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Abstract Breast cancer is a heterogeneous disease that encom-
passes a wide range of histopathological types including: invasive
ductal carcinoma, lobular carcinoma, medullary carcinoma,
mucinous carcinoma, tubular carcinoma, and apocrine carcinoma
among others. Pure apocrine carcinomas represent about 0.5% of
all invasive breast cancers according to the Danish Breast Cancer
Cooperative Group Registry, and despite the fact that they are
morphologically distinct from other breast lesions, there are at
present no standard molecular criteria available for their diagno-
sis. In addition, the relationship between benign apocrine changes
and breast carcinoma is unclear and has been a matter of discussion
for many years. Recent proteome expression profiling studies of
breast apocrine macrocysts, normal breast tissue, and breast
tumours have identified specific apocrine biomarkers [15-hydroxy-
prostaglandin dehydrogenase (15-PGDH) and hydroxymethyl-
glutaryl coenzyme A reductase (HMG-CoA reductase)| present
in early and advanced apocrine lesions. These biomarkers in com-
bination with proteins found to be characteristically upregulated in
pure apocrine carcinomas (psoriasin, S100A9, and p53) provide a
protein expression signature distinctive for benign apocrine meta-
plasias and apocrine cystic lesions. These studies have also pre-
sented compelling evidence for a direct link, through the
expression of the prostaglandin degrading enzyme 15-PGDH, be-
tween early apocrine lesions and pure apocrine carcinomas. More-
over, specific antibodies against the components of the expression
signature have identified precursor lesions in the linear histological
progression to apocrine carcinoma. Finally, the identification of
proteins that characterize the early stages of mammary apocrine
differentiation such as 15-PGDH, HMG-CoA reductase, and
cyclooxygenase 2 (COX-2) has opened a window of opportunity
for pharmacological intervention, not only in a therapeutic manner
but also in a chemopreventive setting. Here we review published
and recent results in the context of the current state of research
on breast apocrine cancer.
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1. Introduction

Breast cancer is the leading cause of cancer deaths in women
today and is the most common cancer among women in the
Western world (22% of all cancers). According to the World
Health Organization, more than 1.2 million people will be
diagnosed with breast cancer this year worldwide and the Dan-
ish Health authorities estimate that in 2005, approximately
4200 women were diagnosed with the disease in Denmark.
Moreover, there is a significant increase in the number of
new cases diagnosed every year in Denmark as in the past 40
years the number of cases has tripled. Routine mammography
screening has increased the number of breast lesions detected,
but clearly, in spite of many efforts, new strategies for early
detection, prevention and treatment are needed in order to
control the disease and improve survival.

Breast cancer is a heterogeneous disease that encompasses a
wide range of histopathological types including invasive ductal
carcinoma (IDC), lobular carcinoma (ILC), medullary carci-
noma, mucinous carcinoma, tubular carcinoma, and apocrine
carcinoma among others [1]. Apocrine carcinoma is a rare le-
sion that represents about 0.5% of all invasive breast carcino-
mas according to the Danish Breast Cancer Cooperative
Group (DBCG) Registry, and even though these lesions are
morphologically distinct from other breast carcinomas, there
are at present no available standard histopathological criteria
for their diagnosis [2-4] and as a result, there is no precise
information as to their prognosis. Molecular profiling of breast
cancer tumours with cDNA microarrays have provided a new
way to classify breast tumours in subgroups based on their
expression patterns [5], as well as to derive signatures for prog-
nosis [6-8] and response to treatment [9-11]. The original Stan-
ford classification [5], subsequently refined by Sorlie and
colleagues [12], describes five tumour sub-classes with charac-
teristic molecular features and clinical outcomes. The five types
defined as: luminal A, luminal B, basal, normal and ERBB2,
represent distinct biological entities that with the exception
of the ERBB2 class can be related to cell type and differentia-
tion status. The Stanford classification, however, is by no
means exhaustive as recently Farmer and colleagues [13] using
principal component analysis and hierarchical clustering
analysis of cDNA microarray data identified a novel subset
of breast tumours with increased androgen signalling and
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apocrine expression profile that they termed “molecular apo-
crine”, as these lesions do not exhibit all the histopathological
features of classical apocrine carcinomas. Molecular apocrine
tumours share some common expression characteristics with
the ERBB2 class in the Stanford classification and exhibit
some of the features of the basal group [13], underlining the
heterogeneity of these lesions. In addition, Japaze and co-
authors [14] have recently defined histopathological criteria
for the diagnosis of pure invasive apocrine carcinoma (PIAC),
an intermediate group of apocrine tumours representing a dis-
tinct clinicopathological entity. These lesions have a less
aggressive behaviour than invasive ductal carcinomas other-
wise not specified (IDC-NOS) [14]. In summary, given the lack
of criteria, histological as well as molecular, to reproducibly
categorize apocrine breast carcinoma and the continuing con-
troversy over its definition, one cannot determine with cer-
tainty the true clinical significance of these lesions.

Our laboratories are part of a multidisciplinary and long-
term research initiative aimed at the comprehensive analysis
of breast cancer lesions using multiple experimental paradigms
from proteomics and functional genomics to study fresh mam-
mary tumours and matched benign tissues, along with the inte-
gration of the multiplatform “omic” data sets with clinical
data from each patient [15-20]. In this minireview we focus
on novel proteomic strategies employed by our laboratories
that have (i) shed some light as to the origin and phenotype
of apocrine carcinomas, (ii) aided in the identification of pre-
cancerous lesions in the linear histological model of breast can-
cer progression [21], and (iii) revealed specific targets for
chemoprevention [20]. Published results as well as new data
are reviewed here and set in the context of the current state
of research on breast apocrine cancer.

2. Origin of apocrine tumours: relationship between benign
apocrine metaplasia and apocrine carcinomas

Apocrine differentiation of breast epithelial cells has at-
tracted a great deal of attention as up to 50% of breast invasive
carcinomas exhibit areas with apocrine morphology features
[22-28], and because available data have shown that women
with breast apocrine cystic disease have an increased propen-
sity for developing breast cancer later in their lives [29-33].

