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Oncogenic pathways in hereditary and sporadic breast cancer
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Abstract

Cancer is a genetic disease. Breast cancer tumorigenesis can be described as a multi-step process in which each step is thought
to correlate with one or more distinct mutations in major regulatory genes. The question addressed is how far a multi-step
progression model for sporadic breast cancer would differ from that for hereditary breast cancer.

Hereditary breast cancer is characterized by an inherited susceptibility to breast cancer on basis of an identified germline
mutation in one allele of a high penetrance susceptibility gene (such as BRCA1, BRCA2, CHEK 2, TP53 or PTEN). Inactivation
of the second allele of these tumour suppressor genes would be an early event in this oncogenic pathway (Knudson’s “two-hit”
model).

Sporadic breast cancers result from a serial stepwise accumulation of acquired and uncorrected mutations in somatic genes,
without any germline mutation playing a role. Mutational activation of oncogenes, often coupled with non-mutational inactivation
of tumour suppressor genes, is probably an early event in sporadic tumours, followed by more, independent mutations in at least
four or five other genes, the chronological order of which is likely less important. Oncogenes that have been reported to play
an early role in sporadic breast cancer are MYC, CCND1 (Cyclin D1) and ERBB2 (HER2/neu). In sporadic breast cancer,
mutational inactivation of BRCA1/2 is rare, as inactivation requires both gene copies to be mutated or totally deleted. However,
non-mutational functional suppression could result from various mechanisms, such as hypermethylation of the BRCA1 promoter
or binding of BRCA2 by EMSY.

In sporadic breast tumorigenesis, at least three different pathway-specific mechanisms of tumour progression are recogniz-
able, with breast carcinogenesis being different in ductal versus lobular carcinoma, and in well differentiated versus poorly
differentiated ductal cancers.

Thus, different breast cancer pathways emerge early in the process of carcinogenesis, ultimately leading to clinically different
tumour types. As mutations acquired early during tumorigenesis will be present in all later stages, large-scale gene expression
profiling using DNA microarray analysis techniques can help to classify breast cancers into clinically relevant subtypes.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Breast cancer is a genetic disease. At the moment
breast cancer is diagnosed clinically, mutations can be
demonstrated in at least four to six major regulatory
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genes, located on various chromosomes present in
the nucleus of the breast cancer cell. These genes
play a role in maintaining the physiological balance
between proliferation, apoptosis and differentiation.
Other genes regulate expression of steroid receptors,
cell adhesion molecules and angiogenic factors, and
of various other proteins important for invasion and
the establishment of metastases.

It has been proposed that the process of breast can-
cer tumorigenesis is best described by a multi-step
progression model[1], in which the normal breast ep-
ithelium evolves via hyperplasia and carcinoma in situ
into an invasive cancer, which eventually can dissem-
inate via lymph and blood vascular systems to form
metastases. Each of these steps is thought to corre-
late with one or more distinct mutations in regula-
tory genes. The question can be raised in how far the
multi-step progression model proposed for sporadic
breast cancer differs from that proposed for hereditary
breast cancer.

Hereditary breast cancer constitutes approximately
half of all cases of familial breast cancer, here defined
as women with two or more family members diag-
nosed with breast cancer before the age of 60 years.
Hereditary breast cancer is found in women with evi-
dence of inherited susceptibility to breast cancer on ba-
sis of an identified germline mutation. The major high
penetrance genes in which mutations increase suscep-
tibility to breast cancer are the breast cancer suscep-
tibility gene 1 (BRCA1) and the breast cancer sus-
ceptibility gene 2 (BRCA2). Mutations in these genes
account together for 2–3% of all breast cancers and
around 30–40% of all familial breast cancers[2].

In addition to BRCA1 and 2, various other genes
have been found to be mutated in familial breast can-
cer. Mutations in the cell cycle checkpoint kinase gene
(CHEK 2) account for about 5% of familial cancer
cases. Mutations in TP53 (causing the Li-Fraumeni
Syndrome) and those in PTEN (Cowden’s disease)
are responsible for no more than 1% of all familial
breast cancer cases. Additional high penetrance genes
that increase susceptibility to breast cancer (but not to
ovarian cancer) are likely to exist[2].

Predisposition to breast cancer has also been
related to a variety of genetic polymorphisms in
genes involved in metabolism of steroid hormones
(e.g. CYP17 and CYP19) and of carcinogens (e.g.
CYP1A1, NAT1 and NAT2)[3].

