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Breast cancer metastasis: markers and models 

BREAST CANCER METASTASIS: 
MARKERS AND MODELS 
Britta Weigelt', Johannes L. Peterse' and Laura J. van 't Veer" 

Abstract | Breast cancer starts as a local disease, but it can metastasize to the lymph nodes 

and distant organs. At primary diagnosis, prognostic markers are used to assess whether the 

transition to systemic disease is likely to have occurred. The prevailing model of metastasis 

reflects this view — it suggests that metastatic capacity is a late, acquired event in 

tumorigenesis. Others have proposed the idea that breast cancer is intrinsically a systemic 

disease. New molecular technologies, such as DNA microarrays, support the idea that 

metastatic capacity might be an inherent feature of breast tumours. These data have important 

implications for prognosis predicition and our understanding of metastasis. 

ADIUVANT THERAPY 

Cytotoxic chemotherapy and/or 

endocrine therapy after surgical 

removal ami/or radiotherapy of 

the primary tumour. Adjuvant 

therapy is used to ensure that all 

microscopic disseminated 

:ells are destroyed 

PROGNOSTIC MARKER 

A characteristic ol a patient or 

tumour at the time of diagnosis 

that can be used to estimate (he 

chance of the disease recurring 

in the absence of therapy. 
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Breast cancer is the most common malignant disease 
in Western women. In these patients, it is not the pri
mary tumour, but its metastases at distant sites that 
are the main cause ol death. Recently, the rates of 
metastasis and mortality in breast cancer patients have 
decreased as a result of early diagnosis by mammo-
graphic screening and the implementation of systemic 
ADJUVANT THERAPY. Adjuvant therapy can help eradicate 
breast tumour cells that might have already spread to 
distant sites by the time of diagnosis. In women with 
breast cancer who are younger than 50 years of age, 
chemotherapy increases their 15-year survival rate by 
10%; in older women the increase is 3%'. However, 
chemotherapy has a wide range of acute and long-term 
side effects that substantially affect the patient's quality 
of lifei. As it is not possible to accurately predict the 
risk of metastasis development in individual patients, 
nowadays more than 80% of them receive adjuvant 
chemotherapy, although only approximately 40% of the 
patients relapse and ultimately die of metastatic breast 
cancer. Therefore, many women who would be cured 
by local treatment alone, which includes surgery and 
radiotherapy, will be 'over-treated' and suffer the toxic 
side effects of chemotherapy needlessly. 

New PROGNOSTIC MARKERS are urgently needed 
to identify patients who are at the highest risk for 
developing metastases, which might enable oncolo
gists to begin tailoring treatment strategies to 

individual patients. Gene-expression signatures of 
primary breast tumours might be one way to identify 
the patients who are most likely to develop metastatic 
cancer, and would therefore benefit from adjuvant 
therapy. In addition, gene-expression profiling 
of breast tumours might also help to identify new 
therapeutic targets. 

Improving our understanding ol the molecu
lar mechanisms of the metastatic process might 
also improve clinical management of the disease. 
According to the widely held model of metastasis, 
rare subpopulations of cells within the primary 
tumour acquire advantageous genetic alterations over 
time, which enable these cells to metastasize and form 
new solid tumours at distant sites'. Many studies have 
challenged this 'genetic-selection' model ol metastasis 
in the past '", but only the recent data obtained by 
gene-expression profiling of human breast carcino
mas7 v received broader attention. The DNA-microar-
ray studies reported that primary breast tumours that 
developed metastases could be distinguished by their 
gene-expression profile from those that remained 
localized. The data imply that the metastatic capacity 
of'poor-prognosis' breast tumours might be acquired 
by mutations at much earlier stages of tumorigenesis 
than was previously assumed111. 

This review will describe the current state of the 
clinicopathological and molecular prognostic markers 
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Chapter 7 

S u m m a r y 

• Current prognostic criteria only poorly predict the metastasis risk for an individual 
breast cancer patient. Therefore, many women receive cytotoxic chemotherapy 
unnecessarily. 

• Gene-expression signatures of human primary breast tumours predict more 
accurately than current prognostic criteria which patients are destined to relapse 
and ultimately die of metastatic breast cancer, and should therefore receive 
adjuvant therapy. 

i New molecular insights challenge the traditional model of metastasis, and indicate 
that the metastatic capacity of breast tumours is an inherent feature, and not 
necessarily a late, acquired phenotype. 

i Local breast cancer might have a 'non-metastatic, good-prognosis' stem cell of 
origin; metastasizing systemic breast cancer might have a 'metastatic, poor-
prognosis' stem cell of origin. 

as well as the current thinking on the metastatic proc
ess, which is based on microarray profiling studies and 
model systems. Roth for the clinical and model systems, 
two general concepts have been proposed: metastasis is 
either, first, an intrinsic capacity, or, second, an acquired 
feature, of primary tumour cells. In the clinic this can be 
described as breast cancer that develops either as local 
or as systemic disease. We propose that an integrative 
metastasis model, in which metastasis is an intrinsic 
feature of breast cancer, might best explain the clinical 
and experimental observations. 

Clinical features of breast cancer metastasis 

Breast cancer is a clinically heterogeneous disease. 
Approximately 10-15% of patients with breast cancel

lab le 1 | H is topathologica l types of invasive breast carc inoma 

Histopathological type of invasive Frequency 
breast carcinoma 

Invasive ductal carcinoma, not otherwise 50-80% 
specified 

Invasive lobular carcinoma 5-15% 

Mixed type, lobular and ductal features 4-5% 

Tubular/invasive cribriform carcinoma 1-6% 

Mucinous carcinoma <5% 

Medullary carcinoma 1-7% 

Invasive papillary carcinoma < 1 - 2 % 

Invasive micropapillary carcinoma <3% 

Metaplastic carcinoma <5% 

Adenoid cystic carcinoma 0.1 % 

Invasive aprocrine carcinoma 0.3—4% 

Neuroendocrine carcinoma 2-5% 

Secretory carcinoma 0.01-0.15% 

Lipid-rich carcinoma <1-6% 

Acinic-cell carcinoma 7 cases 

Glycogen-rich, clear-cell carcinoma 1-3% 

Sebaceaous carcinoma 4 cases 

Data from REFS 11,12. 