Presently, little is known about the molecular mechanisms
underlying apocrine metaplasia, a process that entails the con-
version of breast epithelial cells in the terminal duct lobular
units (TDLUs) into sweat gland type cells [34]. Breast apocrine
cells are cytologically identical to cells in apocrine glands in
that they exhibit rather large vesicular nuclei with prominent
nucleoli, as well as abundant eosinophilic cytoplasm that occa-
sionally present apical snouts that are shed into the lumen of
the ducts [29,35-37]. Apocrine lesions are usually diagnosed
based on morphological features [27] and their relationship
with invasive disease remains controversial as different authors
have described these lesions as either a precursor in malignant
apocrine transformation, or as benign lesions with no correla-
tion with malignancy [24,29,35,37,39-44]. Up to one third of
the women aged 30-50 bear large apocrine cysts in their
breasts [29,36], and both their frequency and their proposed
association with an increased risk of breast cancer have under-
pinned the importance of investigating these lesions at the
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molecular level in order to enlighten their putative relationship
with invasive disease, in particular apocrine carcinoma
[13,20,37,45].

The strategy we have used to unravel the relationship be-
tween benign apocrine metaplastic epithelium and invasive
apocrine cancer was based on the assumption that invasive
apocrine carcinomas evolve from epithelial cells in TDLU’s
in a stepwise manner, going through different sequential stages
that involve metaplasia, hyperplasia, atypia, and carcinoma
in situ (CIS) [21,37,46]. Firstly, we derived specific protein bio-
markers for benign apocrine metaplasia by comparing the pro-
tein expression profiles of non-malignant breast epithelia and
apocrine cells. Secondly, we generated specific antibody probes
against these markers to use in immunohistochemistry (IHC)
based analysis of tissue specimens to determine if these mark-
ers were indeed expressed by apocrine carcinomas [20].

2.1. Apocrine differentiation of breast epithelial cells:
identification of specific biomarkers of apocrine metaplasia

Gross cystic disease is the most commonly observed benign
disease of the breast occurring in about 7% of all adult women
[47]. Cysts are divided into apocrine — or type I, flattened — or
type II, and intermediate types based on the K*/Na™ concen-
tration ratio [31,48-51]. Type I cysts (apocrine) have a higher
K*/Na* ratio (=1.5) [48], and are lined by metaplastic apocrine
secretory epithelium that exhibit tight cell-cell junctions. The
conversion of breast epithelial cells to apocrine cells is a com-
mon phenomenon in the female breast, with microscopic apo-
crine changes appearing, typically, after the age of 30 and
increasingly thereafter [29,36]. Apocrine microcysts are derived
by either: (i) cystic transformation of glandular cells, followed
by dilation of the ductules due to secretion, (ii) metaplasia of
larger ducts, or (iii) by apocrine metaplasia of intraductal pap-
illary lesions [20,45,52-54]. Microcysts can enlarge to become
macrocysts reaching sizes of a couple of cm’s in diameter, caus-
ing pain and discomfort due to the tension effects on the sur-
rounding stroma. We have recently presented evidence
indicating that apocrine macrocysts arise by coalescence of
smaller microcysts [20]. Apocrine macrocysts are heteroge-
neous in their cytological characteristics and in some cases
present transitions from cuboidal to flat apocrine epithelia,
most likely representing differences in their stage of differenti-
ation and/or metabolic activity.

Apocrine micro- and macrocysts do not express estrogen
receptor alpha (ER-alpha) and progesterone receptor (PR)
[55-57], but are positive for the androgen receptor (AR) and
Her-2 Neu [13,20]. In addition, these lesions exhibit a low pro-
liferative index as determined by staining with the Ki67 anti-
body [20,56].

To generate specific biomarkers of apocrine metaplasia we
compared the protein expression profiles of fresh breast apo-
crine macrocysts with those of matched non-malignant tissues
collected from the same patient [20] as these lesions are rela-
tively large in size and provide abundant material for gel-based
protein analysis. By combining an improved tissue sample
preparation procedure that allows the proteomic analysis of
only a few cryostat sections under a well-defined histological
framework (Fig. 1) [19,20] with two-dimensional polyacryl-
amide gel electrophoresis (2D PAGE) and mass spectrometry,
we have identified several proteins that are expressed preferen-
tially, or solely by apocrine cells (Fig. 2A and B) [20]. These
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Fig. 1. Overview of the various steps involved in the analysis of apocrine macrocysts. A similar procedure was used to analyze non-malignant and

tumour specimens.
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Fig. 2. IEF 2D PAGE of lysates of cryo sections from (A) apocrine macrocyst and (B) non-malignant epithelia from the same patient. Proteins that
are preferentially expressed by the apocrine cyst are indicated with their respective names.

include 15-hydroxy prostaglandin dehydrogenase (15-PGDH),
3-hydroxymethylglutaryl CoA synthase (HMG-CoA synthase),
gross cystic disease fluid protein-15 (GCDFP-15), apolipopro-
tein D (Apo D), apolipoprotein J (Apo J), beta-glucuronidase,
steroid carrier-binding protein 2 (SCP2), flavin reductase,
aldo—keto reductase familly 1, CuZn-superoxide dismutase
(CuZn-SOD), brain fatty acid binding protein (B-FABP),
cathepsin D, and heat shock protein 27 (hsp 27). Most of the
expression changes observed by 2D PAGE analysis were vali-
dated by IHC, with some examples being presented in Fig. 3A—
N. In addition, we surmised two other biomarkers from our

data, HMG-CoA reductase, a protein that is coordinately ex-
pressed with HMG-CoA synthetase [58,59] (Fig. 3P), and
cyclooxygenase 2 (COX-2) [60], a 15-PGDH antagonist activ-
ity (results not shown), both of which were shown by IHC to
be up-regulated in apocrine cells and present in micro and
macrocysts [20]. An annotated 2D gel image of all the apocrine
cyst proteins identified so far will be made available through
our website (http://proteomics.cancer.dk).

Of all the up regulated proteins we identified, only 15-PGDH
(Fig. 3B) and HMG-CoA reductase (Fig. 3P) are expressed spe-
cifically by apocrine cysts, and by apocrine metaplastic cells
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Fig. 3. IHC pictures of apocrine microcysts and non-malignant breast tissues reacted with antibodies against proteins expressed preferentially, or
solely by apocrine cells. The peptide antibodies against GCDFP-15, Apo J, Apo D, flavin reductase, and CuZn-SOD were prepared by Eurogentec.
The antibodies against aldo—keto reductase family 1 and the HMG-CoA reductase were a kind gift of R.J. Cenedella (Kirksville, Mo) and H.
Aburatani (Tokyo), respectively. The antibodies against 15-PGDH were prepared in the laboratory and have been described before [20].

present in type I cysts, terminal ducts, and intraductal papil-
lary lesions [20]. IHC analysis of hundreds of sections of non-
malignant tissue biopsies collected from 93 patients with
invasive breast cancer showed that these markers are not ex-
pressed by cells present in non-malignant terminal ductal lobu-
lar units (TDLUs) (Fig. 3A), type II flat microcysts, stroma
(Fig. 3A), fat tissue, or any other cell type of mammary tissue
examined [20], underscoring their value as specific markers
for apocrine lesions. These biomarkers are far superior for dis-
crimination of apocrine cells compared to GCDFP-15, a pro-
tein generally regarded as a specific functional marker of
apocrine cells [61], which cannot be used alone to pinpoint apo-
crine lesions as it is expressed by some non-apocrine breast epi-
thelial cells [20,37,62].