By far, the majority of breast cancers are so-called
sporadic cancers that result from the accumulation
of acquired and uncorrected genetic alterations in so-
matic genes, without any germline mutation playing a
role. Risk factors for sporadic breast cancer are often
hormonal in nature[4].

2. The multi-step progression model of breast
cancer

Breast development begins in the embryonic period.
Ductal morphogenesis starts from a bud-like struc-
ture with branching, elongation and then canalization.
Basal cells, expressing both smooth muscle actin, as
well as high molecular weight cytokeratins appear at
the end of the second trimester. In the adult breast
two major cell types can be distinguished: the myoep-
ithelial cell and the luminal secretory cell. Clinically
and histopathologically, various steps can be identified
during progression to malignancy[5].

Ductal hyperplasia, characterized by proliferation
of unevenly distributed epithelial cells with nuclei of
varying shape and chromatin pattern, is often a first
sign of pathology. The cells have relatively little cy-
toplasm and no clear cell borders. Cytologically the
cells are benign. The transition from hyperplasia to
atypical hyperplasia is clinically associated with an
increased risk of breast cancer. The next step is de-
velopment of carcinoma in situ, either ductal or lob-
ular, which is defined as a proliferation of cells with
cytological characteristics of malignancy, but without
stromal invasion across the basement membrane.

As cells detach from the basement membrane and
invade the stroma, the tumour becomes invasive.
Through dissemination via blood and lymph vessels,
invasive cells can give rise to metastases, either to
locoregional lymph nodes or to distant organs. The
majority of invasive carcinomas are ductal (85–95%).
Infiltrating lobular carcinoma constitutes approxi-
mately 10% of all breast cancers.

In the classic model of multi-stage tumour de-
velopment, a normal epithelial cell develops into a
premalignant atypical cell, and after clonal expansion
becomes a premalignant lesion, a carcinoma in situ
(step 1), then after some time, such lesion may become
invasive (step 2), then disseminates and, after evading
the immune system, forms metastases (step 3).
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At each step, an important genetic event is assumed
to occur that gives the cell new properties with a re-
sulting clonal selective advantage for that cell. These
genetic events range from small point mutations, via
chromosomal deletions, translocations and amplifica-
tions to large-scale changes as whole chromosome
losses or duplications. The result of these alterations
could be modification of gene expression or functional
alteration of gene products that are relevant for tumour
progression.

Mutational activation of oncogenes coupled with
inactivation of tumour suppressor genes are probably
early events in this multi-step process. Subsequently,
more independent mutations occur in at least four
or five other genes, the chronological order of these
events possibly being less important.

Alterations in genes involved in regulation of mito-
sis and DNA repair mechanisms could lead to a situa-
tion of so-called genomic instability, in which the in-
tegrity of the genome is at risk. Aberrations that acti-
vate or inactivate various other genes can result, lead-
ing to further progression to a malignant phenotype
[1,6]. Genomic instability might result from genetic
events in single nucleotides, in micro-satellites (small
stretches of DNA), in whole genes or in complete chro-
mosomes or parts of it. Micro-satellite instability can
result from both germline mutations, as well as from
somatic mutations in mismatch repair genes, such as
MSH 1, MSH 2 or MSH 6[7].

During progression to a fully malignant, metasta-
sising phenotype, additional mutations are required.
Over time and during (chemo)therapy, further selec-
tive pressure will reflect in patterns of allelic loss or
gain within the tumour, as well as in altered patterns
of gene expression. It is estimated that finally, in a
single cancer cell, a few hundred human genes have
an altered expression. In a full-blown cancer cell, it
is difficult to detect which mutations constitute early
events.

3. To study the process of breast carcinogenesis

In order to unravel the multi-step process of breast
carcinogenesis, a wide variety of (fresh, frozen or
fixed) cancer material (cells, tissues and tissue sec-
tions; DNA and RNA samples) has been studied with
a multitude of old and modern methods.

Cytogenetic abnormalities were first studied by
karotype analyses and flow cytometry. Fluorescence
in situ hybridisation (FISH) can also be used in fixed
material, including paraffin sections and allows the
detection of deletions and gains present in metaphase
or interphase chromosomes. DNA ploidy status can
be assessed reliably, but the limited availability of
locus specific probes limits the even more interesting
applications in studies of distinct chromosomal loci
[8].