10-year 
survival rate 

35-50% 

35-50% 

35-50% 

90-100% 

80-100% 

50-90% 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

have an aggressive disease and develop distant metas
tases within 3 years after the initial detection of the 
primary tumour. However, the manifestation of metas
tases at distant sites 10 years or more after the initial 
diagnosis is also not unusual". Patients with breast 
cancer are therefore at risk ol experiencing metastasis 
for their entire lifetime. The heterogeneous nature of 
breast cancer metastasis makes it difficult not only to 
define cure for this disease, but also to assess risk factors 
lor metastasis. 

A wide range of histopathological subtypes of 
invasive breast cancer have been identified, of which 
the invasive ductal carcinomas, defined as a type of 
cancer 'not classified into any of the other categories 
ol invasive mammary carcinoma', represent the largest 
group12 (TABLE i; online supplementary information SI 
(figure)). Although some of the morphologically dis
tinct, special types of breast tumour, which represent 
5-10% of all breast cancers, have certain favourable 
prognostic features, histological typing in general is 
only a weak prognostic marker of metastasis risk1-. 

Once disseminated, metastases from carcinoma óf 
the breast are formed in various organs. The common 
sites for metastatic spread are bone, lung and liver 
(reviewed in REE li) (FIG. D. 

Established prognostic markers 

The risk ol metastasis development increases with 
the presence of lymph-node metastasis, a larger-
sized primary tumour and loss of histopathological 
differentiation (grade)" ' " , which are the estab
lished breast cancer prognostic markers (TABLE 2). 
In patients with tumour-negative axillary lymph 
nodes, vessel invasion is an additional predictor 
lor distant recurrence1"-2" (TABLE 2). Despite this, 
approximately one-third of women with breast 
tumours that have not spread to the lymph nodes 
develop distant metastases, and about one-third 
of patients with breast tumours that have spread 
to the lymph nodes remain free of distant metas
tases 10 years after local therapy" '. Markers that 
can predict the site ol metastasis are also scarce. It 
has been shown that oestrogen-receptor-positive 
breast tumours have a predilection to metastasize 
to bone--, whereas invasive lobular carcinomas recur 
with increased frequency in the gastrointestinal tract 
and ovaries21-2'1. 

Today, the traditional prognostic markers are able 
to confidently identify the group of approximately 30% 
of patients, who are most likely to have either a very 
favourable or a very poor outcome. For the remain
ing 70% of patients, of whom approximately 30% will 
still develop metastases2', new prognostic markers art-
needed to help identify low-risk and high-risk groups, 
to pinpoint those patients who are most likely to benefit 
from systemic adjuvant treatment. 

Recent prognostic markers 

Substantial efforts have been made to identify addi
tional prognostic markers that characterize patients 
with breast cancer who are at the highest risk of 
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Figure 1 | Most common metastasis sites of breast cancer at autopsy. Primary breast 
cancer cells metastasize through the blood vessels to various distant organs, preferentially, to 
the lung, liver and bones. Patients frequently develop metastases at multiple sites. Data adapted 
from REE 13. 

metastasis development. To meet the requirements 
of a prognostic marker, the potential marker should 
be tested retrospectively in large patient cohorts with 
a long tollow-up period, MULTIVARIATE ANALYSIS needs 
to be done in conjunction with established mark
ers to assess its independent value. Subsequently, 
the findings should be validated by an independent 
group ol researchers, and, ideally, a PROSPEi HVI- MI nv 
should confirm the prognostic significance of the 
tested marker"27. 

A large number ol putative molecular prognostic 
markers have been reported in the literature, but only 
a few ol these have so far fulfilled the above described 
requirements (TABU-: 2). Preliminary data indicate that 
nearly all these markers are only ol prognostic benefit 
in certain subgroups, or are not independent of the 
established markers"'. Many other markers are still 
under clinical investigation. 

So, what are the most promising recently devel
oped prognostic markers, and what is their potential 
to accurately predict metastatic potential and patient 
outcome? 

ERBB2. Among many biomarkers epidermal gorwth 
factor receptor 2 (BRBB2; also known as HKR2/neu) 
has raised much attention as a possible prognostic 
marker. The human ERBB2 proto-oncogene encodes 
a transmembrane receptor with constitutive tyrosine-
kinase activity. F.RBB2 is overexpressed due to gene 
amplification in 15-30% of human breast cancers2"21*. 
The prognostic value of ERBB2 was first claimed in 
1987 CREE 28), and from then on it has been extensively-
studied. Ross and colleagues recently reviewed the 
published literature concerning FRBB2, including SI 
studies and 27,161 patients'". Most studies reported 
that ERBB2 amplification or overexpression is asso
ciated with poor outcome in patients with axillary-
lymph-node metastases, but it is not associated with 
poor outcome in patients with tumour-negative lymph 
nodes". However, the ERBB2 status of breast tumours 

MIT nVARlATEANALYSIS 

A statistical test thai examines 

more lhan two variables at [lie 

Mine lime 

PROSPECTIVE STOOT 

A study in which a selected 

croup of patients is followed 

over time to determine 

differences in the rale al which 

disease develops in relation lo 

the Investigated factor. 'ITiese 

factors might include drugs, 

procedures or diets 

I'RI-nic IIVI MARKER 

A characteristic of a patient thai 

is associated with the response 

or lack of response to a 

particular therapy 

has gained clinical relevance due to the introduction 
of trastuzumab, a therapeutic monoclonal antibody 
that is directed against the receptor, and which helps 
prolong survival in patients with metastatic breast 
cancer*. Moreover, increasing evidence also indicated 
that ERBB2 might be a PRKPICIJVE MARKER for response 
to adjuvant chemotherapy and endocrine therapy 
(reviewed in REFS31,32). This might explain why the 
testing of newly diagnosed breast cancer specimens for 
ERBB2 status has achieved 'standard of practice' status 
tor the management ol breast cancer. This is despite 
the prognostic value of F.RBB2 for disease-free and 
overall survival in patients with lymph-node-positive 
breast cancer being specified as weak-to-moderate 
by the World Health Organization Classification 
of Tumours12. Clearly, additional well-controlled 
and well-designed studies with sufficient follow-up 
time must be conducted to adequately validate the 
prognostic significance of F.RBB2. 