2.2. Expression of specific apocrine metaplasia biomarkers by
pure invasive apocrine carcinomas establish a direct link
between these lesions

An important question that has been debated for some years
concerns the relationship between apocrine changes and breast
carcinoma, in particular apocrine carcinoma [29,38,40,41.,43,

44]. So far, published studies have shown contradictory results

as apocrine lesions have been considered as either a precursor in
malignant apocrine transformation, or as benign lesions with
no correlation with malignancy [24,29,35, 37,39-44].

Having demonstrated the strict specificity of our antibody
probes recognizing 15-PGDH and HMG-CoA reductase anti-
gens, we analyzed by IHC 93 prospective breast tumour samples
for which we had collected proteomic data during a period of
three years [16,17,19,20]. These studies revealed that only one
of the lesions, classified by the attending pathologist as inva-
sive pure apocrine carcinoma (RH-79), expressed 15-PGDH
(Fig. 4A), although no HMG-CoA reductase could be de-
tected. These results are in harmony with the fact that our
set of tumours, consisting of 75 invasive ductal carcinomas,
15 invasive lobular carcinomas, one mucinous carcinoma,
one tubular lesion, and one single apocrine carcinoma, reflect-
ing the expected incidence of mammary tumour types preva-
lent in the general population [63,64].

Since the expression of 15-PGDH by an invasive apocrine
carcinoma suggested a link between benign apocrine metapla-
sia and the tumour phenotype, we proceeded to analyze by
THC and 2D PAGE six retrospective pure apocrine carcinomas
for which we had snap-frozen tissue and paraffin-embedded
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Fig. 4. THC staining and 2D PAGE of invasive breast carcinomas. (A) Pure apocrine carcinoma RH-79 reacted with the 15-PGDH antibody. (B)
and (C) Ductal and lobular invasive carcinomas reacted with the 15-PGDH antibody. (D) Invasive area of apocrine carcinoma RH-34697 reacted
with the 15-PGDH antibody. (E) as (D), but depicting an area with apocrine CIS. (F) Invasive area of apocrine carcinoma RH-21990 reacted with
the HMG-CoA reductase antibody. (G) as (F), but depicting an area with apocrine CIS. (H) Silver stained 2D gel of whole lysates from pure apocrine
carcinoma RH-9777. (I) Silver stained 2D gel of whole lysates from pure apocrine carcinoma RH-21990. (J) Silver stained 2D gel of whole lysates

from the apocrine cyst shown in Fig. 2A.

tissue blocks. Of these, five lesions stained positively with the
15-PGDH antibody, which decorated both invasive (Fig. 4D)
and CIS apocrine cells (Fig. 4E; RH-34697). All five apocrine
cancers were ER-alpha and PR negative, AR positive, while
four were p53 positive [20]. Interestingly, only one of the 15-
PGDH positive tumours (RH-34697) expressed HMG-CoA
reductase both in the invasive and CIS apocrine cells (results
not shown), while another (RH-21990) expressed the enzyme
solely in the CIS apocrine cells (Fig. 4F, compare with G) sug-
gesting that in some lesions expression of HMG-CoA reduc-
tase may be lost prior to 15-PGDH during cancer
progression. Expression of 15-PGDH by five out of the six
pure apocrine carcinomas was confirmed by gel-based proteo-
mic analysis of frozen cryostat sections (Fig. 4H). The apo-
crine tumour that failed to express 15-PGDH (RH-24678),
determined both by IHC and 2D PAGE (results not shown)
may represent a more advanced apocrine carcinoma.

Given that 15-PGDH is not expressed by any other breast
tumour type as judged both by IHC (Fig. 4B and C) and 2D
PAGE analysis (results not shown) [20], the results are taken
to imply that there is a direct link between benign apocrine
metaplasia and apocrine cancer. The results, however, also
indicated that most apocrine changes have little intrinsic
malignant potential, although some lesions may progress to
invasive apocrine cancer. At present we do not know which
apocrine lesions will progress to invasive disease, and therefore
there is an urgent need to develop novel strategies to reveal and

characterize at the molecular level the early spectrum of lesions
in the linear histological progression from normal epithelial
breast cells to invasive disease. Our initial efforts in this direc-
tion are summarized below.

3. Early stages in apocrine cancer progression: a protein
expression signature for benign apocrine metaplasia

In order to reveal early precancerous apocrine lesions (aty-
pia and CIS) it is necessary to identify protein markers that
are expressed by pure apocrine carcinomas but are absent in
benign apocrine lesions. Antibodies against these malignancy
specific markers in combination with already available apo-
crine-specific antibodies are expected to provide powerful tools
to identify early apocrine lesions using IHC in combination
with immunowalking, i.e staining of consecutive sections with
various antibodies [65].

Comparison of the protein profiles of apocrine macrocysts
with those of pure invasive apocrine carcinomas have, so far,
revealed two proteins expressed by the tumours, albeit at dif-
ferent levels, that are absent in the benign apocrine lesions.
These are psoriasin (S100A7) [66] and SI00A9 (MRP-14, cal-
granulin B) [67] (compare Fig. 41 and J), both members of
the S100 family of proteins [68,69]. These results have been val-
idated by IHC using specific antibodies (results not shown).
Psoriasin has been shown to play a role in the progression of
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invasive ductal carcinomas by promoting angiogenesis and
enhancing the selection for cells that overcome its anti-invasive
function [70]. SI00A9 on the other hand is known to be dereg-
ulated in several cancers [71-73], but its specific function is at
present unknown. Both psoriasin and S100A9 are expressed by
other breast tumour types, but the fact that most pure apocrine
lesions express 15-PGDH is expected to facilitate the identifi-
cation of early lesions that are of apocrine origin.

Based on the proteomic and IHC analysis of numerous apo-
crine cysts, non-malignant breast tissue, and pure apocrine le-
sions we have defined a protein expression signature that we
believe characterises benign apocrine metaplasia. This signa-
ture, which consists of 15-PGDH (+), HMG-CoA reductase
(+), p53 (—), psoriasin (—), and S100A9 (—) (Fig. SA-D),
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may prove valuable for diagnosing benign apocrine metapla-
sias both in paraffin sections and in fine needle aspiration
cytology. Moreover, antibodies against the components of
the expression signature offer unique tools to search for pre-
cancerous lesions using IHC in combination with immuno-
walking as described below [65].

