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Abstract
Breast carcinoma is the most common malignancy in females in western countries. Class
prognostic factors such as the size of a primary tumor and the presence or absence of axillary lym
node metastases, malignancy grade and hormone receptor status reflect the subsequent risk of dise
recurrence after primary therapy and the need for adjuvant therapies. However, most br
carcinomas are detected in the early stage of the disease and the value of these classical progno
factors is limited. There is also a great need to find new factors predicting the clinical efficacy of
anticancer drugs available. In this thesis tumor suppressor gene p53, oncogene c-erbB-2 and ma
metalloproteinase-9 were evaluated for their prognostic relevance in breast carcinoma patients trea
in Oulu University Hospital, and matrix metalloproteinase-9 was also analyzed in women w
premalignant lesions in the breast tissue in order to examine its role in breast carcinogene
Histological analyses were carried out from formalin-fixed, paraffin-embedded primary tu
specimens and p53, c-erbB-2 and matrix metalloproteinase-9 (MMP-9) statuses were systematic
analyzed by immunohistochemistry.

P53 expression correlated with disease-free survival and overall survival in patients with ea
stage breast carcinoma, regardless of adjuvant antiestrogen therapy. The co-expression of p53 an
erbB-2 characterizes a tumor type with a clinically aggressive course of breast carcinoma. 
clinical efficacy of anthracyline-based chemotherapy in metastatic carcinoma might be limite
patients with p53 expression in a primary tumor. When postmenopausal patients with lymph n
metastases and receiving adjuvant antiestrogen therapy were examined, MMP-9 expression indica
a slightly greater risk of breast carcinoma recurrence in patients with estrogen receptor nega
tumors. Hyperplastic breast tissue and invasive breast carcinoma lesions expressed some MM
immunopositivity. However, the strongest positivity was seen in ductal carcinoma in situ samp
suggesting that MMP-9 participates in breast carcinogenesis in the preinvasive phase.

Keywords: antiestrogen, breast cancer, c-erbB-2, carcinogenesis, MMP-9, p53, predict
factor, prognosis
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1 Introduction
Breast cancer represents the most common malignancy in females in Western
countries (Tavassoli & Devilee 2003). During the last decades, the incidence of
breast carcinoma has been increasing globally, also in Finland. In the last few years,
around 4,000 patients have been diagnosed with breast cancer and around 800
women have died each year due to their malignant breast disease in Finland (Fin-
nish Cancer Registry 2005). At the same time, thanks to screening programs pri-
mary diagnosis has become more efficient and most breast cancer cases are detected
at an early stage of the disease, making the prognostic information of the classical
TNM classification limited. On the other hand, screening mammography detects
premalignant lesions whose clinical significance and treatment strategy is partly
unclear (Ernster et al. 2002, Tavassoli & Devilee 2003).

Despite the favorable progress seen in the survival curves of breast cancer
patients, one fifth of the cases with an early stage disease still experience a relapse
during the follow-up (Chia et al. 2004). There is a great need for new prognostic
and predictive factors to evaluate further  the need and selection of anticancer the-
rapies in adjuvant setting, not only in order to treat efficiently patients at a high risk
of relapse, but also to preserve low-risk patients from potentially harmful treat-
ments. In addition, because breast carcinoma is the most common cancer in fema-
les, the selection of patients to adjuvant treatments is significant also from an eco-
nomic point of view (Oestreicher et al. 2005, Gil et al. 2006).

Despite the challenges related to the investigation of the carcinogenetic process
in breast tissue and the evaluation of potential new prognostic and predictive mar-
kers, this work aimed to  examine this area of interest further, particularly by focu-
sing on p53, c-erbB-2 and MMP-9 and their immunohistochemical expression in
breast carcinoma samples and MMP-9 expression in a series of benign and prema-
lignant lesions of the breast.





2 Review of the literature

2.1 Breast cancer

2.1.1 Breast carcinogenesis

Breast cancer is one of the most common human malignancies and accounts for one
quarter of all carcinomas in females. The majority of the tumors are adenocarcino-
mas, believed to be derived from the mammary epithelium, especially cells from the
terminal duct lobular unit (TDLU) (Tavassoli & Devilee 2003). The terminal ducts
are lined by a layer of luminal epithelial cells where ductal and lobular prolifera-
tions originate from, and they are surrounded by  myoepithelial cells and the base-
ment membrane. These two cell types can be distinguished by immunohistoche-
mistry as they express different cytokeratines (Clarke et al. 2002). Both ductal and
lobular cells are thought to arise from a shared, pluripotent stem cell (Pechoux et al.
1999, Clarke et al. 2002), and recent data support the idea of specific breast stem
cells (Ponti et al. 2006, Shackleton et al. 2006). It has been hypothesized that cancer
might result when mutations accumulate in these self-renewing stem cells (Al-Hajj
et al. 2003, Dontu et al. 2003, Gudjonsson & Magnusson 2005, Woodward et al.
2005), and this hypothesis would explain the carcinoma protective effect of early
full-term pregnancies. Breast tissue attains its maximum development during preg-
nancy and lactation, and when stem cells go through the process of permanent dif-
ferentiation they become more refractory to further carcinogenesis and the remai-
ning stem cells are also fewer in number (Russo et al. 2006). It has generally been
believed that sporadic breast cancer results from the accumulation of acquired and
uncorrected mutations causing activation of oncogenes (MYC, cyclin D1,
c-erbB-2) and inactivation of tumor suppressor genes such as p53, which leads to
abnormal cell proliferation, loss of cell cycle control and aberrant apoptosis (Barnes
& Gillette 1998, Gillette et al. 1998, Andrechek et al. 2000, Kenemans et al. 2004,
Way & Lin 2005, Corzo et al. 2006).

When genetic alterations develop in somatic cells it may lead to a sporadic car-
cinoma, but genetic damage in germ line cell causes a risk of a familial breast can-
cer. Further inactivation of a healthy allele of a tumor suppressor gene, for example,
would be a hallmark event in an oncogenic pathway (Kenemans et al. 2004). Germ-
line mutations in BRCA1 and BRCA2 genes account for approximately two-thirds
of autosomal dominantly inherited breast cancers. The BRCA1 gene located on the
long arm of chromosome 13 was isolated in 1994 (Miki et al. 1994) and the BRCA2



gene was identified soon after that, also locating in chromosome 13 (Wooster et al.
1995). In normal cells, BRCA1 and BRCA2 are nuclear proteins and their messen-
ger-RNA (mRNA) expression is controlled during the cell cycle. Hundreds of
mutations have been identified in both genes, but no single critical functional
domain has been identified so far  (Bove et al. 2002). However, it is very likely that
additional genes predispose to breast carcinoma (Stratton 1996). Recently, the
mutation rate of a BRCA2-binding protein, PALB2 (partner and localizer of
BRCA2), was shown to be significantly elevated in familial breast cancer cases in
Finnish population. The mutated PALB2 gene produces a truncated protein causing
reduced BRCA2-binding capacity and further deficient in DNA repair capability
(Erkko et al. 2007).

There are also cancer syndromes where the risk of breast carcinoma is elevated.
Tumor suppressor gene p53 exists at low levels in normal cells and acts as a “guar-
dian of genome” as it causes cell cycle arrest due to DNA damage and enables DNA
repair. Li and colleagues identified germline p53 mutations in families with mul-
tiple malignancies and early onset breast cancers (Malkin et al. 1990). Healthy
tumor suppressor gene PTEN regulates cell proliferation by inducing G1 phase cell
cycle arrest. A rare hamartoma syndrome (Cowden’s disease) is caused by a muta-
tion in the PTEN gene on chromosome 10 and affected patients often suffer from
breast carcinoma at a young age (Nelen et al. 1996, Eng 1997). Increased risk of
breast carcinoma also associates with hereditary non-popyposis colorectal carcin-
oma syndrome, HNPCC (Bove et al. 2002).

Carcinogenesis is a multistep process where both genetic alterations and epige-
netic changes can be seen in the cells. Epidemiological studies have suggested that
ductal proliferation associates with carcinogenesis in breast tissue and that the
majority of breast carcinomas originate from precursor lesions of various degrees
of hyperplastic changes (Allred & Mohsin 2000, Allred et al. 2001, Aubele et al.
2002), which has been supported by genetic studies. Genetic alterations cause alle-
lic imbalance (AI) and therefore the loss of heterozygosity (LOH). A trend of LOH
accumulation has been demonstrated in a process of malignant transformation
(Rosenberg et al. 1997, Chauqui et al. 1997, O’Connell et al. 1998). A reduced
expression of cell adhesion molecule E-cadherin has been associated with tumor
dedifferentiation (Siitonen et al. 1996). Major genetic changes seem to appear
during the transition from normal breast tissue to ductal carcinoma in situ (DCIS)
(Ottesen et al. 1995), while the gene-expression alterations between DCIS and
infiltrative cancer reveal extensive similarities (Ma et al. 2003).  It is therefore pre-
sumed that most invasive breast carcinomas originate from in situ cancer (Boecker
16



et al. 2001, Burstein et al. 2004).  Morphologically it is possible to distinguish a
transition from normal epithelium to in situ ductal hyperplasia with various atypical
characteristics, further to in situ carcinoma and finally to invasive carcinoma
(Allred et al. 2001, Aubele et al. 2002). On the other hand, most precursor lesions
will never progress to invasive carcinoma (Ottesen et al. 1995, Allred et al. 2001)
and invasive cancer may develop without evidence of concurrent precursor lesions
(Andersson & Miller 1994). Thus, the chronology of genetic alterations and the
exact mechanism of malignant transformation in breast tissue are mainly unknown.
Recently, breast carcinogenesis has been regarded as a complex series of stochastic
genetic events that lead to divergent and distinct pathways towards infiltrative
breast carcinoma (Figure 1) (Simpson et al. 2005)

The clinical importance of tumor microenvironment for tumor progression has
been discussed. One could assume that once the genetic preconditions for a malig-
nant transformation are present, the interaction between a tumor and its microenvi-
ronment becomes more restrictive in promoting a malignant progression, such as
infiltration and metastatic potential, leading eventually to a clinically evident and
even metastatic carcinoma (Kurose et al. 2001, Nofech-Mozes et al. 2005, Schedin
& Elias 2004). The degradation of the extracellular matrix (ECM) is crucial in this
context, and the elevated matrix metalloproteinase (MMP) activity is therefore of
clinical interest.  A range of peptide growth factors such as transforming growth
factor-α (TGF-α), epidermal growth factor (EGF), insulin-like growth factors
(IGFs) and fibroblast growth factors (FGFs) secreted either by tumor cells or sur-
rounding stromal cells also enhance tumor progression (Clarke et al. 2002). Estro-
gen can enhance the secretion of local growth factors (Clarke et al. 2002), but it also
has mitotic activity itself in hormone-dependent breast cancer cell lines (Lippman
et al. 1976, Osborne et al. 1985). An increased sensitivity of tumor cells to estrogen
may exist due to aberrant expression of estrogen receptor α (ERα) (Shoker et al.
1999), due to ERα mutation leading to enhanced ligand sensitivity of a receptor
(Wang et al. 2001), or due to the downregulation of receptor corepressors or inc-
reased activity of coactivators; all these may promote the malignant process (Clarke
et al. 2002, Anzick et al. 1997, Bautista et al. 1998).

2.1.2 Premalignant breast disease

There are many types of benign breast tissue lesions and only a few of them have
demonstrated significant premalignant potential. The most clearly characterized
premalignant lesions are referred to as atypical ductal hyperplasia (ADH), atypical
17



lobular hyperplasia (ALH), ductal carcinoma in situ (DCIS) and lobular carcinoma
in situ (LCIS). In these lesions one can see a loss of growth control, but no ability
or sign of infiltration to adjacent tissue or metastases (Allred et al. 2001). Atypical
lobular hyperplasia (ALH) is characterized by small and mildly atypical epithelial
cells beginning to fill the ducts (Russo & Russo 1997), while lobular carcinoma in
situ (LCIS) is diagnosed when these cells accumulate causing proximal duct disten-
sion to a large extent. Both lesions are regarded as bilateral risk factors for future
infiltrative carcinoma (Page et al. 1986), presumably indicating widespread genetic
damage in breast epithelial cells (Allred et al. 2001). 

Atypical ductal hyperplasia is formed from a uniform epithelial  population of
cells that are small, round and cuboidal in shape; these hyperchromatic cells are
regularly arranged. Mitoses are only infrequently seen and nuclei are evenly distri-
buted. Cells may form bridges in cribriform type (Pinder & Ellis 2003). The ADH
lesion is less than 2mm in largest diameter; greater changes, especially ones occu-
pying several duct spaces, are more likely to be diagnosed as DCIS (Tavassoli
1992). ADH increases the risk of infiltrative breast carcinoma about four to five
times compared to the general population (Dupont et al. 1993, London et al. 1992,
Fitzgibbons et al. 1998) and the risk is even greater if the patient has a family his-
tory of breast cancer (Page et al. 1992). Estrogen receptor (ER) positivity is very
high in ADH where almost all cells are ER positive (Barnes & Masood 1990, Moh-
sin et al. 2000), while in premenopausal women approximately 20% of normal epit-
helial cells express ER. In postmenopausal women ER positivity increases to appro-
ximately 50% of epithelial cells. Prolonged estrogen exposure and very high ER
levels observed not only in ADH but also in many other premalignant lesions may
contribute to increased cell proliferation (Mohsin et al. 2000, Allred et al. 2001).
Oncogene c-erbB-2 positivity has only rarely been detected in ADH lesions and the
p53 gene status seems to be normal as well (Gusterson et al. 1988, Lodato et al.
1990, Bartek et al. 1990, Chitemere et al. 1996). On the other hand, allelic imba-
lance has been detected in up to 50% of atypical hyperplasias (ADH and ALH) sha-
ring many LOH phenotypes with invasive breast carcinoma lesions, supporting the
hypothesis that atypical hyperplastic lesions might be direct precursors of infiltra-
tive breast cancer (Lakhani et al. 1995, Rosenberg et al.1997, O’Connell et al.
1998). The new histopathological classification for intraductal proliferative lesions
has been revised by WHO using  new ductal intraepithelial neoplasia terminology
(DIN) (Tavassoli & Devilee 2003).
18



Ductal carcinoma in situ

The differential diagnosis between ADH and DCIS is often not clear because there
is no  general agreement on whether quantitative criteria should be used to separate
ADH from low grade DCIS (Tavassoli & Devilee 2003). Ductal carcinoma in situ
is generally described as a proliferation of malignant epithelial cells within the
breast parenchymal structures disrupting the architecture of the breast glandular
epithelium, but without basement membrane destruction, however,  and preserving
the surrounding myoepithelial cell layer, which remains intact (Pinder & Ellis 2003,
Leonard & Swain 2004). DCIS lesions can be divided into five groups (comedo,
cribriform, papillary, solid and micropapillary) according to their architectural rear-
rangement. There are many classification systems for DCIS (Leonard & Swain
2004). Recent classifications use only cytonuclear grade (high, intermediate or low)
or in combination with necrosis (presence or absence of comedo necrosis) or cell
polarization (architectural differentiation), but it is recommended that additional
information on margin status, size and extension as well as abundance of calcifica-
tion be documented in the histopathological report (Leonard & Swain 2004, Tavas-
soli & Devilee 2003). Microinvasion is defined as an extension of cancer cells
beyond the basement membrane in surrounding tissue, but no single focus should
exceed 1mm in greatest dimension (AJCC 2002). 

Patients with  DCIS are considered to have a relative risk of 8–11 for develo-
ping infiltrative cancer (Fitzgibbons et al. 1998). Available data also suggest  that
up to 15–30% of DCIS lesions eventually develop into invasive breast carcinoma
(Betsill et al. 1978, Ottesen 2003, Sanders et al. 2005, Warren et al. 2005). Howe-
ver, it is postulated that the vast majority of DCIS is never detected or does not
develop clinically evident malignant disease; an autopsy study suggested that
around 9–20% of women will develop DCIS during their lifetime (Nielsen et al.
1987, Welch & Black 1997). Although there is a lack of biological markers to pre-
dict the clinical behavior or the malignant transformation of a single DCIS lesion,
some clinical and pathological characteristics are valuable in providing prognostic
information: women with a large, high-grade DCIS with necrosis and positive sur-
gical margins are at a high risk of further local recurrence of which 50% appear to
be invasive, particularly when treated primarily with lumpectomy alone (Betsill et
al. 1978, Page et al. 1982, Leonard & Swain 2004, Bijker et al. 2006). Large DCIS
with comedo-type histology is at risk of having microinvasive foci, which may in
turn  result in malignant lymphatic spread and axillary node metastasis (Wassenberg
et al. 2002). Poorly differentiated histological types associate with a risk of further
19



distant metastases (Bijker et al. 2001). The clinical importance of DCIS has inc-
reased since the incidence of this lesion has increased dramatically due to screening
mammography where calcifications that may indicate DCIS are easily detected
(Ernster & Barclay 1997, Ernster et al. 2002).

Estrogen and progesterone receptors are expressed in 50–60% of DCIS lesions,
and in genetic studies HER2 (human epithelial growth factor receptor 2) gene alte-
rations are seen in approximately 40% of all DCIS, this alteration being much more
frequent (60–80%) in the comedo/high-grade DCIS (Leonard & Swain 2004, Millis
et al. 1996, Beckman et al. 1997). P53 mutations have also been detected in DCIS
lesions, correlating highly with histological grades: p53 alterations are rare in
low-grade DCIS, but exist in 5% and 40% of intermediate and high-grade lesions,
respectively (Done et al. 2001, Walker et al. 1997, Allred et al. 2001). Allelic imba-
lance is more frequently seen in DCIS than in ADH foci. More than 100 AIs have
been detected in 17 separate chromosomes studied (Radford et al.  1993, Chappell
et al. 1997, Waldman et al. 2000), and especially comedo-type DCIS may reveal
several LOH even in a single lesion (O’Connell et al. 1998). In most cases synchro-
nous DCIS and infiltrative breast lesions share their LOH phenotypes, providing
evidence of their evolutionary relationship (Zhuang et al. 1995, Fujii et al. 1996,
Dillon et al. 1997); however, exceptions to this do exist (Allred et al. 2001).

Taken together, most of the molecular changes that can be detected in invasive
breast cancer are already present in DCIS, although DCIS has not been assumed to
be a clinically malignant phenotype (Bijker et al. 2001, Mommers et al. 2001, Otte-
sen 2003). Cytogenetic studies suggest that low-grade DCIS tends to progress into
low-grade invasive carcinoma, while high-grade invasive lesions evolve from
high-grade DCIS (Nofech-Mosez et al. 2005, Leonard & Swain 2004, Boecker et
al. 2001, Wärnber et al. 2001, Mommers et al. 2001, Simpson et al. 2005) (Figure
1).
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Fig. 1. Multi-step model of breast cancer progression (Modified from Simpson et al.
2005). DCIS: ductal carcinoma in situ, DC: ductal carcinoma, LCIS: lobular carcinoma in
situ, LC: lobular carcinoma, ______ = links between morphological entities for which
there is supporting morphological and/or molecular data,  --------- = hypothetical corre-
lations/evolutionary links yet to be proven.

2.1.3 Epidemiology, etiology and prognosis of invasive breast 
cancer

Breast cancer is the most common malignancy affecting women worldwide (Ste-
wart & Kleihues, 2003). According to latest estimates, more than 1,050,000 new
cases are diagnosed annually, the incidence rates being the highest (>80 per 100,000
population per year) in developed countries (Ferlay et al. 2001). In 1998 more than
400,000 women died due to breast cancer globally, which represented 1.6% of all
female deaths. The pattern of increasing incidence can be seen worldwide as well
as in Finland, where the breast is the leading primary site of cancer in females.
There were 4,027 new breast carcinoma cases in Finland in the year 2005 with an
incidence rate of 86.7 per 100,000. Age-adjusted mortality rate of breast cancer per
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100,000 person years has not changed markedly over the past two decades – the
mortality rate was 16.1 in 1982–1986 and 16.3 in 1997–2001 – but recently breast
cancer mortality rates have, however, started to decline, mainly because of early
detection and advances achieved with the use of adjuvant treatment (Stewart &
Kleihues 2003). The age-adjusted mortality rate of breast carcinoma was 14.8 in
2003. At present, around 85% of breast cancer patients survive five years or longer
after primary diagnosis in Finland (Finnish Cancer Registry, 2005).

The growing incidence of breast carcinoma worldwide has many etiological
factors, mainly hormonal and lifestyle-related. Early menarche, late pregnancy or
nulliparity, late menopause and menopausal hormonal replacement therapy corre-
late with increased risk of breast malignancy (Stewart & Kleihues, 2003). A Wes-
tern lifestyle often means a diet poor in fruit and vegetables and rich in meat and
high caloric intake, as well as lack of physical activity, which all are related to an
increased carcinoma risk (COMA Working Group on Diet and Cancer, 1998). Espe-
cially in postmenopausal women breast cancer risk increases with increasing body
mass index (BMI), this being largely a result of the associated increase of exogen
and endogenic bioavailable estrogens, particularly estradiol (Key et al. 2003).
Approximately 5–10% of breast carcinoma cases have a genetic background, and
especially mutations in BRCA1 and BRCA2 genes predispose to familial type of
breast cancer (Newman et al. 1988, Robson et al. 2001). A strong family history of
breast carcinoma, cases in young women, multifocal carcinomas and cases with
ovarian carcinoma are frequently seen in this condition.

2.1.4 Histopathological types of invasive breast carcinoma

Invasive breast cancer encompasses a heterogeneous group of carcinomas that vary
in terms of morphological features and clinical behaviour. Invasive ductal carcin-
oma represents the majority (70%) of all carcinomas and fails to exhibit sufficient
characteristics to achieve classification as a specific histological type. Ductal car-
cinomas are thought to derive from mammary ductal epithelium, in contrast to lobu-
lar carcinoma (10–20% of infiltrative lesions) that might arise from acinar cells of
terminal lobules, although this classification has been criticized, too (Tavassoli &
Devilee 2003, Simpson et al. 2005, Joensuu et al. 2006ba). Ductal carcinomas often
represent with a distinct tumor, and adjacent DCIS is often present. Lung and liver
represent the most frequent distant metastatic sites in ductal carcinomas. Lobular
type of breast cancer has a more diffuse growth pattern, with non-cohesive cells dis-
persing in a fibrous stroma. When developing distant relapses, lobular carcinoma
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metastasizes more often into bone, the gastrointestinal tract, meninges and ovary
compared to ductal type of BC (Tavassoli & Devilee 2003). Tubular, medullary,
mucinous and papillary carcinomas are well differentiated subtypes of infiltrative
carcinomas representing the minority (around 10%) of all invasive carcinomas and
associate with a more favorable survival rate compared to ductal and lobular breast
cancers (Tavassoli & Devilee 2003). In a domestic material 92% of patients with a
special type of histology and node negative breast cancer were free of distant recur-
rences at 8 years of follow-up, the proportions being 83% and 91% for ductal and
lobular carcinomas, respectively (Carstens et al. 1985, Clayton 1986, Tavassoli &
Devilee 2003, Joensuu et al. 2006a).

2.1.5 Tumor parameters as classical prognostic factors

Individual risk of  disease recurrence can be estimated by tumor size reflecting how
long the tumor has been present and by axillary lymph node metastases reflecting
the clinical stage (Bundred 2001, Carter et al. 1989, Blanco 1980).  Large primary
tumor burden correlates to breast cancer mortality both in node-positive and
node-negative patients. The significance of axillary nodal metastases was not intro-
duced  until the 1960s (Auchincloss 1963), but it has been shown to be the most
potent single prognostic factor, and even the prognostic importance of the absolute
number of involved lymph nodes is supported by large clinical data (Fisher & Slack
1970). Even patients having small primary tumors but four or more positive nodes
have poor survival (Carter et al. 1989, Nemoto et al. 1980). On the other hand,
micrometastases (axillary lymph nodes with metastatic foci smaller than 2 millime-
ters in diameter) indicate only a modest survival disadvantage in the long-term fol-
low-up (Maibenco et al. 2006). Tumor size, axillary nodal status and the presence
or absence of distant metastases is the basic information for the TNM classification
and for the clinical stage of the disease dividing patients into different prognostic
groups. The survival rate after eight years of follow-up is 90% in Stage I patients,
70% stage II patients but only 40% in patients with stage III disease (Jardines et al.
2004). The most widely used systems to stage breast cancer are the classification
from the International Union Against Cancer (UICC) (Table 1) and the American
Joint Committee on Cancer (AJCC).
23



Table 1. Clinical TNM-classification of breast tumours, modified from International
Union against Cancer (UICC 6th edition, 2002).

It was first recognized in 1890 that according to some morphological tissue featu-
res, tumors can be divided accordingly to malignancy grade (Hansemann 1890).
The first formal grading of breast carcinoma into three malignancy grades and its
relationship to the clinical behavior of breast cancer in patients occurred in the
1920s (Greenough 1925). Modern grading methodology is still based upon these
fundamental criteria of tubule formation, nuclear pleomorphism and mitotic acti-
vity, but semiquantitative methods have also been introduced to diminish subjecti-
vity in the interpretation (Bloom & Richardson, 1957, Black & Speer 1957, Elston
& Ellis 1991). Most notably, histological grading provides independent prognostic
information (Lundin et al. 2001). Clinical data confirm that high malignancy grade
worsens the clinical outcome even in early-stage breast cancer patients (T1N0 or
T1N1) whose 10-year survival rates are 95% in malignancy grade I, 91% in grade
II and 84% in grade III tumor in a large American population (Henson et al. 1991).
Malignancy grade seems to have more prognostic power than hormone receptor sta-

T (tumour) Definition
TX Primary tumour can not be assessed
T0 No evidence of primary tumour
Tis Carcinoma in situ, DCIS, LCIS, Mb Paget
T1a Tumour more than 0.1cm but not larger than 0.5cm in greatest dimension
T1b Tumour more than 0.5cm but not larger than 1.0cm
T1c Tumour more than 1.0cm but not larger than 2.0cm
T2 Tumour more than 2,0cm but not larger than 5.0cm
T3 Tumour more than 5.0cm in greatest dimension
T4a Tumour of any size with direct extension to chest wall
T4b Tumour of any size with oedema, skin ulceration or satellite skin nodules
T4c Both 4a and 4b
T4d Inflammatory carcinoma
N (regional lymph nodes)
NX Regional lymph nodes can not be assessed
N0 No regional lymph node metastasis
N1 Metastasis in movable, ipsilateral lymph node 
N2a Fixed ipsilateral lymph node metastasis
N2b Metastasis in internal mammary lymph nodes in the absence of axillary 

metastasis
N3 Ipsilateral infraclavicular metastasis
M (metastasis)
MX Distant metastasis can not be assessed
M0 No distant metastasis
M1 Distant metastasis
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tus in patients with a small local tumor receiving no adjuvant therapies (Samura et
al. 1999).

The role of estrogen and progesterone receptors and the estradiol-induced
effects in breast carcinoma cells was first reported in the 1970s (Jensen & DeSom-
bre 1972), and the prognostic importance of the hormone receptor status became
evident in large later series. Estrogen and progesterone receptor negativity has been
associated with a compromised clinical outcome (Chevallier et al. 1990, Castag-
netta et al. 1992, Mason et al. 1983, Lundin et al. 2006), but controversial data exist
as well (Aamdal et al. 1984, Butler et al. 1985). Interestingly, the prognostic rele-
vance of hormone receptor status seems to be to some degree time-dependent,  and
a relation to survival might only be seen in a long-term clinical follow-up (Coradini
et al. 2000). The disagreement in results may be explained by heterogeneity in ana-
lytic techniques, variety in patient populations and follow-up times (Coradini et al.
2000).

The Nottingham Prognostic Index (NPI) is a clinicopathological classification
system for breast cancer based on primary tumor size, malignancy grade and axil-
lary lymph node status (Galea et al. 1992), where a score of less than 3.4 associates
with favorable prognosis (NPI= 0.2 x tumor diameter in centimeters + lymph node
stage + histological grade). High and low NPI scores have recently been shown to
correlate with gene expression patterns and molecular signature of breast tumors in
microarray studies (Miller et al. 2004, Yu et al. 2004).