Detection of disseminated tumour cells. To establish a 
metastasis, tumour cells have to invade their surround
ing host tissue, enter the circulatory blood stream, arrest 
in capillary beds ol distant organs, invade the host tissue 
and proliferate. As small tumours of less than 2 mm in 
diameter already receive a vascular blood supply33, it is 
likely that cancer cells have spread throughout the body 
years before they are first delected. The development 
of an assay to detect these cells before the manifesta
tion of distant metastases might therefore be useful lor 
patient prognosis. The search for circulating tumour 
cells started in the late 1980s, and today both immu-
nohistochemical staining and PCR-based approaches 
are available to detect disseminated tumour cells. These 
methods are based on the presence of breast epithelial 
markers, in peripheral blood, bone marrow and lymph 
nodes (reviewed in REE >i|. 

Owing to technical issues regarding the rarity ol 
the disseminated cells and the background expres
sion levels of these markers, only a few studies 
have been published that examine the relationship 
between the presence ol circulating tumour cells in 
peripheral blood and patient outcome. Two clinical 
studies showed that the disseminated-tumour-cell 
load in peripheral blood is associated with shortened 
disease-free intervals and reduced overall survival in 
patients with early breast cancer'"". Stathopoulou 
el al. tested the peripheral blood of 148 patients 
for cytokeratin-19 inRNA1 ', whereas Zach and 
colleagues tested 310 patients for mammaglobin 
mRNA1", both using a nested reverse transcriptase 
(RT)-PCR approach. Although both studies selected 
patients with operable breast cancer, the incidence 
of patients with positive tests varied. Stathopoulou 
el al. found 44 patients (30%) to be positive for cytok-
eratin-19 mRNA, of whom 19 developed a metastasis, 
whereas Zach et al. detected mammaglobin mRNA 
in only 5 patients (2%), who all developed distant 
metastases. Remarkably, the detection of putative 
circulating tumour cells predicts early recurrence 
at distant sites in patients with breast cancer; in the 
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Table 2 I B reas t c a n c e r metas tas is prognostic markers 

Marker Use in clinic Metastatic determinants Details References 

Tumour size 

Axillary lymph-
node status 

Established 

Established 

Histological grade Established 

Angioinvasion Established in 
patients with 
lymph-node-
negative tumours 

uPA/PAM protein Newly established 
level marker 

Steroid-receptor Established for 
expression adjuvant therapy 

decision 

ERBB2 gene 
amplification and 
protein expression 

Gene-expression 
profiling 

Established for 
adjuvant therapy 
decision 

Currently being 
tested 

Tumours under 2 cm in diameter 
have a low risk ot metastasis; 
tumours of 2-5 cm have a high risk 
of metastasis; tumours over 5 cm 
have a very high risk ot metastasis 

If there are no lymph-node 
metastases, the risk of metastasis 
is low; if lymph-node metastases 
are present, the risk of metastasis 
is high; the presence of over 
4 lymph-node metastases is 
associated with very high 
metastasis risk 

Grade 1 tumours have a low risk of 
metastasis; grade 2 tumours have 
an intermediate risk of metastasis; 
grade 3 tumours have a high risk of 
metastasis 

The presence of tumour emboli in 
over 3 blood vessels is associated 
with metastasis 

High protein levels of uPA and PAH 
are associated with high metastasis 
risk 

Low steroid-receptor levels are 
associated with metastasis 

ERBB2 amplification/overexpression 
is associated with metastasis 

A 'good signature' of 70 genes is 
associated with low metastasis risk; 
a 'poor signature' of 70 genes is 
associated with high metastasis risk 

Independent 14-17 
prognosis marker 

Related to tumour 14,16,17 
size 

Related to tumour 
size 

In patients with 
lymph-node-
negative tumours 

Independent 
prognosis marker 

Short-term 
predictor of 
metastasis risk (5 
years); related to 
histological grade 

In patients with 
lymph-node-
positive tumours 

Tested in patients 
with lymph-node-
negative tumours 

14,16,18 

19.20 

55-60 

14 

28.30,31 

7.8 

PA11, plasminogen activator inhibitor 1: uPA. urokinase-type plasminogen activator. 

MirkOMI.IAMAMN 

Micrometastaseswereoriglnall) 

defined as small occull 

metastases of less than 0.2 cm in 

diameter. Nowadays, the Icrm 

also includes disseminated 
tumour cells that are present in 

peripheral hlood, bone marrow 

or lymph nodes, 

study by Stathopoulou and colleagues, it even does so 
independently of traditional prognostic indicators. 

Further clinical studies with standard techniques in 
clearly defined patient populations will be needed to 
establish the clinical significance of circulating breast 
tumour cells in peripheral blood. However, not all 
studies have supported the prognostic value of detect
ing circulating epithelial cells in blood1", which might 
be attributed to the low sensitivity of the immunohis-
tochemical methods that have been used. 

As opposed to the analysis of peripheral blood, there 
are a significant number of studies that aim to define the 
prognostic value of breast cancer cells that are delected 
in bone-marrow aspirates. Bone marrow represents a 
relevant site ol breast cancer metastasis, and epithelial 
cells are normally not present in this location, which 
enables their immunohistochemical discrimination by 
antibodies against epithelial proteins, mainly against 
cytokeratins. Many studies have demonstrated a corre
lation between the presence of epithelial cells in bone-
marrow aspirates and reduced disease-free intervals and 
overall survival,s ". By contrast, several studies did not 
confirm the bone-marrow status to be an independent 

prognostic indicator'-' ". A meta-analysis of 20 published 
studies that encompassed 2,494 patients reported that 
the prognostic impact of detected epithelial cells in bone 
marrow remains to be substantiated'-. Large multicentre 
trials are therefore required to determine the validity of 
this approach, involving standardized detection and 
quantification procedures. 

The contradictory findings regarding the prognostic 
potential of disseminated tumour cells might be due to 
the fact that <0.1% of the cancer cells that have entered 
the blood circulation are able to establish a metastatic 
lesion*. This implies that most of the MICROMETASTM3C 
cytokeratin-positive cells detected in the bone marrow 
are not capable of forming metastases at distant sites, 
as supported by the large number of these cells found 
to harbour only a poor proliferative potential17. These 
data are in line with the idea that only a lew cancer 
cells actually harbour tumour-initiating capacity and 
could be considered as breast cancer stem cells'*. 
Interestingly, cytokeratin-19, which is frequently used 
as a breast epithelial marker in immunocytochemical 
and molecular assays (reviewed in REE M), was found to 
be a putative marker of stem cells in the breast'"'5''. 
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ENZYME IINKI-l» 

IMMUNOSORBENT ASSAY 

(EL1SA). A sensitive tesl lo 

quantitatively determine small 

amounts of a particular 

protein in a solution. In an 

ELISA the interaction between 

tllfi protein of interest and 

a specific antibody is detected 

by an enzyme thai i> linked 

to the antibody and converts 

.1 colourless substrate to a 

coloured product. 