3.1. Towards the identification of precancerous apocrine lesions

The assumption that invasive apocrine carcinomas evolve
from epithelial cells in TDLU’s in a progressive stepwise man-
ner has been a key element in our work, even though we realise
that this may be a simplification. An upshot of this assumption
is that in the progression from precancerous to invasive lesions,
the proteome of cells will inevitably change with expression of

15-PGDH

HMG-CoA
reductase

HMG-CoA
reductase

15-PGDH

HMG-CoA
reductase

15-PGDH

HMG-CoA
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Fig. 5. IHC staining of benign apocrine metaplasia and various apocrine atypias detected in the invasive area of tumour RH-71 using antibodies
against components of the expression signature. (A-D) Benign metaplasia. (E-H) Atypia 1. (I-L) Atypia 2. (M-P) Atypia 3. (Q-T) Atypia 4. (U-X)
Tumour RH-71. With the exception of U, all others correspond to serial sections. The antibody against SI00A9 (EPO 010100) was prepared by
Eurogentec. The psoriasin monoclonal antibody has been previously described [85].
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some proteins being lost and others gained. Our first indication
that levels of apocrine-specific biomarkers change during
apocrine cancer progression was provided by the observation
that in one pure apocrine tumour examined (RH-21990) the
CIS lesions were positive for HMG-CoA reductase (Fig. 4G),
while the invasive component was negative (Fig. 4F) [20]. This
result encouraged us to carry out a search for early lesions by
probing a large number of apocrine lesions with antibodies
against the components of the benign apocrine expression sig-
nature we had derived, using IHC in combination with immu-
nowalking [65]. Using this approach we expect to be able to
characterize the various histological stages involved in apocrine
carcinoma progression.

One example of the outcome of this approach and that we
believe validates it is shown in Fig. SE-T which depict atypias
present in the invasive area of a breast tumour (RH-71) that
was 15- PGDH and HMG-CoA reductase negative, and psori-
asin, S100A9 and p53 positive (Fig. SU-X).

Atypia 1:

Apocrine cells in this atypia stained strongly with the 15-
PGDH (Fig. SE) and HMG-CoA reductase (Fig. 5F) antibod-
ies, while some cells expressed p53 (results not shown). None
of the cells however, expressed psoriasin (Fig. 5G) or
S100A9 (Fig. SH).

Atypia 2:

This atypia (arrows in Fig. SI-L) is very similar to atypia 1,
with the exception that cells expressed low levels of HMG-
CoA reductase (Fig. 5J) in line with the observation described
in Fig. 4F that suggested that the expression of this enzyme
may be lost early during apocrine cancer progression in some
lesions. Some cells expressed p53 (results not shown), but there
was no expression of psoriasin (Fig. 5K) or S100A9 (Fig. 5L).
Atypia 3:

This atypia is like atypia 2, except that the cells express both
psoriasin (Fig. 50) and S100A9 (Fig. 5P). We have also ob-
served cells that express only S100A9 (red arrows in Fig. 50
and P)

Atypia 4:

In this atypia most of the cells were negative for 15-PGDH (ar-
row in Fig. 5Q) and HMG-CoA reductase (Fig. SR). Many
cells were positive for p53 (results not shown), psoriasin
(Fig. 5S), and S100A9 (Fig. 5T).

Given the low number of specimens analyzed so far it is not
possible at this stage to draw a reliable conclusion concerning
the phenotype continuity of the atypias, or if any of them will
progress to invasive disease. To achieve this goal it will be nec-
essary to identify additional biomarkers that are lost or gained
during early cancer progression. These studies, which are cur-
rently underway, will greatly benefit from the analysis of biop-
sies obtained from patients with apocrine CIS as these
sometime exhibit a whole range of atypias, as well as normal
epithelia.

4. Targets for chemoprevention

The identification of differentially expressed proteins that
characterize a specific step in the progression from early benign
lesions to apocrine cancer has opened a window of opportu-
nity for designing and testing new approaches for pharmaco-
logical intervention. Some of the biomarkers we identified as
being expressed by apocrine metaplasias such as 15-PGDH,
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HMGCOoA reductase, and COX-2, are well known therapeutic
targets [74-78] with pharmacological agents already available
(e.g. pravastatin, lovastatin, Ph CL 28A, nafazatrom, cele-
coxib, and rofecoxib). In at least one case, that of COX-2,
one has reason to suspect a causal relationship [79] to the
development of fibrocystic changes, making a case for the
use of COX-2 inhibitors as chemopreventing agents for breast
cyst formation and development. Further studies into the func-
tional role that the various biomarkers identified in this study
play in cyst formation are warranted, as they may identify
therapeutic targets for fibrocystic changes and premalignant
apocrine lesions.

5. Concluding remarks

The studies reviewed here were undertaken in an effort to
dissect and gain a better understanding of the steps leading
to breast apocrine metaplasia, and ultimately intended to gen-
erate specific biomarkers that may enlighten its relationship
with cancer phenotype. As a whole, the results indicate that
most apocrine changes have little intrinsic malignant potential,
although a few lesions may progress to apocrine carcinoma.
None of these lesions, however, seems to be a precursor of
invasive ductal carcinomas, which accounted for 81% of the
tumours analyzed.

All available information indicates that apocrine tumours of
the breast comprise a heterogeneous group of lesions that may
evolve through diverse molecular pathways. Indeed, studies
from Japaze and colleagues [14] indicate that pure apocrine
carcinomas correspond to a distinct clinicopathological entity
exhibiting a less aggressive behaviour than high grade IDC-
NOS, and Farmer and colleagues [13] described a novel group
of breast cancer tumours that they designated “molecular
apocrine” and that comprised between 8% and 14% of all
the tumours analyzed in their microarray study as well as in
four published breast cancer datasets [12,80-82]. The latter
data implies that apocrine tumours may be more frequent
than previously thought from current diagnostic procedures
using histopathological criteria alone. Molecular apocrine tu-
mours differ from other tumour types by the expression of sev-
eral genes, including HMG-CoA reductase in line with our
studies. Surprisingly, however, 15-PGDH was not detected in
Farmer’s study, a fact that most likely reflects differences be-
tween transcriptomics and proteomics approaches [83,84].
Clearly, renewed efforts should be made to identify markers
for more advanced apocrine carcinomas as not all of these
lesions may be positive for the apocrine specific markers we
have identified.