2.1.6 Other prognostic factors

Peritumoral lymphatic vessel or vascular invasion of tumor cells correlates with
compromised outcome of patients (Rosen et al. 1989, Mirza et al. 2002). The pro-
liferation rate of a tumor can be evaluated by measuring S-phase fraction (SPF) by
flow cytometry indicating cells synthesizing DNA actively or by measuring immu-
nohistochemically the proliferation antigen Ki-67, which is a nuclear protein
expressed in proliferative phases of the cell cycle. High values of both markers have
indicated more aggressive behavior of breast cancer (Wenger & Clark 1998, Vero-
nese et al. 1993, Trere et al. 2006), as well as aberrant DNA ploidy (Kallioniemi et
al. 1987, Pinto et al. 2006). However, high expression of Ki-67 antigen also seems
to indicate sensitivity to chemotherapy (Urruticoechea et al. 2005). In patients who
have not received any adjuvant therapies, high mitotic activity has predicted inde-
pendently compromised disease-free survival (Manders et al. 2003) and overall sur-
vival (Baak et al. 2005).
25



The urokinase-type plasminogen activator (uPA) involving ECM degradation
and its inhibitor (PAI-1) have been shown to correlate with poor outcome in early
stage breast carcinoma (de Witte et al. 1999, Harbeck et al. 2002), as has the ECM
component hyaluronan (Auvinen et al. 2000). CD44 is a transmembrane glycopro-
tein involved in cell motility, invasiveness and angiogenesis, and high expression
of CD44 has indicated an adverse outcome in breast carcinoma (Ma et al. 2005,
Watanabe et al. 2005). Tenascin and versican are ECM molecules with
anti-cell-adhesive properties, and elevated expression of these ECM components
has been associated with breast cancer recurrence and survival (Jahkola et al. 1996,
Ioachim et al. 2002, Suwiwat et al. 2004). Loss of normal functioning anti-apopto-
tic, mitochondrial protein Bcl-2 in the tumor has been reported to predict compro-
mised survival of patients (Callagy et al. 2006, Rolland et al. 2007). Numerous
apoptosis regulators and angiogenesis-related proteins such as tumor necrosis
growth factor and  vascular endothelial growth factor have also been investigated
in prognostic studies with varying results (Cianfocca & Goldstein 2004, Esteva &
Hortobagyi 2004). Lysosomal protease cathepsin D can be overexpressed in breast
cancer cells, and high levels of it have been associated with  shorter breast cancer
specific survival (Isola et al. 1993, Rodriguez et al. 2005). Cyclin E protein accele-
rates the cell cycle and has been reported to be involved in overall survival in breast
carcinoma in a recent meta-analysis (Wang & Shao 2006), but no such association
was reported in a large randomized adjuvant chemotherapy study (Porter et al.
2006). E-cadherin is a cell adhesion molecule that is expressed in healthy breast tis-
sue, but a reduced expression or a total loss of expression might appear in a malig-
nant tissue, which seems to be an indicator of poor outcome (Siitonen et al. 1996,
Rakha et al. 2005).

Recently,  genetic profiling of a breast tumor utilizing microarray technique
identified good and poor prognostic groups in breast carcinoma patients (van de
Vijver et al. 2002, Buyse et al. 2006). However, the results were not conclusive and
concerns about the methodology of the studies have been put forward.  The prog-
nostic value of gene expression profiling thus remains to be validated in unselected,
large patient populations (Ein-Dor et al. 2005, Ransohoff 2005). Mammography
screening has also shown to be associated with prognosis in BC: breast cancer
tumors detected by screening have had lower malignant potential and patients have
had more favorable survival compared to cases detected outside of screening in
domestic studies (Hakama et al. 1995, Joensuu et al. 2004).
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2.1.7 Local therapy of invasive breast cancer

Surgical therapy

Breast cancer was regarded as an incurable disease until Halsted reported better cli-
nical outcome in radically operated  patients (Halsted 1894). Definitive local treat-
ment by a surgical approach has remained the cornerstone of breast carcinoma tre-
atment over the decades, but great effort has been made to find a better balance bet-
ween treatment radicality and long-term side effects (Gerber et al. 1992). Resection
techniques have been developed in combination with post-operative radiotherapy,
and it was shown in the 1990s that survival curves of patients after mastectomy or
more conservative resection procedures in combination with radiation therapy are
comparable and that irradiation reduces local treatment failures (Clark et al. 1992,
Veronesi et al. 1993, Fisher et al. 1995). Tumor-free margins are still essential to
prevent local recurrences even if radiation therapy is delivered (Poggi et al. 2003).

Sentinel node dissection procedure in the treatment of breast cancer was first
introduced  in the early 1990s (Krag et al. 1993) and has  potential for reducing mor-
bidity such as lymphedema and sensory changes in the ipsilateral arm, which are
common side effects related to full axillary node dissection procedure.  In a recent
meta-analysis the false-negative rate of sentinel node biopsy was on average 7%,
but it varied from 0% to up to 29% according to the clinical experience of the sur-
geon; this demanding technique emphasizes the importance of a qualified team
(Kim et al. 2006a). Despite limited survival data from controlled clinical trials, sen-
tinel node biopsy has become a widely used technology in staging breast carcinoma
(Kim et al. 2006a, Schrenk et al. 2001) because the quality of life of patients has
been shown to be better after sentinel node biopsy than after full axillary node dis-
section (Leidenius et al. 2005, Mansel et al. 2006). The sensitivity of the procedure
can be raised as high as 96% in experienced centers (Cox et al. 2000).

Radiation therapy

The clinical use of postoperative radiation therapy in breast cancer patients was first
introduced in the 1940s by McWirther who reported better 5-year survival curves
in patients receiving post-operative radiation therapy compared to patients who
only underwent an operation (McWirther 1948). During the decades that followed
there was great controversy in clinical studies as well as debate over the survival
benefit (Fisher et al. 1970, Fletcher 1972), but later randomized trials showed ine-
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vitably that irradiation after mastectomy reduced significantly the risk of local
recurrence in patients with involved axillary nodes (Recht et al. 2001); the reduc-
tion of local recurrences after breast conserving surgery can be as high as 68%, and
an improved local disease control also has an  impact on overall survival (Arriagada
et al. 1995, Early Breast Cancer Trialists 2000, 2005). The survival benefit of irra-
diation can be achieved despite using systemic adjuvant therapy (Overgaard et al.
1999, Recht et al. 2001). However, there is still insufficient evidence of the benefit
of routine irradiation of  the axilla or supraclavicular area in cases with complete
axillary evacuation and only minimal nodal involvement. Patients with large pri-
mary tumors (>5cm in largest diameter) are suggested to be irradiated routinely
after mastectomy, but patients with smaller tumors can also be treated if they have
biologically aggressive tumors (Truonq et al. 2005).

Most institutions worldwide use a total dose of 50 Gray in 2 Gray daily frac-
tions, given five times weekly and using photon and/or electron treatment, covering
the chest wall or remaining breast and lymphatic nodes in axilla, supraclavicular
and parasternal area (Recht et al. 2001). The risk of long-term side effects such as
lymphedema, radiation pneumonitis, rib fractures and cardiac toxicity is suffi-
ciently low by modern computer-based radiation techniques so that radiation the-
rapy should not be limited because of them, if otherwise indicated (Recht et al.
2001). On the other hand, recent long-term follow-up data raise concern of radia-
tion-induced secondary malignomas such as a doubled lung cancer risk in post-
menopausal patients (Rutqvist & Johansson 2006).

2.1.8 Treatment of ductal carcinoma in situ

The treatment of in situ ductal carcinomas deals with many controversies, and there
are some concerns about the possible over-treatment of this good prognostic entity.
In a large adjuvant study the overall survival of DCIS patients was 95% after seven
years of follow-up (Ernster & Barclay 1997, Leonard & Swain 2004, Fisher et al.
1999). In conclusion, lumpectomy followed by local irradiation therapy is a recom-
mended approach, since radiation therapy has been documented to reduce local
recurrence rate by 50% after surgical excision (Fisher et al. 1998, Julien et al. 2000,
Houghton et al. 2003). However, no survival advantage is gained by post-operative
irradiation and the recurrence rate after radiation therapy is still 7–9% (Houghton
et al. 2003, Julien et al. 2000). A large randomized trial has suggested an additional
benefit of adjuvant tamoxifen therapy in terms of disease-free survival even after
post-operative radiation therapy, and tamoxifen reduces particularly contralateral
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breast cancer by 55% (Fisher et al. 2001, Fisher et al. 2002). However, another large
trial did not show a statistically significant benefit of adjuvant tamoxifen (Hough-
ton et al. 2003). Tamoxifen may cause severe toxicity such as thromboembolic
events and endometrial cancer, which limits the wide use of adjuvant therapy in
DCIS treatment, but it might benefit patients with a large DCIS of high-grade his-
tology in terms of disease-free survival (Fisher et al. 2001).

2.1.9 Adjuvant endocrine therapy

Treatment rationale

Breast carcinoma is a classic hormone-dependent malignancy, which has been pro-
ven in both clinical and experimental conditions. The therapeutic effect of ovarian
ablation in metastatic breast cancer was first reported by Beatson in 1896. On the
other hand, estrogen plays a major role in normal mammary gland development.
Experimental studies have shown that mammary glands are poorly developed in an
estrogen null mouse (Couse & Korach, 1999). Breast tissue is regulated by a num-
ber of steroid and polypeptide hormones as well as growth factors (Dickson & Lip-
pman 2000), particularly estrogen in menstruation cycles. Estrogen diffuses into
cells and binds to the estrogen receptor (ER) protein, which leads to receptor acti-
vation as a transcription factor and subsequently expression of many target genes
involved in DNA synthesis, cell cycle control, cell survival, and expression of poly-
peptide growth factors and angiogenic factors (Schiff & Fuqua 2002). Recently,
non-genomic action of estrogen receptor activity has been described as well, where
cell membrane or cytoplasm associated ER can interact directly with key
growth-factor dependent kinases (Kelly & Levin 2001). It is easy to understand that
withdrawal of this proliferative stimulus by therapeutic agents causes apoptosis in
mammary gland cells and leads to antitumoric effect in malignant conditions. This
can be achieved either by inhibiting estrogen binding at receptor level (antiestro-
gens) or blocking estradiol synthesis (ovarian ablation/aromatase inhibitors).

The first estrogen receptor, later called ERα, was identified in the 1960s (Jen-
sen & Jacobson 1962) and cloned two decades ago (Green et al. 1986). ERα
mediates the main effects of estradiol-induced cell proliferation and breast tissue
maturation. Later, a second estrogen receptor, ERβ, has also been identified (Kuiper
et al. 1996). ERβ has a limited role in breast tissue development; whether it is invol-
ved in neoplastic processes is still an open issue (Schiff & Fuqua 2002). ERβ posi-
tivity has been associated with ERα positivity and non-aggressive features of a pri-
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mary tumor such as node negative disease and low malignancy grade (Järvinen et
al. 2000). Progesterone receptor (PR) is also a ligand-activated transcription factor
that regulates target gene expression (Tsai & O’Malley 1994) and is involved in
ductal branching in breast tissue and alveolar development during pregnancy (Has-
lam 1988). Although progesterone is a less mitogenic compound in mammary cells
than estrogen, recent studies of post-menopausal hormone replacement therapy
demonstrate that exogenous progestins administered in combination with estrogen
lead to an increased risk of breast cancer when compared to a single estrogen regi-
men (Magnusson et al. 1999, Ross et al. 2000). While there is still some debate over
the prognostic relevance of hormone receptor content in a primary tumor, the pre-
dictive value of ER and PR content has been consistently recognized since the
hypothesis was first introduced in the mid 1970s (De Sombre et al. 1974, Horwitz
& McGuire 1975, Dowsett et al. 2006).

Most breast carcinomas (60%) express estrogen and progesterone receptors,
and patients with receptor positive tumors have a 60–70% chance of benefiting
from endocrine treatment, compared to less than 10% of patients with receptor
negative tumors (Tavassoli & Fattaneh 2003). Estrogen receptor positivity correla-
tes especially with post-menopausal age (Rhodes et al. 2000). However, ER and PR
status are not always stable phenotypes of a tumor, since they can in fact change
during the natural history of the disease and/or as a consequence of endocrine the-
rapy (Hull et al. 1983, Kuukasjärvi et al. 1996). In clinical work, resistance to a
tamoxifen therapy is a major problem and mechanisms of resistance are being stu-
died extensively. Changes in the expression of ERα or ERβ, alterations in co-regu-
latory proteins and the influences of intracellular kinase signal transduction path-
ways may result in tamoxifen resistance (Razandi et al. 2003, Ring & Dowsett
2004, Graham et al. 2000). ER protein might mutate, altering its functionality, but
this mechanism seems to represent only a minority of tamoxifen resistance (Karnik
et al. 1994, Daffada et al. 1995).

Antiestrogens

Tamoxifen, clinically the most important antiestrogen, was discovered in the 1960s
(Harper & Walpole 1967) and the drug was tested for both anticancer effect and as
an ovulation inductor (Cole et al. 1971, Williamson & Ellis 1973). Tamoxifen is the
most widely used drug that works through selective estrogen receptor modulation
(SERM). The therapeutic effect is gained when tamoxifen antagonizes estrogen
receptor function by binding competitively to it,  causing the cell to be held at the
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G1 phase of the cell cycle (MacGregor & Jordan 1998). On the other hand, tamo-
xifen is a multifunctional drug, since it has also estrogen-like, agonistic activities
based on target tissue. Experimental and clinical evidence has shown that tamoxifen
increases the risk of endometrial cancer and prevents osteoporosis based on estro-
gen-like effects on the endometrium and bone (Cuzick et al. 2003, Fisher et al.
1998). There is no simple explanation as to why estrogen-receptor mediated activa-
tion results in agonistic or antagonist effect, but the ERα/ ERβ ratio, activation of
ER coactivators, ER corepressors as well as ER dimerization process may modulate
the final effect in the target tissue (Levenson & Jordan 2002).  Tamoxifen also redu-
ces plasma levels of low-density lipoprotein (LDL) and total cholesterol, and may
prevent myocardial infarction (Love et al. 1990, Costantino et al. 1997), but the lat-
ter could not be confirmed in a large chemo prevention study (Fisher et al. 1998).
In addition to endometrial cancer risk, tamoxifen causes an excess risk of throm-
boembolic events (venous, pulmonary and stroke), which limits its clinical use
(Cuzick et al. 2003). Tamoxifen also causes menopausal symptoms, which reduces
the quality of life (Land et al 2006).

Over the last decades the clinical use of tamoxifen in breast cancer has expan-
ded greatly, and the drug is widely used in all age groups and in both metastatic and
adjuvant settings. Indeed, its clinical efficacy even in breast cancer prevention has
been established (Fisher et al. 1998, Cuzick et al. 2003, Vogel et al. 2006). Early
Breast Cancer Trialists’ Collaborative Group stated that adjuvant tamoxifen redu-
ces  breast cancer mortality significantly when tamoxifen was compared to no
tamoxifen, and the clinical benefit was most evident in women 50 years or older
(EBCTCG 1988). Later clinical evidence showed that adjuvant treatment lasting
two years or longer was more efficient than shorter tamoxifen treatment, and furt-
her, that five years of tamoxifen adjuvant treatment resulted in a 47% reduction in
disease recurrence and a 26% reduction in mortality in all age groups (EBCTCG
1992, 1998). The latest meta-analysis confirmed the results, and longer follow-up
times have shown that substantially reduced five-year recurrence rates also signifi-
cantly reduced 15-year mortality rates (EBCTCG 2005). Until now, tamoxifen has
been globally the golden standard in adjuvant endocrine treatment in estrogen
receptor positive patients.

Several other antiestrogens have been synthesized, but none of them are routi-
nely used in adjuvant treatment of breast carcinoma. Toremifene and tamoxifen
have shown similar efficacy in adjuvant treatment (Holli et al. 2000). Raloxifene is
being used in the treatment of osteoporosis, but it has a preventive effect on breast
cancer, too (Cummings et al. 1999, Vogel et al. 2006). When treating metastatic
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breast cancer, droloxifene was less effective than tamoxifen (Buzdar et al. 2002),
and idoxifene treatment seems to bring no additive advantage compared to tamoxi-
fen (Arpino et al. 2003). Fulvestrant, a pure antiestrogen, downregulates ER, redu-
ces tumor progesterone receptor content, and has no known agonistic activity
(Robertson et al. 2001). This new regimen is at least as effective as anastrozole in
the second-line treatment of metastatic disease after tamoxifen failure (Robertson
et al. 2003), but there is so far no clinical evidence of the use in an adjuvant setting.

Aromatase inhibitors

After menopause the ovary is no longer the source of estrogens, but they are still
produced in peripheral sites such as adipose tissue and the liver (Hemsell et al.
1974) when aromatase enzyme converts androgens to estrone and estradiol. Aroma-
tase, a cytochrome P450 enzyme complex, is also present in breast tissue, and int-
ratumoral aromatase is a source of local estrogen production in cancerous breast
cells (Brueggemeier et al. 2005). Aromatase inhibitors (AI) work by blocking estro-
gen synthesis (Brodie 2003), but a therapeutic effect might also be gained by pre-
venting the synthesis of estradiol metabolites possessing genotoxic and mutagenic
potential (Yue et al. 2005). A first-generation non-steroidal AI, aminoglutethimide,
was introduced more than three decades ago with the same clinical efficacy as
tamoxifen, but severe side effects due to suppression of corticosteroid production
caused frequent treatment discontinuations (Santen et al. 1982). No superior effi-
cacy or better tolerability was achieved by the second-generation regimen formes-
tane (Thurliman et al. 1997). Third-generation AI regimens can be classified by
their mechanism of action and by structure: anastrozole and letrozole are nonsteroi-
dal compounds and competitive inhibitors of aromatase enzyme, while exemestane
represents a steroidal structure and irreversible binding to aromatase complex
(Brueggemeier et al. 2005, Strasser-Weippl & Goss et al. 2005). These third-gene-
ration regimens associate with statistically significant improvement in survival
compared with tamoxifen or progestins when treating advanced breast carcinoma
patients (Mauri et al. 2006). In an adjuvant setting front-line non-steroidal AI regi-
mens anastrozole and letrozole have recently become options of adjuvant endocrine
therapy in post-menopausal patients since both regimens have shown superior effi-
cacy in terms of disease-free survival compared to tamoxifen (Baum et al. 2003,
Buzdar & Cuzick 2006, Thurlimann et al. 2005). Overall survival benefit  has so far
been seen in extended adjuvant therapy where node-positive patients received an
adjuvant letrozole treatment compared to placebo after five years of tamoxifen
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(Goss et al. 2005), and a recent meta-analysis showed a modest overall survival
advantage of  third-generation AI (anastrozole, letrozole and exemestane) treatment
when administered after 2–3 years of tamoxifen, the absolute risk reduction being
1.2% in an adjuvant setting (Coombes et al. 2004, Jakesz et al. 2005, Bria et al.
2006b).

The survival advantage of adjuvant AI treatment has to be balanced with the
observed side effects, although third generation regimens are generally well tolera-
ted (Whelan et al. 2005). Compared to tamoxifen AIs lack the beneficial estro-
gen-like effect on bone, and adjuvant studies have reported an increase in fractures
and osteoporosis of AI-treated patients compared to tamoxifen, which is of clinical
relevance (Baum et al. 2003, Thurlimann et al. 2005). Letrozole has been has asso-
ciated with a higher incidence of hypercholesterolemia and cardiac events when
compared to a tamoxifen treated study arm; however, the clinical importance of this
might be limited (Thurliman et al. 2005). Aromatase inhibitors cause more often
musculoskeletal pain, but menopausal symptoms are usually milder compared to
tamoxifen and there is no excess risk of endometrial cancer or thromboembolic
events during AI therapy (Baum et al. 2003, Thurlimann et al. 2005, Bria et al.
2006b).

Other treatment options

In premenopausal patients with estrogen receptor positive tumors ovarian ablation
is an effective and a rapid adjuvant treatment option and the efficacy of this pro-
cedure is well documented; however, allocation to ovarian ablation or suppression
significantly reduces breast cancer mortality only in the absence of other systemic
treatments (EBCTCG 1996, EBCTCG 2005). In premenopausal women ovariec-
tomy or the use of LHRH agonist is as effective as chemotherapy with CMF regi-
men (SCTBG 1993, Kaufmann 2003). In ER positive patients a combination of
ovarian ablation and tamoxifen has shown superior efficacy when compared to
CMF (Jakesz et al.  2002).  Quality of life and long-term side effects such as pre-
mature menopause and related bone loss have to be considered.  Reversible, chemi-
cal ovarian ablation using LHRH analogy has therefore replaced ovariectomy in
most cases.
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2.1.10 Adjuvant chemotherapy

Treatment rationale

Despite definitive local surgical and radiotherapeutic treatments, a patient may have
microscopic residual disease that subsequently develops into macroscopic metasta-
ses with lethal consequences. The ultimate goal of adjuvant chemotherapy as well
as adjuvant endocrine treatment is to eliminate these undetectable deposits of resi-
dual disease (Day et al. 2005). Cancer cells are usually actively proliferating and
therefore exposed to cytotoxic agents. The longest clinical experience of chemot-
herapeutic use is with cyclophosphamide (C), 5-fluorouracil (5-FU) and methotre-
xate (MTX), where cyclophosphamide acts as alkylating agent (C) causing
cross-links with deoxyribonucleic acid (DNA) and therefore inhibiting DNA synt-
hesis. Antimetabolites interfere with DNA synthesis by inhibiting thymidylate
synthetase (5-FU) and dihydrofolate reductase (MTX) enzymes. Anthracyclines
(epirubicin and doxorubicin) are antibiotics with cytotoxic effect by topoisomerase
II inhibition, and by formation of cytotoxic oxygen-free radicals causing DNA
damage. Later introduced chemotherapeutics in breast cancer adjuvant treatment
are taxanes (paclitaxel, docetaxel) that bind to microtubules and inhibit mitosis in
cell cycle (Chu & DeVita 2003).

Results of adjuvant chemotherapy

Bonadonna and colleagues reported in the 1970s that combination chemotherapy
with cyclophosphamide, methotrexate and 5-fluorouracil (CMF) reduced signifi-
cantly the recurrence rate of adjuvant treated breast cancer patients with axillary
lymph node metastases, but at that time there were no long-term data on subsequent
survival advantage or side effects (Bonadonna et al. 1976). Since then the clinical
importance of adjuvant chemotherapy has been established in numerous clinical
studies and meta-analyses. A recently published report of the efficacy of adjuvant
CMF with 30 years’ follow-up time demonstrated a 29% reduction in disease recur-
rences and a 21% reduction in mortality, and chemotherapy seemed to benefit espe-
cially younger (premenopausal) women and node-positive patients. Dose density
correlated with survival benefit, but the CMF regimen was also shown to be well
tolerated  in a long-term follow up (Bonadonna et al. 2005).

Anthracycline-based regimens have shown to have superior clinical efficacy
over non-anthracycline therapies in a large meta-analysis. Therapies longer than
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three to six months do not indicate any survival benefit over shorter courses
(EBCTCG 1992, EBCTCG 1998). Adjuvant polychemotherapy is more effective in
reducing breast cancer mortality than single-agent therapy. In terms of disease-free
survival, polychemotherapy reduced the risk of recurrence by 35% in women aged
50 years or younger and by 20% in women aged 50–69 years. The greatest propor-
tional mortality reduction of 11% was observed in women aged under 50 and
having node positive disease. Only few women over 70 years of age have been
included in study protocols, and no clear evidence of the benefit of adjuvant che-
motherapy has been shown (EBCTCG 1998). In postmenopausal women with furt-
her adjuvant tamoxifen, chemotherapy reduces the risk of recurrence (EBCTCG
1992). A recent meta-analysis of 15-year follow-up further established previously
described results: six months of anthracycline-based polychemotherapy reduces the
annual breast cancer rate by 38% in women younger than 50 years of age, while the
reduction was 20% in the age group of 50–69 years. Most notably, polychemothe-
rapy was effective irrespective of the use of tamoxifen, estrogen receptor status,
nodal status or other tumor characteristics. In conclusion, breast cancer mortality in
middle-aged women with ER-positive disease could approximately be halved by
six months of anthracycline-based chemotherapy and a subsequent five years of
tamoxifen in 15 years of follow up (EBCTCG 2005). On the other hand, intensive
therapies with high-dose chemotherapy and stem cell support bring no survival
advantage in early breast cancer (Bergh et al. 2000, Hanrahan et al. 2006).

Results from taxane-based adjuvant chemotherapies have been reported in the
last few years (Henderson et al. 2003, Mamounas et al. 2005, Roche et al. 2004). A
recent meta-analysis of nine prospective adjuvant trials compared anthracyclines
versus paclitaxel or docetaxel combinations (Bria et al. 2006a). Taxane-based com-
binations improved the outcome by 3.2%–4.6% (absolute benefit) in terms of dise-
ase-free survival, while overall survival improved 2%–2.8% (absolute benefit) wit-
hin the median follow up time of 50–60 months (Bria 2006a). Lymph node positive
patients may gain more benefit from taxane-based combination therapy, but further
analyses in different subpopulations of patients are needed to evaluate the benefits
and risks of taxane-based treatment in detail and with a longer follow-up time.

The benefit of adjuvant chemotherapy needs to be balanced with subsequent
side effects. Besides harmful but transient side effects, such as nausea, vomiting and
alopecia, also potentially lethal consequences may exist due to neutropenic infec-
tions (Chua et al. 2005, Brain et al. 2005, Martin et al. 2005). Frequent adjuvant
therapy interruptions are seen particularly in elderly patients due to toxicity (Bru-
nello et al. 2005). A subgroup of breast cancer survivors suffers from long-term
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fatigue, worsening the quality of life. (Bower et al. 2000, Nieboer et al. 2005). In
premenopausal women chemotherapy may induce ovarian suppression with subse-
quent bone loss (Vehmanen et al. 2001). Anthracycline therapy may cause cardiac
toxicity, especially with higher dosages (Bonneterre et al. 2004). The issue of
secondary malignancies is controversial, but it seems that conventional dosages are
safe to use while at higher dosages, alkylating agents and anthracyclines are
somewhat leukemogenic (Tallman et al. 1995, Bergh et al. 2000, Smith 2003, Praga
et al. 2005). 

Treatment of metastatic breast cancer

Metastatic breast cancer (MBC) is so far an incurable disease. The goals of systemic
therapies are effective symptom palliation, better quality of life and prolongation of
overall survival (Smith 2006, Mosconi et al. 2001). In the firstline treatment
polychemotherapy seems to produce advantages in terms of response rate and time
to disease progression over single-agent chemotherapy, but contrary results exist as
well (Fossati et al. 1998, Joensuu et al. 1998). Objective response to chemotherapy
has been related to a longer survival when compared to non-responding cases
(Bruzzi et al. 2005). Anthracycline-based regimens are more effective in terms of
DFS when compared to non-anthracycline therapies, but non-anthracycline regimes
are better tolerated (Lord et al. 2004). Novel taxane-containing regimens show
comparative or even better efficacy and overall survival benefit over
non-taxane-containing regimens (Ghersi et al. 2005). There is no standard of care
in second-line or further cytotoxic treatment of metastatic breast carcinoma (Ber-
nard-Marty et al. 2004). A wide range of both endocrine and cytotoxic regimens is
available, and patients with HER2 overexpression benefit from trastuzumab treat-
ment (Slamon et al. 2001). In hormone receptor positive patients an endocrine
approach is suggested as frontline treatment, especially in the case of non-aggres-
sive disease progression and/or in clinically fragile patients, but a subgroup of
patients expressing HER2 in a primary tumor are less responsive to endocrine tre-
atment only (De Laurentiis et al. 2005). Aromatase inhibitors have shown better cli-
nical efficacy than tamoxifen in the firstline treatment of MBC (Mouridsen & Ger-
shanovich 2003). Palliative radiation therapy is an effective treatment option to
control local symptoms, for example due to metastatic bone disease (Wai et al.
2004). Non-oncological palliative treatment, such as controlling pain and the side
effects of systemic therapies are of clinical importance (Hillner et al. 2003, Jost
2005, Donnelly et al. 2002).
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2.2 Biological prognostic factors

2.2.1 P53 in breast cancer

P53 function

P53 was first described in 1979 when a protein with a molecular weight of 53,000
was found in chemically-induced sarcoma cells (DiLeo 1979). This tumor antigen
was cloned in the early 1980s (Oren & Levine 1983), and soon after that p53 gene
was located on chromosome 17 short arm (McBride et al. 1986). Since then p53 has
been extremely actively studied and found to be the most common genetic change
identified in human cancer (Gasco et al. 2002). P53 belongs to a multigene family
that also includes p63 and p73. These latter genes are more often associated with
embryonic development and differentiation control, but also contribute to the tumor
suppressor activity of p53 (Stiewe 2007). A major role for p53 has been termed “the
guardian of the genome” since a rapid increase of this protein is seen in response to
DNA damage (genetic stress), hypoxia or loss of normal cell contacts (epigenetic
stress) (Lacroix et al. 2006) with a subsequent cell cycle arrest, enabling DNA
repair. Where the repair is not possible, p53 induces apoptosis (Shaw et al. 1992)
(Figure 2). Tumor cells carrying mutations in the p53 gene are able to resist this
repairing process, enabling further cell proliferation and becoming predominant
cells in a tumor (MacDonald & Ford 1997). The wild-type p53 protein controls cell
cycle by acting as a transcription factor for other genes such as the cyclin-dependent
kinase inhibitor p21 and Bcl-2 proteins involving apoptosis. The final cell death is
performed by the caspase cascade that is inducted by the release of mitochondrial
cytochrome C protein (Reed et al. 2000). Loss of p53 activity induces tumors and
disrupts apoptosis in p53-deficient mice (Donehover et al. 1992, Attardi & Jacks
1999).
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Fig. 2. Activation of p53 and cellular responses. (Modified from Blackburn & Jerry 2002.)