RETROSPECTIVE STUDY 

A study in which data are 

collected and analysed after all 

measurements, interventions or 

events in the participants have 

taken place. 

Plasminogen activator uPA and its inhibitor PAIL 
The early steps ol the metastatic cascade involve the 
degradation ot the extracellular matrix (ECM) and 
subsequent invasion of the surrounding host tissue 
by cancer cells. This degradation is accomplished 
by several enzyme systems, including, among oth
ers, the matrix metalloproteinases (MMPs) and the 
urokinase-type plasminogen activator (uPA) system"'1. 
This system consists of the serine protease uPA, its 
glycolipid-anchored receptor uPAR, and its two serpin 
inhibitors, plasminogen activator inhibitor I (PAI1) 
and plasminogen activator inhibitor 2 (PAI2). uPA 
converts plasminogen to plasmin, which degrades 
matrix components and activates latent metalloprotei
nases and latent growth factors"'1. Interestingly, PAH 
is not produced by the epithelial cancer cell but by 
the stromal cells in the tumours''. This indicates that 
stroma and tumour cells have coordinated effects on 
the processes controlling proteolysis in cancer. 

Duffy ct al. were the first to show that patients 
with primary breast carcinomas with high levels of 
uPA activity had a significantly shorter disease-free 
interval than patients with low levels of activity. In 
addition to uPA, increased levels of its inhibitor PAI1 
were paradoxically also reported to be a prognostic 
marker in both patients with node-positive and node-
negative breast tumours-"-'. However, independent ol 
its protease-inhibitory capacity, PAH also has a role 
in cell migration'' and promotes tumour invasion and 
angiogenesis5*, A large number ol studies confirmed 
PAH as well as uPA to be independent prognostic-
markers of disease-free survival and overall survival in 
breast cancer patients'5 '*. The combined assessment of 
both markers, uPA and PAH, more accurately predicts 
metastasis risk and patient survival time than either 
marker alone, or the established prognostic mark
ers"''. Remarkably, and in contrast to the investigations 
regarding disseminated tumour cells, there have been 
no studies published that discredit the association 
between uPA or PAI1 levels with breast cancer metas
tasis. These markers therefore appear to be reliable 
prognostic indicators. The levels of uPA and PAH in 
protein extracts of primary breast tumour tissue are 
determined by an ENZYME LINKED IMMUNOSORBENT ASSAY. 

A pooled analysis by the European Organization 
for Research and Treatment of Cancer (F.ORTC) 
that involved 8,377 breast cancer patients and had a 
median follow-up of 79 months showed that, apart 
from lymph-node status, high levels ofuPA and PAH 
were the strongest prognostic markers for disease-
free survival and overall survival"'. In patients with 
lymph-node-negative tumours, the levels of uPA and 
PAI1 were the strongest predictor ot metastasis''*. In 
addition, the two markers might also be used to pre
dict response to therapy, in particular the response to 
adjuvant chemotherapy"'. 

So far, uPA/PAIl are the only recently developed 
markers that have true prognostic use for patients 
with breast cancer, according lo the Tumour Marker 
Utility Grading System16, a system that evaluates the 
clinical value of tumour markers and establishes an 

investigational agenda for evaluation of new tumour 
markers. However, these markers have not yet seen 
wide application in clinical practice. 

Gene-expression profiling of breast cancer. In search ol 
new prognostic markers thai predict metastasis risk in 
patients with breast cancer, most studies have exam
ined the correlation between only one or a few markers 
and clinical outcome (TABLE3). Considering the het 
erogeneity of the disease, prediction of the metastatic 
potential of a tumour might require the analysis of 
many different markers at once. This is made possible 
by (he introduction of DNA-microarray technology, 
which can analyse gene expression in a genome-wide 
fashion (BOX l). 

The first key finding in breast cancer using the 
DNA-microarray technology and an unsupervised 
analysis was the gene-expression-pattern-based 
classification of breast tumours into four previously 
unrecognized subtypes"1. Three biologically distinct 
subgroups of oestrogen-receptor-negative breast car
cinomas have been identified: the 'basal-like' group, 
which expresses cytokerulin-5 and cytokeratin-17; the 
'ERBB2+' group, which expresses several genes in 
the ERBB2 amplicon including ERBB2 and the gene 
encoding growth-laclor-receptor-bound protein 7; 
and the 'normal-breast-like' group, which expresses 
genes of adipose-cell and other non-epithelial-cell 
origin. The oestrogen-receptor-positive tumours that 
were originally found to be one group"1 have latterly 
been separated into at least two distinct groups: the 
'luminal A' subtype, which expresses high levels ol 
cytokeratin-8 and cytokeratin-18 and other breast lumi
nal genes; and the 'luminal B' subtype, which expresses 
only low levels of these genes*2. Importantly, these five 
subtypes also represent clinically distinct subgroups ot 
patients. For example, the basal-like and the ERBB2+ 
oestrogen-receplor-negative subtypes are associated 
with the shortest survival limes, whereas the oestro
gen-receptor-positive luminal-A subtype rumours have 
the best outcome of all subtypes". These findings have 
been confirmed in independent gene-expression data 
sets6'. As the tumours that belong to the different sub
types have characteristic clinical behaviour, they might 
also share the same therapeutic targets. 

