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Abstract. The hypothetical multistep model of breast carcinogenesis suggests a transition from normal epithelium to invasive
carcinoma via intraductal hyperplasia (without and with atypia) andin situ carcinoma. These presumptive precursor lesions
are currently defined by their histological features, and their prognosis is imprecisely estimated from indirect epidemiological
evidence.

Cytogenetic and molecular-genetic analysis of these lesions give evidence for an accumulation of various genetic alterations
during breast tumorigenesis. Using immuno-histochemistry overexpression of the c-erbB-2 oncogene was found in ductal carci-
nomain situ (DCIS), but not in atypical intraductal hyperplasia (AIDH) and intraductal hyperplasia (IDH). An expression of mu-
tant p53 tumor suppressor gene as well as expression of cyclin D1 was identified in DCIS. In IDH lesions loss of heterozygosity
(LOH) at various loci could be identified, and comparative genomic hybridization (CGH) and fluorescencein situ hybridization
(FISH) studies delivered evidence for DNA amplification on chromosomal region 20q13 in the early stage of IDH.

However, little is currently known about genetic alterations in those premalignant lesions, and the chronology of genetic
alterations and histopathological changes during carcinogenesis is mainly undiscovered.

Figure 1 can be viewed in colour on http://www.esacp.org/acp/2002/24-2_3/aubele.htm.

1. Introduction

Breast cancer represents a significant worldwide
public health problem. The introduction of mammo-
graphic screening has led to an increased detection of
preinvasive alterations, particularly ductal carcinoma
in situ (DCIS) and proliferative disease like IDH (intra-
ductal hyperplasia) and AIDH (atypical intraductal hy-
perplasia). Those lesions are currently defined by their
histological features, and their prognosis is imprecisely
estimated from indirect epidemiologic evidence. Al-
though considerable progress has been made in search-
ing for the genetic events that underlie the progression
of many malignancies, those involved in breast can-
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cer development and progression are still poorly un-
derstood [9,35].

Cytogenetic and molecular genetic analysis of breast
precursor samples demonstrate that tumor develop-
ment involves the accumulation of various genetic al-
terations including amplification of oncogenes and mu-
tation or loss of tumor suppressor genes. The most in-
vestigated somatic genetic alterations in invasive car-
cinoma are amplifications of protooncogenes (e.g., c-
erbB-2) or gain of DNA on chromosomal band 11q13,
mutation of the tumor suppressor gene p53, and loss
of heterozygosity (LOH) from chromosomes or chro-
mosome arms. There is increasing molecular biologi-
cal evidence that DCIS is a direct precursor of inva-
sive breast cancer. To date, however, much less mole-
cular studies have been performed on the proliferative
lesions IDH and AIDH, and only few of these studies
tried to correlate their findings to certain histopatho-
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logical stages. Thus, little is known about the genetic
alterations that characterize those lesions.

A greater understanding of how breast carcinoma
develop and progress could lead to more directed forms
of screening and therapy. It is, therefore, essential that
the nature of these lesions can be biologically char-
acterized and used to plan the most appropriate ther-
apy. In the presence of new technologies like laser-
based microdissection enabling precise sampling of
cells from morphologically defined lesions, and ampli-
fication techniques for nucleic acid material, a definded
attachment of genetic alterations to histopathological
changes will become possible.

This review focuses on the most frequently identi-
fied genetic alterations in the presumptive precursor le-
sions of the breast, namely IDH, AIDH, and DCIS. It
does not claim to cover all the data, but summarizes
the most frequently identified cytogenetic and genetic
alterations.

2. Cytogenetics

2.1. Conventional cytogenetics

After short-term culturing of IDC numerical changes
(trisomy of chromosomes 7, 18, and 20, and loss of

chromosomes 17 and 19) and several structural re-
arrangements have been identified. However, due to
methodological difficulties, conventional cytogenetic
analysis of premalignant lesions of the breast has been
carried out only in a small number of cases with ductal
carcinomain situ (DCIS), and, as with invasive duc-
tal carcinoma (IDC), abnormalities of chromosomes 1
and 16 have been found [24].