Loss of heterozygosity (LOH) analysis or micro-
satellite analysis is based on the detection of allelic
imbalances in small repetitive DNA sequences. When
comparing normal to tumour material, LOH points
to loss of one allele, and therefore also to the pos-
sible inactivation of genes located closely to the
micro-satellite analysed[9].

Comparative genomic hybridisation (CGH) is a rel-
ative new technique that screens for losses and gains
in human chromosomal material within the tumour
DNA, using both fresh, frozen or fixed tissues, as well
as isolated DNA. Although interpretation is not always
simple, conclusions may be drawn from one single test
about a possible activation of multiple oncogenes or
inactivation of various tumour suppressor genes[10].

Gene expression, whether decreased or increased,
at the RNA and protein level can be studied with vari-
ous (semi) quantitative methods. Molecular biological
techniques to detect mutations (sequencing) or altered
expression of genes (micro arrays) are also of impor-
tance.

4. Genes involved in breast carcinogenesis

A long list of genes has been implied in breast can-
cer tumorigenesis. In the following, a short survey of
the most important genes will be given (seeTable 1).

4.1. Oncogenes

Many oncogenes, with different functionality and
cellular localization, have been reported to play a role
in human breast carcinogenesis. In sporadic breast
cancer oncogene amplification is frequently found,
but only a few of these amplified genes are cru-
cial in the development of breast cancer, e.g. MYC,
Int2, EMS1, CCND1 and ERBB2[11–18]. Growth
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Table 1

Gene Locus Role in hereditary breast cancer Role in sporadic breast cancer Reference(s)

BRCA1 17q12-21 Germline mutation (hereditary
breast ovarian cancer syndrome)

Inactivation by hypermethylation
of the BRCA1 promotor region

[2,23–30]

BRCA2 13q12-13 Germline mutation (hereditary
breast ovarian cancer syndrome)

Silenced by overexpressed EMSY [28,29,75]

TP53 (p53) 17p13.1 Germline mutation (Li-Fraumeni
syndrome) TP53 mutations
frequent in BRCA1 and BRCA2
mutant breast cancers

Late event [31–36]

Rb1 13q14.1 No specific role Late event [30,37,38]
PTEN (MMAC1) 10q.23-24 Germline mutation (Cowden

disease syndrome)
Rare [39]

MYC 8q24 No specific role Overexpressed in 25–30% [11,30]
ERBB2/Her2/neu 17q21 Frequently underexpressed in

BRCA1 mutant breast cancers
Overexpressed in 25–30% [16]

CDH1 (E-Cadherin) 16q22.1 No specific role Early event in lobular breast cancer[44]
CCND1 (Cyclin D1) 11q13 Frequently underexpressed in

BRCA1 mutant breast cancers
Overexpressed in 30–40% [14,15,63]

ER� 6q25.1 Frequently underexpressed in
BRCA1 mutant breast cancers

Underexpressed in 25% [47,48,50,51]

ER� 14q22-24 Not known Not known [49–51]

factors like EGF, TGF� and IGF-1 could be also in-
volved in proliferation and growth of breast cancer
[19–22].

4.2. Tumour suppressor genes

The BRCA1 gene, located on chromosome
17q12-21, was cloned in 1994[23]. BRCA1 is in-
volved in many transcriptional processes. It has been
associated with more than 15 different proteins in-
volved in transcription, either in transcriptional acti-
vation or transcriptional repression[24]. It also plays
a role in apoptosis. As a tumour suppressor, BRCA1
is a factor in maintaining genomic stability. It inter-
acts with various proteins, and the complexes formed
are involved in DNA recognition and repair[25,26].

Germline mutations in BRCA1 confer susceptibil-
ity to breast and ovarian cancer. Mutations of BRCA1
are scattered throughout the gene and consist of in-
sertions, deletions, frameshifts, base substitutions and
inferred regulatory mutations[2]. In sporadic breast
cancer the gene is rarely mutated, but frequently func-
tionally impaired[26–30].

The BRCA2 gene is located on chromosome
13q12-13. The gene codes for proteins involved in
DNA repair, cell cycle control and transcription[28],

and may have a function in terminal differentiation of
breast epithelial cells[29].

In sporadic breast cancer, mutational inactivation
of BRCA2 is rare as inactivation requires both gene
copies to be mutated or totally lost[26,28,30].