The second approach to determine gene-expres
sion patterns that can predict the clinical behaviour of 
tumours is the supervised classification method. Such 
a classification method was used lo identity an expres
sion profile of 70 genes thai predicted the likelihood of 
distant metastases in young patients (<55 years of age) 
with lymph-node-negative tumours7: This RETROSPEI 
TIVE SR-PY was particularly informative as the patients 
had not received adjuvant therapy, which is likely to 
modify outcome, and were diagnosed with breast can
cer between 1983 and 1994, making a follow-up of 10 
years or more possible. The primary breast tumours 
were classified as having either a poor-prognosis 
signature, which means they were likely to metasta
size, or a good-prognosis signature, meaning that the 
development of metastases was unlikely. 
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Table 3 | M icroarray studies on prognost ic 

Microarray type Validation 

cDNA 

CDNA 

Oligonucleotide 

Oligonucleotide 

Oligonucleotide 

Oligonucleotide 

Cross-
validation 

Oligonucleotide Independent 
training set 

Independent 
training set 

Cross-
validation 

Independent 
training set 

Independent 
training set 

Informative 
genes 

456 'intrinsic' 
genes 

534 intrinsic 
genes 

70 genes 

70 genes 

'metagenes' 

76 genes 

gene-express ion profi les in breas t c a n c e r 

Metastasis determinants References 

'Luminal A' tumours have a better outcome 62 
than 'luminal B' tumours. Worst outcome is 
for 'basal-like' and 'ERBB2+' tumours 

Repeated finding in independent data sets 63,66 

'Good signature' is related to low metastasis 
risk; a 'poor signature' is associated with 
a high metastasis risk. Sensitivity: 9 1 % . 
specificity: 73% 

'Good signature' versus 'poor signature'. 
Sensitivity: 93%, specificity: 53% 

Accuracy: 90% 

'Good 76-gene signature' versus 'poor 76 
gene-signature'. Sensitivity: 93%, specificity: 
48% 

442 genes Expression of 'serum-activated' signature 
versus no expression. Sensitivity: 9 1 % , 
specificity: 29% 

69 

B7 

75.76 

The poor-prognosis signature included genes involved 
in the cell cycle, invasion and metastasis, angiogenesis 
and signal transduction. Interestingly, it also comprised 
genes that are almost exclusively expressed by the stromal 
cells that surround the epithelial cells in a tumour. For 
example, these include MMP1 and MMP9, which are 
required for ECM degradation and tumour invasion"'. 
The upregulation ot genes that are highly expressed by 
stromal cells in a prognosis signature for breast cancer 
metastasis, and their defined role in invasion, again 
underlines the influence of the tumour microenviron-
ment on tumour progression. The pure focus on epithe
lial cells using microdissection for the understanding of 
breast cancer progression and detection of prognostic 
markers is therefore most likely not sufficient to provide 
a successfully prognostic gene signature. 

The 70-gene signature was validated in a cohort of 
295 patients that included patients with both lymph-
node-negative and lymph-node-positive tumours". By 

•" 1 | M ic roar ray p la t forms 

At present, multiple microarray platforms exist that use varying parameters. These 
parameters include distinct sets of genes, either cDNAs of variable lengths or small 
oligonucleotide sequences, and the use of two different methods to determine gene 
activity. One approach is to apply a single test set of fluorescently labelled cDNA 
from cancer cells or tissue samples to the array, the other is to hybridize both a test 
and a reference set of differentially labelled cDNAs lo a single microarray, and 
measure the ratio. This might be the reason why different commercially available 
microarray platforms have been found to show considerable divergence in the 
composition of genes in a gene-expression signature'1''. 

For the analysis and interpretation of the microarray data, a range of 
computational tools are available'"2. The two basic approaches are unsupervised 
hierarchical clustering analyses, which orders both rumours and genes on the basis 
of their similarity of gene expression"", and supervised methods, which identify 
gene-expression patterns that discriminate tumours on the basis of pre-defined 
clinical information"". 

multivariate analysis, the gene-expression signature was 
the strongest predictor for metastasis-free survival and 
overall survival, and was independent of the other clini
cal and pathological prognostic markers. In the group 
of 151 patients who had lymph-node-negative disease, 
60% ol the patients were classified as having a high 
metastatic risk (poor prognosis) and 40% of the patients 
as having a low metastasis risk (good prognosis). After a 
follow-up period of 10 years, 56% of the poor-prognosis 
patients developed a metastasis, whereas only 13% of 
the good-prognosis patients did. 

Classifying the patients who are at risk of metasta
sis on the basis of traditional clinical parameters, the 
St Gallen criteria""' assigned 15% of the 151 patients 
with lymph-node-negative breast cancer to the low 
metastasis risk (good prognosis) group8, and the 
National Institutes of Health (NIH) criteria2 assigned 
only 7% of these patients to this group. After 10 years 
of follow-up in these 151 patients, approximately 
20-25% of the good-prognosis patients (as classified 
by the St Gallen or NIH criteria) had recurrences 
at distant sites, and only approximately 45% of the 
high-risk patients experienced metastasis*. These 
results indicate that the present criteria misclassify a 
significant number of patients, which results in their 
overtreatment or undertreatment. The 70-gene-expres-
sion profile might therefore be used to tailor therapy 
for individual breast cancer patients and might reduce 
the number of patients who would receive unneces
sary adjuvant systemic treatment. This gene-expres
sion profile is currently being tested in retrospective 
series from other hospitals as well as in a well-designed 
prospective study by a large translational research 
consortium (known as the Translational Research 
Breast International Group, or TransBIG). This study 
will independently determine whether the prognostic 
power of the 70-gene signature is reproducible in a 
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ME3TAGESE 

Metagenes arc linear 
combinations of individual 
gene-expression values. They 

have the potential to classify 

and predict cellular phenotypes 

resulting from deregulation of 

oncogenic pathways 

more diverse population in a multicentre setting, and 
whether it can replace traditional clinicopathological 
data, as described earlier, in the near future66. 

Recently, using a different microarray platform, a 
gene-expression signature of 76 genes was retrospec
tively found that could be used to predict outcome 
in patients of all age groups with lymph-node-nega
tive breast cancer6". In a group of 115 breast cancer 
patients who had not received adjuvant systemic 
therapy, a 76-gene profile consisting of 60 genes for 
oeslrogen-receptor-positive patients and 16 genes 
for oestrogen-receptor-negative patients was identi
fied. As for the 70-gene signature described above, 
genes involved in cell death, cell cycle and proliferation, 
DNA replication and repair, and immune response 
were represented in the identified profile. In the same 
study, the 76-gene signature was validated by a set of 
171 lymph-node-negative breast cancer patients. This 
signature represents an independent prognostic marker 
strongly associated with a higher risk of tumour metas
tasis and shortened overall survival. Also, this signature 
would result in a reduction of the number of patients 
who would be recommended to have systemic adjuvant 
therapy that was probably unnecessary. According to 
the 76-gene signature, in the group of patients stud
ied, 52% of the patients with a low risk of metastasis 
development would be eligible for adjuvant treatment, 
compared with 90% and 89% by the St Gallen""' and 
NIH : guidelines. 