To dissect all of the stages involved in apocrine carcinoma
progression., i.e., from benign metaplasia to hyperplasia, aty-
pia, CIS, and invasive cancer, it will be necessary to identify
not only those biomarkers that are lost through cancer pro-
gression, but also those that appear early in carcinogenesis.
This will require the proteomic analysis of many tissue samples
in prospective studies, as well as the preparation of specific
antibody probes that could be used in immunohistochemical
analysis of archival samples. In the long-run the outcome of
these studies may provide specific probes that will permit accu-
rate pre-operative diagnosis as well as for complementing the
analysis of cells and cyst fluid found by fine needle aspiration
cytology of patients attending the mammography clinic.



2942

Acknowledgements: We thank Kitt Christensen, Dorrit Liitzheft,
Hanne Nors, Michael Radich Johansen, Britt Olesen, Signe Tren-
temoller and Dorte Holm for expert assistance. This work was sup-
ported by the Danish Cancer Society through the budget of the
Institute of Cancer Biology and by grants from the Danish Medical
Research Council, the Natural and Medical Sciences Committee of
the Danish Cancer Society, Novo Nordisk, and the John and Birthe
Meyer Foundation. The support of the Marketing Department at
the Danish Cancer Society is also greatly appreciated.

References

[1] Mallon, E., Osin, P., Nasiri, N., Blain, I., Howard, B. and
Gusterson, B. (2000) The basic pathology of human breast cancer.
J. Mammary Gland Biol. Neoplasia 5, 139-163.

[2] d’Amore, E.S., Terrier-Lacombe, M.J., Travagli, J.P., Friedman,
S. and Contesso, G. (1988) Invasive apocrine carcinoma of the
breast: a long term follow-up study of 34 cases. Breast Cancer
Res. Treat. 12, 37-44.

[3] Bundred, N.J., Walker, R.A., Everington, D., White, G.K.,
Stewart, H.J. and Miller, W.R. (1990) Is apocrine differentiation
in breast carcinoma of prognostic significance? Br. J. Cancer 62,
113-117.

[4] Raju, U., Ma, C.K. and Shaw, A. (1993) Signet ring variant of

lobular carcinoma of the breast: a clinicopathologic and immu-

nohistochemical study. Mod. Pathol. 6, 516-520.

Perou, C.M., Sorlie, T., Eisen, M.B., van de Rijn, M., Jeffrey, S.S.,

Rees, C.A., Pollack, J.R., Ross, D.T., Johnsen, H., Akslen, L.A.,

Fluge, O., Pergamenschikov, A., Williams, C., Zhu, S.X.,

Lonning, P.E., Borresen-Dale, A.L., Brown, P.O. and Botstein,

D. (2000) Molecular portraits of human breast tumours. Nature

406, 747-752.

van de Vijver, M.J., He, Y.D., van’t Veer, L.J., Dai, H., Hart,

A.A., Voskuil, D.W., Schreiber, G.J., Peterse, J.L., Roberts, C.,

Marton, M.J., Parrish, M., Atsma, D., Witteveen, A., Glas, A.,

Delahaye, L., van der Velde, T., Bartelink, H., Rodenhuis, S.,

Rutgers, E.T., Friend, S.H. and Bernards, R. (2002) A gene-

expression signature as a predictor of survival in breast cancer. N.

Engl. J. Med. 347, 1999-2009.

Weigelt, B., Hu, Z., He, X., Livasy, C., Carey, L.A., Ewend,

M.G., Glas, A.M., Perou, C.M. and Van’t Veer, L.J. (2005)

Molecular portraits and 70-gene prognosis signature are pre-

served throughout the metastatic process of breast cancer. Cancer

Res. 65, 9155-9158.

Wang, Y., Klijn, J.G., Zhang, Y., Sieuwerts, A.M., Look, M.P.,

Yang, F., Talantov, D., Timmermans, M., Meijer-van Gelder,

M.E., Yu, J., Jatkoe, T., Berns, E.M., Atkins, D. and Foekens,

J.A. (2005) Gene-expression profiles to predict distant metastasis

of lymph-node-negative primary breast cancer. Lancet 365, 671—

679.

Pawitan, Y., Bjohle, J., Amler, L., Borg, A.L., Egyhazi, S., Hall,

P., Han, X., Holmberg, L., Huang, F., Klaar, S., Liu, E.T.,

Miller, L., Nordgren, H., Ploner, A., Sandelin, K., Shaw, P.M.,

Smeds, J., Skoog, L., Wedren, S. and Bergh, J. (2005) Gene

expression profiling spares early breast cancer patients from

adjuvant therapy: derived and validated in two population-based
cohorts. Breast Cancer Res. 7, R953-R964.

Jansen, M.P., Foekens, J.A., van Staveren, I.L., Dirkzwager-Kiel,

M.M., Ritstier, K., Look, M.P., Meijer-van Gelder, M.E.,

Sieuwerts, A.M., Portengen, H., Dorssers, L.C., Klijn, J.G. and

Berns, E.M. (2005) Molecular classification of tamoxifen-resistant

breast carcinomas by gene expression profiling. J. Clin. Oncol. 23,

732-740.

Lonning, P.E., Sorlie, T. and Borresen-Dale, A.L. (2005)

Genomics in breast cancertherapeutic implications. Nat. Clin.

Pract. Oncol. 2, 26-33.

Sorlie, T., Tibshirani, R., Parker, J., Hastie, T., Marron, J.S.,

Nobel, A., Deng, S., Johnsen, H., Pesich, R., Geisler, S., Demeter,

J., Perou, C.M., Lonning, P.E., Brown, P.O., Borresen-Dale, A.L.

and Botstein, D. (2003) Repeated observation of breast tumor

subtypes in independent gene expression data sets. Proc. Natl.

Acad. Sci. USA 100, 8418-8423.

Farmer, P., Bonnefoi, H., Becette, V., Tubiana-Hulin, M.,

Fumoleau, P., Larsimont, D., Macgrogan, G., Bergh, J., Cam-

[5

S

|

C2

=

[10

[11

[12

[13

J.E. Celis et al. | FEBS Letters 580 (2006) 29352944

eron, M., Goldstein, D., Duss, S., Nicoulaz, A.L., Brisken, C.,
Fiche, M., Delorenzi, M. and Iggo, R. (2005) Identification of
molecular apocrine breast tumours by microarray analysis.
Oncogene 24, 4660-4671.

[14] Japaze, H., Emina, J., Diaz, C., Schwam, R.J., Gercovich, N.,
Demonty, G., Morgenfeld, E., Rivarola, E., Gil Deza, E. and
Gercovich, F.G. (2005) ‘Pure’ invasive apocrine carcinoma of the
breast: a new clinicopathological entity? Breast 14, 3-10.