The tumour suppressor gene p53 (TP 53), on
chromosome 17p13.1, is one of the most frequently
mutated genes in sporadic human cancer[30]. Most
mutations are point mutations leading to proteins
defective for sequence-specific DNA binding and ac-
tivation of p53-responsive genes[31–33]. In sporadic
breast carcinomas the occurrence of TP53 mutations
is a late event. Rarely, a TP53 mutation is associated
with hereditary breast cancer[33], as seen with the
Li-Fraumeni Syndrome[34–36].

The Rb protein product of the retinoblastoma gene
Rb1, located on chromosome 13q14.1, regulates the
expression of BRCA1 via transcriptional activation.
Double inactivation of both alleles of this tumour sup-
pressor, due to mutations of the Rb1 gene, is found
in hereditary and sporadic retinoblastoma. Rb1 mu-
tations in the large-sized Rb1 locus are common in
many cancers, including sporadic breast cancer but are
probably late events[30,37,38].

The PTEN tumour suppressor gene is located on
chromosome 10q23. Germline mutations play a role in
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breast cancer (within the Cowden disease syndrome).
Somatic mutations in sporadic breast cancer are rare
[39].

The cell cycle checkpoint kinase CHEK2 gene
(on chromosome 22) is a key mediator in DNA
damage-response[40,41]. The 1100delC variant of
the CHEK2 gene was found to cause low-penetrance
susceptibility to familial breast cancer[42,43].

The CDH1 gene (on 16q22.1) encodes for the adhe-
sion molecule E-Cadherin. In sporadic lobular breast
cancer, CDH1 is claimed to behave as a tumour sup-
pressor gene[44].

4.3. Apoptosis genes

Apoptosis or programmed cell death is a character-
istic of normal, non-neoplastic cells. In cancer cells
apoptosis is either abnormal or completely inhibited.
Pro- and anti-apoptosis signals are under control of
several genes, e.g. Bax, Bcl2[45,46]. Sex hormones
are known to either up-regulate or to down-regulate
apoptotic genes[47].

4.4. Steroid receptors

The oestrogen receptor (ER)� gene located on chro-
mosome 6q25.1, is the most important growth factor
receptor involved in hormone-dependent breast car-
cinogenesis. The ER� gene is located on 14q22-24.

Estrogens can act as tumour initiator, by causing
direct DNA damage[48]. By induction of inces-
sant mitosis, estrogens can promote accumulation
of DNA replication damage ultimately leading to a
malignant phenotype[47]. The two receptor isoforms
are encoded by two different mRNAs, but share the
same structural and functional domain composition
[49]. Oestrogen receptors regulate gene expression by
both oestrogen-dependent and oestrogen-independent
mechanisms leading to activation of gene transcrip-
tion, e.g. of cell cycle control proteins. These pro-
cesses may result in cell proliferation. Overexpression
of ER� is frequently observed in early stages of breast
cancer[50]. The significance of ER� in breast cancer
is less clear than that of ER�. The presence of ER�
mRNA has been demonstrated both in normal as well
as in malignant mammary gland tissue[51].

Progesterone receptor isoforms PR-A and PR-B
have different physiological functions. Of 94 proges-

terone-regulated genes, 65 are uniquely regulated by
PR-B, 4 uniquely by PR-A, and only 25 by both[52].
The role of PR-A and PR-B in breast tumorigenesis
is not clear.

4.5. Invasion and cell adhesion genes

Invasion, cell adhesion and ‘homing’ of tumour
cells are essential steps in the metastatic spread of can-
cer cells. Several genes are involved in this process,
e.g. N-CAM, integrins, E-Cadherin, uPA, cathepsinD,
B, collagenase I-IV, CD44, NME1 and metallopro-
teases[1,53].

4.6. Angiogenesis genes

Growth and progression of tumours is accompa-
nied by neovascularisation (angiogenesis)[54]. Tu-
mour cells in the stroma contribute to an increase of
vascular endothelial growth factor (VEGF) and other
angiogenic factors, like basic fibroblast growth factor
and platelet-derived growth factor[55–57].

5. Current understanding of breast carcinogenesis

At present the development of a multi-step genetic
model for breast carcinogenesis lags behind compared
to that of colorectal cancer[58], which has been de-
scribed as a process of serial step-wise accumulation
of distinct genetic mutations.