The comparison of these results to the data dis
cussed earlier is not straightforward, as different micro-
array platforms as well as mathematical algorithms 
were used. This is probably the reason why only three 
genes overlap between the two signatures. It has been 
shown that different microarray platforms might reveal 
different gene sets, but are actually reporting the same 
biological processes"8. Nevertheless, the finding of a 
second signature by an independent research group 
confirms the existence of a gene-expression prognosis 
profile in patients with primary breast carcinoma. 

A third supervised approach identified aggregate pat
terns of gene expression (MKTAGBNES) that are associated 
with lymph-node status at diagnosis and a 3-year-recur-
rence risk in breast cancer patients of all ages6''. Owing to 
small sample numbers, cross-validation is used to deter
mine the accuracy of the 3-year-recurrence predictor 
instead of a second independent set of tumour samples. 
Therefore, further studies are required to validate this 
metagene classifier for breast cancer recurrence. 

Recently, two studies also reported novel markers to 
predict distant metastasis risk and clinical outcome in 
patients with oestrogen-receptor-positive breast tumours 
who have been treated with adjuvant tamoxifen. Ma 
el al. showed that the expression ratio of the two genes 
HIXB13 and IL17BL accurately predicts metastatis 
development", whereas Paik el al identified 21 genes 
that can be detected by RT-PCR analysis in paraffin-
embedded tumour tissue to predict distant recurrence71. 
However, neither the two-gene expression ratio nor the 
21-gene panel is effective in predicting clinical outcome 
of adjuvantly untreated breast cancer patients7"-\ 

Can we determine a signature thai not only predicts 
poor outcome, but also the risk of metastasis develop
ment in a specific organ? Massagué and colleagues 
identified a set of genes in a human breast cancer cell 
line, the expression of which was associated with metas
tasis to bone in mice7'. Subsequently, 63 primary breast 
cancer samples were profiled to determine whether this 
gene-expression pattern could be used to identify those 
that had metastasized to bone in patients7'. Hierarchical 
clustering, however, could not distinguish between 
tumours that had metastasized to bone and those that 
had not. Only when the analysis was restricted to those 
tumours that were known to have metastasized could 
the profile weakly discriminate a bone-metastasis 
cluster from a lung-metastasis cluster. This indicates 
that the data obtained from this mouse model cannot 
directly be transferred to the human situation. 

Interestingly, using published DNA-microarray 
data, a gene-expression signature was developed that 
is associated with the serum response in fibroblasts, 
and it was able to predict metastasis risk in different 
kinds of human tumour, including breast, prostate, 
lung, gastric and hepatocellular carcinomas75. In a 
subsequent study, the predictive power of the serum-
response signature was tested in 295 patients with 
breast cancer; these were the same patients who had 
been used to validate the prognostic 70-gene-expres-
sion profile as described earlier. It was shown that 
both overall survival and metastasis-free survival 
are markedly diminished in patients whose tumours 
expressed the serum-induced gene-expression profile 
compared with those that did not express this signa
ture76. This signature approximately identified 90% of 
patients who developed metastases, and at the same 
time would have spared 30% of women who did not 
develop metastasis from exposure to cytotoxic chemo
therapy. These results illustrate the potential utility 
and improved metastasis risk stratification (that is, 
the more accurate risk assignment) of the signature, 
independently of clinical or pathological risk factors. 
In addition, the observation that the transcriptional 
signature of the response of fibroblasts to serum can 
predict human breast tumour metastasis again reveals 
a possible important contribution of stromal fibroblasts 
to tumour progression. Epithelial tumour cells might 
therefore activate some of the normal wound-healing 
responses that lead to metastasis". 

Finally, it must be stressed that the membership of a 
gene in a prognostic list that is determined by a super
vised classification method is not necessarily indicative 
of the importance of that gene in cancer pathology. 
This is because such lists are strongly influenced by the 
subset of patients who are used for gene selection77. 

In conclusion, gene-expression profiling might 
refine the prognostic classification of breast cancer, 
allowing researchers to more accurately identify 
patients who are at metastasis risk lhan the present 
conventional prognostic markers. Moreover, the 
genes that are deregulated in the molecularly defined 
classes with poor outcome might also constitute 
novel targets for therapy. 
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Figure 2 Models of the metastatic process. 
a | The traditional model of metastasis suggests that only 
subpopulations of tumour cells (red) aquire metastatic 
capacity late in tumorigenesis'. b | Spontaneous 
metastasis assays indicate that all tumour cells have the 
capability to develop a metastasis'•"•"'•":. c | The 'dynamic 
heterogeneity' model proposes that the frequency with 
which metastatic variants arise within the primary tumour 
determines its metastatic potential*4,1", d | The 'clonal 
dominance' theory proposes that metastatic subclones 
within a primary tumour can overgrow and dominate the 
tumour mass itself*""'. e | The 'genometastasis 
hypothesis' proposes that metastasis occurs through 
transfection of susceptible cells in distant organs with 
circulating oncogenes***''. Adapted from RLF. 105 © Nature 
Medicine (2003) Macmillan Magazines Ltd. 

Models of the metastatic cascade 
I he metastatic propert ies of t u m o u r cells were exten 

sively investigated in the late 1970s and early 1980s by 

means of 'exper imental metastasis ' assays. By studying 

the metastat ic behaviour of cul tured B16 melanoma 

cells that were injected intravenously into mice, I ulier 

showed thai cells derived from ou tg rowths ol these 

cells (metastases) have a higher metastatic potential 

than those derived from ihe original cell line7". In vitro 

clones from the parent Bin culture varied greatly in 

their ability to produce lung metastases alter intrave 

nous injection into mice . These observations led to a 

metastasis model , which proposed thai mosl pr imary 

tumour cells have a low metastatic potential, and that 

du r ing later stages ol tumorigenesis rare cells acquire 

metastatic capacity through additional somatic muta

tions [FIG 2), I his mode l was actual ly a sequel to 

I .eightons hypothes is ill 1965, which predicted that 

metastases arise from definite genetically determined 

subpopula t ions in p r imary tumours 

However, multiple passages of this heterogeneous 

melanoma cell line, both in animals and in cell culture, 

provide sufficient o p p o r t u n i t y for variant genotypic 

cell types to arise1 0 . ITierefore, metas tas is might be 

more accurately s tudied using spontaneous metasta

sis models , and cells that were not carried in culture. 

