Grading Results tion, + amplification, ++ amplification in some but not all tumour
cells, CEN17centromeric regionNF1 neurofibromatosis gene;
+ - erbB-2HER-2 orneugene,erbATHRA gene MPO myeloperoxi-
dase geneRARAretinoic acid receptoa gene, TEL17 telomeric
Well differentiated 0 4 region,
Moderately differentiated 5 29
Poorly differentiated 18 43 CEN17 NF1 cerbB-2 erbA RARA MPO TEL17

DCIS/with cErbB-2 overexpression

1 +
spots (Fig. 2A), whereas cells with multiple bright spot
were considered to contain amplified sequences. Ampl}-
fied genes were usually seen as two or more clustersgn
the nucleus, each cluster containing 10-20 spots (Fi
2B). However, tumour cells contained 3 or 4 isolat
spots in rare cases. This was not considered as amplifi@a—
tion but could be due to aneuploidy.

No amplification was observed in the nuclei of DCISg
and of the invasive carcinoma after hybridisation wit®
the p17H8 centromere specific and NF1 probes.  |pyasive ductal carcinoma/withErbB-2 overexpression

In all cases with overexpression oEbB-2, amplifi- ;4
cation of the eerbB-2 gene took place. All cases withoui>
overexpression of the ErbB-2 protein showed only 1 or13
2 spots, as did the normal epithelial and mesenchyrql
cells. In one drbB-2 overexpressing invasive carcino-
ma (case number 13) and in the SK-BR-3 and BT4liasive ductal carcinoma/nokrbB-2 overexpression
cell lines, we detected co-amplification of therbB-2 16
gene with theerbA gene. 17

In three of five cases of DCIS with overexpression
c-ErbB-2, amplification of the MPO gene was also dey
tected. None of the DCIS cases withoUErdB-2 over- )
expression showed amplification of the MPO gene. Fdyman breast cancer cell lines
the invasive carcinomas, there was amplification fgfr474 - -+
MPO as well as for RARA in one ExbB-2 overexpress- >k SRS ~ - ¢ - -
ing case (number 15). Both genes were amplified in most
but not all tumour cells. The invasive carcinomas without
overexpression of ExbB-2 protein never showed anyof a series of genes located on 17q (Table 2). The ampli-
amplification of the MPO gene. In the interphase nucliéed genes of 17q12 always includingdB-2, are high-
of BT474 cells, the RARA and MPO genes co-amplifidgl correlated with d=rbB-2 overexpression and are al-
with c-erbB-2. ready present in DCIS but not in hyperplasia. The ampli-

In three cases of DCIS, the specific telomeric regidisation of the RARA ancrbA genes is rare. Similar re-
detected by TEL17 probe was shown to be amplifieslilts were obtained in invasive carcinomas.

One case also showed overexpression BfbB-2, the Reverse painting with SK-BR-3 DNA revealed two
two others were negative. All other cases of DCIS anddi$tinct amplified regions on 17q (Fig. 4). The amplified
invasive carcinoma failed to show amplification. region starting at 17q12 corresponds with the amplifica-

The FISH analysis performed on metaphase chrontion pattern of the erbB-2 anderbA genes as visualised
somes of BT474 and SK-BR-3 cells gave multiple brighy FISH analysis on metaphase spreads. The second am-
spots on chromosome 17 after hybridisation for the mlified region at 17q might correspond with the amplifi-
erbB-2 gene as a consequence of amplification. Howeation of a series of genes located between the non-am-
er, the amplified sequences were also spread over sevaifibd MPO gene and the telomere.
other chromosomes (Fig. 3). This is attributed to translo- CGH analysis of BT474 cells showed amplification of
cations of particular parts of chromosome 17q. Similawo regions on 17q (17912 and 17g22—q24) on individu-
amplification patterns were observed ferbA in SK- al ratio profiles. The averaged profile of 16 metaphases
BR-3 cells and forerbA, RARA and MPO in BT474 showed only one large amplified region of 17q (Fig. 5).
cells. The other genes were not amplified. Doubfgain, the amplified regions correspond with the ampli-
minute chromosomes were not observed. fication pattern of the different genes on chromosome

In summary, our results show translocation in bofltyq as visualised by FISH analysis on metaphase spreads
cell lines and amplification in the cell lines and biopsiesf BT474 cells. The first amplified region corresponds
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Fig. 1 Chromosomal localisation of the genes on chromosome Witth the amplification of eerbB-2 anderbA. The second
investigated by fluorescence in situ hybridisation (FI5H) amplicon is located more distally and encompasses the

Fig. 2A Interphase nuclei after FISH with an MPO probe: 2 silViPO gene.
gle spots per nucleus are visiblrowhead. There is no amplifi-
cation.B Interphase nuclei after FISH with HER2Uprobe on a
c-ErbB-2 overexpressing ductal carcinoma in situ (DCIS) showiulﬁ "
amplification of cerbB-2 (arrowhead scussion