2.2. Fluorescence in situ hybridization (FISH)

Fluorescencein situ hybridization (FISH) technique
has been used to study chromosomal changes in DCIS
and in proliferative disease. Using DNA probes to
centromeric sequences of almost all chromosomes,
polysomies of chromosomes 3, 10, and 17 and losses
of chromosomes 1, 16, and 18 were frequently iden-
tified in DCIS [40]. In addition to polysomy of chro-
mosome 17 the oncogene c-erbB-2, located on chro-
mosome 17q11, was found amplified in DCIS [14,41].
In Fig. 1 increased signal counts for centromere 11
and Cyclin D1 are shown (Fig. 1(a)), as well as an in-
creased signal frequency for centromere 17 and dis-
tinct clusters of the amplified c-erbB-2 (Fig. 1(b)) in
the very same DCIS lesion (for methodology of ‘Se-
quential FISH’ see [49]). In proliferative lesions adja-
cent to carcinoma an increased frequency of chromo-

(a) (b)

Fig. 1. ‘Sequential FISH’ on a DCIS lesion in a 5µm thick histological section, enabling detection of genetic alterations on the very same
nuclei (arrows); (for methodology see [49]). (a) Cyclin D1 (red) and centromere 11 (green fluorescence) show both increased signal frequencies,
demonstrating polysomy of the whole chromosome 11. (b) Increased signal counts are demonstrated for centromere 17 (green), indicating
polysomy of the chromosome. Also an increased frequency was found for the oncogene c-erbB-2 (red fluorescence), which shows additionally
distinct large clusters of the amplified oncogene. This figure can be viewed in colour on http://www.esacp.org/acp/2002/24-2_3/aubele.htm.
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Table 1

Most frequent chromosomal gains and losses identified by CGH. On the assumption of increasing histopathological stages from IDH to AIDH
and to DCIS, chromosomal alterations occurring for the first time within that chronology are printed bold

Chromosomal alterations Total number References

of cases

IDH no alteration 14, [10]

without evident −16q −17p 9 [23]

carcinoma

IDH no alteration 2, [17]

adjacent to +20q, −13q 5 [4]

carcinoma

AIDH −16q,−17p 9 [23]

without evident

carcinoma

AIDH +3p, +8q, +15q, +20q,−13q,−16q 3 [4]

adjacent to

carcinoma

DCIS

grade I +1q, +8q,+11q, +17q, −9p, −11q, −13q,−14q, −16q,−17p 181 [4,7,

grade II +1q,+6q, +8q,+11q,+17q,+19q, +20p, +20q,+Xq, 11,12,

−2q, −6q, −8p, −9p,−11q,−13q,−14q,−16q,−17p,−22 23,29,

grade III +1q,+3p, +5p, +6q,+6p, +7q, +8q,+10q, +11q,+14q, 32,48,

+15q, +16, +17q,+19q,+20p,+20q,+21q, +22q, +Xq, 50]

−2q,−4q, −5q, −6q,−8p,−9p,−11q,−13q,−14q,−16q,

−17p,−22

some 1 was identified in intraductal hyperplasia (IDH)
and – with increasing frequency – in adjacent atypical
intraductal hyperplasia (AIDH) and DCIS [17].

Although several FISH studies have attempted to
identify genetic alterations responsible for breast tu-
morigenesis and progression no specific chromosomal
alteration could yet be attached to certain histopatho-
logical stages.

2.3. Comparative genomic hybridization (CGH)

Comparative genomic hybridization (CGH) tech-
nique is a cytogenetic assay, which allows for an
overview of DNA sequence copy numbers in a single
hybridization. CGH studies within the last years deliv-
ered heterogeneous results for IDH lesions [5]. Losses
on 16q and 17p have been identified in DH lesions
without evident carcinoma [23], whereas no alterations
were found in lesions of corresponding histopathol-
ogy [10]. IDH lesions adjacent to carcinoma repeat-
edly show gain on chromosome 20q and loss on 13q
[4], although no alterations were reported by Boecker
et al. [10] (Table 1). Further histopathological stages
(AIDH, DCIS) were accompanied by increasing num-

bers of chromosomal imbalances (Table 1). Compar-
ison of aberrations identified in initial DCIS lesions
also brought evidence, that most of alterations showed
a high concordance with their ipsilateral recurrences,
suggesting a clonal relation to their initial lesions [50].