In such models the formation oi "natural metastases 

from the pr imary tumours ol the mice is investigated 

Indeed, t u m o u r cells derived from these metastases did 

not have greater metastatic capacitj than those isolated 

from the co r re spond ing pr imary t umour ' 1 Ins 

was also true for the spontaneous metastases th.it arose 

from B16 t u m o u r s - these cells only had increased 

metastatic potential when placed in the experimental 

context developed by l-'idler ct ill. '. The data Iron) the 

spon taneous \u rASTASis VSSAYS indicate that metastases 

are a random representat ion ot disseminated tumour 

cells, all ol which have the ability to form a metastasis 

(FIG 2). Additionally, Weiss ei <d. showed that equal 

sized fragments isolated from large or small t umours 

showed no difference in their metastatic potential in 

mice . indicating that there is no apparent relationship 

between metastatic potential and tumour size. 

Different h y p o t h e s e s a t t e m p t e d to reconci le the 

d iscrepancies in the exper imenta l findings concern 

ing the pu ta t ive select ive n a t u r e of t he metasta t ic 

p h e n o t y p e . T h e ' d y n a m i c h e t e r o g e n e i t y m o d e l 

p r o p o s e s that metas ta t i c s u b p o p u l a t i o n s are gen 

e ra ted at h igh rates in a p r i m a r y t u m o u r , but that 

these var ian ts are relatively unstable , resul t ing in a 

d y n a m i c e q u i l i b r i u m be tween genera t ion and loss 

of metas ta t i c va r i an t s ' ' (FIG 2). T h e 'clonal d o m i 

nance t h e o r y o f metas tas i s , however, proposes thai 

once a metasta t ic subclone emerges within a pr imary 

t umour , the p rogeny ol this subclone overgrow and 

d o m i n a t e the t u m o u r mass itsell " ' [I IG 2). 

G a r c i a - O l m o and col leagues called for a change 

in the concept of metastasis. Their provocative 'geno

metastasis hypothesis', which is based on m vitro work. 

proposes thai metastasis occurs through t r ansac t ion 

ol susceptible cells in dis tant o rgans with dominan t , 

plasma circulating oncogenes that are derived from the 

p r imary t u m o u r ' 

Recently, it has heen shown that the genetic back

g r o u n d t rom which cancer arises also has an atleet 

OH the capacity ol mouse m a m m a r y t u m o u r cells to 

metastasize90. These findings indicate that t hep ropen 

sity to metastasize is. in part , influenced by the normal 

genetic make u p ol the host 

1 he obse rva t ion that the s tromal mic ioei iv i ion 

ment functionally cont r ibutes to the development ot 

breast c a r c i n o m a s (reviewed in RJ ! 5 91 92) indicates 

that breast cancer progress ion might be more com 

plex than the current linear theory ol activation and 

inac t iva t ion ol o n c o g e n e s and t u m o u r suppressor 

genes. 1 herefore. the ke\ quest ion, whether the Imd 

mgs made m a m m a l and also in II: vitro models can be 

directly compared to the metastasis o | breast tumours 

in patients, remains arguable. 
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Figure 3 | New models of the metastatic process in 
breast cancer, a | Gene-expression profiling of human 
primary breast tumours can predict metastasis risk ('poor-
prognosis' (red) versus 'good-prognosis' (pink) signature), 
which indicates that the capacity to metastasize might be 
acquired early during tumorigenesis7•"•"'. b | Primary tumours 
with metastasizing capacity display the poor-prognosis 
signature and an additional tissue-specific expression profile 
predicting the site of metastasis (green, bone; blue, liver; 
purple, lung) ' *. c | The parallel evolution model proposes 
that the dissemination of metastatic cancer cells occurs early 
in oncogenesis and independently from tumour cells at the 
primary site1", d | Only breast cancer stem cells, no! H 
tumongenic bulk of the tumour, have the ability to 
metastasize and form new tumours". See also REE 105. 
Adapted from REE 106 • (2003) Macmillan 

Magazines Ltd. 

Gene-expression analysis of breast cancer metastasis. 
Findings from DNA microarray studies have revived the 
disc ussion about the metastatic process. As described 
above, tiie ability of gene-expression profiles of human 
primary breast carcinomas to predict the metastatic 
potential indicates that the ability to metastasize is an 
early and inherent property of the breast tumour (FIG i). 
I hese results indicate that breast cancer is both a local, 
and a systemic, disease. Furthermore, the data challenge 
the idea that variant cells arise thai give rise to metas 

tases during the late stages ol tumour progression , 
Several independent lines ol evidence seem to support 
this concept. A study by Ramaswamy and colleagues 
shows that different types ol human primary adeno
carcinoma harboui the same gene-expression signature 
that is associated with metastasis9. Furthermore, it was 
reported that pairs oi human primary breast carcino
mas .inA their distant metastases, which developed 

years later, are highly similar at their transcriptome 
level", as are pre malignant, pre -invasive, and invasive 
breast canes rs . 

A variation to this model was proposed by Massagué 
and colleagues . As described above, a human breast 
cancer cell line was shown to harbour, besides a 
poor prognosis signature, an additional gene set that 
mediated osteolytic bone metastasis . These findings 
were interpreted to bridge the gap between the sub 
population metastasis model'and the one based on the 
microarray data ol human tumours '"". The authors 
propose the intriguing model that primary tumours 
with metastatic capacity possess the poor prognosis 
signature and, in addition, subpopulations of cells also 
have a'superimposed' tissue specific gene expression 
profile that predicts the site of metastasis (FIG i). 

In contrast to the microarray studies on primal J 
breast carcinomas, the analysis ol human dissemi
nated breast cancer cells led to a model proposing 
that metastatic disease evokes independently trom the 
primary tumour" il-li. }). This theory dearly challenges 
the paradigm that tumour progression to metastasis 
occurs through clonal genomic evolution. The genomic 
alterations ol disseminated tumour cells in the bone 
marrow of patients without clinical evidence of metas
tases generally did not resemble those of the primary 
tumours, in contrast to tumour cells of patients with 
manilest metastases. I lowever, the authors are notable 
to distinguish between true metastatic cells and tumour 
cells that are not capable ol proliferating at distant sites, 
and cannot exclude the possibility that the cytokeratin-
positive cells might also be of epithelial origin dial is 
unrelated to cancer. 