P53 mutations have been observed in more than a half of human cancer tumor types,
the incidence varying from 5% (cervical cancer) to 50% (lung cancer) and even
90% in head and neck squamous cell carcinoma (Hollstein et al.1991, Kropveld et
al. 1999, Lacroix et al. 2006). Somatic mutation of p53 is detected in approximately
26% of breast tumors according to IARC. Several hundreds of genes are either
induced or repressed by p53 activity, probably in a dose-dependent manner: a lower
amount of p53 may induce cell cycle arrest genes while higher levels are needed to
promote apoptotic pathway in a cell (Chen et al. 1996). A microarray study estima-
tes that p53 upregulates at least 500 genes while downregulation occurs in 260
genes by p53 function (Zhao et al. 2000).  An association between breast cancer
development and p53 was first recognized when a germline mutation in the p53
gene was found to be responsible for the Li-Fraumeni syndrome (Malkin et al.
1990).
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P53 gene and protein regulation

The TP53 gene contains 11 exons encoding a protein that has three functionally dis-
tinct regions: an acidic N-terminal region which plays a major role in p53 degrada-
tion and interaction with other regulatory proteins, a central DNA-binding region
and a C-terminal region that involves in tetramerization and regulation of p53 acti-
vity; p53 is active only in its homotetrameric form (Lacroix et al. 2006) (Figure 2).
Post-translational modification is the key mechanism regulating p53 function.
Examples of p53 activation are phosphorylation that associates with p53 protein
stabilization, cis/trans isomerization that causes conformal change needed for p53
activation, and acetylation that augments DNA binding. Multiple pathways are also
employed to abolish p53 function when its transcriptional activity is no longer nee-
ded: for example deacetylation provides a quick mechanism to stop p53 activity,
while ubiquination targets p53 for degradation. In cancer the biological effect and
activity of p53 depends not only on post-translational modifications but also on its
mutations status, the amount of gene product as well as interaction with many
co-regulatory proteins.  Alterations of p53 regulators and target genes can also lead
to compromised p53 function (Lacroix et al. 2006). P53 mutants might show domi-
nance over coexpressed wild-type p53; there are data indicating that the mutation
type of p53 gene may determine whether loss of the remaining wild-type p53 allele
is necessary for the malignant process (van Oijen & Slootweg 2000). 

P53 mutations and diagnostics

In breast cancer about 1,400 distinctive mutations have been identified in the p53
gene (Olivier et al. 2004). The great majority of them (>90%) affect the central part
of the gene in exons 5–8 encoding the protein section interacting with DNA, and
90% of them are missense mutations. DNA sequencing provides accurate informa-
tion of mutation status (Romano et al. 1989, Runnebaum et al. 1991, Bergh et al.
1995). Despite the vast majority of p53 mutations resulting in a negative effect of
p53 function, not all mutations are inactivating. Mutant p53 may lose only part of
its DNA binding activity (Rowan et al. 1996) and indeed, there exists mutant p53
expressing higher apoptotic activity than normal p53 (Saller et al. 1999). DNA
sequencing provides more accurate information on p53 mutation status, but the
complete gene should be examined to get reliable information (Bergh et al. 1995).
False positive results may also occur with this technique, for example as a conse-
quence of contamination of samples during processing. On the other hand, false
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negative result might occur if the mutation is located in a position disadvantageous
for a proper primer (Sjögren et al. 1996).

In normal cells the level and activity of p53 is low and virtually undetectable,
because the half-life of p53 protein is only 20 minutes (MacDonald & Ford 1997).
Mutated p53 proteins usually have increased stability, probably because mutant p53
protein no longer triggers normal degradation, and this leads to p53 accumulation
in cells, which can be detected immunohistochemically (Lacroix et al. 2006). The
result of immunohistochemical staining correlates with gene mutation status in less
than 75% of breast tumors since not every mutation produces a stable protein (IHC
false negative finding) and because normally functioning p53 protein might bind to
cellular proteins causing protein accumulation (IHC false positive finding) (Nor-
berg et al. 1998, Lacroix et al. 2006).

Finally, there are a number of proteins able to interact with p53 and the muta-
tion status and expression pattern of these proteins also modifies p53 function; for
example the MDM2 protein is involved in p53 degradation in cells and is amplified
in 5.7% of breast cancers (Al-Kuraya et al. 2004). The expression of these interac-
ting molecules may vary in different tumor types, making the regulatory system of
p53 even more complex (Lacroix et al. 2006). 

P53 as a marker of prognosis in breast cancer

P53 alterations seem to correlate with well-established poor prognostic tumor cha-
racteristics, such as large tumor size, positive nodal status, negative estrogen recep-
tor status and high malignancy grade (Iwaya et al. 1997, Iacopetta et al. 1998, Fer-
rero et al. 2000, Overgaard et al. 2000, Kilinc & Yaldiz 2004, Lacroix et al. 2006,
Olivier et al. 2006, Malamou-Mitsi et al. 2006). Numerous studies have also
demonstrated a positive association between p53 mutation/accumulation and
compromised disease-free survival and overall survival (Isola et al. 1992, Sten-
mark-Askmalm et al. 1995, Berns et al. 1997, Amornmarn et al. 2000, Turner et al.
2000, Bonnefoi et al. 2003, Olivier et al. 2006), but whether p53 status provides
independent prognostic information in addition to classical prognostic variables has
been a controversial issue (Iwaya et al. 1997, Chappuis et al. 1999, Ferrero et al.
2000, Geisler et al. 2001), and opposite results exist as well (Poller et al. 1992, Lip-
ponen et al. 1993).

The prognostic value of p53 alterations seems to be different in node-negative
and node-positive subpopulations: no prognostic power has been seen in several
studies in node-negative patients (Ferrero et al. 2000, Reed et al. 2000, Korkolis et
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al. 2004, Erdem et al. 2005) while some clinical studies report worse clinical out-
come in patients with p53 alteration in the tumor in node-positive patients (Pietiläi-
nen et al. 1995, Chappuis et al. 1999, Eissa et al. 1997). In a large meta-analysis of
more than 9,000 patients, p53 immunopositivity correlated only weakly with clini-
cal outcome (Barbareschi et al. 1996), but a more recent meta-analysis studying p53
status by mutation analysis strongly supports the adverse effect of p53 mutations on
breast cancer specific survival (Pharoah et al. 1999, Borresen-Dale 2003). Again,
there was a difference between patients with local or locally advanced disease: in
more than 3,500 patients the risk ratio (RR) of dying of breast carcinoma in mutant
p53 group was 1.7 in node-negative patients and 2.6 in node-positive patients (Pha-
roah et al. 1999).

The prognostic significance of all types of mutations varies; mutations in genes
involving DNA binding have been associated with the poorest prognosis (Berns et
al. 1998, Alsner et al. 2000). Co-expression of alterations in gene status of p53 and
c-erbB-2 seems to characterize a subgroup of breast cancer patients with poor prog-
nosis (Nakopoulou et al. 1996, Bebenek et al. 1998, Beenken et al. 2001).

P53 as a predictive marker in breast cancer 

Preclinical studies. O’Connor and colleagues studied the sensitivity of 58 different
cell lines to anticancer drugs in routine clinical use, and found that endogenous
mutant p53 cell lines tended to be more resistant to anticancer agents than cell lines
with wild-type p53 in vitro. On the other hand, microtubulin inhibitors (paclitaxel
and vincristine) that cause mitotic arrest in cells instead of DNA damage were
found to act independently from p53 status (O’Connor et al. 1997). Numerous in
vitro studies have reported very conflicting results, and a recent meta-analysis
comprising 356 in vitro studies tried to evaluate further sensitivity or resistance to
chemotherapeutic agents in cancer cell lines (Cimoli et al. 2004). P53 knockout
cells were found to be more drug-resistant than their normal p53 counterpart; howe-
ver, the role of p53 alone in determining sensitivity/resistance to cytotoxic agents
was limited, because  the individual molecular pathology and differentiation of a
cancer line is also crucial in terms of sensitivity to anticancer agents (Cimoli et al.
2004). The predictive value of p53 has also been studied in an in vivo setting. Lowe
and colleagues showed that immunocompromised mice bearing p53 mutated
tumors were associated with both resistance to adriamycin therapy and radiation;
relapses were also seen more often compared to mice with normal p53 status (Lowe
et al. 1994). Tumor growth inhibition rate has been shown to be lower in nude mice
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bearing p53 mutant tumors, with the exception of cyclophospamide exposition
(Koike et al. 2004).

Preclinical data investigating p53 function and sensitivity or resistance to
antiestrogenic compounds are more limited when compared to studies investigating
cytotoxic agents. There is evidence that estrogen-depriving compounds in estro-
gen-responsive breast cancer cells induce growth suppression and cell cycle arrest
at the G0-G1 phase with simultaneous upregulation of p53 and p21 protein and
downregulation of cyclin D1 and c-myc (Thiantanawat et al. 2003). However,
tamoxifen-induced apoptosis in an estrogen receptor positive breast cancer cell line
(MCF-7) did not affect p53 expression at the mRNA or protein level (Zhang et al.
1999), and apoptosis may happen without p53 activity: tamoxifen is able to induce
apoptosis in normal human mammary epithelial cells that have suddenly lost their
p53 function, but resistance to tamoxifen-triggered apoptosis is developed within
10 passages in vitro (Dietze et al. 2001, Seewald et al. 2001). Tamoxifen exposure
can promote tumor progression in a mutant p53 breast tumor cell line (T47D)
(Schafer et al. 2000).

Sensitivity to radiation therapy is partly mediated by p53 function, but data
concerning in vitro breast cancer lines are limited. Gamma radiation in mice with
normal p53 status induced rapid apoptosis while the same did not happen in p53
deficient animals (Komarova et al. 2000). Increased sensitivity to radiation was
seen in human esophageal carcinoma cells that originally bore a p53 mutation, but
were retrovirally transduced with wild-type p53 gene (Matsubara et al. 1999).
However, clinical studies that have examined the possible relationship between cli-
nical sensitivity to radiation and primary tumor p53 status have not shown a signi-
ficant effect (Lacroix et al. 2006).

Clinical studies

Despite some promising data of previously described preclinical studies, the results
of predictive studies in breast cancer patients have been highly controversial. Geis-
ler et al. reported doxorubin resistance in patients with p53 mutations and locally
advanced breast cancer, but also suggested that other genetic defects act together
with loss of p53 mutation (Geisler et al. 2001). The clinical outcome was compro-
mised in patients with p53 mutated primary tumor receiving CMF adjuvant therapy
(Andersson et al. 2005), but in other studies especially patients with p53 mutation/
and or immunopositivity benefited from a CMF adjuvant regimen (Stal et al. 1995,
Askmalm et al. 2004). In immunohistochemical studies Clahsen and colleagues
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showed that patients with p53-negative tumors benefited significantly from
perioperative CAF chemotherapy, whereas patients who had p53 immunopositive
tumors did not (Clahsen et al. 1998). In addition, p53 immunoreactivity has been
related to poorer clinical outcome in antracycline-based therapies in many other
adjuvant studies as well (Bottini et al. 2000, Kandioler-Eckersberger et al. 2000,
Mieog et al. 2006). However, in a neoadjuvant setting no connection has been
shown between p53 expression and sensitivity to primary chemotherapy in breast
cancer (MacGrogan et al. 1996, Rozan et al. 1998, Prisack et al. 2005). Despite the
encouraging preclinical findings, p53 status has recently failed to predict the benefit
from dose-dense adjuvant chemotherapy containing paclitaxel (Malamou-Mitsi et
al. 2006). When treating metastatic breast cancer, Sjöström and colleagues did not
find any connection between p53 immunopositivity and response to taxane-based
chemotherapy either (docetaxel or methotrexate in combination with 5-fluoroura-
cil) (Sjöström et al. 2000). In a study comparing the efficacy of high-dose adjuvant
chemotherapy to standard-dose therapy, patients with p53 immunopositive tumors
had better outcome after a high-dose regimen, whereas  higher doses gave no sur-
vival advantage in p53 negative cases (Kroger et al. 2006).

The sensitivity to tamoxifen therapy in terms of p53 status has been evaluated
in some studies and the results have been inconclusive. In two large adjuvant stu-
dies p53 accumulation did not predict the clinical outcome in tamoxifen-treated
patients (Berry et al. 2000, Knoop et al. 2001) Linke and colleagues assessed p53
status by immunohistochemistry and/or mutation analysis and reported p53 altera-
tions to significantly predict poorer survival after adjuvant tamoxifen (Linke et al.
2006). When treating recurrent or metastatic breast carcinoma, mutation in the p53
gene seems to weaken the sensitivity to tamoxifen therapy (Berns et al. 2000, Berns
et al. 2003). On the other hand, Elledge et al. reported that response to tamoxifen
therapy was not associated with p53 IHC accumulation, but p53 immunopositivity
was still a significant indicator for shorter overall survival (Elledge et al. 1997).

Clinical studies that have examined the possible relationship between clinical
sensitivity to radiation and primary tumor p53 status have not shown a significant
association (Lacroix et al. 2006).
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2.2.2 c-erbB-2 in breast cancer

c-erbB-2 gene and protein product

Schechter and colleagues first described in rat glioblastoma tissue the neu oncogene
product with a molecular mass of 185 kDa (Schechter et al. 1984), and soon after
that a monoclonal antibody (anti-p185) treatment was found to reverse neu-trans-
formed cells into a non-transformed phenotype (Drebin et al. 1985). This oncogene
named c-erbB-2 was found to encode a glycoprotein with tyrosine kinase activity
(Akiyama et al.1986). Immunohistochemical staining was reported to detect the
c-erbB-2 gene protein expression (Venter et al. 1987). HER2 (human epidermal
growth factor receptor-2) and its relatives HER1 (epidermal growth factor receptor;
EGFR), HER 3 and HER4 all belong to the HER family receptors. In normal cells,
activation of these receptors’ tyrosine kinases triggers a complex network of signa-
ling pathways, such as mitogen-activated protein (MAP) kinase cascade, that cont-
rol cell growth, differentiation, motility and adhesion (Akiyama et al. 1986, Man-
sour et al. 1994, Menard et al. 2004, Zaczek et al. 2005) (Figure 3). When cells are
transfected with HER2/neu, they acquire a more malignant phenotype, with stimu-
lation of cell proliferation, invasion and metastasis (Benz et al. 1993). In addition
to the immunohistochemical method, the alterations of c-erbB-2 can be analyzed
with fluorescence in situ hybridization (FISH) or chromogenic in situ hybridization
(CISH) from formalin-fixed paraffin-embedded tissues (Kallioniemi et al. 1992,
Laakso et al. 2006). Strong HER2 immunohistochemical positivity correlates with
c-erbB-2 gene amplification and indicates better responsiveness to trastuzumab the-
rapy (Baselga 2001, Vogel et al. 2002, Carlson et al. 2006).
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Fig. 3.  Schematic illustration of the epidermal growth factor receptor (EGFR) signaling
pathway (Modified from Harari 2004).

c-erbB-2 as a prognostive and predictive factor 

Varley et al. reported preliminary clinical results of prognostic value of HER2  in
breast carcinoma patients: amplification of neu was seen in 19% of invasive breast
carcinomas with a subsequent poor short-term prognosis (Varley et al. 1987), but
Slamon and colleagues established the prognostic power of this gene alteration in a
larger material, where HER2 amplification resulted in shortened disease-free and
overall survival in breast carcinoma patients (Slamon et al. 1987, Slamon et al.
1989).  Since then both c-erbB-2 gene and its protein product have been intensively
investigated with similar results (Kallioniemi et al. 1991, Pinto et al. 2001, Joensuu
et al. 2003, Yamashita et al. 2004, Kroger et al. 2006), but a large number of studies
mainly examining HER2 status by IHC have revealed  conflicting results as well
(Ravdin et al. 1995, Revillion et al. 1998, Mirza et al. 2002). There is a clear rela-
tionship between HER2 positivity and negative hormone receptor status, as well as
an association with certain histological subtypes of mammary tumors (ductal inva-
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sive and in situ), poor histological and nuclear grades, aneuploidy and a high rate
of cell proliferation, but whether HER2 overexpression has any independent prog-
nostic value is less clear (Revillion et al. 1998, Mirza et al. 2002).

There are clinical studies suggesting that HER2 alterations lead to poor res-
ponse to tamoxifen (Berry et al. 2000, Ferrero-Pous et al. 2000, Pinto et al. 2001,
Jukkola et al. 2001, Dowsett et al. 2006), but this has not been proven in all studies
(Elledge et al. 1998, Berry et al. 2000). However, preclinical findings have shown
evidence for interactions between estrogen receptor and HER2 signaling pathways
(Jones 2003, Ocana et al. 2006). Tamoxifen therapy may have an estrogen-like,
agonistic effect in HER2 positive endometrial and ovarian cells, and tamoxifen
exposure induces excessive cell proliferation in vitro in tamoxifen-resistant breast
carcinoma cells expressing HER2 (Lee et al. 2000, Shou et al. 2004). ER molecules
located near the cell membrane are able to activate growth factor receptor tyrosine
kinases (EGFR and HER2) leading to (resulting in?) the agonistic effects of estro-
gen (Razandi et al. 2003). Overexpression of HER2 and  subsequent excessive
growth factor signaling may cause progesterone receptor loss and lower sensitivity
to tamoxifen therapy. However, HER2 signaling does not correlate with resistance
to antiaromatase therapies (Osborne et al. 2005). Combination therapy with the
monoclonal antibody trastuzumab has recently been shown to have superior effi-
cacy over single endocrine treatment: time to treatment failure was longer in patie-
nts receiving both trastuzumab and anastrozole compared to anastrozole alone
when treating metastatic breast cancer in HER2 positive and estrogen receptor posi-
tive patients; however, the patients suffered in general from a very rapidly progres-
sing disease  (Kaufman et al. 2006).

There are very few randomized controlled trials evaluating the predictive value
of HER2 amplification/overexpression in breast cancer patients receiving chemot-
herapy. HER2 positive tumors have responded more often to anthracycline regimen
than non-anthracycline combinations in some studies (Paik et al. 2000, Di Leo et
al. 2002, Cooke et al. 2001), but studies have not been able to confirm this in a trial
with high-risk patients (Kroger et al. 2006) or with a high-dose anthracycline regi-
men (Faneyte et al. 2004) or weekly doxorubicin therapy (Geisler et al. 2001).
Indeed, some studies report loss of efficacy of anthacycline-based therapy in metas-
tatic breast carcinoma in c-erbB-2 positive tumors (Järvinen et al. 1998, Jukkola et
al. 2001). So far, primary tumor HER2 status has not predicted the clinical efficacy
of taxane-based regimens (Sjöström et al. 2002, Konecny et al. 2004). However,
patients with elevated pre-treatment serum HER-2 levels have been reported to
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benefit from taxane-based chemotherapy in a metastatic setting (Muller et al.
2004).

Strong HER2 expression and/or gene amplification are powerful predictive fac-
tors when selecting patients for  targeted, monoclonal antibody therapy with trastu-
zumab. An antibody binding to HER2 receptor leads to internalization of recep-
tor-antibody complexes and inhibition of HER2 mediated intracellular signaling
pathways, and it also triggers immunologic responses in the host, which explains
the antiproliferative effect (Harari 2004). As a single agent trastuzumab shows
moderate clinical efficacy in MBC (Vogel et al. 2002), but higher response rates and
survival benefit are seen in combination with anthracycline or taxane-based che-
motherapeutics (Slamon et al. 2001, Marty et al. 2005). According to  recent data,
trastuzumab therapy in combination with chemotherapeutics reduces the risk of
disease recurrence by approximately  50% in HER2 positive cases in an adjuvant
setting in three years of follow-up (Piccart-Gebhart et al. 2005, Romondet al. 2005,
Slamon et al. 2005, Joensuu et al. 2006b). Cardiac toxicity (decrease in left ventri-
cular ejection fraction and congestive heart failure) is increased especially when
trastuzumab is administered with a concurrent anthracycline regimen and may
cause discontinuation of treatment;  it is therefore recommended that cardiac func-
tion be monitored during therapy (Slamon et al. 2001, Than-Chiu et al.  2005). In a
neoadjuvant setting a large primary tumor, expression of basal markers and insu-
lin-like growth factor receptor membrane expression may lead to trastuzumab resis-
tance in HER2 positive tumors (Harris et al. 2007).

2.2.3 MMP-9 in breast cancer

Extracellular matrix and the MMP family

Extracellular matrix (ECM) plays a major role in tissue architecture and homeosta-
sis. It is under a constant remodeling process where ECM components are synthe-
sized and deposited as well as proteolytically degraded. The principal ECM com-
ponents are collagens, proteoglycans and hyaluronan, constituting a structure that
regulates cell migration and provides a reservoir of cytokines and growth factors
(Stamenkovic 2003). Changes in ECM can be seen as a response to  host cellular
stimulus. Matrix metalloproteinases (MMPs or matrixins) are endopeptidases that
in part maintain tissue homeostasis by turnover of ECM and are capable of cleaving
virtually any components of the extracellular matrix. However, MMP function is
not limited to regulation of ECM composition only, since MMPs also functionally
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regulate non-ECM molecules such as growth factors, chemokines and cytokines
and therefore mediate cellular interactions with their environment (Stamenkovic
2003). Normal cell-matrix composition takes place in physiological conditions
such as embryogenesis, wound healing, bone resorption and mammary involution
(John & Tuszynski 2001, Chakraborti et al. 2003), but uncontrolled ECM remode-
ling by MMPs takes part in pathological processes in either benign or malignant
situations such as rheumatoid arthritis, coronary artery disease and tumor progres-
sion (Sternlicht & Werb 2001, Nagase et al. 2006). Most of the evidence supporting
the MMP activity in cancer development comes from experimental studies, where
MMP expression has promoted tumor growth and invasion, which can be reduced
by synthetic MMP inhibitors (Coussens & Werb 1996, Ala-aho & Kähäri 2005).
The multistage process of cancer metastasis requires MMP activity at least in part,
but the most critical point in this sense is MMP activity for primary tumor growth
and invasion; reliance on MMP activity may decrease in the evident metastatic
stage of malignant disease (Stamenkovic 2003).

The first mammalian MMP was discovered in early the 1960s in amphibian tis-
sue (Gross & Lapiere 1962), and so far 24 matrix metalloproteinase genes that code
23 different MMPs  have been found in humans. Matrixins can be divided by
enzyme substrate specificity into five groups named collagenases, stromelysins,
gelatinases, matrilysins and membrane-type MMPs, but there is some overlapping
in substrate specificity (John & Tuszynski 2001) (Table 2). All MMPs share several
structural characteristics: an inactive form of a matrixin contains a hydrophobic
pre-peptide domain required for signal secretion, an aminoterminal propeptide
domain that is removed upon MMP activation and a zinc-binding catalytic domain
(John & Tuszynski 2001). MMPs are very strictly regulated; to accomplish their
functions, MMPs must be secreted and regulated both locally and temporarily at the
right time (Strenlicht & Werb 2001).
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Table 2. Vertebrate MMPs and some of their substrates (Modified from Sternlicht &
Werb 2001, Visse & Nagase 2003, Nagase et al. 2006).

Tissue inhibitors of matrix metalloproteinases 

Endogenous tissue inhibitors of MMPs (TIMPs) play an important role in MMP
regulation. The TIMPs are a family of 21–34 kDa proteins capable of inhibiting
matrixins reversibly by forming noncovalent 1:1 stoechiometric complexes (Lam-
bert et al. 2004). Of the four TIMPs identified in vertebrates (TIMP-1, TIMP-2,
TIMP-3 and TIMP-4) the most efficient MMP-9 inhibitor is TIMP-3, while TIMP-2
and TIMP-4 bind less potently to MMP-9 (Baker et al. 2002). In addition to binding

MMP Common names(s) Some substrates
MMP-1 Collagenase-1 Aggregan, collagen I, II, III, VII, entactin, laminin, 

tenascin, vitronectin,casein, fibrin, fibrinogen
MMP-2 Gelatinase-A Collagen I, III, IV, V, VII, X, XI,decorin, fibronectin, gelatin, 

laminin, osteonectin, tenascin, fibrin, fibrinogen, proTNF, 
proTGF

MMP-3 Stromelysin-1, Transin-1 Aggregan, collagen III, IV, V, X, XI, laminin, tenascin, 
casein, e-cadherin, substance P

MMP-7 Matrilysin Laminin, gelatin, collagen I, IV, V, IX, XI, XVIII, tenascin, 
vitronectin

MMP-8 Collagenase-2, Neutrophil 
collagenase

Collagen I, II, III, XI, XIV, aggregan, fibrillin, laminin, 
2-macroglobulin 

MMP-9 Gelatinase-B Aggregan, collagen IV, V, XI, XIV, elastin, gelatin 
I,vitronectin, fibrin, plasminogen, proTNF, proTGF, fibrin, 
proMMP-2,-9

MMP-10 Stromelysin-2, Transin-2 Aggregan, collagen III, IV,V, elastin, gelatin
MMP-11 Stromelysin-3 Aggregan, gelatin, 2-macroglobulin
MMP-12 Metalloelastase, Macrophage 

elastase
Elastin, collagen I, IV, laminin, vitronectin, plasminogen

MMP-13 Collagenase-3 Collagen I, II, III, fibronectin, gelatin, fibrinogen
MMP-14 MT1-MMP Collagen I, II, III, gelatin, laminin, proMMP-2
MMP-15 MT2-MMP Proteoglycans, proMMP-2
MMP-16 MT3-MMP Collagen III, fibronectin, proMMP-2
MMP-17 MT4-MMP Gelatin, fibrinogen, proMMP-2
MMP-18 Collagenase-4 Collagen I, II, III, gelatin
MMP-19 Stromelysin-4 Collagen I, IV, gelatin, laminin, tenascin
MMP-20 Enamelysin Amelogenin, aggregan, laminin
MMP-21 XMMP (Xenopus) Gelatin
MMP-22 CMMP (Chicken) Amelogenin, aggregan, laminin
MMP-23 Cysteine array (CA)MMP Gelatin
MMP-24 MT5-MMP Fibronectin, gelatin, proMMP-2
MMP-25 MT6-MMP Collagen IV, gelatin, proMMP-2,-9
MMP-26 Matrilysin-2 Collagen IV, gelatin, proMMP-9
MMP-27
MMP-28 Epilysin Casein
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MMPs, tissue inhibitors are also able to form complexes with the proMMPs and
therefore regulate the activation process of MMPs. TIMPs differ in terms of gene
regulation and tissue-specific expression, and their biological function is also very
complex, because they have both growth-promoting and growth-suppressive acti-
vities that  cannot be explained by MMP inhibition only (Lambert et al. 2004).
While TIMPs are supposed to act locally, a plasma protein α2-macroglobulin forms
irreversible complexes with MMPs, representing the most important MMP inhibi-
tion system in tissue fluids (Sternlicht & Werb 2001). Finally, relatively little is
known about MMP catabolism, but a complex of MMP/α2-macroglobulin can be
endocytosed and cleared permanently.  Thrombospondin 2 has also been implicated
in the clearance of matrixins (Sternlicht & Werb 2001).

Gelatinases

Gelatinases are zinc-dependent endopeptidases belonging to the MMP family and
they have been linked to tumor progression due to their tissue remodeling capacity,
induction of angiogenesis as well as basement membrane degradation ability
(Egeblad & Werb 2002). There are two members of gelatinases. MMP-9 (gelatinase
A) is a 92 kDa collagenase that was first identified as a gelatin-binding protein in
the 1980s (Vartio et al. 1982). Along with MMP-2 (gelatinase B), which is 72 kDa
collagenase, MMP-9 digests type IV collagen, and structurally these gelatinases
differ from other matrixins by their three repeats of type II fibronectin domain into
the catalytic domain (Allan et al. 1995) (Figure 4). MMP-2 and MMP-9 are closely
related proteins, but there are several differences in their expression and activation
patterns as well as substrate selectivity (Allan et al. 1995, Sternlich & Werb 2001)
(Table 2).

Fig. 4. Structure of gelatin-binding MMPs (MMP-9 and MMP-2), (modified from Visse &
Nagase 2001).
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MMP-9 regulation 

MMP-9 function is regulated by several mechanisms: on gene expression level, by
post-transcriptional activation, cell-ECM or cell-cell contacts and by tissue inhibi-
tors (John & Tuszynski 2001, Lambert et al. 2004). The precise signaling pathways
leading to induction of MMPs  is generally not fully understood, but numerous
cytokines and growth factors including interleukins, interferons, VEGF, PDGF
(platelet derived growth factor) and steroid hormones such as estrogen (Razandi et
al. 2003) as well as cell stress are known to regulate the transcriptional activity of
the MMP-9 gene (Parsons et al. 1997). However, MMP gene response depends not
only on transcriptional factors, but also on cellular context and the presence or
absence of other signals (Sternlicht & Werb 2001). Neutrophils store gelatinase B,
but other cells synthesize and secrete MMP-9 into the ECM upon stimulation
(Chakraborti et al. 2003).

Most MMPs including MMP-9 are secreted as inactive zymogens
(pro-MMP-9) containing a secretory signal sequence and a propeptide whose pro-
teolytic cleavage is essential for MMP-activation. The latency is maintained until
proteolytic removal of the propeptide domain or perturbation of the cysteine-zinc
interaction of the propeptide (Sternlicht & Werb 2001) (Figure 4). On the other
hand, MMPs, once activated, are also capable of activating other MMPs. Gelatina-
ses can activate each other (Stamenkovic 2003) and MMP-3 activates proMMP-9
both in vitro and in vivo, thus promoting invasiveness of breast cancer cells
(Ramos-DeSimone et al. 1999). Plasmin has been regarded as a potent MMP acti-
vator in vivo, including the activation of MMP-9 (Lijnen et al. 2001). Chemical
activation of MMPs has also been demonstrated to occur in vivo, for example nitric
oxid (NO) can activate proMMP-9 during ischemia (Gu et al. 2002) and reactive
oxygen species in inflammatory processes (Weiss 1989). Certain estradiol metabo-
lites also generate free radicals that are able to activate proMMP-9 (Paquette et al.
2003).