CGH analysis on DCIS, described in several studies,
have demonstrated a large number of chromosomal al-
terations including gains on 1q, 6q, 8q, 17q, 19q, 20q,
and Xq, and losses on 13q, 16q, 17p, and 22q [4,7,11,
12,23,29,32,50] (Table 1). Despite the unsettled path-
ways of breast carcinogenesis, most of these alterations
resemble those identified in IDC, adding weight to the
idea that DCIS is a direct precursor lesion of IDC.

3. Molecular genetics

Molecular genetic analysis of breast cancer samples
suggest that the development of breast cancer is based
on the accumulation of various genetic alterations [9].
These molecular abnormalities may be classified into
two types: gain-of-function genetic events that activate
proto-oncogenes by DNA mutation, chromosomal re-
arrangement or amplification, and loss-of-function de-
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fects reflecting putative tumor suppressor genes that
have been inactivated by DNA mutation or gene dele-
tion.

3.1. Loss of heterozygosity (LOH)

Frequent loss of heterozygosity (LOH) at a cer-
tain chromosomal locus in tumorous DNA indicates
that this might be the site of a so far unknown tu-
mor suppressor gene (TSG). Since the introduction of
microsatellite-based loss of heterozygosity methodol-
ogy in the eighties there have been a large number of
studies investigating allelic imbalance in breast tumors
at a large number of chromosomal loci [34]. Some of
the identified LOH’s could be attached to already well-
known TSG (e.g., Rb1, NME1, DCC), however, most
identified LOH could not yet be attached to the corre-
sponding gene.

In DCIS, LOH was frequently identified at several
loci on chromosomes 1 [39], 3p21 [38], 11q23 [31],
and chromosomes 8p, 13q, 16q, 17p, 17q, and 18q
[21,44,48]. The highest rates of LOH in DCIS ap-
proach 50 to 80% and involve loci on chromosomes
16q, 17p, and 17q, suggesting that altered genes in
these regions may be important in the development of
DCIS [2,21,48]. Among more than 100 genetic loci
studied so far on chromosome 17 nearly all DCIS
showed at least one LOH [2,21,39,42,44]. Comparing
LOH pattern of DCIS lesions with and without ad-
jacent IDC delivered substantially more LOH in the
cancerous breasts at loci on 2p, 11p, and 17q [2,42].
Eighty percent of the DCIS and 50% of the prolif-
erative lesions (IDH, AIDH) shared their LOH pat-
terns with invasive carcinomas from the same breast,
strongly supporting a precursor relationship between
these lesions and the cancers they accompany [13]. On
AIDH lesions LOH have been identified frequently on
16q, 17p, and 11q13 [33]. On chromosome 11p an in-
creasing frequency of LOH was shown from 10–20%
in IDH, 10–40% in AIDH, and from 20 to 70% in
DCIS [2,42].

Interestingly, one study noted that morphological
normal ductal epithelium shared LOH for markers on
3p, 11p, and 17p with closely adjacent IDC, while nor-
mal ducts farther away in the breast did not [18]. Using
several microsatellite markers (on chromosomes 1, 2,
7, 11, 17, 18, and X) allelic imbalance was identified
with high frequency in normal-appearing breast ducts
[36]. LOH was also identified in normal cells from
breast cancer cases as well as from reduction mam-
moplasty specimens also suggesting that genetic alter-
ations probably occur very early in breast tumorigene-
sis before pathological detection [33].

4. Oncogenes and tumor suppressor genes

A large number of biological characteristics have
been evaluated on premalignant lesions of the breast.
Most of these studies have been small and have not
been validated [2], with the exceptions of the p53 tu-
mor suppressor gene and the oncogenes c-erbB-2 and
CCND1 on chromosomal band 11q13. Other genes,
not described here (e.g., oncogenes c-myc, fes, c-met,
and tumor suppressor gene Rb1) may also play an im-
portant role in breast carcinogenesis (for review see
[51]).