An alternative, attractive model ol metastasis is based 
on the finding that tumours might contain 'cancel stem 
cells' — rare cells with indefinite proliferative poten 
tial that drive the formation and growth ol tumours 
Experimentally, only a minority ol human breast cancel 
cells, which were derived from Iresh human tumours 
and grown in mammary fat pads of immunocompro
mised mice, were found to have the ability to form 
new tumours1". Al-llaii and colleagues were able to 
distinguish tumour initiating cells from most non 
tumongenic cancer cells based on cell surface marker 
expression. These findings might provide an explan.iln >n 
lor clinical observations m breast cancer patients such 
as the phenomena interpreted as tumour dormancy 
and the lack of prognostic significance of disseminated 
tumour cells in bone marrow — one of the newer 
pi itential prognostic markers as discussed earlier in this 
article. Cancer stem cells have also been identified in 
other human cancers such as brain turni 

Integrative model of breast cancer metastasis 

Studies with prognostic markers such as uPA/PAIl 
the 70-gene expression profile, and the fibroblast 
serum response signature have all demonstrated thai 
the tumour microcnvironment seems to significantly 
contribute to tumorigenesis, which supports numerous 
recent in vrvoand in vitro studies i reviewed ü 
1 he integration ol this knowledge and the proposed 
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Figure 4 An integrative model of breast cancer metastasis. Oncogenic mutations occuring 
in a breast stem cell (red) can cause the transformation to a breast cancer stem cell, generating 
'poor-prognosis' tumours (orange). Mutations occurring in differentiated progenitor colls (yellowi 
might form a non-metastatic 'good-prognosis' breast • itic poor-
prognosis tumours, ur . •- of stromal fibroblasts, only the population of breast 
cancer stem cells has the ability to metastasize. There might be variant cancer stem ceils that 

i selectivity foi metastasis, expressing an additional tissue-specific profile (for 
example: green, bone: purple, lung). At the site of metastasis, the disseminated cancer stem cells 
would again induce a similar stromal response as in the primary breast tumour. 

metastasis models allow us in speculate about a new 
model of the metastatic process il !G I). In this model. 
primary breast carcinomas with metastatic potential can 
be distinguished trom those that have a low likelihood 
of metastasis by their gene-expression profiles — the 
poor and the good prognosis signatures, respectively, 
as determined by the "(I gene expression profile . 
Metastatic tvpe tumours, under the influence ol the 
stromal fibroblasts, might harbour seeding subpopula 
tions, as proposed by lidler and colleagues These vari 
anl cells thai are capable ol forming metastases, which 
have been shown bj ' MA OH BRI i KFUH ll Alius ANALYSIS 

t.i he generated at a rate nl about 5 x 10 per cell per 
generation*1, might, in tact, be a small population ol can 
cer stem cells* " that gives rise to the non-tumorigenic 
bulk ol the tumour. So, the initiating event of metastasis 
might be a breast stem cell that undergoes transform 
ing oncogenic mutations, leading to a cancer stem cell 
that generates pour prognosis tumours Specifica!]] a 
Self-renewing population ol (stem) cells is necessary to 

accumulate the mutations that are required for tumori-
genesis, By contrast, geneti< events that occur in differ 
entiated progenitor cells might display a non-metastatic 
good prognosis breast carcinoma9' 

so mutations that occur at different stages ot 
tumour differentiation control the capacity ol the 
turnout cell to metastasize. Additionally, there might 
be vai ianl cancer stem cells that differ m their propen
sity to metastasize to a specific tissue. ^HL\ therefore 
express an additional tissue specific profile . At the 
site oi metastasis, the disseminated cancer stem cells 
would then again need, or induce, a stromal response 
similar to that of their primary breast tumour, as well 
as the formation ol new blood vessels. 

• I BRUI K 
FLUCTUATION ANALYSIS 

i estimate mutation 
rales in cell populations, 
originally designed for bacteria, 

W h e n breast cancel aet iology has followed the 

'metastasis route' from the start, there is a high likell 

hood of clinically defined systemic disease. By contrast, 
the disease remains local in patients with non-meta
static, good-prognosis types oi tumour. 

Future directions 

New prognostic markers of breast cancer metas
tasis are urgently needed to avoid overt teat ment 
or undertreatment ol newly diagnosed patients. 
Microarray gene-expression analysis has shown 
promise as .1 useful prognostic marker. Itill do these 
studies provide us with new tumour markers that 
can be routinely used for newly diagnosed breast 
cancer patients? Clearly, to allow microarray testing 
in all hospitals, the technology and access to it needs 
to be improved Furthermore, the current system to 
get these gcnc-cxprcssion signatures to the highest 
level ol clinical use ' requires large prospective ran 
domized trials it is believed that the current health 

care system cannot take the financial burden to test 
all new tumour markers in this w.t\ Alternatively, 
based on the great predictive power ot gene expres 
sion signatures, several well designed retrospective 
studies might be sufficient lor their introduction 
into the clinic. 

Gene expression signatures might also be used lo 
predict the site ol human tumour metastasis — these 
can currently be predicted m mice. The idciililua 
tion of tissue specific signatures tor metastasis would 
not only improve our understanding of the mecha
nisms by which tumours spread to specific tissues, 
but would also identity new therapeutic targets. In 
addition, we await the identification oi predictive 
gene expression profiles that will enable us to tailor 
adjuvant therapy choices to individuals. With the 
exception ol a leu small pilot studies, only two stud 
ies which included 24 and 42 patients respectively, 
have so far reported the assoc iation between a gene-
expression signature and drug sensitivity to do< etaxel 
or to a combination regimen containing paclitaxel, 
fluorouracil, doxorubicin and cyclophosphamide in 
hi east cancer patients 

based on the proposed integrative model ol the 
metastatic process, it might be worthwhile focusing 
more research on the characterization ol the cru
cial population ol ciiicci stem cells Breast cancer 
stem cells make an attractive therapeutic target, as 
tumours would be targeted by then cell ol origin. 
1 he isolation ol the C.IIKCI stem cell population and 
the analysis of these cells In gene-expression pro
filing should facilitate the identification of specific 
pathways that are important lor their growth and 
survival. Further elucidation of the contribution ol 
the tumoui environment to regulating tissue spe 
citicitv, tumorigenesis, and probably also the cancer 
stem cells '. is also important. This knowledge will 
allow the development ol Hew therapeutic Strate 
gies targeting both 'seed and soil', which might lead 
to more effective intervention strategies lor breast 
cancel and breast cancer metastasis. 
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