[15] Celis, J.E. and Gromov, P. (2003) Proteomics in translational
cancer research: toward an integrated approach. Cancer Cell 3, 9-
15.

[16] Celis, J.E., Gromov, P., Gromova, 1., Moreira, J.M., Cabezon,
T., Ambartsumian, N., Grigorian, M., Lukanidin, E., Thor
Straten, P., Guldberg, P., Bartkova, J., Bartek, J., Lukas, J.,
Lukas, C., Lykkesfeldt, A., Jaattela, M., Roepstorff, P., Bolund,
L., Orntoft, T., Brunner, N., Overgaard, J., Sandelin, K.,
Blichert-Toft, M., Mouridsen, H. and Rank, F.E. (2003)
Integrating proteomic and functional genomic technologies in
discovery-driven translational breast cancer research. Mol. Cell.
Proteomics 2, 369-377.

[17] Celis, J.E., Gromov, P., Cabezon, T., Moreira, J.M., Ambartsu-
mian, N., Sandelin, K., Rank, F. and Gromova, 1. (2004) Proteomic
characterization of the interstitial fluid perfusing the breast tumor
microenvironment: a novel resource for biomarker and therapeutic
target discovery. Mol. Cell. Proteomics 3, 327-344.

[18] Celis, J.E., Moreira, J.M., Gromova, 1., Cabezon, T., Ralfkiaer,
U., Guldberg, P., Straten, P.T., Mouridsen, H., Friis, E., Holm,
D., Rank, F. and Gromov, P. (2005) Towards discovery-driven
translational research in breast cancer. FEBS J. 272, 2-15.

[19] Celis, J.E., Moreira, J.M., Cabezon, T., Gromov, P., Friis, E.,
Rank, F. and Gromova, 1. (2005) Identification of extracellular
and intracellular signaling components of the mammary adipose
tissue and its interstitial fluid in high risk breast cancer patients:
toward dissecting the molecular circuitry of epithelial-adipocyte
stromal cell interactions. Mol. Cell. Proteomics 4, 492-522.

[20] Celis, J.E., Gromov, P., Moreira, J.M., Cabezon, T., Friis, E.,
Vejborg, I.M., Proess, G., Rank, F. and Gromova, 1. (2005)
Apocrine cysts of the breast: biomarkers, origin, enlargement, and
relation with cancer phenotype. Mol. Cell. Proteomics 5, 462—
483.

[21] Allred, D.C., Mohsin, S.K. and Fuqua, S.A. (2001) Histological
and biological evolution of human premalignant breast disease.
Endocr. Relat. Cancer 8, 47-61.

[22] Miller, W.R., Telford, J., Dixon, J.M. and Shivas, A.A. (1985)
Androgen metabolism and apocrine differentiation in human
breast cancer. Breast Cancer Res. Treat. 5, 67-73.

[23] Eusebi, V., Millis, R.R., Cattani, M.G., Bussolati, G. and
Azzopardi, J.G. (1986) Apocrine carcinoma of the breast. A
morphologic and immunocytochemical study. Am. J. Pathol. 123,
532-541.

[24] Abati, A.D., Kimmel, M. and Rosen, P.P. (1990) Apocrine
mammary carcinoma. A clinicopathologic study of 72 cases. Am.
J. Clin. Pathol. 94, 371-377.

[25] O’'Malley, F.P., Page, D.L., Nelson, E.H. and Dupont, W.D.
(1994) Ductal carcinoma in situ of the breast with apocrine
cytology: definition of a borderline category. Hum. Pathol. 25,
164-168.

[26] Durham, J.R. and Fechner, R.E. (2000) The histologic spectrum
of apocrine lesions of the breast. Am. J. Clin. Pathol. 113, S3-S18.

[27] Leal, C., Henrique, R., Monteiro, P., Lopes, C., Bento, M.J., De
Sousa, C.P., Lopes, P., Olson, S., Silva, M.D. and Page, D.L.
(2001) Apocrine ductal carcinoma in situ of the breast: histologic
classification and expression of biologic markers. Hum. Pathol.
32, 487-493.

[28] Page, D.L. (2005) Apocrine carcinomas of the breast. Breast 14,
1-2.

[29] Wellings, S.R. and Alpers, C.E. (1987) Apocrine cystic metapla-
sia: subgross pathology and prevalence in cancer-associated
versus random autopsy breasts. Hum. Pathol. 18, 381-386.

[30] Ness, J.C., Sedghinasab, M., Moe, R.E. and Tapper, D. (1993)
Identification of multiple proliferative growth factors in breast
cyst fluid. Am. J. Surg. 166, 237-243.

[31] Bruzzi, P., Dogliotti, L., Naldoni, C., Bucchi, L., Costantini, M.,
Cicognani, A., Torta, M., Bruzzi, G.F. and Angeli, A. (1997)
Cohort study of association of risk of breast cancer with cyst type



J.E. Celis et al. | FEBS Letters 580 (2006) 2935-2944

in women with gross cystic disease of the breast. BMJ 314, 925-

928.

Angeli, A., Dogliotti, L., Naldoni, C., Orlandi, F., Puligheddu,

B., Caraci, P., Bucchi, L., Torta, M. and Bruzzi, P. (1994)

Steroid biochemistry and categorization of breast cyst fluid:

relation to breast cancer risk. J. Steroid. Biochem. Mol. Biol. 49,

333-339.

[33] Dupont, W.D., Parl, F.F., Hartmann, W.H., Brinton, L.A.,
Winfield, A.C., Worrell, J.A., Schuyler, P.A. and Plummer, W.D.
(1993) Breast cancer risk associated with proliferative breast
disease and atypical hyperplasia. Cancer 71, 1258-1265.

[34] O’Malley, F.P. and Bane, A.L. (2004) The spectrum of apocrine
lesions of the breast. Adv. Anat. Pathol. 1, 1-9.

[35] Ahmed, A. (1975) Calcification in human breast carcinomas:
ultrastructural observations. J. Pathol. 117, 247-251.

[36] Eusebi, V., Damiani, S., Losi, L. and Millis, R.R. (1997) Apocrine
differentiation in breast epithelium. Adv. Anat. Pathol. 4, 139—
155.

[37] Jones, C., Damiani, S., Wells, D., Chaggar, R., Lakhani, S.R. and

Eusebi, V. (2001) Molecular cytogenetic comparison of apocrine

hyperplasia and apocrine carcinoma of the breast. Am. J. Pathol.

158, 207-214.