4.1. Oncogenes

The proto-oncogenec-erbB-2 – also calledneu or
HER2 – encodes for a transmembrane protein, which
has homology with the epidermal growth factor re-
ceptor (EGFR). The c-erbB-2 oncogene, which was
found amplified and/or overexpressed in 20–30% of
IDC [2], has received attention because of its associ-
ation with lymph node metastases, short relapse time,
poor survival, and decreased response to endocrine
and chemotherapy of breast cancer patients [2,35,43].
Studies of c-erbB-2 have mainly used FISH tech-
nique to identify amplification or immunohistochem-
istry (IHC) to detect overexpression of the oncogene,
which both are highly correlated [2,46]. c-erbB-2 am-
plification and/or overexpression was observed on av-
erage in 30% of DCIS, however, varying directly with
differentiation [2]. It was identified in a high propor-
tion of DCIS of high nuclear grade (60–80%) but was
not common in the low nuclear grade forms [9,34].
The c-erbB-2 protein was identified rarely in AIDH
[2,14,25]. Absence of c-erbB-2 overexpression in nor-
mal ducts and AIDH, and the relatively high level in
DCIS suggests that c-erbB-2 alterations are an impor-
tant event in early malignant transformation.

Cyclin D1 protein plays an important part in regu-
lating the progress of the cell during the G1 phase of
the cell cycle. The Cyclin D1 gene (CCND1) on chro-
mosome 11q13 has been implicated in carcinogenesis.
In clinical studies of invasive breast cancer, however,
overexpression of cyclin D1 was found to be associated
with oestrogen receptor expression and low histologi-
cal grade, both markers for good prognosis [22]. Am-
plification of CCND1 occurred in about 20% of DCIS
and was more commonly found in high grade than in
low grade DCIS (32% versus 8%) [45]. The cyclin D1
protein was detected in 50% of cases, and high lev-
els were more likely in low grade than in the interme-
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diate and high grade DCIS [45]. Increasing levels of
cyclin D1 expression were recently described for IDH
with 11–19%, AIDH with 27–57%, and for DCIS with
35–50% [25,53]. Based on those studies cyclin D1 ex-
pression may be of importance to distinguish between
AIDH and well differentiated DCIS, and, thus, may be-
come an aid to the diagnosis of malignancy.

The amplification site on20q13 is a common finding
in IDC examined by CGH [6,30] or FISH analysis [47,
52]. This chromosomal region was shown to involve
several distinct variably coamplified chromosomal seg-
ments [3]. The region 20q13, spanning� 1 Mb, har-
bours several putative oncogenes. Analysis of the 1 Mb
region produced evidence for at least five genes [15],
and a complex amplicon structure with two regions of
recurrent amplification was elucidated more recently
[1,16]. Together these studies revealed a complex am-
plicon structure suggesting the presence of at least two
driver genes (ZNF217 and NABC1 (Novel Amplified
in Breast Cancer-1)) [16].

Amplification on the 20q13 region was described to
be associated with aggressive tumor behaviour [28,47].
It was – in addition to IDC – frequently identified in
DCIS [7,20], and also in premalignant lesions IDH and
AIDH [4,52]. Thus, amplification at that chromosomal
site appears to be an early event in breast tumorigene-
sis.

4.2. Tumor suppressor genes

The consistently mutated tumor suppressor gene
(TSG) in sporadic breast cancer isTP53 [9,19]. The
P53 protein functions as a transcription factor, which
is involved in the control of cell proliferation. An as-
sociation between the presence of p53 mutations and
aggressive features within breast carcinomas, e.g., lack
of oestrogen receptor, high S-phase index and asso-
ciation with disease-free survival was described [51].
Most p53 mutations are missense point mutations re-
sulting in an inactivated protein that accumulates to
high levels in the cell nucleus [2,19].

In DCIS, p53 mutations were found with a fre-
quency different among the three histologic grade cat-
egories being quite rare in low-grade DCIS, 5% in
intermediate-grade, and relatively common (40%) in
high-grade DCIS [19,51]. p53 mutations or p53 pro-
tein expression have not been demonstrated in AIDH
or other benign proliferative disease [2,35].

5. Expression profiling

Gene expression profiling will be a powerful ap-
proach in the next years toward the molecular classifi-
cation of cancer [27]. Recently, the feasibility and re-
producibility of array technology on DCIS was demon-
strated [37]. More than 100 changes in gene expres-
sion in DCIS were identified in comparison to con-
trol transcripts. Several genes, previously implicated
in human breast cancer progression, demonstrated dif-
ferential expression in DCIS, e.g., up-regulation of
Lactoferrin (a marker of oestrogen stimulation), PS2
(a oestrogen-responsive marker), and SIX1 (a home-
obox protein frequently up-regulated in metastatic
breast cancer), and down-regulation of, e.g., oxytocin
receptor. A method for identification of amplified puta-
tive target genes and their overexpression was demon-
strated on breast carcinomas using cDNA and tissue
microarrays [27].