As to the breast cancer model, there are a few un-
certainties. Firstly, are hyperplasia (of the usual type),
atypical hyperplasia and carcinoma in situ frequent
and obligatory precursors of ductal or lobular breast
cancer, or will cancer sometimes or mostly develop di-
rectly out of normal epithelium, without any precursor
stage? Secondly, breast carcinogenesis is probably dif-
ferent in ductal and lobular carcinoma. And how would
it be in other breast cancer types, such as tubular and
medullar carcinomas? And finally, what are the differ-
ences between hereditary and sporadic breast cancer
tumorigenesis? Complete answers to these questions
are not available; our knowledge is still very limited
and often fragmentary in nature[26,30,59].

Starting from various types of carcinoma in situ,
it has been suggested that in sporadic breast cancer
not one, but multiple, parallel running, progression
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pathways exist[60–62]. Thus, poorly differentiated
ductal carcinoma develops from grade 3 DCIS, with
both lesions showing genetic amplifications in chro-
mosomal region 17q12, while well-differentiated duc-
tal carcinomas develop from well-differentiated DCIS,
both being characterized by 16q loss, the locus of the
E-Cadherin gene[61,62]. As a general rule, a mutation
acquired early during tumorigenesis will be present in
all later stages during cancer progression. Therefore,
with a chromosomal loss (16q) early in the pathway
to well-differentiated breast cancer, the concept that
poorly differentiated ductal cancer results from dedif-
ferentiation of a well differentiated tumour seems less
likely.

Overexpression of Cyclin D is an early event that
distinguishes all grades of DCIS from benign hyper-
plasic lesions[63]. High grade DCIS is furthermore of-
ten characterized by an early TP53-mutation[64] and
ERBB2 overexpression[65], while low grade DCIS
shows overexpression of E-Cadherin[66].

Invasive lobular cancer results from lobular car-
cinoma in situ, with an early loss of 16q and a
gain in 1q, highly similar to the changes seen in
well-differentiated DCIS. In mucinous carcinoma,
amplification of 8q24 seems to be an early event
[62,63]. Thus, with sophisticated methods such as
CGH studies, early events in sporadic breast cancer
are detected as allelic imbalances in 16q (the locus
of the E-Cadherin gene), in 17q12 (the locus of the
ERBB2/HER2-neu) and in 11q13 (the locus of the
Cyclin D gene)[62,63,67,68].

Remarkably, any distinct genetic alteration associ-
ated with the important step of invasion has not been
identified thus far[67,68]. However, it can be con-
cluded that the most common genetic changes seen in
invasive breast cancer already take place at the car-
cinoma in situ level. Here, the concept of carcinoma
in situ probably differs substantially from that seen in
adenocarcinoma of the colon, as well as from that seen
in squamous cell carcinoma of the uterine cervix.

It is tempting to postulate that in sporadic breast
tumorigenesis at least three different pathway-specific
mechanisms of tumour progression can be discerned.
Early events on these roads differ: loss of 16q (the
pathway to G1 ductal tumours and lobular cancers)
and gain in 17q12 and 8q (the pathway to G3 ductal
cancers). One or even two different pathways might
lead to G2 ductal tumours[63].

Thus, early in the multi-step process carcinogene-
sis, different breast cancer tumour types could emerge,
probably with different cell biological characteristics
(mitotic rate, apoptopic rate, ER expression, metas-
tasing capability), and thus with different clinical out-
comes.

Recent large-scale gene expression profiling using
DNA microarray analysis techniques, has resulted in
classification into clinically relevant breast cancer sub-
groups[69–71]. In one study, based on patterns of
expression of over 500 selected genes, a subdivision
into five distinct subtypes was obtained[71]. These
five subtypes represent different biological entities and
might originate from different cell types.

One of the five subtypes was characterized by over-
expression of ERBB2 (located on 17q12) and poor
prognosis. A second tumour type, lacking expression
of the oestrogen receptor and also with a poor clinical
prognosis, has been termed “basal”, as it resembles
the pattern found in basal epithelial cells of the normal
mammary gland. This basal tumour type differs from
two other subtypes, namely luminal A and luminal B
subtypes, which resemble cells that line the duct and
give rise to the majority of breast cancers[71].

Remarkably, hereditary tumours of women with a
BRCA1 gene mutation are classified exclusively as
basal subtype tumours, and those of BRCA2 muta-
tion carriers as luminal A subtype tumours[69,71].
In general, the latter subtype has a better survival
than the basal subtype. As both subtypes are also
found in (non-BRCA1 or 2 mutation carriers with)
sporadic breast cancer, the question can be asked as
to the role of BRCA1 and 2 in sporadic carcino-
genesis. In sporadic breast cancer, mutational inacti-
vation of BRCA1 or BRCA2 genes is a rare event
[30]. However, non-mutational disregulation or sup-
pression of BRCA1 function[25–30,72–74]and of
the BRCA2 function[75] has been described. Vari-
ous mechanisms could play a role, such as hyperme-
thylation of the BRCA1 promoter[74] or binding of
BRCA2 by EMSY[75].