MMP-9 function and carcinogenesis 

Normal MMP-9 expression is mainly limited to osteoclasts, macrophages, kerati-
nocytes of healing wounds and trophoblasts of placenta (Mohan et al. 1998, Munaut
et al. 1999), but it is also regarded  as one of the most potent MMPs involved in
tumor progression and metastasis (Hua & Muschel 1996, Tryggvason et al. 1987,
John & Tuszynski 2001, Sternlich & Werb 2001, Turpeenniemi-Hujanen 2005).
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Excessive MMP-9 can be expressed by carcinoma cells  or by adjacent stromal cells
induced by malignant cells, leading to  breakdown of basement membrane, which
is an early phenomenon in the neoplastic process (Chambers & Matrisian 1997,
Nielsen et al. 1997, Sternlich & Werb 2001). Tumor cells are also capable of stimu-
lating tumor-associated macrophages to increase MMP-2 and -9 expression and
thereby enhance invasion in vitro (Hagemann et al. 2004). Normal myoepithelial
cells derived from benign breast tissue reduce breast cancer cell invasion in vitro
via MMP-2 and -9 down-regulation in tumor cells and fibroblasts (Jones 2003).
MMP-9 expression can also be seen  in benign breast tissue cultures, depending on
the growth factors present in serum-containing media (Kousidou et al. 2004).
MMP-9 has been shown to promote tumor growth by several mechanisms: it
mediates insulin-growth factor signaling in prostate carcinoma cells (Manes et al.
1999) and modulates host immune suppression by activation of TGF-β (transfor-
ming growth factor β) that is a potent inhibitor of T cell function (Gorelik & Flavell
2001). MMP-9 is also involved in malignant breast cell migration in vitro: carcin-
oma cells form membrane spices or “invadopodia” structures, where active
MMP-9-mediated degradation of the plasma membrane and CD44-linked cytoske-
letal changes together promote tumor cell migration during cancer progression
(Bourguignon et al. 1998).

MMP-9 also contributes to neovascularization. MMP-9 knockout mice display
a delay in endochondral bone formation that is related to delayed neovasculariza-
tion (Coussens et al. 2000) and MMP-9 activates TGF-β  that promotes capillary
tube formation in vitro (Yu & Stamenkovic 2000). MMP-9 also participates in
angiogenic switch in transgenic mice by releasing VEGF (vascular endothelial
growth factor) during carcinogenesis (Bergers et al. 2000). Breast cancer cells
exposed to hypoxia induce a potent angiogenic factor, connective tissue growth fac-
tor (CTGF), which in turn modulates degradation of ECM via MMP-9 expression
(Kondo et al. 2002). However, MMP-9 also produces antiangiogenic compounds
such as angiostatin and endostatin, thus inhibiting neovascularization. MMP-9 may
thus either promote or inhibit angiogenesis, the net effect on tissue depending on
other regulators and ECM compounds (Cornelius et al. 1998, Ferreras et al. 2000,
Stamenkovic 2003).

Some studies have examined the MMP-9 status in both benign and malignant
breast tissue. Jinga et al. evaluated MMP and TIMP activity and protein expression
by gelatin zymography, immunoblotting and the ELISA method in benign and
malignant breast tissue, finding increased MMP-9 activity in malignant samples.
The results also suggested that abnormal MMP-9/TIMP-1 balance plays a role in
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breast carcinogenesis (Jinga et al. 2006). In another study the enzymatic activity of
MMP-9 was studied by zymography in benign and malignant breast tissues, and
pro-MMP-9 was clearly more often expressed  in carcinoma samples compared to
non-cancerous samples. Only pro-MMP-9 production was elevated in DCIS and
small (T1) carcinomas, but in larger (T2-T4) tumors or in cases including skin inva-
sion, both production and activation of MMP-9 was increased (Rha et al. 1997).
MMP-2 and -9 activity is reported to be elevated in breast carcinoma compared to
benign fibroadenoma tissue (Hanemaaijer et al. 2000). There are also some data
showing that expression levels of MMP-9 along with MMP-26, TIMP-2 and
TIMP-4 were highest in ductal carcinoma in situ specimens when compared to nor-
mal breast, hyperplastic tissue or invasive carcinomas (Zhao et al. 2004).

MMP-9 as a prognostic factor in breast cancer

While there is evidence that MMP-9 function involves tumor invasion in general,
suggesting indirectly MMP-9 function to be an adverse prognostic factor, the issue
has been little studied in clinical breast cancer populations, and the results obtained
have been contradictory. The variation in the results may be partly explained by dif-
ferent study methods: MMP-9 function can be evaluated in a primary tumor by
immunohistochemistry where antibodies may bind selectively to an activated or
latent protein, or the antibody may bind both forms of MMP-9. Messenger RNA of
MMP-9 mirrors the transcriptional activity of the MMP-9 gene in a primary tumor
and can be detected by the in situ hybridization method. MMP-9 protein activity
can, on the other hand, be analyzed by gelatin zymography of tumor extract. The
enzyme-linked immunosorbent assay (ELISA) can be used to measure MMP-9
immunoreactive protein in circulation or tissue extracts (Allan et al. 1995).

  High MMP-9 expression in cancerous cells has been associated with favorable
disease-free survival (Scorilas et al. 2001, Pellikainen et al. 2004), but opposite data
exist as well (Li et al. 2004).  Positive MMP-9 status in stromal cells has mainly
predicted  poor overall survival (Pellikainen et al. 2004, Mylona et al. 2007), whe-
reas no specific effect on overall survival was reported elsewhere (Li et al. 2004).
On the other hand, some data do not indicate any connection between MMP-9 status
and breast cancer-related survival in either tumor or stromal cells (Remacle et al.
1998, Tetu et al. 1998). The prognostic significance might  also vary depending on
the patient population; in one study better DFS and OS associated with MMP-9
positivity  in only node-negative patients, while no association was detected in
node-positive patients (Scorilas et al. 2001). Furthermore,  frequent co-expression
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of MMP-9 and HER2 in stromal cells has been reported, which might explain the
aggressive phenotype of these tumors (Pellikainen et al. 2004, Mylona et al. 2007).

van’t Veer’s data included up-regulated MMP-9 to in other genes involved in
cell invasion, cell cycle control, signal transduction and angiogenesis, which are
associated with a poor clinical outcome (van’t Veer et al. 2002). Despite the con-
flicting results in breast cancer, MMP-9 overexpression has appeared to indicate
poor prognosis in lung cancer, gastric cancer, osteosarcoma as well as head and
neck carcinoma (Cox et al. 2000, Sier et al. 1996, Foukas et al. 2002 and Ruoko-
lainen et al. 2004). Clinical findings in other malignancies are still inconclusive; for
example, stromal MMP-9 expression has been shown to correlate with a more favo-
rable outcome in colorectal cancer (Takeha et al. 1997).
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3 Purpose of the present study
This work has aimed to examine further the prognostive and predictive value of
p53, c-erbB-2 and MMP-9 in breast cancer patients, and MMP-9 expression in
benign, premalignant and malignant breast tissue, particularly by focusing on the
following issues:

1. The prognostic value of p53 and c-erbB-2 immunopositivity in primary breast
tumor and the predictive value of p53 in patients who developed metastatic
breast cancer.

2. The prognostic and predictive significance of p53 immunopositivity in
postmenopausal, node-positive breast cancer patients treated with an adjuvant
anti-estrogen therapy.

3. The prognostic value of MMP-9 immunoreactive protein in postmenopausal,
node-positive breast cancer patients treated with an adjuvant anti-estrogen
therapy.

4. The immunohistochemical expression of MMP-9 in benign, pre-malignant
and malignant breast tissue.





4 Materials and methods

4.1 Patients and tissue samples

The studies presented are based on breast cancer patients treated at Oulu University
Hospital. Tissue samples were collected from the files of the Department of Patho-
logy at Oulu University; only a few samples were collected from District hospitals
of Kajaani and Kokkola (I–IV). In the fourth study patients with hyperplastic breast
tissue or in situ cancer were also included (65 patients) while 64 samples repre-
sented infiltrative breast carcinoma (Table 3). Histological analyses were carried
out from formalin-fixed, paraffin-embedded primary tumor specimens obtained
from diagnostic and therapeutic procedures. p53, c-erbB-2 and MMP-9 status in
primary tumours were systematically analysed by immunohistochemistry.  The
stage of disease was determined according to the TNM classification of tumors
issued by the International Union Against Cancer (UICC) and the WHO classifica-
tion for the characterization of tumor histopathology. Clinical case characteristics
and follow-up data of the patients were obtained retrospectively from the patient
records of the Department of Oncology and Radiotherapy at Oulu University hos-
pital.  Hormone receptor status was   evaluated either by immunohistochemistry or
enzyme immuno assay (EIA). In immunohistochemical staining tumors represen-
ting >5% positive cells were considered receptor-positive cases. When EIA was
used, the cut-off value for estrogen receptor concentration was four or more fmol/
cytosolic protein and 10 or more fmol/protein for progesterone receptor concentra-
tion.



Table 3.  Patient characteristics and analysis for p53, c-erbB-2 and MMP-9.

The prognostic role of p53 was studied in a breast cancer population of 254 cases
(I) treated during the years 1982–1986. 63% of the patients were premenopausal.
The mean age of the patients was 56 years. A large proportion of the primary tumors
were 21–50 mm in size (45%) (T2), ductal type of histology (82%) and poorly dif-
ferentiated (36%). Positive axillary lymph nodes were seen in 57% of the patients.
Hormone receptor status was analyzed either by radioimmunoassay or by immu-
nohistochemistry. 67% of the tumors were estrogen receptor positive and 71% were
progesterone receptor positive; 24% of the patients received adjuvant hormonal the-
rapy, cytotoxic agents were used in 15% of the cases. During the follow-up time
(range 3–228 months) 121 patients experienced local recurrence or developed a
metastatic disease; responses to systemic therapies and survival curves were analy-
zed in this subpopulation and evaluated according to p53 immunostaining (Tables
3, 4). There were no differences in terms of adjuvant therapies according to p53 sta-
tus in patients developing metastases, because 18 patients in the p53 positive group
received adjuvant hormonal treatment, the number being 14 in p53 negative patie-
nts. Fifteen patients received adjuvant chemotherapy in both the p53 positive and
negative group.

The prognostic value of c-erbB-2 status was analyzed in a limited subpopula-
tion of 79 patients out of 254 patients (Table 3), where adjuvant therapies were used
as follows: in the c-erbB-2 positive group endocrine therapy for 8 patients and cyto-

Study I II II IV

Patients, total (n) 254 97 168 129

Year of diagnosis 1982-1986 1992-1995 1992-1999 1985-2004

Premenopausal (%) 63% 0% 0% 20% 
49 years of age

Postmenopausal (%) 37% 100% 100% 80% 
50 years or age 

p53 status determined (n) 254 97 - -

c-erbB-2 status determined 
(n)

79 - - -

MMP-9 status determined 
(n)

- - 168 129

Patients developing 
recurrent BC during 
follow-up n, (%)

121
(48%)

34
(35%)

56
(33%)

-

58



toxic therapy for 9 patients, the numbers being 12 and 6 in the c-erbB-2 negative
group. Six patients received a combination of both hormonal and cytotoxic therapy
in the c-erbB-2 positive group, but combination therapy was not used in the
c-erbB-2 negative group. The prognostic relevance of co-expressing p53 and
c-erbB-2 was studied in terms of overall survival.

Table 4. Tumour characteristics (I–III).

The predictive value of p53 immunopositivity was further examined in 97 post-
menopausal women with lymph node positive breast carcinoma receiving 20mg
tamoxifen or 40mg toremifene daily for three years after definitive local therapies
(II). The mean age of the patients was 63 years. In patients less than one year from
menopause postmenopausal status was confirmed by measuring follicle-stimula-
ting hormone levels (>30U/l). The patients were operated during the years 1992–
1995; 86 patients underwent mastectomy and axillary evacuation, segmental resec-
tion of the breast with axillary dissection was performed in 11 cases.  Postoperative
irradiation was given in 90 cases. None of the patients received adjuvant chemot-
herapy. 52% of the patients presented with a T2 tumor, with ductal type of histology

Factor I study  
Patients n (total 254)

II study
Patients n (total 97)

III study
Patients n (total 168)

Tumour size
T1
T2
T3
T4

Unknown

78
114
34
15

41
50
6

72
84
9
2
1

Node status
Negative
Positive

115
123

97 168

Clinical stage
Stage I
Stage II
Stage III
Stage IV

54
127
29
28

89
8

153
14
1

Histological grade
I
II
III

Unknown

20
82
91
60

12
40
29
16

20
63
51
34

ER receptor status
Negative
Positive

Unknown

89
119
46

22
65
10

33
122
14

PR receptor status
Negative
Positive

Unknown

95
112
47

42
44
11

68
86
14

ER=estrogen receptor; PR=progesterone receptor
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(83%) and with moderate differentiation (41%). Estrogen receptors were positive in
67% of the patients and negative in 23%, the proportions being 45% and 44% in
progesterone receptor analysis, respectively; receptor status was mainly investiga-
ted by the immuhistochemical method. Unknown hormone receptor status was
exceptional. The median follow-up time in this study was 59 months (Tables 3, 4).

Prevalence and prognostic significance of matrix metalloproteinase 9 immuno-
reactivity was evaluated in a series of 168 postmenopausal breast cancer patients
with lymph node positive disease (III) where the adjuvant endocrine therapy was
similar to a previously described p53 study (II) (Table 3). The average age of the
patients was 64 years. 58% of the patients underwent mastectomy, breast conserva-
tive operation was performed in the rest of the patients. Due to locally advanced
disease, every patient had an axillary dissection and all but ten patients received
locoregional post-operative radiation therapy. 84 patients (50%) had a T2 primary
tumor and 108 (64%) had 1–3 metastatic lymph nodes in the axilla. Ductal type of
histology (75%) and moderate differentiation (38%) were most frequently seen in
primary tumors. 122 patients (72%) were estrogen receptor positive and 33 (20%)
were estrogen receptor negative, the proportions being 51% and 41% in progeste-
rone receptor analysis, respectively (Table 4). Radioimmunoassay was used for
receptor status evaluation in 71% of the tumors, immunohistochemical assay being
used in the rest of the cases. 65 patients relapsed within the follow-up time that
varied from seven to 111 months.

MMP-9 expression was evaluated in a series of  129 breast tissue samples rep-
resenting a variety of breast tissue histologies from hyperplastic changes to fully
developed cancer (IV) (Table 3). 24 samples represented ductal hyperplasia, 22 aty-
pical ductal hyperplasia (ADH) and 18 ductal carcinoma in situ (DCIS). In ductal
infiltrative primary breast carcinoma samples 26 cases were of grade I, 20 of grade
II and 19 samples of grade III histology (Table 5).
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Table 5. Study four breast tissue samples and matrix metalloproteinase-9
immunohistochemical staining result.

4.2 Immunohistochemistry

4.2.1 Antibodies and immunostaining

The immunohistochemical analysis for the evaluation of p53 mutation status in a
tumor is based on the detection of abnormally accumulated p53 protein in a cell
(Figure 5). A mouse monoclonal antibody against the anti-p53 antibody (Do7) was
purchased from Novocastra Laboratories (Newcastle upon Tyne, UK) (I, II).
C-erbB-2 gene amplification and/or increased transcription can lead to HER-2 ove-
rexpression, and this was examined by using a mouse monoclonal antibody against
the anti-c-erbB-2 (NCL-CB11, Novocastra Laboratories) (Figure 6). The MMP-9
immunoreactivity was evaluated by using GE-231 (10μg/ml) as a primary antibody
(Diabor Ltd, Oulu, Finland) (Figure 7) (Table 6).

Table 6. Immunohistochemical antibodies used in the studies.

Histological group
 

Immunohistochemical staining result for MMP-9 (Samples, 
number)

negative  weak positive moderate 
positive

strong 
positive

Hyperplasias

usual  9 8 5 2

atypical   10 5 4 3
DCIS 3 3 2 10
Ductal invasive carcinomas

histological grade I 12 5 4 5

grade II 9 7 1 3

grade III 12 4 3 0
Hyperplasias, total 19 13 9 5
DCIS 3 3 2 10
Invasive carcinomas, total 33 16 8 8
DCIS = ductal carcinoma in situ

Marker Study Antibody Dilution Specificity Manufacturer

p53 I,II Do7 1:1000 monoclonal Novocastra laboratories

HER2 I NCL-CB11 1:500 monoclonal Novocastra laboratories

MMP-9 IV,IV GE-231 1:50 (10 µg/ml) monoclonal Diabor
61



Fig. 5. Ductal invasive grade II carcinoma, positive p53 immunohistochemical staining.

Fig. 6. Ductal invasive grade II carcinoma, positive c-erbB-2 immunohistochemical stai-
ning.
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Fig. 7. a) Ductal invasive grade II carcinoma, positive MMP-9 immunohistochemical stai-
ning. 
b) Ductal invasive grade III carcinoma, negative MMP-9 immunohistochemical staining.

Immunohistochemistry was determined from formalin-fixed and paraffin-embed-
ded tissue samples (3 or 4 μm) by using the avidin-biotin peroxidase method accor-
ding to Hsu et al. (1981) (I–IV). Dewaxed sections were heated in a microwave

A

B
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oven in 10mM citrate buffer, pH 6.0, for 10 minutes before application of the pri-
mary antibody in p53 analysis (I, II).  After a 60-minute incubation with the primary
antibody at room temperature, a biotinylated secondary anti-mouse antibody
(Dakopatts, Copenhagen, Denmark) was applied (dilution 1:200), followed by the
avidin-biotin-peroxidase complex (Dakopatts). The color was developed by diami-
nobenzidine, whereafter the sections were lightly counterstained with hematoxylin
and mounted with Eukitt (Kindler, Freiburg, Germany). Careful rinses with
phosphate buffered saline (PBS) were done between each step of the procedure.
Negative control stainings were carried out by substituting non-immune mouse
serum and PBS for the primary antibody. Lung cancer tissue samples known to be
p53 mutated were used as positive controls.

The immunopositivity of c-erbB-2 was determined by using a mouse monoclo-
nal antibody (NCL-CB11, Novocastra Laboratories, Newcastle upon Tyne, UK)
that recognizes the internal domain of the c-erbB-3 oncogene protein (Corbett et al.
1990) and the avidin-biotin peroxidase method as described above. The dilution for
the primary antibody for c-erbB-2 was 1:500 and diaminobenzidine (Dakopatts,
Copenhagen, Denmark) was used as a chromogen (I).

MMP-9 sections were incubated at 37°C for at least four hours and deparaffi-
nized. After endogenous peroxidase activity was blocked with 0.3% hydrogen pero-
xidase/methanol incubation for 20 minutes, incubation in 10% goat serum for 15
minutes was performed to prevent any non-specific binding. The specimens were
incubated with a primary antibody for MMP-9 in a humidity chamber at room tem-
perature for 24 hours. A biotinylated antimouse IgG served as a secondary antibody
with an incubation time of 15 minutes (Histostain-bulk kit®, Zymed, San Fran-
cisco, Ca, USA), after which peroxidase was introduced with a streptavidin conju-
gate (Histostain-bulk kit®). The immunohistochemical reaction was then visuali-
zed using romulin AEC chromogen substrate (Biocare Medical, CA, USA). The
samples were washed in PBS between every step of the staining process. The sec-
tions were counterstained with hematoxylin, dehydrated and mounted in Pertex®
(Histo-lab, Gothenburg, Sweden). For the negative controls, the primary antibody
was replaced by either mouse non-immune serum or phosphate-buffered solution
(PBS). Known sections positive for MMP-9 were included and used as positive
controls (III, IV).

When evaluating p53 accumulation, nuclear positivity of tumor cells only was
considered significant (I, II) and the results were evaluated from the whole sample
as follows: negative = less than 1% of cells staining, weak positivity = 1–10% of
cells staining (I, II). Samples were interpreted as moderately positive if 11–20% of
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the cells were staining and strongly positive if 21–60% were staining. Very strong
positivity called for more than 60% of the cells staining (I). In the antiestrogen study
(II) the criterion for strong positivity was slightly different: moderate positivity cal-
led for 11–50% of cells staining, while in strongly positive samples more than 50%
of cells showed immunoreactivity (II). In both p53 studies statistical analysis was
carried out by comparing all positive cases as a single group to negative cases. In
the c-erbB-2 analysis sections presenting less than 5% of the neoplastic cells stai-
ning were considered to be negative while more extensive staining was considered
weak, moderate or strongly positive according to the amount of cells staining.

The cytoplasmic MMP-9 staining was scored in neoplastic cells (III). The stai-
ning was interpreted as negative in sections with no positive cells, or less than 1%
of all malignant cells showing a positive staining, while 2–50% of the tumor cells
appearing as positive indicated  moderate overexpression of the MMP-9 protein.
Sections presenting more than 50% of the neoplastic cells as positive were conside-
red to have extensive MMP-9 overexpression in the tumor (III). In the fourth study
the staining was scored in the area of interest only (hyperplasia/ atypic hyperplasia/
ductal carcinoma in situ/invasive ductal carcinoma). In a negative specimen less
than 1% of the cells were staining, while in a weakly positive specimen 2–25% of
the cells showed  positive staining. 26–50% of the cells staining positively appeared
as moderately positive samples, while sections presenting more than 50% of the
cells staining were considered to be strongly positive and having extensive MMP-9
overexpression in the cells. In this study IHC staining was evaluated more accura-
tely by a four-step scoring system. A few samples were stained twice and the IHC
staining result seemed to be repeatable (IV).

All immunohistochemical staining interpretation was carried out blinded to cli-
nical data of the patients. P53 (I, II) and c-erbB-2 (I) immunopositivity was analy-
zed by an experienced pathologist and co-author. The MMP-9 staining result was
analyzed by three individual observers: the first author and two co-authors inclu-
ding an experienced pathologist (III, IV).

4.3 Statistical analysis

The prognostic value of immunohistochemical staining of p53, c-erbB-2 and
MMP-9 was evaluated by comparing the clinical outcome of patients according to
p53 or MMP-9 status (I–III). Disease-free survival was determined as the time in
months between primary diagnosis and disease relapse and overall survival as the
time in months between diagnosis and the last clinical follow-up or breast-cancer
65



related death (I–III). Patients representing primarily metastatic disease were not
included in survival analyses, and patients dying from any other cause than breast
cancer were also censored from the survival data at the time of death. Statistical sig-
nificance was tested using standard tests: Student t-test, Mann-Whitney, Pearson
and Chi square tests (I–III). Analysis was carried out by comparing all p53 or
MMP-9 positive cases as a single group to cases with p53 or MMP-9 negative
tumors.  Survival curves (Kaplan-Meier) were compared using the log rank,
Breslow or Tarone-Ware test, and p<0.05 was considered statistically significant.
Cox regression analysis and stepwise regression analysis were used to find signifi-
cant predictors of survival (Uhari & Nieminen 2001) (I–III) and Fisher’s exact test
was used to find any significant difference in MMP-9 staining between various his-
tological breast tissue samples (IV).
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5 Results

5.1 P53 immunoreactivity in primary breast carcinoma (I, II)

Positive p53 immunostaining was seen in 34% (I) in a larger material (254 patients)
consisting of both pre- and postmenopausal patients and in 24% of postmenopausal
patients (out of a total of 97 patients) in the adjuvant antiestrogen study (II). P53
accumulation correlated with high malignancy grade, negative progesterone recep-
tor status and ductal type of histology (I). Patients with primarily metastatic breast
carcinoma were not included in the survival data or reported in the article, but p53
positivity was seen in 40.7% of those patients. P53 positivity did not correlate with
the metastatic site (I).

5.2  P53 accumulation as a prognostic factor (I, II)

Disease-free survival of the patients was strongly affected by p53 immunopositivity
(I, II) (Table 7). In a larger material, 57.0% of patients with a p53 positive tumor
relapsed during the follow-up compared to 34.4% in the p53 negative group (I).
Along with the size of the primary tumor, positive nodal status and higher clinical
stage, positive p53 emerged as a strong prognostic factor in an univariate analysis
(p=0.000) and was further confirmed to be an independent prognostic factor in a
multivariate analysis (p=0.001) (I). The adverse effect of p53 accumulation was
seen not only in node-positive patients, but also in node-negative patients where the
median DFS was 10.4 years in the p53 negative and 4.4 years in the p53 positive
subgroup (p=0.0001) (I). The Nottingham Prognostic Index (NPI) predicted shor-
tened disease-free survival and overall survival of patients (p=0.000). When NPI
was included with p53 status in a Cox regression analysis, p53 accumulation still
seemed to have prognostic power, the result getting close to  statistical significance
in terms of disease-free survival (p=0.055) (I). P53 also showed independent prog-
nostic power in postmenopausal patients treated with antiestrogen. P53 predicted
shortened DFS in univariate analysis (p=0.0036) as well as in multivariate Cox
stepwise regression analysis (p=0.01) (II).



Table 7. Five-year breast cancer specific survival in patients according to p53
immunohistochemical staining in a primary tumour (I, II).

Breast cancer related mortality was increased in p53 positive patients (I, II) (Table
7). The mean survival time was 8.3 years in the p53 positive and 13.3 years in the
p53 negative subgroup (p=0.0005) (I). P53 positivity was shown to be a strong
prognostic factor not only in univariate analysis but also in multivariate analysis
(P=0.001) along with traditional prognostic factors such as positive nodal status
(p=0.0001), large primary tumor (p=0.000), high malignancy grade (p=0.000) and
high clinical stage (p=0.0009). The Nottingham Prognostic Index (NPI) predicted
overall survival of patients (p=0.000), and when it was analyzed with p53 status in
a Cox regression analysis, p53 accumulation still retained its independent prognos-
tic power (p=0.013) (I). P53 positivity indicated significantly shorter overall survi-
val even in metastatic breast carcinoma (p=0.0005) (I).

P53 positivity in postmenopausal patients treated with antiestrogen associated
with a statistically significant shorter overall survival time than in p53 negative
patients (II) (Table 7). In univariate analysis OS was markedly impaired by clinical
stage (p=0.0005), tumor size (p=0.001), positive p53 (p=0.005) negative ER status
(p=0.001) and negative PR status (p=0.03). The stage of the disease (p=0.02), ER
status (p=0.002) and positive p53 (p=0.005) were found to be independent and sta-
tistically significant factors predicting OS in the multivariate analysis (II).

5.3 Co-expressing p53 and c-erbB-2  –  the prognostic relevance (I)

Patients with simultaneous p53 and c-erbB-2 IHC overexpression represented an
extremely poor prognostic subgroup with a mean overall survival of only 2.6 years,
while patients with p53 and c-erbB-2 negative tumors had a significantly better out-
come with a mean survival time of 11 years (p=0.0003) (I). OS was 5.5 years among
patients with p53+/c-erbB-2- tumor status and 6.2 years among those with p53-/
c-erbB-2+ tumor status (I).

Study 5-year disease-free survival (DFS) 5-year DFS 5-years overall survival (OS) 5-year OS
 P53 positive P53 negative P53 positive P53 negative
 I 36% 68% 51% 85%
 II 42% 72% 50% 80%
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5.4 P53 and response to antracycline-based chemotherapy and 
hormonal agents in metastatic breast cancer (I)

Disease recurrence was diagnosed in 121 out of 254 patients in the first study popu-
lation and responsiveness to systemic therapies was analyzed in correlation to p53
status among them (I) (Table 3). 25 patients out of 121 received anthracycline-based
therapy due to recurrent disease, the most frequent regimen being FEC combination
(cyclophosphamide-epirubisin-5-fluorouracil). Four patients (27%) out of 15 in the
p53 positive group receiving anthracycline-based chemotherapy responded to the
treatment, and 11 patients (73%) progressed during the treatment. In the p53 nega-
tive group 10 patients (66%) out of 15 showed clinical benefit (CR, PR or SD) to
anthracycline therapy while the minority (33%) progressed. In recurrent disease
there was no evident correlation between p53 status and responsiveness to hormo-
nal agents. Of a total of 67 patients receiving endocrine regimens 32%  with normal
p53 status responded to therapy (CR, PR) while 43% progressed (PD) during the-
rapy, the proportions being 40% and 50%, respectively, in the p53 positive group.
Tamoxifen and progestins were the most frequently used therapeutic agents (I).

5.5 MMP-9 immunoreactivity in primary invasive breast cancer (III, 
IV)

When MMP-9 was studied in postmenopausal node-positive patients treated with
adjuvant antiestrogen therapy immunopositivity was seen in 63% of the primary
tumors (III). Positive staining did not  correlate significantly with other tumor cha-
racteristics such as tumor size, malignancy grade, tumor load in the axilla or hor-
mone receptor status. When MMP-9 immunostaining was evaluated in terms of
malignancy grade, moderate or strong immunoreactivity was detected in 74% of
grade I, 72% of grade II and 56% of grade III invasive carcinomas, so that a slightly
descending trend was seen with higher malignancy grade (III) (Table 8). In the
fourth study 32 samples out of 65 invasive breast carcinoma cases showed various
degrees of MMP-9 positivity in IHC (49%) (IV). Moderate or strong positivity was,
however, rarely seen in invasive carcinoma samples; indeed, in grade III carcinoma
none of the sections showed  strong MMP-9 immunoreactivity (IV) (Table 5).
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Table 8. MMP-9 immunohistochemical staining result in invasive breast carcinoma
samples (III, IV).