Gene expression profiling is a new technology.
Combined with laser-microdissection of the small pre-
sumptive precursor lesions and amplification tech-
niques for RNA it may provide us a wealth of addi-
tional molecular data with quantification of gene ex-
pression in the different histopathological stages.

6. Heterogeneity

Most of the biological abnormalities responsible for
development and progression of premalignant breast
lesions are still unknown. Studies in the breast have
been complicated by the morphological heterogene-
ity, as well as the extremely heterogeneous molecular-
biological findings [5,8]. Biological heterogeneity was
identified already by conventional cytogenetic in DCIS
[26], and by FISH analysis, where topologically dis-
tinct regions of DCIS from individuals had unique
genetic alterations [40]. Further evidence delivered
CGH data, demonstrating heterogeneity in IDC and
DCIS [6,12], as well as in proliferative lesions (IDH,
AIDH) [5].

7. Conclusion and future prospect

Figure 1 can be viewed in colour on http://www.
esacp.org/acp/2002/24-2_3/aubele.htm.

Premalignant lesions of the breast are very common
and they are being diagnosed more frequently due to
increasing public awareness and screening mammog-
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raphy. They are currently defined by their histological
features. Far less is known about biological factors in
preinvasive disease than in IDC, and, so far, no single
factor appears to be particularly powerful in predicting
the development of IDC.

Very little is currently known about the molecu-
lar events that characterize breast cancer precursor le-
sions. Using IHC known cancer-associated genes have
been analysed in preinvasive breast lesions, e.g., over-
expression of c-erbB-2 oncogene, which is common in
DCIS but absent in AIDH and IDH [13]. High grade
DCIS show more frequently expression of mutant p53
than low-grade DCIS. Also expression of cyclin D1 is
higher in high-grade DCIS than in low-grade DCIS and
AIDH [13].

Only a few DNA alterations have been detected at
the early stage of IDH in breast tissue. Loss of het-
erozygosity (LOH) at various loci has been shown in
0–15% of IDH cases without atypia in benign breast
biopsies [34]. Contrary, IDH adjacent to IDC shared
LOH with the invasive cancer at one or more loci in
37% of cases [42], suggesting a role for mutations of
tumor suppressor genes in the development of IDH.
So far, oncogene amplification has not been considered
a very early step in breast cancer development [35].
However, DNA alterations like gain on 20q, as identi-
fied by CGH and FISH [4,52], let us suppose, that also
oncogene amplifications are present in IDH.

Many attempts are made to identify critical genetic
events responsible for the development and progres-
sion of breast cancer. The pathogenesis of breast can-
cer is considered to be a multistep process. Prolifer-
ative breast lesions are regarded as benign disorders,
yet epidemiologic studies indicate that they are as-
sociated with a significantly increased risk of devel-
oping breast cancer. Based on such studies, one of
the current models of breast tumorigenesis proposes
that normal epithelium becomes proliferative (hyper-
plasia without and subsequently with atypia) and then,
through an accumulation of molecular abnormalities,
evolves into a carcinoma, initially ductal carcinomain
situ, followed by invasive ductal carcinoma. In contrast
to this single progressional pathway a parallel progres-
sion from morphologically normal epithelium directly
to advanced disease is supported [8]. Some molecular
observations indicated that breast disease can poten-
tially follow several different tumorigenic pathways re-
sulting in a more complex picture of the disease. There
is still much controversy about breast carcinogenesis
and its morphologically recognizable precursors. One
reason for this may be the heterogeneous character of

breast disease, both, phenotypically as well as with
respect to its molecular biology. Therefore, it is ex-
tremely difficult to establish a diagnostically and prog-
nostically relevant tumorigenesis model. Further rea-
son for the so far unsolved pathogenesis pathways may
be caused by the methodological problems performing
molecular genetic analysis on such small histopatho-
logical leasons.

The introduction of new technologies such as pre-
cise sampling by laser-microdissection, different tech-
niques for amplification of nucleic acid material, and
microarray techniques promises to enlighten at least
some of the responsible genetic events and their at-
tachment to corresponding histopathological features
within the next years. These findings possibly will en-
hance our understanding of the molecular mechanisms
of mammary tumorigenesis, and, thus, may lead to
more directed forms of screening and therapy.
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