EMSY is a novel gene product, which binds to exon
3 of the BRCA2 gene, and thereby suppresses the
transactivational activity of BRCA2. EMSY maps to
the chromosome 11q13 locus (together with the Cy-
clin D1 gene) and encodes a protein of 1322 amino
acids, with no obvious function. The EMSY gene is
amplified in a subset of sporadic breast cancers, around
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13% of the total, which thus could lead to inactivation
of the BRCA2 pathway in sporadic tumours, mim-
icking the effect of BRCA2 inactivation after familial
BRCA2 deletion in hereditary breast cancers.

Although it seems evident that EMSY represses
transcriptional activation of BRCA2, it is not certain
that the overexpression of EMSY would be sufficient
to drive tumorigenesis in sporadic breast cancer. Also,
there is uncertainty as to the role of EMSY in hered-
itary breast tumours that already have one defective
BRCA2 allele[76].

Distinct somatic genetic changes have been found
to be associated with tumour progession in carriers
of BRCA1 and BRCA2 germline mutation carriers
[59]. These somatic genetic mutations found in hered-
itary breast cancers seem to be both quantitatively and
qualitatively different from those involved in sporadic
breast cancer progression. In BRCA1 tumours that
are generally ER-negative and strongly infiltrated by
tumour lymphocytes[69,70], TP53 mutation[59,33]
is very frequent. TP53 is mutated also frequently in
BRCA2 mutation carriers. This is remarkable as p53
mutations, common in most solid tumours, are less
common in sporadic breast cancers. Also, TP53 muta-
tions identified in BRCA1 and BRCA2 mutation car-
riers are in general of a different nature than those
reported in sporadic human cancers[33].

The pathway to cancer starts in hereditary breast
cancer from a germline pathological mutation in one
of the tumour suppressor genes. In normal breast
tissue of BRCA1 or BRCA2 mutation carriers an
altered expression of oestrogen response proteins is
found, together with a predominance of progesterone
receptor A[77]. This could lead to changes in pro-
gesterone signalling in this hormone-dependent tissue
and thus to an increased risk for cancer. An early
event in hereditary breast cancer is the inactivation
of the second allele in addition to the germline muta-
tion present in the first allele. Here, cancer develops
through loss of function of both the maternal and pa-
ternal alleles of a tumour suppressor gene. The loss of
the second allele may occur after some time as a result
of exogenous toxins or just by chance during DNA
replication.

This so-called “two-hit”-model of carcinogenesis,
originally suggested by Knudson[78] applies to tu-
mour suppressor genes and DNA repair genes. The
loss of the second still functional allele (reflected in a

loss of heterozygosity) starts cancer development far
more often in hereditary breast cancers than in spo-
radic breast cancer. In this sense, the pathway to inva-
sive breast cancer starts in women, who have already
a germline mutation in one of the cancer susceptibil-
ity genes, from an early event that is highly different
from that found in sporadic cancer.

It can be assumed that the specific early events
during tumorigenesis would also have implications
for subsequent, specific, somatic, genetic defects that
must accumulate during further progression to a ma-
lignant phenotype, as indeed have been found in some
studies[59,79].

Based on our current understanding, which is far
from complete, the following can nevertheless be con-
cluded. Oncogenic pathways leading from early events
to invasive, metastasising cancers are different for spo-
radic versus hereditary breast cancer. In hereditary
cancers tumorigenesis most often starts from the in-
activation of two alleles of a tumour suppressor gene,
while in sporadic cancer more often genomic amplifi-
cation of only one allele of an oncogene would be an
early event.

Both in hereditary cancer as well as in sporadic can-
cer, early events can take place in a variety of specific
genes, leading through different pathways, probably to
different tumour types, which have a different clinical
outcome.

Knowledge of the different tumour development
pathways, each starting from distinct and specific early
events leading to specific clinically relevant subtype of
tumours, would also be of value for the clinic. Gene ex-
pression profiling could help to identify patients with
different breast cancer subtypes, and therefore, differ-
ent therapeutic options.
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