5.6 MMP-9 immunostaining in premalignant breast disease (IV)

Negative MMP-9 staining was the most frequent finding (9 samples out of 24) seen
in hyperplastic cases (37.5%) and 10 out of 22 atypically hyperplastic samples were
negative in MMP-9 staining (45.5%). However, some (weak, moderate or strong)
MMP-9 positivity was found in 62.5% of the hyperplastic cases and in 54% in the
atypically hyperplastic group (Table 5).

 DCIS’s immunoprofile was distinctive when compared to any other histologi-
cal group. MMP-9 positivity was most frequently seen in DCIS, where 15 (83%)
out of 18 samples showed  positive staining, and strong immunoreactivity predomi-
nated: in 56% of the cases DCIS cells were staining intensively, the result was sta-
tistically significant in both Fisher’s exact test (p=0,005) and Chi square test
(p=0.001). Finally, when negative and weak positive samples were analyzed toget-
her as a single group and compared to the samples staining extensively, strong
immunopositivity in DCIS samples remained distinctive compared to other histolo-
gical groups. Only three DCIS samples were MMP-9 negative (16%) (Table 5,
Figure 8). The result was statistically significant in both Fisher’s exact test
(p=0,004) and Chi square test (p=0,003).

The age of the patients was not significantly reflected in the immunoreactivity
in the entire population: 55% of the younger women (described as 49 or younger)
were MMP-9 positive, the proportion being only slightly greater (61%) in the older
age group.

Study MMP-9 negative
n/%

MMP-9 weak/moderate 
positive, n/%

MMP-9 strong positive
n/%

III 54 (34,4%) 45 (28,7%) 58 (37,0%)
IV 33 (50,8%) 24 (36,9%) 8 (12,3%)
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Fig. 8. MMP-9 immunohistochemical staining in different histology groups, when com-
paring all negative and weak positive samples as a single group to more extensively
staining cases (IV).

5.7 MMP-9 positivity as a prognostic factor in breast carcinoma (III)

In 168 postmenopausal patients treated with adjuvant antiestrogen therapy, primary
tumor size, clinical stage and estrogen receptor status predicted strongly both dise-
ase-free and overall survival, but there were no statistically significant differences
in terms of survival between patients with MMP-9 positive or negative tumors
when studied in the entire study population. However, in receptor negative cases,
there was a tendency for compromised survival among MMP-9 positive patients. In
estrogen receptor negative patients the mean disease-free survival was 3.5 years in
MMP-9 positive patients while patients with negative MMP-9 status had a better
outcome with a mean survival time of 5.3 years. When evaluating five-year survival
rates between these subgroups, there was a difference in favor of MMP-9 negative
patients (63%) compared to MMP-9 positive patients (37%), the result getting close
to  statistical significance (p=0.06). Patients with progesterone receptor negative
tumors seemed to have a greater risk of disease relapse if having MMP-9 expression
in their primary tumor, but the difference was not statistically significant.
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6 Discussion

6.1 Prognostic value of p53 immunopositivity

The prognostic relevance of p53 accumulation was investigated in two studies (I–
II) within various patient populations. The first study consisted of both pre- and
postmenopausal women with either node-negative (45%) or node-positive (48%)
breast cancer, treated mainly in the 1980s. Adjuvant therapies were infrequently
used: 15% received chemotherapy and 24% an endocrine regimen.  In the second
study, postmenopausal node-positive patients treated with adjuvant antiestrogen
therapy for three years during 1990s were investigated (II). 

P53 accumulation was detected in 34% (I) and (24%) (II) of the cases, which is
in line with other reports (Davidoff et al. 1991, Reed et al. 2000, Borresen-Dale
2003, Malamou-Mitsi et al. 2006).  In the first study, breast cancer recurrence was
diagnosed in 48%, and in the second study population in 35% of the patients during
follow-up. Fewer relapses in the second study may perhaps reflect the overall bene-
ficial progress in breast cancer specific survival in Finland as well as the clinical
efficacy of adjuvant antiestrogen. Despite the differences in patient populations,
p53 accumulation emerged as a powerful adverse prognostic factor in both studies,
the results being statistically highly significant in terms of disease-free and overall
survival, providing new evidence of  the independent prognostic power of p53 in
breast carcinoma, where previous data have shown controversial results (Lipponen
et al. 1993, Ferrero et al. 2000, Olivier et al. 2006). The positive association bet-
ween altered p53 status and high malignancy grade has been reported previously
(Pietilainen et al. 1995, Ferrero et al. 2000, Olivier et al. 2006). P53 positive immu-
nostaining associated with other aggressive primary tumor characteristics such as
ER negativity (I), but altered p53 status was still found to be an independent indi-
cator of a compromised clinical outcome in multivariate analysis. This study also
provides new evidence of the prognostic relevance of p53 accumulation in
node-negative breast cancer patients (I), which has previously been a particularly
controversial issue (Silvestrini et al. 1996, Chappuis et al. 1999, Ferrero et al. 2000,
Reed et al. 2000).

A subgroup of patients developing metastatic disease was analyzed separately
in terms of p53 status. Positive IHC for p53 indicated shortened survival, the result
being statistically highly significant (I), indicating the aggressive course of p53
positive disease  in the metastatic phase of the disease as well. Previous literature
includes only a few studies supporting this finding (Berns et al. 2003, Chang et al.



2003). In a recent large material investigating prognostic factors in patients with
breast cancer related liver metastases, low IHC expression for p53 indicated favo-
rable survival (Eichbaum et al. 2006). No correlation has been shown in other stu-
dies (Niskanen et al. 1997, Sezgin et al. 2005).

 The controversy in the large body of study data investigating the prognostic
power of p53 has given rise to many questions. First of all, the variety in p53 func-
tion diagnostics could in part explain the diversity in the results reported. Mutation
analysis by gene sequencing technique provides detailed information on distinctive
mutations that may have varying prognostic relevance (Runnebaum et al. 1991,
Bergh et al. 1995). However, a mutated p53 protein may lose its normal function
completely or only partly. In addition, a mutant p53 with abnormally high apoptotic
activity has been described (Saller et al. 1999).  There is no doubt that p53 DNA
sequencing is an important and delicate method, but false positive results may occur
due to contamination of tumor samples, while false negative findings are possible
if the mutation is located in a position that is disadvantageous for a proper primer
(Sjögren et al. 1996). Immunohistochemistry for the analysis of p53 mutation ana-
lysis has been criticized, and IHC clearly has its limitations as a mutation detector.
In Sjögren’s study immunohistochemistry failed to detect 33% of p53 gene muta-
tions detected by sequencing. Up to 30% of immunohistochemically p53 positive
tumors were detected in tumors with a wild-type p53 gene, suggesting a false posi-
tive finding in IHC (Sjögren et al. 1996). Bearing in mind the complex post-trans-
lational regulation of p53 protein IHC, positive staining in a tumor with wild-type
p53 gene may not always indicate a “false” positive immunohistochemical result as
p53 accumulation in a cell could serve as an indicator of aberrant p53 function.
However, a false negative IHC result might be of a more relevant concern, because
gross deletions in the p53 gene may produce truncated p53 protein unable to be
detected by immunohistochemistry (Bergh 1999). In addition, immunohistochemi-
cal staining results are interpreted subjectively; the importance of experience of the
pathologist interpreting the findings must therefore be emphasized. Stenmark-Ask-
malm suggested that an optimal technique for p53 diagnostics is a combination of
IHC and gene sequencing, as they provide complementary data on p53 function
(Stenmark-Askmalm et al. 2004).  The definition of positive immunohistochemical
staining may also reflect on the heterogeneity seen in studies evaluating p53 prog-
nostic relevance as well as antibodies used; however, the Do7 clone used in the pre-
sent studies has established its position in p53 diagnostics (Bonsing et al. 1997,
Kroger et al. 2006).
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Secondly, the heterogeneity of patient populations may have an impact on the
results achieved from p53 studies. Data concerning the genetic changes in prema-
lignant breast disease support the idea that p53 mutation is an early step in breast
carcinogenesis (Allred et al. 2001, Done et al. 2001), and p53 protein expression
has also shown  concordance between a primary tumor and  metastatic regional
lymph node (Tsutsui et al. 2002, Arun et al. 2003). Previous clinical studies have
emphasized the adverse prognostic power particularly in node-positive disease.
One could speculate that in the case of locally limited disease definitive local the-
rapies have better curative potential  in biologically aggressive disease as well,
while the lack of a normally functioning p53 pathway might become evident in
node-positive patients in whom any remaining subclinical micrometastases may
eventually lead  to metastatic breast carcinoma. An ideal study setting for the eva-
luation of the prognostic power of p53 would comprise a large study population tre-
ated only with local therapies. On the other hand, various adjuvant therapies are
offered to most patients (Pestalozzi et al. 2005), which may alter the prognostic
relevance of a single prognostic factor. Only patients with a very favorable progno-
sis (a small primary tumor with low malignancy grade, positive hormone receptor
status and negative for HER-2) are nowadays excluded from medical adjuvant the-
rapies. The sole prognostic importance of a single tumor characteristic may thus not
be easy to study in the future. On the other hand, this emphasizes the need for fin-
ding new predictive factors in primary breast cancer.

In the present study the concomitant presence of p53 and HER-2 in breast can-
cer  influenced dramatically the outcome of the disease and worsened the overall
survival of patients (I). Although the number of patients was limited, the result still
emerged as a statistically highly significant finding. This is in line with some earlier
reports (Nakopoulou et al. 1996, Beenken et al. 2001). From a molecular-biologic
point of view the hypothesis that a malignant cell with a simultaneous aberrant
growth-inhibiting system and growth-inducing system necessarily produced a
highly malignant genotype leading to excessive growth potential and  subsequent
poor survival of patients is very logical.  P53 accumulation alone had a stronger
effect on OS than c-erbB-2 positivity alone, which is in line with a previous study
(Beenken et al. 2001). The average OS was more than five times longer in cases
with wild-type p53 and negative c-erbB-2 compared to patients with tumors of
simultaneous positive p53 and c-erbB-2.  It  can also be concluded that patients with
a p53 positive tumor should be regarded as high-risk patients during clinical fol-
low-up (II). 
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In the future, further studies are needed to evaluate more accurately p53 func-
tion and prognosis in breast cancer, and additional tools are probably needed for this
purpose. MDM2 evaluation (Turbin et al. 2006) or determination of TP53BP2 gene
expression encoding p53 binding protein (Cobleigh et al. 2005) would provide
additional data of p53 function when analyzed together with p53 status. Particularly
because p53 mutations occur at a lower frequency in breast carcinoma than in other
common solid tumors,  p53 dependent apoptosis in breast cancer are very likely to
be affected by other mechanisms in addition to p53 gene mutations; for example
changes in p53 target genes have scarcely been studied in this respect (Gasco et al.
2002, Lacroix et al. 2006). On the other hand, recent in vitro studies support the idea
of therapeutic manipulation of p53 (Bai & Zhu 2006).

6.2  P53 as a predictive marker

The first study (I) suggests that positive p53 immunostaining could be a predictor
of anthracycline-based chemotherapy resistance in MBC. Among 30 patients recei-
ving anthracycline-based chemotherapy due to  disease recurrence,  treatment fai-
lure was frequently seen in the p53 positive group (73%) compared to the p53 nega-
tive group (33%). This could partly explain the shortened survival in patients suf-
fering from p53 positive disease. The literature concerning the p53 predictive
importance in MBC is limited. Mutated p53 is associated with poor anthracycline
response in patients receiving weekly doxorubicin (Aas et al. 1996), but this has not
been confirmed in other immunohistochemical studies (Niskanen et al. 1997, Sjö-
ström et al. 1998, Hamilton et al. 2000). Despite the optimism based on preclinical
data, even taxane-based therapies do not seem to offer the solution to p53 positive
MBC (Sjöström et al. 2000, Van Poznak et al. 2002).  However, there are reports
showing compromised efficacy of anthracycline regimens in the adjuvant setting
(Clahsen et al. 1998, Bottini et al. 2000, Mieog et al. 2006). Thor et al. suggested
that patients with co-expressing c-erbB-2 and p53 positive tumors benefit from
high-dose anthracycline regimens (Thor et al. 1998) and that p53 alteration benefi-
ted patients receiving high-dose adjuvant therapy (Kroger et al. 2006). Again,
opposite data exist, too: Rozan et al. did not see any connection between p53 status
and clinical benefit of adjuvant FAC therapy (Rozan et al. 1998).

 Preclinical data reveal controversial results concerning the status of p53 as a
marker for sensitivity to chemotherapeutics, which is the case in clinical studies as
well. Methodological diversity and various patient populations do not allow making
final and exclusive conclusions of the predictive value of p53. First of all: there are
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no large prospective trials where a large number of patients is balanced for common
primary tumor characteristics and the clinical efficacy of systemic therapies asses-
sed in a subgroup of patients with various p53 statuses (Borresen-Dale 2003). Some
randomized trials reporting predictive value of p53 have originally been planned to
evaluate different treatment strategies rather than the importance of altered p53 sta-
tus (Clahsen 1998, Bottini et al. 2000, Malamou-Mitsi et al. 2006). An optimal trial
investigating the predictive power of p53 would provide comparative patient
groups in terms of other tumor characteristics and treatments used. However, des-
pite the great need for finding new predictive factors, this would be rather difficult
to carry out. At least it would demand a multicenter project to assemble large study
populations.

So far we are not able to demonstrate the exact mechanism and connection of
traditional chemotherapeutics and p53 function; for example, there are no p53 tar-
geted regimens available in  clinical work comparable to antiestrogen therapy in
estrogen receptor positive breast carcinoma. As estrogen and p53 involve transcrip-
tion and regulation of very large amounts of genes, it is very likely that some genes
are regulated by both mechanisms; therefore one could hypothesize that a defect or
aberrant function of p53 could also result in changes in estrogen mediated DNA
transcription and antiestrogen efficacy. However, anthracyclines have a toxic effect
by topoisomerase II inhibition and free radical formation causing DNA damage, the
latter being a possible link to a p53-based apoptotic pathway (Chu & De vita 2003).
Polychemotherapy regimens may include both p53-dependent and -independent
pathways, which could dilute the p53-related effects (Bergh 1999). On the other
hand, the importance of p53 for chemosensitivity has been supported by the fact
that  p53 is not mutated in the most curable malignomas such as some hematopoie-
tic and germ cell tumors. Inevitably p53 has a dual and complex role in chemosen-
sitivity, because normally functioning p53 is able to increase apoptosis leading to a
therapeutic effect, but it can also arrest growth and thereby increase drug resistance
(Sjöström & Bergh 2001). In the future p53 will probably emerge as a target for
drugs restoring the altered p53 regulatory mechanism in malignant cells (Lacroix et
al. 2006).  In breast cancer, intratumoral administration of adenoviral vector contai-
ning normally functioning p53 gene has been tested in a neoadjuvant setting toget-
her with chemotherapy, the results suggesting clinical activity for this kind of treat-
ment approach (Cristofanilli et al. 2006).

The clinical outcome of postmenopausal patients receiving adjuvant antiestro-
gen therapy was investigated, and in this study population p53 accumulation clearly
predicted worse outcome (II). This is in line with Silvestrini’s observations (Silvest-
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rini et al. 1996), and similar results have lately been reported in stage I to III breast
carcinoma as well (Linke et al. 2006). However, no correlation was seen in a large
Danish population (Knoop et al. 2001). In MBC the literature shows controversial
findings in terms of the benefit of tamoxifen treatment according to p53 status
(Elledge et al. 1997, Berns et al. 2000, Berns et al. 2003). Study I did not provide
new evidence of the predictive value of p53 concerning the efficacy of hormonal
therapy in MBC; however, a recent study investigating first-line antiestrogen the-
rapy in MBC suggested a positive correlation between p53 immunopositivity and a
poor response to tamoxifen (Kai et al. 2006, Yamashita et al. 2006). It is not easy
to separate the adverse prognostic and predictive impact of p53 from retrospective
studies. However, this has not been discussed in the literature very much.

Despite methodological limitations, the present results justify the statement
that antiestrogen therapy seems to be an insufficient adjuvant regimen in postmeno-
pausal patients with axillary node metastasis and a p53 positive primary tumor (II).    

6.3 MMP-9 expression in breast carcinoma and in premalignant 
lesions of breast 

MMP-9 positivity was seen in 61% of postmenopausal breast carcinoma patients
(III) and in 49% of invasive samples in a study examining different breast histolo-
gies (IV). This is generally in line with previous reports (Li et al. 2004, Kim et al.
2006b). In studies using IHC for the evaluation of MMP-9 expression, around 50%
of breast carcinomas have expressed high MMP-9 immunopositivity (Scorilas et al.
2001, Pellikainen et al. 2004). MMP-9 is usually detected from infiltrative breast
lesions, but the degree of immunopositivity varies also because of the diverse inter-
pretation and scoring systems used in immunohistochemical staining. 

When matrix metalloproteinase-9 immunoreactivity was investigated in diffe-
rent breast tissue samples ranging from benign lesions to clinically evident infiltra-
tive carcinomas (IV), a distinctive pattern of MMP-9 staining was seen in ductal
carcinoma in situ samples, where the majority of DCIS cells were staining intensi-
vely. In addition, hyperplastic and invasive carcinomas were most often negative
for MMP-9, and MMP-9 staining intensity decreased along with malignancy grade.
The MMP-9 immunoprofile in this type of setting is rarely investigated, but the pre-
sent results are in line with a study of Zhao et al., where expression levels of
MMP-9 along with MMP-26, TIMP-2 and TIMP-4 by immunohistochemistry were
higher in DCIS than in normal breast, hyperplastic tissue or invasive cancer speci-
mens (Zhao et al. 2004). When MMP-9 expression has been evaluated by mRNA
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in situ hybridization, MMP-9 activity is reported to be greater in DCIS than in infilt-
rative cancer, not reaching statistical significance, however (Kim et al. 2006b). 

In other malignancies MMP-9 levels have usually been higher in invasive
tumors compared to benign tissue. This is the case especially in prostate cancer
(Zeng et al. 2003, Zhang et al. 2004) and bladder cancer where MMP-9 activity inc-
reases with tumor grade (Davies et al. 1993). On the other hand, a correlation bet-
ween MMP-9 immunoreactivity and tumor malignancy grade has been a controver-
sial issue in other malignancies: a positive connection has been shown in malignant
gliomas (Wang et al. 2003), non-small cell lung cancer (Leinonen et al. 2006) and
endometrial cancer (Aglund et al. 2004),or epithelial ovarian cancer (Sillanpää et
al. 2006) or chondrosarcoma (Sugita et al. 2004).

6.4 MMP-9 and neoplastic process in breast tissue

It is possible that after  crucial genetic damage and cell transformation, interaction
between a tumor and its microenvironment becomes more restrictive in promoting
malignant progression, such as the infiltration that eventually leads to a clinically
evident tumor. The degradation of ECM is very important in this context, and gela-
tinase activity is therefore of clinical interest. Based on the present preliminary fin-
dings and the reviewed literature, it can be postulated that the overexpression of
MMP-9 is an early phenomenon in breast carcinogenesis, already existing  in the
preinvasive stage of the malignant progress. MMP-9 activity could be essential for
the malignant progress especially in the preinvasive stage, while other factors may
play a more important role after basement membrane breakdown and cancer inva-
sion (Zhao et al. 2004). In line with this concept it is logical that strongest MMP-9
protein expression was seen in preinvasive DCIS and there was a clear descending
trend in strong immunoreactivity in invasive carcinoma.

However, the final biologic effect of MMP-9 and other MMPs may reflect the
interaction between tumor and ECM rather than expression of a single factor
(DeClerck et al. 2004). Especially studies reporting different prognostic effects of
MMP-9 in stromal and tumor cells suggest that MMP-9 has a dual role in tumor
progression (Pellikainen et al. 2004, Sillanpää et al. 2006). MMP-9 activity might
be indirectly involved in the regulation of the metastatic tumor phenotype since
angiogenic switch and increased host immune responses may dominate in directing
the clinical course of malignancy.  Preclinical studies also show that the role of
MMPs in carcinogenesis in general is very complex, and even anti-metastatic acti-
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vities have been described (Chambers & Matrisian 1997, Duffy & McCarthy 1998,
Deryugina & Quigley 2006).

Many matrix metalloproteinases are usually linked to malignant progression in
breast tissue. MMP-2 activity seems to increase from hyperplastic samples to DCIS
while the highest activities have been seen in invasive cancer (Lee et al. 1996).
mRNA levels of MMP-2 also seem to gradually increase from non-invasive to inva-
sive cancers (Brummer et al. 1999), and collagenase-3 (MMP-13) has been shown
to associate particularly with microinvasive lesions in DCIS samples when studied
by immunohistochemistry (Nielsen et al. 2001).

The immunohistological profile of MMP-9 in premalignant breast disease (IV)
shows some similarities to changes in p53 and c-erbB-2. While p53 alterations are
not seen in atypically hyperplastic cells and HER2 positivity/amplification is rare,
both markers show frequent alterations in high grade in situ carcinomas (Done et
al. 2001, Latta et al. 2002, Ottesen 2003). When applying the MMP-9 immunopro-
file to a genetic progression model, the present results may mirror a dynamic pro-
cess and flexibility in gene expression in relation to tumor microenvironment in car-
cinogenesis rather than accumulative, stable genetic changes.

6.5 MMP-9 as a factor for prognosis 

The prognostic relevance of MMP-9 in breast carcinoma has rarely been studied,
while more convincing data suggest that MMP-2 is an indicator of poor survival
(Talvensaari-Mattila et al. 1998, Talvensaari-Mattila et al. 2003, Duffy et al. 2000,
Leppä et al. 2004). The aim of study three was to examine the possible prognostic
impact of MMP-9 immunoreactivity in node-positive postmenopausal breast can-
cer patients treated with an adjuvant antiestrogen therapy, and a tendency for comp-
romised disease-free survival in a subgroup of hormone receptor-negative patients
expressing MMP-9 in their primary tumor was observed. However, MMP-9 immu-
nopositivity did not predict survival in the patients with a hormone receptor-posi-
tive primary tumor. Scorilas et al. found MMP-9 positivity to be an indicator of a
favorable prognosis in node-negative patients, but this was not seen in node-posi-
tive patients, the latter finding being comparable with the present results (Scorilas
et al. 2001). However, in a Chinese population DFS was clearly worsened by
MMP-9 positivity in node-negative patients (Li et al. 2004). 

The varying results may be partly explained by different study methods. It has
been shown that MMP-9 expression in carcinoma cells and surrounding stroma
cells may have different prognostic relevance. In a Finnish material strong MMP-9
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immunoreactivity in breast cancer cells predicted favorable outcome of the patients,
while MMP-9 expression in stroma associated with disease recurrence (Pellikainen
et al. 2004). On the other hand, MMP-9 expression in stromal cells has had no prog-
nostic value in some other studies (Remacle et al. 1998, Tetu et al. 1998, Li et al.
2004). In studies evaluating MMP-9 activity in blood samples low MMP-9 has
associated with worse outcome (Ranuncolo et al. 2003, Talvensaari-Mattila & Tur-
peenniemi-Hujanen 2005), but this has not been confirmed elsewhere (Remacle et
al. 1998, Leppä et al. 2004). Previous prognostic studies reveal inconclusive
results, probably due to heterogeneous patient materials.  Particularly in MMP stu-
dies the stage of the disease seems to be important:  MMP-9 activation in a small
primary tumor may result in different biological effects and prognostic relevance
than in a case of massive metastatic disease (Deryugina & Quigley 2006).

Adjuvant therapies have impact on prognosis, too. Patients with decreasing
plasma MMP-9 activity during adjuvant therapy have been shown to have better
survival compared to those whose plasma activity showed enhancement in correla-
tion with a lack of response (Ranuncolo et al. 2003). All patients in study three had
been treated with an adjuvant antiestrogen therapy due to axillary node involve-
ment, which is known to be effective in patients with a hormone receptor-positive
primary tumor. It is thus logical that MMP-9 seemed to be associated with unfavo-
rable prognosis only in patients negative for hormone receptors who did not receive
such effective anticancer therapy. Preclinical data also show a connection between
estrogen-mediated signals in a cell and MMP expression. Estradiol signal mediates
EGFR transactivation along with activation of both MMP-9 and MMP-2 in vitro
(Razandi et al. 2003). Letrozole has been shown to be a potent in vitro inhibitor of
cell proliferation and it has been reported to decrease both MMP-9 and MMP-2
expression in breast cancer cells (Mitropoulou et al. 2003). Wolczynski et al. inves-
tigated breast cancer cells in vitro, and found raloxifene to have a dose-dependent
effect on collagen metabolism and MMP expression, suggesting that these
mechanisms may explain raloxifene’s role in the prevention of breast cancer deve-
lopment (Wolczynski et al. 2001). 

6.6  MMP-9 immunoreactivity and implications for a clinical use

In the third study postmenopausal, node-positive patients with MMP-9 positive and
ER negative tumors experienced compromised disease-free survival, the difference
being 26% in the 5-year follow-up, which would be clinically important if confir-
med in a larger material. This raises a question of whether MMP positivity could
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indicate the benefit of hormonal treatments in ER positive cases, because matrix
metalloproteinases, including MMP-9, are partially hormonally regulated. Tamoxi-
fen reduces breast carcinoma recurrences in DCIS patients (Fisher et al. 1995). The-
refore one could also speculate whether in the future a patient with DCIS expressing
strong MMP activity could be a candidate for  hormonal chemoprevention.  It
would also be interesting to find out whether aromatase inhibitors lower the risk
effect of MMP-9 positivity similarly as, or in some groups even better than
antiestrogens. So far, matrix metalloproteinase inhibitors have not provided a pro-
mising new treatment strategy; marimastat has failed to show any efficacy in metas-
tatic breast cancer (Sparano et al. 2004) and musculoskeletal toxicity restricts the
tolerability of this regimen (Sparano et al. 2004, Miller et al. 2002).

Finally, when the immunohistochemical profile of MMP-9 in different breast
histologies was investigated, MMP-9 expression was seen to be very different in
atypical ductal hyperplasias compared to DCIS samples. Intensive MMP-9 staining
was rare in ADH cells while negative MMP-9 staining predominated, the results
being quite opposite in DCIS cells. By classic morphology the histological distinc-
tion between atypical ductal hyperplasia and low grade ductal carcinoma in situ is
a demanding one, and there is no general agreement as to whether quantitative cri-
teria should be used to separate ADH from low-grade DCIS (Tavassoli & Devilee
2003). At the same time, mammography screening increases the detection of prein-
vasive DCIS lesions (Ernster & Barclay 1997). If these very preliminary findings
are confirmed in a larger clinical material, we would be able to evaluate further
whether the immunoreactivity of MMP-9 could serve as a diagnostic tool in diffe-
rential diagnosis between ADH and low -grade DCIS.

The data presented reveal remarkable but transient MMP-9 immunoreactivity
in ductal carcinoma in situ, suggesting its active role in breast carcinogenesis.
However, the clinical relevance of MMP-9 in DCIS should be examined in a pros-
pective clinical study and in a larger material considering its relationship to other
biological factors such as DCIS grade, metalloproteinase tissue inhibitor activity
and stromal reactions (Jinga et al. 2006).
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7 Conclusions
In the present study, tumor suppressor gene p53, oncogene c-erbB-2 and matrix
metalloproteinase-9 were explored as prognostive and predictive factors in breast
cancer patients by immunohistochemical methods. The MMP-9 immunoreactive
protein was also evaluated in premalignant lesions of the breast in order to investi-
gate MMP-9 positivity in different phases of breast carcinogenesis. The specific
conclusions of this study are:

1. P53 positivity correlates strongly with poor breast cancer specific survival of
patients, and especially the co-expression of p53 and c-erbB-2 in a primary
tumor associates with a great risk of disease relapse and compromised
survival.

2. Positive p53 immunohistochemical analysis of a primary tumor also correlates
with  compromised survival in the metastatic stage of breast carcinoma.

3. The results suggest p53 immunopositivity being an indicator of anthracycline
resistance in metastatic breast carcinoma. However, the finding needs to be
validated in a larger material.

4. Antiestrogen therapy seems to be insufficient adjuvant therapy in
postmenopausal patients with a p53 positive primary tumor.

5. In postmenopausal patients treated with an adjuvant antiestrogen therapy
MMP-9 immunopositivity in a primary tumor does not markedly predict
breast cancer specific survival, but disease relapses seem to occur more often
in a subgroup of patients with MMP-9 positive and receptor negative hormone
primary tumor, the result getting close to a statistical significance.

6. Ductal carcinoma in situ of the breast expresses stronger MMP-9
immunopositivity than hyperplastic or invasive breast carcinoma lesions,
suggesting active role of MMP-9  in the premalignant phase of breast
carcinogenesis.