Wellings, S.R., Jensen, H.M. and Marcum, R.G. (1975) An atlas

of subgross pathology of the human breast with special reference

to possible precancerous lesions. J. Natl. Cancer. Inst. 55, 231—

273.

[39] Yates, A.J. and Ahmed, A. (1988) Apocrine carcinoma and
apocrine metaplasia. Histopathology 13, 228-231.

[40] Haagensen Jr., D.E. (1991) Is cystic disease related to breast
cancer? Am. J. Surg. Pathol. 15, 687-694.

[41] Wells, C.A., McGregor, I.L., Makunura, C.N., Yeomans, P. and
Davies, J.D. (1995) Apocrine adenosis: a precursor of aggressive
breast cancer? J. Clin. Pathol. 48, 737-742.

[42] Page, D.L., Dupont, W.D. and Jensen, R.A. (1996) Papillary
apocrine change of the breast: associations with atypical hyper-
plasia and risk of breast cancer. Cancer Epidemiol. Biomarkers
Prev. 5, 29-32.

[43] Viacava, P., Naccarato, A.G. and Bevilacqua, G. (1997) Apocrine
epithelium of the breast: does it result from metaplasia? Virchows
Arch. 431, 205-209. }

[44] Trenkic, S., Kati¢, V., Pashalina, M., Zivkovi¢, V., Milintijevic,
M. and Kostov, M. (2004) The histologic spectrum of apocrine
lesions of the breast. Arch. Oncol. 12, 61-65.

[45] Selim, A.G., El-Ayat, G., Naase, M. and Wells, C.A. (2002) C-
myc oncoprotein expression and gene amplification in apocrine
metaplasia and apocrine change within sclerosing adenosis of the
breast. Breast 11, 466-472.

[46] Fearon, E.R. and Vogelstein, B. (1990) A genetic model for
colorectal tumorigenesis. Cell 61, 759-767.

[47] Hughes, L.E. and Bundred, N.J. (1989) Breast macrocysts. World
J. Surg. 13, 711-714.

[48] Dixon, J.M., Scott, W.N. and Miller, W.R. (1985) Natural history
of cystic disease: the importance of cyst type. Br. J. Surg. 72, 190—
192.

[49] Enriori, C.L., Novelli, J.E., Cremona, M.D.C., Hirsig, R.J.P. and
Enriori, P.J. (1992) Biochemical study of cyst fluid in human
breast cystic disease. Breast Cancer Res. Treat. 24, 1-9.

[50] Miller, W.R., Scott, W.N., Harris, W.H. and Wang, D. (1992)
Using biological measurements, can patients with benign breast
disease who are at high risk for breast cancer be identified? Cancer
Detect. Prev. 16, 99-106.

[51] Tsung, J.S., Wang, T.Y., Wang, S.M. and Yang, P.S. (2005)
Cytological and biochemical studies of breast cyst fluid. Breast 14,
37-41.

[52] Page, D.L., Vander Zwaag, R., Rogers, L. W., Williams, L.T.,
Walker, W.E. and Hartmann, W.H. (1978) Relation between
component parts of fibrocystic disease complex and breast cancer.
J. Natl. Cancer Inst. 61, 1055-1063.

[53] Tavassoli, F.A. and Norris, H.J. (1994) Intraductal apocrine
carcinoma: a clinicopathologic study of 37 cases. Mod. Pathol. 7,
813-818.

[54] Rosai, J. (1996) Ackerman’s Surgical Pathology, Mosby-Year
Book, New York, pp. 1565-1659.

[55] Selim, A.G. and Wells, C.A. (1999) Immunohistochemical local-
isation of androgen receptor in apocrine metaplasia and apocrine

[32

38

2943

adenosis of the breast: relation to oestrogen and progesterone
receptors. J. Clin. Pathol. 52, 838-841.

[56] Moriya, T., Sakamoto, K., Sasano, H., Kawanaka, M., Sonoo,
H., Manabe, T. and Ito, J. (2000) Immunohistochemical analysis
of Ki-67, p53, p21, and p27 in benign and malignant apocrine
lesions of the breast: its correlation to histologic findings in 43
cases. Mod. Pathol. 13, 13-18.

[57] Scawn, R. and Shousha, S. (2002) Morphologic spectrum of
estrogen receptor-negative breast carcinoma. Arch. Pathol. Lab.
Med. 126, 325-330.

[58] de Nigris, F., Lerman, L.O. and Napoli, C. (2002) New insights in
the transcriptional activity and coregulator molecules in the
arterial wall. Int. J. Cardiol. 86, 153—-168.

[59] Morikawa, S., Murakami, T., Yamazaki, H., [zumi, A., Saito, Y.,
Hamakubo, T. and Kodama, T. (2005) Analysis of the global
RNA expression profiles of skeletal muscle cells treated with
statins. J. Atheroscler. Thromb. 12, 121-131.

[60] Muller-Decker, K., Berger, I., Ackermann, K., Ehemann, V.,
Zoubova, S., Aulmann, S., Pyerin, W. and Furstenberger, G.
(2005) Cystic duct dilatations and proliferative epithelial lesions in
mouse mammary glands upon keratin5 promoter-driven overex-
pression of cyclooxygenase-2. Am. J. Pathol. 166, 575-584.

[61] Papotti, M., Eusebi, V., Gugliotta, P. and Bussolati, G. (1983)
Immunohistochemical analysis of benign and malignant papillary
lesions of the breast. Am. J. Surg. Pathol. 7, 451-461.

[62] Honma, N., Takubo, K., Akiyama, F., Sawabe, M., Arai, T.,
Younes, M., Kasumi, F. and Sakamoto, G. (2005) Expression of
GCDFP-15 and AR decreases in larger or node-positive apocrine
carcinomas of the breast. Histopathology 47, 195-201.

[63] Mossler, J.A., Barton, T.K., Brinkhous, A.D., McCarty, K.S.,
Moylan, J.A. and McCarty Jr., K.S. (1980) Apocrine differenti-
ation in human mammary carcinoma. Cancer 46, 2463-2471.

[64] Eusebi, V., Betts, C., Haagensen Jr., D.E., Gugliotta, P.,
Bussolati, G. and Azzopardi, J.G. (1984) Apocrine differentiation
in lobular carcinoma of the breast: a morphologic, immunologic,
and ultrastructural study. Hum. Pathol. 15, 134-140.

[65] Celis, J.E., Celis, P., Palsdottir, H., Ostergaard, M., Gromov, P.,
Primdahl, H., Orntoft, T.F., Wolf, H., Celis, A. and Gromova, 1.
(2002) Proteomic strategies to reveal tumor heterogeneity among
urothelial papillomas. Mol. Cell. Proteomics 1, 269-279.