Fig. 3A, B Metaphase spreads from BT474 ceA9 and SK-BR- . .
3 cells @) hybridised with HER-afeu probe, showing multiple 1NiS Study describes a sequence of changes at the chro-
bright spots representing amplified and non-amplified translocatg®somal level in the development of breast cancer from
and non-translocated exbB-2 gene copies on different chromonormal tissue. The long arm of the chromosome 17 does
some:: not show any particular amplification of the genes inves-
Fig. 4 Reverse painting with DNA from SK-BR-3 cells on normatigated in normal tissues and in hyperplasia with and
human lymphocytes showing two distinct amplified regions qgithout atypia. However, at the level of transition to
17q @rrowheads DCIS, amplifications at 17q take place. These amplifica-
tions, which include the efrbB-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. 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 chromoson:e

4,17 S5/14 mar

i

‘
S ]

9,13 10,17 11,15 12/16

1]

21,13 22715 Y/9
L [ !
87,18,95 | 13:83:51

genes are part of large amplicons located on chromuaay lead to an extension of DCIS and subdivision of this
some 17q. From the FISH study on metaphase spreadgsibn into two relevant subgroups: DCIS with overex-
both cell lines, it can be concluded that these amplicgpressed drbB-2, usually with a large diameter, and
are accompanied by complex translocations of the amfliclS without overexpression, usually with a smaller di-
fied regions to other chromosomes. The first of theameter. When related to recent publications on the motil-
amplicons starts in the region between 17gq11 and 17d¥2function of cErbB-2 and its role in cell movement,
and always contains ebB-2. In BT474 cells, a secondthe increased diameter ofrhB-2 overexpressing DCIS
amplicon is located distal toerbB-2 containing co-am- can be regarded as a consequence of the enhanced motil-
plified MPO. ity of c-ErbB-2 overexpressing carcinoma cells [4, 5, 8].
The amplification at the transition level to DCIS itncreased spread of carcinoma cells throughout the
not sufficient to explain &rbB-2 overexpression. Notducts, leading to more extensive disease, would be the
all amplified genes on chromosome 17q are overersult of this increased motility of ErbB-2 overexpress-
pressed; MPO anérbA are not. Other investigationsing tumour cells and might be regarded as an unfavour-
have been unable to detect overexpressioBrbA and able factor in considering breast conserving therapy [8].
Int-2 in breast carcinoma with amplification of these This study also shows that no significant relationship
genes [29, 30]. Therefore, other mechanisms than ampkists between any specific histological subtype of DCIS
fication may be involved, such as specific transcripti@nd cErbB-2, although comedo type DCIS tends to be
factors which enhance the transcription of thertiB-2 more positive and the solid DCIS usually tends to be
gene [2, 13, 18]. Even these cannot fully explain wimggative [8]. Neither the histological classification nor
overexpression of ErbB-2 is usually correlated withthe classification based on differentiation, proposed by
amplification and the possibility exists that one or a femolland et al. [17], correlates with the extent of disease.
translocated erbB-2 genes might have been rearrangedErbB-2 overexpression alone is correlated significantly
with overexpression of EvbB-2 as a result. This hy-with the variable extent of disease. It is reasonable to
pothesis needs further investigation. consider whether new classifications for DCIS should
The immunohistochemical investigation also show®t contain d=rbB-2 overexpression as an objective cri-
that overexpression of [ErbB-2 is specific for malignant terion in predicting recurrence of disease.
lesions in the breast and confirms previous results on dn conclusion, this study shows a sequence of altera-
large series of patients [6, 14, 17]. The overexpressiwns at chromosome 17q, these being translocation and
does not occur in the cases of hyperplasia studied haraplification which then result in E¥bB-2 overexpres-
From a clinical point of view, the “17q translocation sion. These early chromosomal aberrations in the patho-
17q amplification — d=rbB-2 overexpression” sequenceenesis of breast cancer occur at the transition level to
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Fig. 6 Schematic representa-
tion of the sequence of events
on chromosome 17q in the TRANSLOCAT'ON] 17q 29,37 mm o
pathogenesis of breast cancer AMPLIFICATION S DC' s -» |INVASIVE CARCINOMA
involving translocation, ampli- ~ : , é) '
fication and cErbB-2 overex-

pression. The average diamete

is indicated for DCIS+ no c- TRANSLOCATION]

ErbB-2 overexpression, + c- AMPLIFICATION | 174

erbB-2 overexpressicn
N I [13,81 mm
| NORI\gL >> HYPER(;LASIA >> HYPERPLASI@A WITH ATYPIA : > DCI S — |INVASIVE CARCINOMA
e e O o

DCIS. They lead to a particular subtype of DCIS withp. Di Fiore PP, Pierce JH, Kraus MH, Segatto O, King CR, Aar-
overexpression of ErbB-2 which has a larger diameter onson SA (1987FErbB-2 is a potent oncogene when overex-

i ; - _ ; pressed in NIH/3TH cells. Science 237:178-182
compared with its &rbB-2 negative counterpart. The, '5 "y oir S, Speicher MR, J00s S. Schréck E, Popp S,

chromosomal alterations are preserved in invasive carCl-pshner H, Kovacs G, Robert-Nicoud R, Lichter P, Cremer T
nomas with overexpression ofErhB-2. The involve- (1993) Detection of complete and partial chromosome gains
ment of these 17q modifications in the pathogenesis ofand losses by comparative genomic in situ hybridization. Hum

. : ; Genet 90:590-610
breast cancer is schematically represented by Fig. 6., Dupont WD, Page DL (1985) Risk factors for breast in women

Ack led NVR dES d by © with proliferative breast disease. N Engl J Med 312:146-151
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