References
Aamdal S, Bormer O, Jorgensen O, Host H, Eliassen G, Kaalhus O & Pihl A (1984) Estro-

gen receptors and long-term prognosis in breast cancer. Cancer 53: 2525–2529.
Aas T, Borresen A-L, Geisler S, Smith-Sorensen B, Johansen H, Varhaug J, Akslen L &

Lonning P (1996) Specific p53 mutations are associated with de novo resistance to
doxorubicin in breast cancer patients. Nat Med 2: 811–814.

Aglund K, Rauvala M, Puistola U, Angstrom T, Turpeenniemi-Hujanen T, Zackrisson B &
Stendahl U (2004) Gelatinases A and B (MMP-2 and MMP-9) in endometrial cancer
-MMP-9 correlates to the grade and the stage. Gynecol Oncol 94: 699–704.

AJCC. American Joint Committee on Cancer (2002) Cancer staging manual 6th ed.
Springer-Verlag, New York.

Akiyama T, Sudo C, Ogawara H, Toyoshima K & Yamamoto T (1986) The protein product
of the human c-erbB-2 gene: a 185-kilodalton glykoprotein with tyrosine kinase activ-
ity. Science 232: 1644–1646.

Ala-aho R & Kähäri VM (2005) Collagenases in cancer. Biochimie 87: 273–286.
Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ & Clarke MF (2003) Prospective

identification of tumorigenic breast cancer cells. Proc Natl Acad Sci USA 100: 3983–
3988.

Al-Kuraya K, Cshraml P, Torhorst J, Tapia C, Zaharieva B, Novotny H, Spichtin H, Maurer
R, Mirlacher M, Kochli O, Zuber M, Dieterich H, Mross F, Wilber K, Simon R & Sau-
ter G (2004) Prognostic relevance of gene amplifications and coamplifications in breast
cancer. Cancer Res 64: 8534–8540.

Allan JA, Docherty AJ, Barker PJ, Huskisson NS, Reynolds JJ & Murphy G (1995) Binding
of gelatinases A and B to type-I collagen and other matrix components. Biochem J 309:
299–306.

Allred DC & Mohsin SK (2000) Biological features of premalignant disease in the human
breast. J Mammary Gland Biol Neoplasia 5: 351–364.

Allred DC, Mohsin SK & Fuqua SA (2001) Histological and biological evolution of human
premalignant breast disease. Endocr Relat Cancer 8: 47–61.

Alsner J, Yilmaz M, Guldberg P, Hansen LL & Overgaard J (2000) Heterogeneity in the
clinical phenotype of TP53 mutations in breast cancer patients. Clin Cancer Res 6:
3923–3931.

Amornmarn R, Bui MM, Prempree TB & Masood S (2000) Molecular predictive factors for
local recurrence and distant metastasis of breast cancer after lumpectomy with postop-
erative radiation therapy. Ann Clin Lab Sci 1: 33–40.

Andersson TJ & Miller WR (1994) Morphological and biological observations relating to
the development and progression of breast cancer. Cancer Treat Res 71: 3–27.

Andersson J, Larsson L, Klaar S, Holmberg L, Nilsson J, Inganas M, Carlsson G, Ohd J,
Rudenstam CM, Gustavsson B & Bergh J (2005) Worse survival for TP53
(p53)-mutated breast cancer patients receiving adjuvant CMF. Ann Oncol 16: 743–748.

Andrechek ER, Hardy WR, Siegel PM, Rudnicki MA, Cardiff RD & Muller WJ (2000)
Amplification of the neu/erbB-2 oncogene in a mouse model of mammary tumorigene-
sis. Proc Natl Acad Sci USA 97: 3444–3449.



Anzick SL, Kononen J, Walker RL, Azorza DO, Tanner MM, Guan XY, Sauter G, Kallioni-
emi OP, Trent JM & Meltzer PS (1997) AIB1, a steroid receptor coactivator amplified
in breast and ovarian cancer. Science 277: 965–968.

Arriagada R, Rutqvist LE, Mattson A, Kramar A & Rotstein S ( 1995) Adequate locore-
gional treatment for early breast cancer may prevent secondary dissemination. J Clin
Oncol 13: 2869–2878.

Arun B, Kilic G, Yen C, Foster B, Yardley D, Gaynor R & Ashfaq R (2003) Correlation of
Bcl-2 and p53 expression in primary breast tumors and corresponding metastatic
lymph nodes. Cancer 98: 2554–2559.

Askmalm MS, Carstensen J, Nordenskjold B, Olsson B, Rutqvist LE, Skoog L & Stal O
(2004) Mutation and accumulation of p53 related to results of adjuvant therapy of post-
menopausal breast cancer patients. Acta Oncol 43: 235–244.

Attardi LD & Jacks T (1999) The role of p53 in tumor suppression: lessons from mouse
models. Cell Mol Life Sci 55: 48–63.

Aubele M, Werner M & Hofler H (2002) Genetic alterations in presumptive precursor
lesions of breast carcinomas. Anal Cell Pathol 24: 69–76.

Auchincloss H (1963) Significance of location and number of axillary metastases in carci-
noma of the breast. Ann Surg 158: 37–46.

Auvinen P, Tammi R, Parkkinen J, Tammi M, Agren U, Johansson R, Hirvikoski P, Eske-
linen M & Kosma VM (2000) Hyaluronan in peritumoral stroma and malignant cells
associates with breast cancer spreading and predicts survival. Am J Pathol 156: 529–
536.

Baak JP, van Diest PJ, Voorhorst FJ, van der Wall E, Beex LV, Vermorken JB & Janssen EA
(2005) Prospective multicenter validation of the independent prognostic value of the
mitotic activity index in lymph node-negative breast cancer patients younger than 55
years. J Clin Oncol 23: 5993–6001.

Bai L & Zhu W-G (2006) P53: Structure, function and therapeutic applications. J Cancer
Mol 2: 141–153.

Baker AH, Edwards DR & Murphy G (2002) Metalloproteinase inhibitors: biological
actions and therapeutic opportunities. J Cell Sci 115: 3719–3727.

Barbareschi M (1996) Prognostic value of the immunohistochemical expression of p53 in
breast carcinomas: a reviwe of the literature involving over 9000 patients. Appl Immu-
nohistochem 4:106–116.

Barnes R & Masood S (1990) Potential value of hormone receptor assay in carcinoma in
situ of the breast. Hum Pathol 16: 796–807.

Barnes DM & Gillett CE (1998) Cyclin D1 in breast cancer. Breast Cancer Res Treat 52: 1–
15.

Bartek J, Bartkova J, Vojtesek B, Staskova Z, Rejthar A, Kovarik J & Lane DP (1990) Pat-
terns of expression of the tumor suppressor in human breast tissues and tumours in situ
and in vitro. Int J Cancer 46: 839–844.

Baselga J 2001 (2001) Herseptin alone or in combination with chemotherapy in the treat-
ment of HER2-positive metastatic breast cancer: pivotal trials. Oncology 61: 14–21.

Baselga J, Perez EA, Pienkowski T & Bell R (2006) Adjuvant trastuzumab: a milestone in
the treatment of HER-2-positive early breast cancer. Oncologist 11: 4–12.
86



Baum M, Buzdar A, Cuzick J, Forbes J, Houghton J, Howell A, Sahmoud T; The ATAC
(Arimidex, Tamoxifen alone or in combination) Trialists´ Group (2003) Anastrozole
alone or in combination with tamoxifen versus tamoxifen alone for adjuvant treatment
of postmenopausal women with early-stage breast cancer: results of the ATAC (Arimi-
dex, Tamoxifen Alone or in Combination) trial efficacy and safety update analyses.
Cancer 98: 1802–1810.

Bautista S, Valles H, Walker RL, Anzick S, Zeillinger R, Meltzer P & Theillet C (1998) In
breast cancer, amplification of the steroid receptor coactivator gene AIB1 is correlated
with estrogen and progesterone receptor positivity. Clin Cancer Res 4: 2925–2929.

Beatson GT (1896) On the treatment of inoperable cases of carcinogen of the mamma: Sug-
gestions for a new method of treatment with illustrative cases. Lancet 2: 104–107. 162–
167.

Bebenek M, Bar JK, Harlozinska A & Sedlaczek P (1998) Prospektive studies of p53 and
c-erbB-2 expression in relation to clinicopathological parameters of human ductal
breast cancer in the second stage of clinical advancement. Anticancer Res 18: 619–623.

Beckmann MW, Niederacher D, Schnurch HG, Gusterson BA & Bender HG (1997) Multi-
step carcinogenesis of breast cancer and tumour heterogeneity. J Mol Med 75: 429–
439.

Beenken S, Grizzle W, Crowe R, Conner MD, Weiss HL, Sellers MT, Krontiras H, Vrist
MM & Bland KI (2001) Molecular biomarkers for breast cancer prognosis: co-expres-
sion of c-erbB-2 and p53. Ann Surg 233: 630–638.

Benz CC, Scott GK, Sarup JC, Johnson RM, Tripathy D, Coronado E, Shepard HM &
Osborne CK (1993) Estrogen-dependent, tamoxifen-resistant tumorigenic growth of
MCF-7 cells transfected with HER2/neu. Breast Cancer Res Treat 24: 85–95.

Bergers G, Brekken R, McMahon G, Vu TH, Itoh T, Tamaki K, Tanzawa K, Thorpe P, Ito-
hara S, Werb Z & Hanahan D (2000) Matrix metalloproteinase-9 triggers the angio-
genic switch during carcinogenesis. Nature Cell Biol 2: 737–744.

Bergh J, Norberg T, Sjögren S, Lindgren A & Holmberg L (1995) Complete sequencing of
the p53 gene provides prognostic information in breast cancer patients, particularly in
relation to adjuvant systemic therapy and radiotherapy. Nat Medicine 10:1029–1035.

Bergh J (1999) Clinical studies of p53 in treatment and benefit of breast cancer patients.
Endocr Rel Cancer 6: 51–59.

Bergh J, Wiklund T, Erikstein B, Lidbrink E, Lindman H, Malmstrom P, Kello-
kumpu-Lehtinen P, Bengtsson NO, Soderlund G, Anker G, Wist E, Ottoson S, Salminen
E, Ljungman P, Holte H, Nilsson J, Blomqwist C & Wilking N (2000) Tailored fluorou-
racil, epirubicin, and cyclophosphamide compared with marrow-supported high-dose
chemotherapy as adjuvant treatment for high-risk breast cancer: a randomized trial.
Scandinavian Breast Group 9401 study. Lancet 356: 1384–1391.

Bernard-Marty C, Cardoso F & Piccart MJ (2004) Facts and controversies in systemic treat-
ment of metastatic breast cancer. Oncologist 9: 617–632.

Berns EM, Klijn J, Smid M, van Staveren IL, Look MP, van Putten WL & Foekens JA
(1996) Tp53 and MYC gene alterations independently predict poor prognosis in breast
cancer patients. Genes Chromosomes Cancer 16: 170–179.

Berns EM, de Witte HH, Klijn JG, Willman K, Look MP, Meijer-Van Gelder ME, Benraad
TJ & Foekens JA (1997) Prognostic value of TP53 protein accumulation in human pri-
mary breast cancer: an analysis by luminometric immunoassay on 1491 tumor cytosols.
Anticancer Res 17: 3003–3006.
87



Berns EM, van Staveren IL, Look MP, Smid M, Klijn JG & Foekens JA (1998) Mutations in
residues of TP53 that directly contact DNA predict poor outcome in human primary
breast cancer. Br J Cancer 77: 1130–1136.

Berry DA, Muss HB, Thor AD, Dressler L, Liu ET, Broadwater G, Budman DR, Henderson
IC, Barcos M, Hayes D & Norton L (2000) HER-2/neu and p53 expression versus
tamoxifen resistance in estrogen receptor-positive, node-positive breast cancer. J Clin
Oncol 18: 3471–3479.

Betsill WL, Rosen PP, Lieberman PH & Robbins GF (1978) Intraductal carcinoma.
Long-term follow-up after treatment by biopsy alone. JAMA 239: 1863–1867.

Bianco AR (2004) Targeting c-erbB-2 and other receptors of the c-erB family: rationale and
clinical implications. J Chemother 16: 52–54.

Bijker N, Peterse JL, Duchauteau L, Julien JP, Fentiman IS, Duval C, Di Palma S,
Simony-Lafontaine J, de Mascarel I & van de Vijver MJ (2001) Risk factors for recur-
rence and metastasis after breast-conserving therapy for ductal carcinoma-in-situ: anal-
ysis of European Organization for Research and Treatment of Cancer Trial 10853. J
Clin Oncol 19: 2263–2271.

Bijker N, Meijnen P, Peterse JL, Bogaerts J, Van Hoorebeec I, Julien JP, Gennaro M, Roua-
net P, Avril A, Fentiman IS, Bartelink H & Rutgers EJ (2006) Breast-conserving treat-
ment with or without radiotherapy in ductal carcinoma-in-situ: ten-year results of Euro-
pean Organisation for Research and Treatment of Cancer randomized phase III trial
10853--a study by the EORTC Breast Cancer Cooperative Group and EORTC Radio-
therapy Group. J Clin Oncol 24: 3381–3387.

Black MM & Speer FD (1957) Nuclear structures in cancer tissues. Surg Gynecol Obstet.
105: 97–102.

Blackburn AC & Jerry DJ (2002) Knockout and transgenic mice of Trp53: what have we
learned about p53 in breast cancer? Breast Cancer Res 4: 101–111.

Blanco G (1980) Prognostic factors affecting 5-year survival in breast cancer. Acta Univ
Oul D 58.

Bloom HJG & Richardson WW (1957) Histologic grading and prognosis in breast cancer.
Br J Cancer 9:359–377.

Boecker W, Buerger H, Schmitz K, Ellis IA, van Diest PJ, Sinn H-P, Geradts J, Diallo R,
Poremba C & Herbst H (2001) Ductal epithelial proliferations of the breast: a biologi-
cal continuum? Comparative genomic hybridization an high-molecular-weight cytok-
eratin expression patterns. J Pathol 195: 415–421.

Bonadonna G, Brusamolino E, Valagussa P, Rossi A, Brugnatelli L, Brambilla C, de Lena
M, Tancini G, Bajetta E, Musumeci R & Veronesi U (1976) Combination chemother-
apy as an adjuvant treatment in operable breast cancer. N Engl J Med 294: 405–410.

Bonadonna G, Moliterni A, Zambetti M, Daidone MG, Pilotti S, Gianni L & Valagussa P
(2005) 30 years’ follow up of randomised studies of adjuvant CMF in operable breast
cancer: cohort study. BMJ, doi:10.1136/bmj.38314.622095.8F 

Bonnefoi H, Diebold-Berger S, Therasse P, Hamilton A, van de Vijver M, MacGrogan G,
Shepherd L, Amaral N, Duval C, Drijkoningen R, Larsimont D & Piccart M (2003)
Locally advanced/inflammatory breast cancers treated with intensive epirubicin-based
neoadjuvant chemotherapy: are there molecular markers in the primary tumour that
predict for 5-year clinical outcome? Ann Oncol 14: 406–413.
88



Bonneterre J, Roche M, Kerbrat P, Fumoleau P, Goudier MJ, Fargeot P, Montcuquet P, Cla-
vere P, Barats JC, Monnier A, Veyret C, Datchary J, Van Praagh I & Chapelle-Marcil-
lac I (2004) Long-term cardiac follow-up in relapse-free patients after six courses of
fluorouracil, epirubicin, and cyclophosphamide, with either 50 or 100 mg of epirubicin,
as adjuvant therapy for node-positive breast cancer: French adjuvant study group. J
Clin Oncol 22: 3070–3079.

Bonsing BA, Corver WE, Gorsira MC, van Vliet M, Oud PS, Cornelisse CJ & Fleuren GJ
(1997) Specifity of seven monoclonal antibodies against p53 evaluated with Western
blotting, immunohistochemistry, confocal laser scanning microscopy, and flow cytom-
etry. Cytometry 28: 11–24.

Borresen-Dale AL (2003) Tp53 and breast cancer. Human Mutation 21: 292–300.
Bottini A, Berruti A, Bersiga A, Brizzi MP, Brunelli A, Gorzegno G, DiMarco B, Aguggini

S, Bolsi G, Cirillo F, Filippini L, Betri E, Bertoli G, Alquati P & Dogliotti L (2000) p53
but not bcl-2 immunostaining is predictive of poor clinical complete response to pri-
mary chemotherapy in breast cancer patients. Clin Cancer Res 6: 2751–2758.

Bourguignon LYW, Gunja-Smith Z, Iida N, Zhu HB, Young LJT, Muller WJ & Cardiff RD
(1998) CD44v(3,8-10) is involved in cytoskeleton-mediated tumor cell migration and
matrix metalloproteinase (MMP-9) association in metastatic breast cancer cells. J Cell
Physiol 176: 206–215.

Bove BA, Dunbrack RL &Godwin AK (2003) BRCA1, BRCA2, and hereditary breast can-
cer. In: Pasqualini JR (ed) Breast cancer prognosis, treatment and prevention. Marcel
Dekker Inc, New York, 555–624.

Bower JE, Ganz PA, Desmond KA, Rowland JH, Meyerowitz BE & Belin TR (2000)
Fatique in breast cancer survivors: occurrence, correlates, and impact on quality of life.
J Clin Oncol 18: 743–753.

Brain EG, Bachelot T, Serin D, Kirscher S, Graic Y, Eymard JC, Extra JH, Combe H,
Fourme F, Nogues C & Rouesse J; RAPP-01 Trial Investigators (2005) Life-threaten-
ing sepsis associated with adjuvant doxorubicin plus docetaxel for intermediate-risk
breast cancer. JAMA 293: 2367–2371.

Bria E, Nistico C, Cuppone F, Carlini P, Ciccarese M, Milella M, Natoli G, Terzoli E, Cog-
netti F & Giannerelli D (2006)a Benefit of taxanes as adjuvant chemotherapy for early
breast cancer. Pooled analysis of 15,500 patients. Cancer 106: 2337–2344.

Bria E, Ciccarese M, Giannarelli D, Cuppone F, Nistico C, Nuzzo C, Natoli G, Fabi A, Ter-
zoli E, Cognetti F & Carlini P (2006)b Early ewitch with aromatase inhibitors as adju-
vant hormonal therapy for postmenopausal breast cancer: Pooled analysis of 8794
patients. Cancer Treat Rev 32: 325–332.

Brodie A (2002) Aromatase inhibitors and their application to the treatment of breast can-
cer. In: Pasqualini JR (ed) Breast cancer prognosis, treatment and prevention. Marcel
Dekker Inc, New York, 251–269.

Brueggemeier RW, Hackett JC & Diaz-Cruz ES (2005) Aromatase inhibitors in the treat-
ment of breast cancer. Endocr Rev 26: 331–345.

Brummer O, Athar S, Riethdorf L, Loning T & Herbst H (1999) Matrix-metalloproteinases
1, 2, and 3 and their tissue inhibitors 1 and 2 in benign and malignant breast lesions: an
in situ hybridisation study. Virchows Arch  435: 566–573.
89



Brunello A, Basso U, Pogliani C, Jirillo A, Ghiotto C, Koussis H, Lumachi F, Tacobone M,
Vamvakas L & Monfardini S (2005) Adjuvant chemotherapy for elderly patients (> or
=70 years) with early high-risk breast cancer: a retrospective analysis of 260 patients.
Ann Oncol 16: 1276–1282.

Bruzzi P, Del Mastro L, Sormani MP, Bastholt L, Danova M, Focan C, Fountzilas G, Paul J,
Rosso R & Venturini M (2005) Objective response to chemotherapy as a potential sur-
rogate end point of survival in metastatic breast cancer patients. J Clin Oncol 23: 5117–
5125.

Bundred NJ (2001) Prognostic and predictive factors in breast cancer. Cancer Treat Rev
27:137–142.

Burstein HJ, Polyak K, Wong JS, Lester S & Kaelin CM (2004) Ductal carcinoma in situ of
the breast. N Engl J 350: 430–1441.

Butler JA, Bretsky S, Menendez-Botet C & Kinne DW (1985) Estrogen receptor protein of
breast cancer as a predictor of recurrence. Cancer 55:1178–1181.

Buyse M, Loi S, van’t Veer L, Viale G, Delorenzi M, Glas AM, d’Assignies MS, Bergh J,
Lidereau R, Ellis P, Harris A, Bogaerts J, Therasse P, Floore A, Amakrane M, Piette F,
Rutgers E, Sotiriou C, Cardoso F & Piccart MJ; TRANSBIG Consortium (2006) Vali-
dation and clinical utility of a 70-gene prognostic signature for women with node-neg-
ative breast cancer. J Natl Cancer Inst 98: 1183–1192.

Buzdar A, Hayes D, El-Khoudary A, Yan S, Lonning P, Lichinitser M, Gopal R, Falkson G,
Pritchard K, Lipton A, Wolter K, Lee A, Fly K, Chew R, Alderdice M, Burke K &
Eisenber P; Droloxifene 301 study Group (2002) Phase III randomized trial of drolox-
ifene and tamoxifen as first line endocrine treatment of ER/PgR-positive advanced
breast cancer. Breast Cancer Res Treat 73: 161–175.

Buzdar AU & Cuzick J (2006) Anastrozole as an adjuvant endocrine treatment for post-
menopausal patients with breast cancer: emerging data. Clin Cancer Res 12: 1037–
1048.

Callagy GM, Pharoah PD, Pinder SE, Hsu FD, Nielsen TO, Ragaz J, Ellis IO, Huntsman D
& Caldas C (2006) Bc-2 is a prognostic marker in breast cancer independently of the
Nottingham Prognostic Index. Clin Cancer Res 12: 2468–2475.

Carlson RW, Moench SJ, Hammond ME, Perez EA, Burstein HJ, Allred DC, Vogel CL,
Goldstein LJ, Somlo G, Gradishar WJ, Hudis CA, Jahanzeb M, Stark A, Wolff AC,
Press MF, Winer EP, Paik S, Ljung BM; NCCN HER2 Testing in Breast Cancer Task
Force. J Natl Compr Canc Netw 3: S1–22.

Carstens PH, Greenberg RA, Francis D & Lyon H (1985) Tubular carcinoma of the breast.
A long term follow-up. Histopathology 99: 271–280.

Carter CL, Allen C & Henson DE (1989) Relation of tumor size, lymph node status, and
survival in 24,740 breast cancer cases. Cancer 63: 181–187.

Castagnetta L, Traina A, Carruba G, Fecarotta E, Palazzotto G & Leake R (1992) The prog-
nosis of breast cancer patients in relation to the estrogen receptor status of both primary
disease and involved nodes. Br J Cancer 66: 167–170.

Chakraborti S, Mandal M, Das S, Mandal A & Chakraborti T (2003) Regulation of matrix
metalloproteinases: an overview. Mol Cell Biochem 253: 269–285.

Chambers AF & Matrisian LM (1997) Changing views of the role of matrix metalloprotein-
ases in metastasis. J Natl Cancer Inst  89: 1260–1270.
90



Chang J, Clark GM, Allred DC, Mohsin S, Chamness G & Elledge RM (2003) Survival of
patients with metastatic breast carcinoma: importance of prognostic markers of the pri-
mary tumor. Cancer 97: 545–553.

Chappell SA, Walsh T, Walker RA & Shaw JA (1997) Loss of heterozygosity at chromo-
some 6q in preinvasive and early invasive breast carcinomas. Br J Cancer 75: 1324–
1329.

Chappuis PO, Estreicher A, Dieterich B, Bonnefoi H, Otter M, Sappino AP & Iggo R
(1999) Prognostic significance of p53 mutation in breast cancer: frequent detection of
non-missense mutations by yeast functional assay. Int J Cancer 84: 587–593.

Chauqui RF, Zhuang Z, Emmert-Buck MR, Liotta LA & Merino MJ (1997) Analysis of loss
of heterozygosity on chromosome 11q13 in atypical ductal hyperplasia and in situ car-
cinoma of the breast. Am J Pathol 150: 297–303.

Chen X, Ko LJ, Jayaraman L & Prives C (1996) p53 levels, functional domains, and DNA
damage determine the extent of the apoptotic response of tumor cells. Genes Dev 10:
2438–2451.

Chevallier B, Mosseri V, Dauce JP, Bastit P, Julien JP & Asselain B (1990) A prognostic
score in histological node negative breast cancer. Br J Cancer 61: 436–440.

Chia SK, Speers CH, Bryce CJ, Hayes MM & Olivotto IA (2004) Ten-year outcomes in a
population-based cohort of node-negative, lymphatic, and vascular invasion-negative
early breast cancers without adjuvant systemic therapies. J Clin Oncol 22: 1630–1637.

Chitemere M, Andersen TI, Hom R, Karlsen F, Borresen A-L & Nesland JM ( 1996) TP53
alterations, atypical ductal hyperplasia and ductal carcinoma in situ of the breast.
Breast Cancer Res Treat 41: 103–109.

Chu E & DeVita VT (2003) Physicians’ Cancer Chemotherapy Drug Manual. Jones and
Bartlett Publishers, London, 95,130,135,144,175,158,281. 

Chua S, Smith IE, A’Hern RP, Coombes GA, Hickish TF, Robinson AC, Laing RW, O´Brien
ME, Ebbs SR, Hong A, Wardley A, Mughal T, Verrill M, Dubois D & Bliss JM; TOPIC
Trial Group (2005) Neoadjuvant vinorelbine/epirubisin (VE) versus standard adriamy-
cin/cyclophosphamide (AC) in operable breast cancer: analysis of response and tolera-
bility in a randomized phase III trial (TOPIC 2) Ann Oncol 16: 1435–1441.

Cianfrocca M & Goldstein LJ (2004) Prognostic and predictive factors in early-stage breast
cancer. Oncologist 9: 606–616.

Cimoli G, Malacarne D, Ponassi R, Valenti M, Alberti S & Parodi S (2004) Meta-analysis of
the role of p53 status in isogenic systems tested for sensitivity to cytotoxic antineoplas-
tic drugs. Biochim Biophys Acta 1705: 103–120.

Clahsen PC, van de Velde CJH, Duval C, Pallud C, Mandard AM, Delobelle-Deroide A,
van den Broek L, Sahmoud TM & van de Vijver MJ (1998) p53 protein accumulation
and response to adjuvant chemotherapy in premenopausal women with node-negative
early breast cancer. J Clin Oncol 16: 470–479.

Clark RM, McCulloch PB, Levine MN, Lipa M, Wilkinson RH, Mahoney LJ, Basrur VR,
Nair BD, McDermot RS, Wong CS & Corbett PJ (1992) Randomized clinical trial to
assess the effectiveness of breast irradiation following lumpectomy and axillary dissec-
tion for node-negative breast cancer. J Natl Cancer Inst 84:683–689.

Clarke RB, Howell A & Andersson E (2002) Control of proliferation in the normal and neo-
plastic breast. In: Pasqualini JR (ed) Breast cancer prognosis, treatment and prevention.
Marcel Dekker Inc, New York, 149–186.
91



Clayton F (1986) Pure mucinous carcinomas of the breast: morphologic features and prog-
nostic correlates. Hum Pathol 17: 34–38.

Cobleigh MA, Tabesh B, Bitterman P, Baker J, Cronin M, Liu ML, Borchik R, Mosquera
JM, Walker MG & Shak S (2005) Tumor gene expression and prognosis in breast can-
cer patients with 10 or more positive lymph nodes. Clin Cancer Res 11: 8623–8631.

Cole MP, Jones CT & Todd ID (1971) A new anti-oestrogenic agent in late breast cancer.
An early clinical appraisal of ICI46474. Br J Cancer 25: 270–275.

COMA Working Group on Diet and Cancer (1998) Nutritional aspects of the development
of cancer (UK Department of Health Report on Health and Social Subjects No.48),
HMSO, Norwich.

Coombes RC, Hall E, Gibson LJ, Paridaens R, Jassem J, Delozier T, Jones SE, Alvarez I,
Bertelli G, Ortmann O, Coates AS, Bajetta E, Dodwell D, Coleman RE, Fallowfield LJ,
Mickiewicz E, Andersen J, Lonning PE, Cocconi G, Stewart A, Stuart N, Snowdon CF,
Carpentieri M, Massimini G & Bliss JM; Intergroup Exemestane Study (2004) A ran-
domized trial of exemestane after two to three years of tamoxifen therapy in postmeno-
pausal women with primary breast cancer. N Engl J Med 350: 1081–1092.

Coradini D, Daidone MG, Boracchi P, Biganzoli E, Oriana S, Bresciani G, Pellizarro C,
Tomasic G, Di Fronzo G & Marubini E (2000) Time-dependent relevance of steroid
receptors in breast cancer. J Clin Oncol 18: 2702–2709.

Corbett IP, Henry JA & Angus B (1990) NCL-CB11, a new monoclonal antibody recogniz-
ing the internal domain of the c-erbB-2 oncogene protein effective for use on forma-
lin-fixed, paraffin-embedded tissue. J Pathol 161: 15–25.

Cornelius LA, Nefring LC, Harding E, Bolanowski M, Welgus HG, Kobayashi DK, Pierce
RA & Shapiro SD (1998) Matrix metalloproteinases generate angiostatin: effects on
neovascularization. J Immunol 161: 6845–6852.