[66] Madsen, P., Rasmussen, H.H., Leffers, H., Honor¢, B., Dejgaard,
K., Olsen, E., Kiil, J., Walbum, E., Andersen, A.H., Basse, B.,
Lauridsen, J.B., Ratz, G.P., Celis, A., Vandekerckhove, J. and
Celis, J.E. (1991) Molecular cloning, occurrence, and expression
of a novel partially secreted protein “psoriasin” that is highly up-
regulated in psoriatic skin. J. Invest. Dermatol. 97, 701-712.

[67] Nacken, W., Roth, J., Sorg, C. and Kerkhoff, C. (2003) SI00A9/
S100A8: myeloid representatives of the S100 protein family as
prominent players in innate immunity. Microsc. Res. Tech. 60,
569-580.

[68] Heizmann, C.W., Fritz, G. and Schafer, B.W. (2002) S100
proteins: structure, functions and pathology. Front. Biosci. 7,
1356-1368.

[69] Donato, R. (2003) Intracellular and extracellular roles of S100
proteins. Microsc. Res. Tech. 60, 540-551.

[70] Krop, 1., Marz, A., Carlsson, H., Li, X., Bloushtain-Qimron, N.,
Hu, M., Gelman, R., Sabel, M.S., Schnitt, S., Ramaswamy, S.,
Kleer, C.G., Enerback, C. and Polyak, K. (2005) A putative role
for psoriasin in breast tumor progression. Cancer Res. 65, 11326—
11334.

[71] Eckert, R.L., Broome, A.M., Ruse, M., Robinson, N., Ryan, D.
and Lee, K. (2004) S100 proteins in the epidermis. J. Invest.
Dermatol. 123, 23-33.

[72] Melle, C., Ernst, G., Schimmel, B., Bleul, A., Koscielny, S.,
Wiesner, A., Bogumil, R., Moller, U., Osterloh, D., Halbhuber,
K.J. and von Eggeling, F. (2004) A technical triade for proteomic
identification and characterization of cancer biomarkers. Cancer
Res. 64, 4099-4104.

[73] Hermani, A., Hess, J., De Servi, B., Medunjanin, S., Grobholz,
R., Trojan, L., Angel, P. and Mayer, D. (2005) Calcium-
binding proteins S100A8 and S100A9 as novel diagnostic
markers in human prostate cancer. Clin. Cancer Res. 11,
5146-5152.

[74] Cho, H. and Tai, H.H. (2002) Inhibition of NAD"-dependent 15-
hydroxyprostaglandin dehydrogenase (15-PGDH) by cyclooxy-



2944

genase inhibitors and chemopreventive agents. Prostaglandins
Leukot. Essent. Fatty Acids 67, 461-465.

[75] Moreno, J., Krishnan, A.V., Swami, S., Nonn, L., Pechl, D.M.
and Feldman, D. (2005) Regulation of prostaglandin metabolism
by calcitriol attenuates growth stimulation in prostate cancer cells.
Cancer Res. 65, 7917-7925.

[76] Hull, M.A. (2005) Cyclooxygenase-2: how good is it as a target
for cancer chemoprevention? Eur. J. Cancer 41, 1854-1863.

[77] Demierre, M.F., Higgins, P.D., Gruber, S.B., Hawk, E. and
Lippman, S.M. (2005) Statins and cancer prevention. Nat. Rev.
Cancer 5, 930-942.

[78] Swanson, K.M. and Hohl, R.J. (2006) Anti-cancer therapy:
targeting the mevalonate pathway. Curr. Cancer Drug Targets 6,
15-37.

[79] Subbaramaiah, K., Norton, L., Gerald, W. and Dannenberg, A.J.
(2002) Cyclooxygenase-2 is overexpressed in HER-2/neu-positive
breast cancer: evidence for involvement of AP-1 and PEA3. J.
Biol. Chem. 277, 18649-18657.

[80] West, M., Blanchette, C., Dressman, H., Huang, E., Ishida, S.,
Spang, R., Zuzan, H., Olson Jr., J.A., Marks, J.R. and Nevins,
J.R. (2001) Predicting the clinical status of human breast cancer
by using gene expression profiles. Proc. Natl. Acad. Sci. USA 98,
11462-11467.

J.E. Celis et al. | FEBS Letters 580 (2006) 2935-2944

[81] van’t Veer, L.J., Dai, H., van de Vijver, M.J., He, Y.D., Hart,
A.A., Mao, M., Peterse, H.L., van der Kooy, K., Marton, M.J.,
Witteveen, A.T., Schreiber, G.J., Kerkhoven, R.M., Roberts, C.,
Linsley, P.S., Bernards, R. and Friend, S.H. (2002) Gene
expression profiling predicts clinical outcome of breast cancer.
Nature 415, 530-536.

[82] Huang, E., Cheng, S.H., Dressman, H., Pittman, J., Tsou, M.H.,
Horng, C.F., Bild, A., Iversen, E.S., Liao, M., Chen, C.M., West,
M., Nevins, J.R. and Huang, A.T. (2003) Gene expression
predictors of breast cancer outcomes. Lancet 361, 1590-1596.

[83] Anderson, L. and Seilhamer, J. (1997) A comparison of selected
mRNA and protein abundances in human liver. Electrophoresis
18, 533-537.

[84] Celis, J.E., Kruhoffer, M., Gromova, I., Frederiksen, C.,
Ostergaard, M., Thykjaer, T., Gromov, P., Yu, J., Palsdottir,
H., Magnusson, N. and Orntoft, T.F. (2000) Gene expression
profiling: monitoring transcription and translation products
using DNA microarrays and proteomics. FEBS Lett. 480, 2—
16.

[85] Dstergaard, M., Wolf, H., Orntoft, T.F. and Celis, J.E. (1999)
Psoriasin (S100A7): a putative urinary marker for the follow-up
of patients with bladder squamous cell carcinomas. Electropho-
resis 20 (2), 349-354.



	Molecular pathology of breast apocrine carcinomas: A protein expression signature specific for benign apocrine metaplasia
	Introduction
	Origin of apocrine tumours: relationship between benign apocrine metaplasia and apocrine carcinomas
	Apocrine differentiation of breast epithelial cells: identification of specific biomarkers of apocrine metaplasia
	Expression of specific apocrine metaplasia biomarkers by pure invasive apocrine carcinomas establish a direct link between these lesions

	Early stages in apocrine cancer progression: a protein expression signature for benign apocrine metaplasia
	Towards the identification of precancerous apocrine lesions

	Targets for chemoprevention
	Concluding remarks
	Acknowledgements
	References