Corzo C, Corominas JM, Tusquets I, Salido M, Bellet M, Fabregat X, Serrano S & Sole F
(2006) The MYC oncogene in breast cancer progression: from benign epithelium to
invasive carcinoma. Cancer Genet Cytogenet 165: 151–156.

Costantino JP, Kuller LH, Ives DG, Fisher B & Digman J (1997) Coronary heart disease
mortality and adjuvant tamoxifen therapy. J Natl Cancer Inst 89: 776–782.

Couse JF & Korach KS (1999) Estrogen receptor null mice: What have we learned and
where will they lead us? Endocr Rev 20: 358–417.

Coussens LM & Werb Z (1996) Matrix metalloproteinases and the development of cancer.
Chem Biol 3: 895–904.

Coussens LM, Tinkle CL, Hanahan D & Werb Z (2000) MMP-9 supplied by bone mar-
row-derived cells contributes to skin carcinogenesis. Cell 103: 481–490.

Cox CE, Bass SS, McCann CR, Ku NN, Berman C, Durand K, Bolano M, Wang J, Peltz E,
Cox S, Salud C, Reintgen DC & Lyman GH (2000) Lymphatic mapping and sentinel
node biopsy in patients with breast cancer. Annu Rev Med 51: 525–542.

Cox G, Jones JL & O’Byrne KJ (2000) Matrix metalloproteinase 9 and the epidermal
growth factor signal pathway in operable non-small cell lung cancer. Clin Cancer Res
6: 2349–2355.

Cummings SR, Eckert S, Krueger KA, Grady D, Powles TJ, Cauley JA, Norton L, Nick-
elsen T, Bjarnason NH, Morrow M, Lippman ME, Black D, Glusman JE, Costa A &
Jordan VC (1999) The effect of raloxifene on risk of breast cancer in postmenopausal
women: results from the MORE randomized trial. Multiple Outcomes of Raloxifene
Evaluation, JAMA 281: 2189–2197.
92



Cuzick J, Powles T, Veronesi U, Forbes J, Edwards R, Ashley S & Boyle P (2003) Over-
view of the main outcomes in breast-cancer prevention trials. Lancet 361: 296–300.

Daffada AA, Johnston SR, Smith IE, Detre S, King N & Dowsett M (1995) Exon 5 deletion
variant estrogen receptor messenger RNA expression in relation to tamoxifen resis-
tance and progesterone receptor/pS2 status in human breast cancer. Cancer Res
55:288–293.

Davidoff AM, herndon JE 2nd, Glover NS, Kerns BJ, Pence JC, Iglehart JD & Marks JR
(1991) Relation between p53 overexpression and established prognostic factors in
breast canecr. Surgery 110: 259–264.

Davies B, Waxman J, Wasan H, Abel P, Williams G, Krausz T, Neal D, Thomas D, Hanby A
& Balkwill F (1993) Levels f matrix metalloproteases in bladder correlate with tumor
grade and invasion. Cancer Res 53: 5365–5369.

Day RS, Shackney SE & Peters WP (2005) The analysis of relapse-free survival curves:
implications for evaluating intensive systemic adjuvant treatment regimens for breast
cancer. Br J Cancer 92: 47–54.

DeClerk YA, Mercurio AM, Stack MS, Chapman HA, Zutter MM, Muschel RJ, Raz A,
Matrisian LM, Sloane BF, Noel A, Hendrix MJ, Coussens L & Padarathsingh M (2004)
Proteases, extracellular matrix, and cancer. A workshop of the path B study section.
Am J Pathol 164: 1131–1139.

De Laurentiis M, Arpino G, Massarelli E, Ruggiero A, Carlomagno C, Ciardiello F, Tortora
G, D’Agostino D, Caputo F, Cancello G, Montagna E, Malorni L, Zinno L, Lauria R,
Bianco AR & De Placido S (2005) A meta-analysis on the interaction between HER-2
expression and response to endocrine treatment in advanced breast cancer. Clin Cancer
Res 11: 4741–4748.

DeLeo AB, Jay G, Appella E, Dubois GC, Law LW & Old LJ (1979) Detection of a trans-
formation-related antigen in chemically induced sarcomas and other transformed cells
of the mouse. Proc Natl Acad Sci USA 76: 2420–2424.

Deryugina EI & Quigley JP (2006) Matrix metalloproteinases and tumour metastasis. Can-
cer Metastasis Rev 25: 9–34.

De Sombre ER, Smiths S, Block GE, Ferguson DJ & Jensen EV (1974) Prediction of breast
cancer response to endocrine therapy. Cancer Chemother Rep 58: 5113–5119.

De Witte JH, Sweep CG, Klijn JG, Grebenschikov N, Peters HA, Look MP, van Tienoven
TH, Heuvel JJ, van Putten WL, Benraad TJ & Foekens JA (1999) Prognostic impact of
urokinase-type plasminogen activator (uPA) and its inhibitor (PAI-1) in cytosols and
pellet extracts derived from 892 breast cancer patients. Br J Cancer 79: 1190–1198.

Diab SG, Hilsenbeck SG, de Moor C, Clark GM, Osborne CK, Ravdin PM & Elledge RM
(1998) Radiation therapy and survival in breast cancer patients with 10 or more posi-
tive axillary lymph nodes treated with mastectomy. J Clin Oncol 16: 1655–1660.

Dickson RB & Lippman ME (2000) Autocrine and paracrine growth factors in the normal
and neoplastic breast. In: Harris JR (ed.) Diseases of the breast. Philadelphia: Lippin-
cott Williams & Wilkins, pp.471–488.

Dietze EC, Caldwell LE, Grupin SL, Mancini M & Seewaldt VL (2001) Tamoxifen but not
4-hydroxytamoxifen initiates apoptosis in p53(-) normal human mammary epithelial
cells by inducing mitochondrial depolarization. J Biol Chem 276: 5384–5394.
93



Di Leo A, Gancberg D, Larsimont D, Tanner M, Jarvinen T, Rouas G, Dolci S, Leroy JY,
Paesmans M, Isola J & Piccart MJ (2002) HER-2 amplification and topoisomerase IIal-
pha gene aberrations as predictive markers in node-positive breast cancer patients ran-
domly treated either with an anthracycline-based therapy or with cyclophosphamide,
metotrexate, and 5-fluorouracil. Clin Cancer Res 8: 1107–1116.

Dillon EK, de Boer WB, Papadimitrious JM & Turbett GR (1997) Microsatellite instability
and loss of heterozygosity in mammary carcinoma and its probable precursors. Br J
Cancer 76: 156–162.

Done SJ, Eskandrian S, Bull S, Redston M & Andrulis IL (2001) p53 missense mutations in
microdissected high-grade ductal carcinoma in situ of the breast. J Natl Cancer Inst 93:
700–704.

Donehower LA, Harvey M, Slagle BL, McArthur MJ, Montgomery CA Jr, Butel JS & Bra-
dley A (1992) Mice deficient for p53 are developmentally normal but susceptible to
spontaneous tumors. Nature 356: 215–221.

Donnelly S, Davis MP, Walsh D & Naughton M; World Health Organization (2002) Mor-
phine in cancer pain management: a practical guide. Support Care Cancer 10: 13–35.

Dontu G, Al-Hajj M, Abdallah WM Clarke MF & Wicha MS (2003) Stem cells in normal
breast development and breast cancer. Cell Prolif 36: 59–72.

Dowsett M, Houghton J, Iden C, Salter J, Farndon J, A’Hern R, Sainsbury R & Baum M
(2006) Benefit from adjuvant tamoxifen therapy in primary breast cancer patients
according oestrogen receptor, progesterone receptor, EGF receptor and HER2 status.
Ann Oncol 17: 818–826.

Drebin JA, Link VC, Stern DF, Weinberg RA & Greene MI (1985) Down-modulation of an
oncogene protein product and reversion of the transformed phenotype by monoclonal
antibodies. Cell 41: 697–706.

Dupont WD, Parl FF, Hartmann WH, Brinton LA, Winfield AC, Worrel JA, Schuyler PA &
Plummer WD (1993) Breast cancer risk associated with proliferative breast disease and
atypical hyperplasia. Cancer 71: 1258–1265.

Duffy MJ & McCarthy K (1998) Matrix metalloproteinases in cancer: prognostic markers
and targets for therapy. Int J Oncol 12: 1343–1348.

Duffy MJ, Maguire TM, Hill A, McDermott E & O’Higgins N (2000) Metalloproteinases:
role in breast carcinogenesis, invasion and metastasis. Breast Cancer Res 2: 252–257.

Dupont WD, Parl FF, Hartmann WH, Brinton LA, Winfield AC, Worrell JA, Schuyler PA &
Plummer WD (1992) Breast cancer risk associated with proliferative breast disease and
atypical hyperplasia. Cancer 71: 1258–1265.

Early Breast Cancer Trialists´ Collaborative Group (1988) Effects of adjuvant tamoxifen
and of cytotoxic therapy on mortality in early breast cancer. An overview of 61 ran-
domized trials among 28,896 women. N Engl J Med 319: 1681–1692.

Early Breast Cancer Trialists´ Collaborative Group (1992) Systemic treatment of early
breast cancer by hormonal, cytotoxic, or immune therapy. 133 randomised trials
involving 31,000 recurrences and 24,000 deaths among 75,000 women. Lancet 339: 1–
15.

Early Breast Cancer Trialists´ Collaborative Group (1996) Ovarian ablation in early breast
cancer: overview of the randomised trials. Lancet 348: 1189–1196.

Early Breast Cancer Trialists´ Collaborative Group (1998) Tamoxifen for early breast can-
cer: An overview of the randomized trials. Lancet 351: 1451–1467.
94



Early Breast Cancer Trialists’ Collaborative Group (1998) Polychemotherapy for early
breast cancer: an overview of the randomized trials. Lancet 352: 930–942.

Early Breast Cancer Trialists& apos; Collaborative Group (2000) Favorable and unfavor-
able effects on long-term survival of radiotherapy for early breast cancer: an overview
of the randomized trials. Lancet 355: 1757–1770.

Early Breast Cancer Trialists´ Collaborative Group (2005) Effects of chemotherapy and
hormonal therapy for early breast cancer on recurrence and 15-year survival: an over-
view of the randomized trials. Lancet 365: 1687–1717.

Eichbaum MH, Kaltwasser M, Bruckner T, de Rosii TM, Schneeweiss A & Sohn C (2006)
Prognostic factors for patients with liver metastases from breast cancer. Breast Cancer
Res Treat 96: 53–62.

Egeblad M & Werb Z (2002) New functions for the matrix metalloproteinases in cancer pro-
gression. Nat Rev Cancer 2: 161–174.

Ein-Dor L, Kela I, Getz G, Givol D & Domany E (2005) Outcome signature genes in breast
cancer: is there a unique set? Bioinformatics. 21: 171–178.

Eissa S, Khalifa A, el-Gharib A, Salah N & Mohamed MK (1997) Multivariate analysis of
DNA ploidy, p53, c-erbB-2 proteins, EGFR, and steroid hormone receptors for predic-
tion of poor short term prognosis in breast cancer. Anticancer Res 17: 1417–1423.

Elledge RM, Green S, Howes L, Clark GM, Berardo M, Allred DC, Pugh R, Ciocca D, Rac-
din P, O’Sullivan J, Rivkin S, Martino S & Osborne CK (1997) bcl-2, p53 and response
to tamoxifen in estrogen receptor-positive metastatic breast cancer. A Southwest
Oncology Group study. J Clin Oncol 15: 1916–1922. 

Elledge RM, Green S, Ciocca D, Pugh R, Allred DC, Clark GM, Hill J, Ravdin P, O’Sulli-
van J, Martino S & Osborne CK (1998) HER-2 expression and response to tamoxifen
in estrogen receptor-positive breast cancer: a Southwest Oncology Group Study. Clin
Cancer Res 4: 7–12.

Elston CW & Ellis IO (1991) Pathological prognostic factors in breast cancer. The value of
histological grade in breast cancer: experience from a large study with long-term fol-
low-up. Histopathology 19: 403–410.

Eng C (1997) Cowden syndrome. J Genet Counsel 6: 181–192.
Erdem O, Dursun A, Coskun U & Gunel N (2005) The prognostic value of p53 and

c-cerbB-2 expression, proliferative activity and angiogenesis in node-negative breast
carcinoma. Tumori 91: 46–52.

Erkko H, Xia B, Nikkilä J, Schleutker J, Syrjäkoski K, Mannermaa A, Kallioniemi A,
Pylkäs K, Karppinen S-M, Rapakko K, Miron A, Sheng Q, Li G, Mattila H, Bell DW,
Haber DA, Grip M, Reiman M, Jukkola-Vuorinen A, Mustonen A, Kere J, Aaltonen
LA, Kosma V-M, Kataja V, Soini Y, Drapkin RI, Livingston DM & Winqvist R (2007)
A recurrent mutation in PALB2 in Finnish cancer families. doi:10.1038/nature05609.

Ernster VL & Barclay J (1997) Increases in ductal carcinoma in situ (DCIS) of the breast in
relation to mammography: a dilemma. J Natl Cancer Inst Monogr, 151–156.

Ernster VL, Ballard-Barbash R, Barlow WE, Zheng Y, Weaver DL, Cutter G, Yankaskas
BC, Rosenberg R, Carney PA, Kerlikowske K, Taplin SH, Urban N & Geller BM
(2002) Detection of ductal carcinoma in situ in women undergoing screening mam-
mography. J Natl Cancer Inst 94: 1546–1554. 

Esteva FJ & Hortobagyi GN (2004) Prognostic molecular markers in early breast cancer.
Breast Cancer Res 6: 109–118.
95



Faneyte IF, Peterse JL, Van Tinteren H, Pronk C, Bontenbal M, Beex LV, van der Wall E,
Richel DJ, Nooij MA, Voest EE, Hupperets P, Ten Vergert EM, de Vries EG, Rodenhuis
S & van de Vijver MJ (2004) Predicting early failure after adjuvant chemotherapy in
high-risk breast cancer patients with extensive lymph node involvement. Clin Cancer
Res 10: 4457–4463. 

Ferlay J, Bray F, Parkin DM & Pisani P (eds.) (2001) Globocan 2000: Cancer incidence and
Mortality Worldwide (IARC Cancer Bases No. 5) IARCPress, Lyon.

Ferreras M, Felbor U, Lenhard T, Olsen BR & Delaisse J (2000) Generation and degrada-
tion of human endostatin proteins by various proteinases. FEBS Lett 486: 247–251.

Ferrero JM, Ramaioli A, Formento JL, Francoual M, Etienne MC, Peyrottes I, Ettore F,
Leblanc-Talent P, Namer M & Milano G (2000) P53 determination alongside classical
prognostic factors in node-negative breast cancer: an evaluation at more than 10-year
follow-up. Ann Oncol 11: 393–397.

Ferrero-Pous M, Hacene K, Bouchet C, Le Doussal V, Tubiana-Hulin M & Spyratos F
(2000) Relationship between c-erbB-2 and other tumor characteristics in breast cancer
prognosis. Clin Cancer Res 6: 4745–4754.

Finnish Cancer Registry. Cancer Statistics at www.cancerregistry.fi, 2005 
Fisher B & Slack N (1970) Number of lymph nodes examined and the prognosis of breast

carcinoma. Surg Gyn ObS 131: 79–88.
Fisher B, Slack NH, Cavanaugh PH, Gardner B & Ravdin RG (1970) Postoperative radio-

therapy in the treatment of breast cancer: results of the NSABP clinical trial. Ann Surg
172: 711–732.

Fisher B, Redmond C, Legault-Poisson S, Dimitrov NV, Brown AM, Wickerham DL, Wol-
mark N, Margolese RG, Bowman D, Glass AG, Kardinal CG, Robidoux A, Jochimsen
P, Cronin W, Deutsch M, Fisher ER, Myers DB & Hoehn JL (1990) Postoperative che-
motherapy and tamoxifen compared with tamoxifen alone in the treatment of posi-
tive-node breast cancer patients aged 50 years and older with tumors responsive to
tamoxifen: results from the National Surgical Adjuvant Breast and Bowel Project B-16.
J Clin Oncol 8: 1005–1018. 

Fisher ER, Constantino J, Fisher B, Palekar AS, Redmond C & Mamounas E (1995) Patho-
logic findings from the National Surgical Adjuvant Breast Project (NSABP) Protocol
B-17. Intraductal carcinoma (ductal carcinoma in situ). The National Surgical Adju-
vant Breast and Bowel Project Collaborating Investigators. Cancer 75: 1310–1319.

Fisher B, Anderson S, Redmond CK, Wolmarka N, Wickerham DL & Cronin WM (1995)
Reanalysis and results after 12 years of follow-up in a randomized clinical trial com-
paring total mastectomy with lumpectomy with or without irradiation in the treatment
of breast cancer. N Engl J Med 333: 1456–1461.

Fisher B, Costantino JP, Wickerham DL, Redmond CK, Kavanah M, Cronin WM, Vogel V,
Robidoux A, Dimitrov N, Atkins J, Daly M, Wieand S, Tan-Chiu E, Ford L, Wolmark
N and other national Surgical Adjuvant Breast and Bowel Project Investigators (1998)
Tamoxifen for prevention of breast cancer: Report of the National Surgical Adjuvant
Breast and Bowel Project P-1 Study. J Natl Cancer Inst 90: 1371–1388.

Fisher B, Dignam J, Wolmark N, Mamounas E, Costantino J, Poller W, Fisher ER, Wicker-
ham DL, Deutsch M, Margolese R, Dimitrov N & Kavanah M (1998) Lumpectomy
and radiation therapy for the treatment of intraductal breast cancer: findings from
National Surgical Adjuvant Breast and Bowel Project B-17. J Clin Oncol 16: 441–452.
96

http://www.cancerregistry.fi


Fisher B, Dignam J, Wolmark N, Wickerham DL, Fisher ER, Mamounas E, Smith R,
Begovic M, Dimitrov NV, Margolese RG, Kardinal CG, Kavanah MT, Fehrenbacher L
& Oishi RH (1999) Tamoxifen in treatment of intraductal breast cancer: national Surgi-
cal Adjuvant Breast and Bowel Project B-24 randomised controlled trial. Lancet 353:
1993–2000.

Fisher B, Land S, Mamounas E, Dignam J, Fisher ER & Wolmark N (2001) Prevention of
invasive breast cancer in women with ductal carcinoma in situ: an update of the
national surgical adjuvant breast and bowel project experience. Semin Oncol 28: 400–
418.

Fisher B, Bryant J, Dignam JJ, Wickerham DL, Mamounas EP, Fisher ER, Margolese RG,
Nesbitt L, Paik S, Pisansky TM & Wolmark N (2002) Tamoxifen, radiation therapy, or
both for prevention of ipsilateral breast tumor recurrence after lumpectomy in women
with invasive breast cancers of one centimeter or less. J Clin Oncol 20: 4141–4149.

Fitzgibbons PL, Henson DE & Hutter RV (1998) Benign breast changes and the risk for
subsequent breast cancer: an update of the 1985 consensus statement. Cancer Commit-
tee of the College of American Pathologists. Arch Pathol Lab Med 122: 1053–1055.

Fletcher GH (1972) Local results of irradiation in the primary management of localized
breast cancer. Cancer 29: 545–551.

Fossati R, Confalonieri C, Torri V, Ghislandi E, Penna A, Pistotti V, Tinazzi A & Liberati A
(1998) Cytotoxic and hormonal treatment for metastatic breast cancer: a systematic
review of published randomized trials involving 31,510 women. J Clin Oncol 16:
3439–3460.

Fujii H, Szumel R, Marsh C, Zhou W & Gabrielson E (1996) Genetic progression histologic
grade and allelic loss in ductal carcinoma in situ of the breast. Cancer Res 56: 1493–
1497.

Galea MH, Blamey RW, Elston CW & Ellis IO (1992) The Nottingham prognostic index in
primary breast cancer. Breast Cancer Res Treat 22: 207–219.

Gasco M, Shami S & Crook T (2002) The p53 pathway in breast cancer. Breast Cancer Res
4: 70–76.

Geisler S, Lonning PE, Aas T, Johnsen H, Fluge O, Haugen DF, Lillehaug JR, Akslen LA &
Borresen-Dale AL (2001) Influence of TP53 gene alterations and c-erbB-2 expression
on the response to treatment with doxorubicin in locally advanced breast cancer. Can-
cer Res 61: 2505–2512.

Gerber L, Lambert M, Wood C, Duncan M, D’Angelo T, Schain W, McDonald H, Danforth
D, Findlay P & Glatstein E (1992) Comparison of pain, motion, and edema after modi-
fied radical mastectomy vs. local excision with axillary dissection and radiation. Breast
Cancer Res Treat 2: 139–45.

Ghersi D, Wilcken N & Simes RJ (2005) A systematic review of taxane-containing regi-
mens for metastatic breast cancer. Br J Cancer 93: 293–302.

Gil JM, Rubio-Terres C, Del Castillo A, Gonzalez P & Canorea F (2006) Pharmacoeco-
nomic analysis of adjuvant therapy with exemestane, anastrozole, letrozole or tamox-
ifen in postmenopausal women with operable and estrogen receptor-positive breast
cancer. Clin Transl Oncol 8: 39–348.

Gillett CE, Lee AH, Millis RR & Barnes DM (1998) Cyclin D1 and associated proteins in
mammary ductal carcinoma in situ and atypical ductal hyperplasia. J Pathol 184: 396–
400.
97



Goldstein L, O’Neill A & Sparano J (2005) E2197: phase III AT (doxorubisin/docetaxel) vs.
AC (doxorubisin/cyclophosphamide) in the adjuvant treatment of node positive and
high risk node negative breast cancer. J Clin Oncol (Meeting Abstracts) 23: 512.

Gorelik L & Flavell RA (2001) Immune-mediated eradication of tumors through the block-
ade of transforming growth factor-beta signaling in T cells. Nature Med 7: 1118–1122.

Goss PE, Ingle JN, Martino S, Robert NJ, Muss HB, Piccart MJ, Castiglione M, Tu D,
Shepherd LE, Pritchard KI, Livingston RB, Davidson NE, Norton L, Perez EA,
Abrams JS, Cameron DA, Palmer MJ & Pater JL (2005) Randomized trial of letrozole
following tamoxifen as extended adjuvant therapy in receptor-positive breast cancer:
updated findings from NCIC CTG MA.17. J Natl Cancer Inst 97: 1262–1271.

Graham JD, Bain DL, Richer JK, Jackson TA, Tung L & Horwitz KB (2000) Thoughts on
tamoxifen resistant breast cancer. Are coregulators the answer or just a red herring? J
Steroid Biochem Mol Biol 74: 255–259.

Green S, Walter P, Greene G, Krust A, Goffin C, Jensen E, Scrace G, Waterfield M & Cham-
bon P (1986) Cloning of the human oestrogen receptor cDNA. J Steroid Biochem 24:
77–83.

Greenough RB (1925) Varying degrees of malignancy in cancer of the breast. J Cancer Res
9: 453–463.

Gross J & Lapiere CM (1962) Collagenolytic activity in amphibian tissues: a tissue culture
assay. Proc Natl Acad Sci USA 48: 1014–1022.

Gu Z, Kaul M, Yan B, Kridel SJ, Cui J, Strongin A, Smith JW, Liddington RC & Lipton SA
(2002) S-nitrosylation of matrix metalloproteinases: signaling pathway to neuronal cell
death. Science 297: 1186–1190.

Gudjonsson T & Magnusson MK (2005) Stem cell biology and the cellular pathways of car-
cinogenesis. APMIS 113: 922–929.

Gusterson BA, Machin LG, Gullick WJ, Gibbs NM, Powles TJ, Elliot C, Ashley S, Mon-
aghan P & Harrison S (1988) C-erbB-2 expression in benign and malignant breast dis-
ease. Br J Cancer 58: 453–457.

Hagemann T, Robinson SC, Schultz M, Trumper L, Balkwill FR & Binder C (2004)
Enhanced invasiveness of breast cancer cell lines upon co-cultivation with macroph-
ages is due to TNF-alpha dependent up-regulation of matrix matalloproteases. Carcino-
genesis 25: 1543–1549.

Hakama M, Holli K, Isola J, Kallioniemi OP, Kärkkäinen A, Visakorpi T, Pukkala E,
Saarenmaa I, Geiger U, Ikkala J, Nieminen T, Godenhjelm K & Koivula T (1995)
Aggressiveness of screen-detected breast cancers. Lancet 345: 221–224. 

Halsted WS (1894) The results of operations for the cure of cancer of the breast performed
at the Johns Hopkins Hospital from June 1889 to January 1894. Ann Surg 20: 497–554.

Hamilton A, Larsimont D, Paridaens R, Drijkoningen M, van de Vijver M, Bruning P,
Hanby A, Houston S, Treilleux I, Guastalla JP, Van Vreckem A, Sylvester R & Piccart
M (2000) A study of the value of p53, HER2, and Bc-2 in the prediction of response to
doxorubicin and paclitaxel as single agents in metastatic breast cancer: a companion
study to EORTC 10923. Clin Breast Cancer 1: 233–240.

Hanemaaijer R, Verheijen JH, Maguire TM, Visser H, Toet K, McDermott E, O’Higgins N
& Duffy MJ (2000) Increased gelatinase-A and gelatinase-B activities in malignant vs.
benign breast tumors. Int J Cancer 86: 204–207.
98



Hanrahan EO, Broglio K, Frye D, Buzdar AU, Theriault RL, Valero V, Booser DJ, Single-
tary SE, Strom EA, Gajewski JL, Champlin RE & Hortobagyi GN (2006) Randomized
trial of high-dose chemotherapy and autologous hematopoietic stem cell support for
high-risk primary breast carcinoma: follow-up at 12 years. Cancer 106: 2327–2336.

Hansemann von D (1890) Über assymetrische zelltheilung in epithelkrebsen und deren biol-
ogishe bedeutung. Virchows Arch Pathol Anat 119: 299–326.

Harari PM (2004) Epidermal growth factor receptor inhibition strategies in oncology.
Endocr Rel Cancer 11: 689–708.

Harbeck N, Kates R & Schmitt M (2002) Clinical relevance of invasion factors uroki-
nase-type plasminogen activator and plasminogen activator inhibitor type 1 for individ-
ualized therapy decisions in primary breast cancer is greatest when used in combina-
tion. J Clin Oncol 20: 1000–1007.

Harper MJ & Walpole Al (1967) A new derivate of triphenylethylene: Effect of implanta-
tion and mode of action in rats. J Reprod Fertil 13: 101–119.

Harris LN, You F, Schnitt SJ, Witkiewicz A, Lu X, Sgroi D, Ryan PD, Come SE, Burstein
HJ

Haslam SZ (1988) Progesterone effects on deoxyribonucleic acid synthesis in normal
mouse mammary glands. Endocrinology 122: 464–470.

Hemsell DL, Gordon J, Breuner PF & Siiteri PK (1974) Plasma precursors of estrogen. II.
Correlation of the extent of conversion of plasma androstenedione to estrogen with age.
J Clin Endocrinol Metab 38: 476–479.

Henderson IC, Berry DA, Demetri GD, Cirrincione CT, Glodstein LJ, Martino S, Ingle JN,
Cooper MR, Hayes DF, Tkaczuk KH, Fleming G, Holland JF, Duggan DB, Carpenter
JT, Frei E 3rd, Schilsky RL, Wood WC, Muss HB & Norton L (2003) Improved out-
comes from adding sequential paclitaxel but not from escalating doxorubisin dose in an
adjuvant chemotherapy regimen for patients with node-positive primary breast cancer.
J Clin Onco l 21: 976–983.

Henson DE, Ries L, Freedman LS & Carriaga M (1991) Relationship among outcome, stage
of disease, and histological grade for 22,616 cases of breast cancer. Cancer 68: 2142–
2149.

Hillner BE, Ingle JN, Chiebowski RT, Gralow J, Yee GC, Janjan NA, Cauley JA, Blumen-
stein BA, Albain KS, Lipton A & Brown S; American society of clinical oncology
(2003) American Society of Clinical Oncology 2003 update on the role of bisphospho-
nates and bone health issues in women with breast cancer. J Clin Oncol 21: 4042–4057.

Holli K, Valavaara R, Blanco G, Kataja V, Hietanen P, Flander M, Pukkala E & Joensuu H
(2000) Safety and efficacy results of a randomized trial comparing adjuvant toremifene
and tamoxifen in postmenopausal patients with node-positive breast cancer. J Clin
Oncol 20: 3487–3494.

Hollstein M, Sidransky D, Vogelstein B & Harris CC (1991) p53 mutations in human can-
cers,  Science 253: 49–53.

Horwitz KB & McGuire WL (1975) Predicting response to endocrine therapy in human
breast cancer: A hypothesis. Science 189: 726–727.

Houghton J, George WD, Cuzick J, Duggan C, Fentiman IS & Spittle M (2003) Radiother-
apy and tamoxifen in women with completely excised ductal carcinoma in situ of the
breast in the UK, Australia, and New Zealand: randomized controlled trial. Lancet 362:
95–102. 
99



Hsu SM, Raine L & Fanger H (1981) The use of avidin-biotin-peroxidase complex (ABC)
in immunoperoxidase techniques: a comparison between ABC and unlabeled antibody
(PAP) procedure. J Histochem Cytochem 29: 557–580.

Hua J & Muschel RJ (1996) Inhibition of matrix metalloproteinase 9 expression by a
ribozyme blocks metastasis in a rat sarcoma model system. Cancer Res 56: 5279–5284.

Hull DF, Clark GM, Osborne CK, Chamness GC, Knight WA & McGuire WL (1983) Mul-
tiple estrogen receptor assays in human breast cancer. Cancer Res 43: 413–616.

Hynes NE & Stern DF (1994) The biology of erbB-2/neu/HER-2 and its role in cancer. Bio-
chim Biophys Acta 1198: 165–184.

Iacopetta B, Grieu F, Powell B, Soong R, McCaul K & Seshadri R (1998) Analysis of p53
gene mutation by polymerase chain reaction-single strand conformation polymorphism
provides independent prognostic information in node-negative breast cancer. Clin Can-
cer Res 4: 1597–1602.

Ioachim E, Charchanti A, Briasoulis E, Karavasilis V, Tsanou H, Arvanitis DL, Agnantis NJ
& Pavlidis N (2002) Immunohistochemical expression of extracellular matrix compo-
nents tenascin, fibronectin, collagen type IV and laminin in breast cancer: their prog-
nostic value and role in tumour invasion and progression. Eur J Cancer 38: 2362–2370.

Isola J, Visakorpi T, Holli K & Kallioniemi OP (1992) Association of overexpression of
tumor suppressor protein p53 with rapid cell proliferation and poor prognosis in
node-negative breast cancer patients. J Natl Cancer Inst 84: 1109–1114.

Isola J, Weitz S, Visakorpi T, Holli K, Shea R, Khabbaz N & Kallioniemi OP (1993) Cathe-
psin D expression detected by immunohistochemistry has independent prognostic
value in axillary node-negative breast cancer. J Clin Oncol 11: 36–43.

Isola J, Tanner M, Forsyth A, Cooke TG, Watters AD & Bartlett JM (2004) Interlaboratory
comparison of HER-2 oncogene amplification as detected by chromogenic and fluores-
cence in situ hybridization. Clin Cancer Res 10: 4793–4798.

Iwaya K, Tsuda H, Fukutomi T, Tsugane S, Suzuki M & Hirohashi S (1997) Histologic
grade and p53 immunoreaction as undicators of early receurrence of node-negative
breast cancer. Jpn J Clin Oncol 27: 6–12.

Jahkola T, Toivonen T, von Smitten K, Blomqvist C & Virtanen I (1996) Expression of ten-
ascin in invasion border of early breast cancer correlates with higher risk of distant
metastasis. Int J Cancer 69: 445–447.

Jakesz R, Hausmaninger H, Kubista E, Gnant M, Menzel C, Bauernhofer T, Seifert M,
Haider K, Mlineritsch B, Steindorfer P, Kwasny W, Fridrik M, Steger G, Wette V &
Samonig H; Austrian Breast and Colorectal Cancer Study Group trial 5 (2002) Ran-
domized adjuvant trial of tamoxifen and goserelin versus cyclophosphamide, methotr-
exate, and fluorouracil: evidence for the superiority of treatment with endocrine block-
ade in premenopausal patients with hormone-responsive breast cancer-Austrian Breast
and Colorectal Cancer Study Group Trial 5. J Clin Oncol 20: 4621–4627.

Jakesz R, Jonat W, Gnant M, Mittlboeck M, Greil R, Tausch C, Hilfrich J, Kwasny W, Men-
zel C, Samonigg H, Seifert M, Gademann G, Kaufmann M & Wolfgang J; ABCSG and
the GABG (2005) Switching of postmenopausal women with endocrine-responsive
early breast cancer to anastrozole after 2 years' adjuvant tamoxifen: combined results
of ABCSG trial 8 and ARNO 95 trial. Lancet 366: 455–462.

Jardines L, Haffty BG, Doroshow JH, Fisher P & Weitzel J (2004) Breast cancer overview.
In: Pazdur R, Coia LR, Hoskins WJ & Wagman LD (eds) Cancer management: A mul-
tidisciplinary approach.CMP Healthcare Media, New York, 166.
100



Jensen EV & DeSombre ER (1972) Mechanism of action of the female hormones. Ann Rev
Biochemistry 41:203–230.

Jinga DC, Blidaru A, Condrea I, Ardeleanu C, Dragomir C, Szegli G, Stefanescu M &
Matache C (2006) MMP-9 and MMP-2 gelatinases and TIMP-1 and TIMP-2 inhibitors
in breast cancer: correlations with prognostic factors. J Cell Mol Med 10: 499–510.

Jensen EV & Jacobson HI (1962) Basic guidelines to the mechanism of estrogen action.
Recent Prog Horm Res 18: 387–414.

Joensuu H, Holli K, Heikkinen M, Suonio E, Aro AR, Hietanen P & Huovinen R (1998)
Combination chemotherapy versus single-agent therapy as first- and second-line treat-
ment in metastatic breast cancer: a prospective randomized trial. J Clin Oncol 16:
3720–3730.

Joensuu H, Isola J, Lundin M, Salminen T, Holli K, Kataja V, Pylkkänen L, Turpeen-
niemi-Hujanen T, von Smitten K & Lundin J (2003) Amplification of erbB2 and erbB2
expression are superior to estrogen receptor status as risk factors for distant recurrence
in pT1N0M0 breast cancer: a nationwide population-based study. Clin Cancer Res 9:
923–930.

Joensuu H, Lehtimäki T, Holli K, Elomaa L, Turpeenniemi-Hujanen T, Kataja V, Anttila A,
Lundin M, Isola J & Lundin J (2004) Risk for distant recurrence of breast cancer
detected by mammography screening or other methods. JAMA 292: 1064–1073.

Joensuu H, Roberts PJ, Teppo L & Tenhunen M (eds) (2006a) Syöpätaudit. Duodecim,
Jyväskylä, p491, 498.

Joensuu H, Kellokumpu-Lehtinen PL, Bono P, Alanko T, Kataja V, Asola R, Utriainen T,
Kokko R, Hemminki A, Tarkkanen M, Turpeenniemi-Hujanen T, Jyrkkiö S, Flander
M, Helle L, Ingalsuo S, Johansson K, Jääskeläinen AS, Pajunen M, Rauhala M, Kal-
eva-Kerola J, Salminen T, Leinonen M, Elomaa I & Isola J; FinHer Study Investigators
(2006) Adjuvant docetaxel or vinorelbine with or without trastuzumab for breast can-
cer. N Engl J Med 354: 809–820.

John A & Tuszynski G (2001) The role of matrix metalloproteinases in tumor angiogenesis
and tumor metastasis. Pathol Oncol Res 7: 14–23.

Jones A (2003) Combining trastuzumab (Herseptin ®) with hormonal therapy in breast can-
cer: what can be expected and Why? Ann Oncol 14: 1697–1704.

Jones JL, Shaw JA, Pringle JH & Walker RA (2003) Primary breast myoepithelial cells
exert an invasion-supressor effect on breast cancer cells via paracrine down-regulation
of MMP expression in fibroblasts and tumour cells. J Pathol 201: 562–572.

Jost LM (2005) ESMO Guidelines Task Force. ESMO Minimum Clinical Recommenda-
tions for the management of cancer pain. Ann Oncol 16: 83–85.

Jukkola A, Bloigu R, Soini Y, Savolainen ER, Holli K & Blanco G (2001) C-erbB-2 positiv-
ity is a factor for poor prognosis in breast cancer and poor response to hormonal or che-
motherapy treatment in advanced disease. Eur J Cancer 37: 347–354.

Julien JP, Bijker N, Fentiman IS, Peterse JL, Delledonne V, Rouanet P, Avril A, Sylvester R,
Mignolet F, Bartelink H & Van Dongen JA (2000) Radiotherapy in breast-conserving
treatment for ductal carcinoma in situ: first results of the EORTC randomised phase III
trial 10853. EORTC Breast Cancer Cooperative Group and EORTC Radiotherapy
Group. Lancet 355: 528–533.

Järvinen TA, Holli K, Kuukasjärvi T & Isola J (1998) Predictive value of topoisomerase
IIalpha and other prognostic factors for epirubicin chemotherapy in advanced breast
cancer. Br J Cancer 77: 2267–2273.
101



Järvinen TA, Pelto-Huikko M, Holli K & Isola J (2000) Estrogen receptor beta is coex-
pressed with ERalpha and PR and associated with nodal status, grade, and proliferation
rate in breast cancer. Am J Pathol 156: 29–35.

Kai K, Nishimura R, Arima N, Miyayama H & Iwase H (2006) p53 expression status is a
significant molecular marker in predicting the time to endocrine therapy failure in
recurrent breast cancer: a cohort study. Int J Clin Oncol 11: 426–433.

Kallioniemi O-P, Blanco G, Alavaikko M, Hietanen T, Mattila J, Lauslahti K & Koivula T
(1987) Tumour DNA ploidy as an independent prognostic factor in breast cancer. Br J
Cancer 56: 637–642.

Kallioniemi OP, Holli K, Visakorpi T, Koivula T, Helin HH & Isola J (1991) Association of
c-erbB-2 protein over-expression with high rate of cell proliferation, increased risk of
visceral metastasis and poor long-term survival in breast cancer. Int J Cancer 49: 650–
655.

Kallioniemi OP, Kallioniemi A, Kurisu W, Thor A, Chen LC, Smith HS, Waldman FM,
Pinkel D & Gray JW (1992) ERBB2 amplification in breast cancer analyzed by fluo-
rescence in situ hybridization. Proc Natl Acad Sci USA 89: 5321–5325.

Kandioler-Eckersberger D, Ludwig C, Rudas M, Kappel S, Janschek E, Wenzel C, Schlag-
bauer-Wadl H, Mittlbock M, Gnant M, Steger G & Jakesz R (2000) TP53 mutation and
p53 overexpression for prediction of response to neoadjuvant treatment in breast can-
cer patients. Clin Cancer Res 6: 50–56.

Karnik PS, Kulkarni S, Liu XP, Budd GT & Bukowski RM (1994) Estrogen receptor muta-
tions in tamoxifen-resistant breast cancer. Cancer Res 54: 349–353.

Kaufman M, Jonat W, Blamey R, Cuzick J, Namer M, Fogelman I, de Haes JC, Schumacher
M, & Sauerbrei W; Zoladex Early Breast Cancer Research Association (ZEBRA) Tri-
alists’ Group (2003) Survival analyses from the ZEBRA study. Goserelin (Zoladex)
versus CMF in premenopausal women with node-positive breast cancer Eur J Cancer
39: 1711–1717.

Kaufman B, Mackey J, Clemens M, Bapsy P, Vaid A, Wardley A, Tjulandin S, Jahn M,
Lehle M & Jones A (2006) ESMO 2006 kongress, Presidential symposium.

Kelly MJ & Levin ER (2001) Rapid actions of plasma membrane estrogen receptors. Trends
in Endocr and Metab 12: 152–156.

Kenemans P, Verstraeten RA & Verheijen RH (2004) Oncogenic pathways in hereditary and
sporadic breast cancer. Maturitas 49: 34–43.

Key TJ, Appleby PN, Reeves GK, Roddam A, Dorgan JF, Longcope C, Stanczyk FZ,
Stephenson HE Jr, Falk RT, Miller R, Schatzkin A, Allen DS, Fentiman IS, Key TJ,
Wang DY, Dowsett M, Thomas HV, Hankinson SE, Toniolo P, Akhmedkhanov A,
Koenig K, Shore RE, Zeleniuch-Jacquotte A, Berrino F, Laughlin GA, Kabuto M,
Akiba S, Stevens RG, Neriishi K, Land CE, Cauley JA, Kuller LH, Cummings SR, Hel-
zlsouer KJ, Alberg AJ, Bush TL, Comstock GW, Gordon GB, Miller SR & Longcope
C; Endogenous Hormones Breast Cancer Collaborative Group (2003) Body mass
index, serum sex hormones, and breast cancer risk in postmenopausal women. J Natl
Cancer Inst 16:1218–1226.

Kilinc N & Yaldiz M (2004) P53, c-erbB-2 expression and steroid hormone receptors in
breast carcinoma: correlations with histopathological parameters. Eur J Gynaecol
Oncol 25: 606–610.

Kim T, Giuliano M & Lyman G (2006) a Lymphatic mapping and sentinel lymph nose
biopsy in early-stage breast carcinoma. Cancer 106: 4–16.
102



Kim HJ, Park CI, Prk BW, Lee HD & Jung WH (2006) b Expression of MT-1 MMP,
MMP2, MMP9 and TIMP2 mRNAs in ductal carcinoma in situ and invasive ductal
carcinoma of the breast. Yonsei Med 47: 333–342.

Klijn JG, Blamey RW, Boccardo F, Tominaga T, Duchateau L & Sylvester R; Combined
Hormone Agents Trialists’ Group and the European Organization for Research and
treatment of Cancer (2001) Combined tamoxifen and luteinizing hormone-releasing
hormone (LHRH) agonist versus LHRH agonist alone in premenopausal advanced
breast cancer: a meta-analysis of four randomized trials. J Clin Oncol 19: 343–353.

Knoop A, Bentzen S Nielsen M, Rasmussen BB & Rose C (2001) Value of epidermal
growth factor receptor, HER2, p53, and steroid receptors in predicting the efficacy of
tamoxifen in high-risk postmenopausal breast cancer patients. J Clin Oncol 19: 3376–
3384.

Koike M, Fujita F, Komori K, Katoh F, Sugimoto T, Sakamoto Y, Matsuda M & Fujita M
(2004) Dependence of chemotherapy response on p53 mutation status in a panel of
human cancer lines maintained in nude mice. Cancer Sci 95: 541–546.

Komarova EA, Christov K, Faerman AI & Gudkov AV (2000) Different impact of p53 and
p21 on the radiation response of mouse tissues. Oncogene 19: 3791–3798.

Kondo S, Kubota S, Shimo T, Nishida T, Yosimichi G, Eguchi T, Sugahara T & Takigawa M
(2002) Connective tissue growth factor increased by hypoxia may initiate angiogenesis
in collaboration with matrix metalloproteinases. Carcinogenesis 23: 769–776.

Konecny GE, Thomssen C, Luck HJ, Untch M, Wang HJ, Kuhn W, Eidtmann H, du Bois A,
Olbricht S, Steinfeld D, Mobus V, von Minckwitz G, Dandekar S, Ramos L, Pauletti G,
Pegram MD, Janike F & Slamon DJ (2004) HER-2/neu gene amplification and
response to paclitaxel in patients with metastatic breast cancer. J Natl Cancer Inst 96:
1141–1151.

Korkolis DP, Tsoli E, Fouskakis D, Yiotis J, Koullias GJ, Giannopoulos D, Papalambros E,
Nikiteas NI, Spiliopoulou CA, Patsouris E, Asimacopoulos P & Gorgoulis VG (2004)
Tumor histology and stage but not p53, Her2-neu or cathepsin-D expression are inde-
pendent prognostic factors in breast cancer patients. Anticancer Res 24: 2061–2068.

Kousidou OC, Roussidis AE, Theocharis AD & Karamanos NK (2004) Expression of
MMPs and TIMPs genes in human breast cancer epithelial cells depends on cell culture
conditions and is associated with their invasive potential. Anticancer Res 24: 4025–
4030.

Krag DN, Weaver DL, Alex JC & Fairbank JT (1993) Surgical resection and radiolocaliza-
tion of the sentinel lymph node in breast cancer using a gamma probe. Surg Oncol 6:
335–359.

Kroger N, Milde-Langosch K, Riethdorf S, Schoor C, Schumacher M, Zander AR & Loning
T (2006) Prognostic and predictive effects of immunohistochemical factors in high-risk
primary breast cancer patients. Clin Cancer Res 12: 159–168.

Kropveld A, Rozemuller EH, Leppers FGJ, Scheidel KC, de Weger RA, Koole R, Hordijk
GJ, Slootweg PJ & Tilanus MGJ (1999) Sequencing analysis of RNA and DNA of
exons 1 through 11 shows p53 gene alterations to be present in almost 100% of the
head and neck squamous cell cancers. Lab Invest 79: 347–353.

Kuiper GG, Enmark E, Pelto-Huikko M, Nilsson S & Gustafsson JA (1996) Cloning of  a
novel receptor expressed in rat prostate and ovary. Proc Natl Acad Sci USA 93: 5925–
5930.
103



Kurose K, Hoshaw-Woodard S, Adeyinka A, Lemeshow S, Watson PH & Eng C (2001)
Genetic model of multi-step breast carcinogenesis involving the epithelium and
stroma: clues to tumour-microenvironment interactions. Hum Mol Genet 18: 1907–
1913.

Kuukasjärvi T, Könönen J, Helin H, Holli K & Isola J (1996) Loss of estrogen receptor in
recurrent breast cancer is associated with poor response to endocrine therapy. J Clin
Oncol 14: 2584–2589.

Laakso M, Tanner M & Isola J (2006) Dual-colour chromogenic in situ hybridization for
testing of HER-2 oncogene amplification in archival breast tumours. J Pathol 210: 3–9.

Lacroix M, Toillon R-A & Leclercq G (2006) p53 and breast cancer, an update. Endocr Rel
Cancer 13: 293–325.

Lakhani SR, Collins N, Stratton MR & Sloane JP (1995) Atypical ducal hyperplasia of the
breast: clonal proliferations with loss of heterozygosity on chromosomes 16q and 17p.
J Clin Pathol 48: 611–615.

Lambert E, Dasse E, Haye B & Petitfrere E (2004) TIMPs as multifacial proteins. Crit Rec
Oncol Hematol 49: 187–198.

Land SR, Wickerham DL, Costantino JP, Ritter MW, Vogel VG, Lee M, Pajon ER, Wade JL
3rd, Dakhil S, Lockhart JB Jr, Wolmark N & Ganz PA (2006) Patient-reported symp-
toms and quality of life during treatment with tamoxifen or raloxifene for breast cancer
prevention: the NSABP Study of Tamoxifen and Raloxifene (STAR) P-2 trial. JAMA
295: 2742–2751.

Latta EK, Tjan S, Parkes RK & O’Malley FP (2002) The role of HER2/neu overexpression/
amplification in the progression of ductal carcinoma in situ to invasive carcinoma of
the breast. Mod Pathol 15: 1318–1325.

Lee KS, Rha SY, Kim SJ, Kim JH, Roh JK, Kim BS & Chung HC (1996) Sequential activa-
tion and production of matrix metalloproteinase-2 during breast cancer progression.
Clin Exp Metastasis 14: 512–519.

Lee H, Jiang F, Wang Q, Nicosia SV, Yang J, Su B & Bai W (2000) MEKK1 activation of
human estrogen receptor alpha and stimulation of the agonistic activity of 4-hydroxyta-
moxifen in endometrial and ovarian cancer cells. Mol Endocrinol 14: 1882–1896.

Leidenius M, Leivonen M, Vironen J & von Smitten K (2005) The consequences of
long-time arm morbidity in node-negative breast cancer patients with sentinel node
biopsy or axillary clearance. J Surg Oncol 92: 23–31.

Leinonen T, Pirinen R, Böhm J, Johansson R, Ropponen K & Kosma V-M (2006) Expres-
sion of matrix metalloproteinases 7 and 9 in non-small cell lung cancer. Relation to
clinicopathological factors, b-catenin and prognosis. Lung cancer 51: 313–321.

Leonard GD & Swain SM (2004) Ductal carcinoma in situ, complexities and challenges. J
Natl Cancer Inst 96: 906–920.

Leppä S, Saarto T, Vehmanen L, Blomqvist C & Elomaa I (2004) A high serum matrix met-
alloproteinase-2 level is associated with an adverse prognosis in node-positive breast
carcinoma. Clin Cancer Res 10: 1057–1063.

Levenson AS & Jordan VC (2002) Selective estrogen receptor modulation. In: Pasqualini
JR (ed) Breast cancer prognosis, treatment and prevention. New York: Marcel Dekker
Inc, New York, 271–285.
104



Li HC, Cao DC, Liu Y, Hou YF, Wu J, Lu JS, Di GH, Liu G, Li FM, Ou ZL, Jie C, Shen ZZ
& Shao ZM (2004) Prognostic value of matrix metalloproteinases (MMP-2 and
MMP-9) in patients with lymph node-negative breast carcinoma. Breast Cancer Res
Treat 88: 75–85.

Lijnen HR (2001) Plasmin and matrix metalloproteinases in vascular remodeling. Thromb
Haemost 86: 324–333.

Linke SP, Bremer TM, Herold CD, Sauter G & Diamond C (2006) A multimarker model to
predict outcome in tamoxifen-treated breast cancer patients (2006) Clin Cancer Res 12:
1175–1183.

Lippman M, Bolan G & Huff K (1976) The effects of estrogens and antiestrogens on hor-
mone-responsive human breast cancer in long-term tissue culture. Cancer Res 36:
4595–4601.

Lipponen P, Ji H, Aaltomaa S, Syrjänen S & Syrjänen K (1993) p53 protein expression in
breast cancer as related to histopathological characteristics and prognosis. Int J Cancer
55: 51–56.

Lipton A, Harvey HA, Santen RJ, Boucher A, White D, Bernath A, Dixon R, Richards G &
Shafik A (1982) Randomised trial of aminoglutethimide versus tamoxifen in metastatic
breast cancer. Cancer Res 42: 3434–3436.

Lodato RF, Maguire Jr HC, Greene MI, Weiner DB & LeVolsi VA (1990) Immunohis-
tochemical evaluation of c-erbB-2 oncogene expression in ductal carcinoma in situ and
atypical ductal hyperplasia of the breast. Mod Pathol 3: 449–454.

London SJ, Connolly JL, Schnitt SJ & Coldtz GA (1992) A prospective study of benign
breast disease and the risk of breast cancer. JAMA 267: 941–944.

Lord S, Ghersi D, Gattellari M, Wortley S, Wilcken N & Simes J (2004) Antitumour antibi-
otic containing regimens for metastatic breast cancer. Cochrane Database Syst Rev 18:
CD003367.

Love RR, Newcomb PA, Wiebe DA, Surawicz TS, Jordan VC, Carbone PP & DeMets DL
(1990) Effects of tamoxifen therapy on lipid and lipoprotein levels in postmenopausal
patients with node-negative breast cancer. J Natl Cancer Inst 82: 1327–1332.

Love RR, Mazess RB, Barden HS, Epstein S, Newcomb PA, Jordan VC, Carbone PP &
DeMets DL (1992) Effects of tamoxifen on bone mineral density in postmenopausal
women with breast cancer. N Engl J Med 326: 852–856.

Lowe SW, Bodis S, McClatchey A, Remington L, Ruley HE, Fisher DE, Housman DE and
Jacks T (1994) p53 status and the efficacy of cancer therapy in vivo. Science 266: 807–
810.

Lundin J, Lundin M, Holli K, Kataja V, Elomaa L, Pylkkänen L, Turpeenniemi-Hujanen T
& Joensuu H (2001) Omission of histologic grading from clinical decision making may
result in overuse of adjuvant therapies in breast cancer: results from a nationwide study.
J Clin Oncol 19: 28–36.

Lundin J, Lehtimäki T, Lundin M, Holli K, Elomaa L, Turpeenniemi-Hujanen T, Kataja V,
Isola J & Joensuu H (2006) Generalisability of survival estimates for patients with
breast cancer --a comparison across two population-based series. Eur J Cancer 42:
3228–3235.

Ma Xj, Salunga R, Tuggle JT, Gaudet J, Enright E, McQuary P, Payette T, Pistone M,
Stecker K, Zhang BM, Zhou YX, Varnholt H, Smith B, Gadd M, Chatfield E, Kessler J,
Baer TM, Erlander MG & Sgroi DC (2003) Gene expression profiles of human breast
cancer progression. Proc Natl Acad Sci USA 100: 5974–5979.
105



Ma W, Deng Y & Zhou L (2005) The prognostic value of adhesion molecule CD44v6 in
women with primary breast carcinoma: a clinicopathological study. Clin Oncol (R Coll
Radiol) 17: 258–263.

MacDonald F & Ford CH (1997) Molecular biology of cancer. BIOS Scientific Publishers
Ltd, Oxford, 53. 

MacGregor JI & Jordan VC (1998) Basic guide to the mechanisms of antioestrogen action.
Pharmacol Rev 50: 151–196.

MacGrogan G, Mauriac L, Durand M, Bonichon F, Trojani M, de Mascarel I & Coindre JM
(1996) Primary chemotherapy in breast invasive carcinoma: predictive value of the
immunohistochemical detection of hormonal receptors, p53, c-erbB-2, MiB1, pS2 and
GST pi. Br J Cancer 74: 1458–1465.

Magnusson C, Baron JA, Correia N, Bergstrom R, Adami HO & Persson I (1999)
Breast-cancer risk following long-term oestrogen- and oestrogen-progestin-replace-
ment therapy. Int J Cancer 81: 339–344.

Maibenco DC, Dombi GW, Kau TY & Severson RK (2006) Significance of microme-
tastases on the survival of women with T1 breast cancer. Cancer 107: 1234–1239.

Malamou-Mitsi V, Gogas H, Dafni U, Bourli A, Fillipidis T, Sotiropoulou M, Vlachodim-
itropoulos S, Tzaida O, Kafiri G, Kyriakou V, Markaki S, Papaspyrou I, Karagianni E,
Pavlakis K, Toliou T, Scopa CD, Papakostas P, Bafaloukos D, Christodoulou C &
Fountzilas G (2006) Evaluation of the prognostic and predictive value of p53 and Bcl-2
in breast cancer patients participating in a randomized study with dose-dense sequen-
tial adjuvant chemotherapy. Ann Oncol 17: 1504–1511.

Malkin D, Li F, Strong L, Fraumeni J, Nelson C, Kim D, Kassel J, Gryka M, Bisehoff F,
Tainsky M & Friend S (1990) Germ line p53 mutations in a familial syndrome of breast
cancer, sarcomas, and other neoplasms. Science 250: 1233–1238.

Mamounas EP, Bryant J, Lembersky B, Fehrenbacher L, Sedlacek SM, Fisher B, Wicker-
ham DL, Yothers G, Soran A & Wolmark N (2005) Paclitaxel after doxorubisin plus
cyclophosphamide as adjuvant chemotherapy for node-positive breast cancer: results
from NSABP B-28. J Clin Oncol 23: 3686–3696.

Manders P, Bult P, Sweep CG, Tjan-Heijnen VC & Beex LV (2003) The prognostic value of
the mitotic activity index in patients with primary breast cancer who were not treated
with adjuvant systemic therapy. Breast Cancer Res Treat 77: 77–84.

Manes S, Llorente M, Lacalle RA, Kremer L, Mira E & Martnez-A C (1999) The matrix
metalloproteinase-9 regulates the insulin-like growth factor-triggered autocrine
response in DU-145 carcinoma cells. J Biol Chem 274: 6935–6945.

Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG, Dixon JM, Yiangou C, Hor-
gan K, Bundred N, Monypenny I, England D, Sibberng M, Abdullah TI, Barr L, Chetty
U, Sinnett DH, Fleissig A, Clarke D & Ell PJ (2006) Randomized multicenter trial of
sentinel node biopsy versus standard axillary treatment in operable breast cancer: the
ALMANAC trial. J Natl Cancer Inst. 98: 599–609.

Mansour SJ, Matten WT, Hermann AS, Candia JM, Rong S, Fukasawa K, Vande Woude GF
& Ahn NG (1994) Transformation of mammalian cells by conctitutively active MAP
kinase. Science 265: 966–970.
106



Martin M, Pienkowski T, Mackey J, Pawlicki M, Guastalla JP, Weawer C, Tomiak E,
Al-Tweigeri T, Chap L, Juhos E, Guevin R, Howell A, Fornander T, Hainsworth J,
Coleman R, Vinholes J, Modiano M, Pinter T, Tang SC, Colwell B, Prady C,
Provencher L, Walde D, Rodriguez-Lescure A, Hugh J, Laret C, Rupin M, Blitz S,
Jacobs P, Murawsky M, Riva A & Vogel C; Breast Cancer International Research
Group 001 Investigators (2005) Adjuvant docetaxel for node-positive breast cancer. N
Engl J Med 352: 2302–2313.

Marty M, Cognetti F, Maraninchi D, Snyder R, Mauriac L, Tubiana-Hulin M, Chan S,
Grimes D, Anton A, Lluch A, Kennedy J, O’Byrne K, Conte P, Green M, Ward C,
Mayne K & Extra JM (2005) Randomized phase II trial of the efficacy and safety of
trastuzumab combined with docetaxel in patients with human epidermal growth factor
receptor 2-positive metastatic breast cancer administered as first-line treatment: the
M77001 study group. J Clin Oncol 23: 4265–4274.

Mason BH, Holdaway IM, Mullins PR, Yee LH & Kay RG (1983) Progesterone and estro-
gen receptors as prognostic variables in breast cancer. Cancer Res 43: 2985–2990.

Matsubara H, Kimura M, Suqaya M, Koide Y, Gunji Y, Takegana K, Asano T, Ochiai T,
Isono K, Sakiyama S & Tagawa M (1999) Expression of wild-type p53 gene confers
increased sensitivity to radiation and chemotherapeutic agents in human esophageal
carcinoma cells. Int J Oncol 14: 1081–1085.

Mauri D, Pavlidis N, Polyzos P & Ioannidis JP (2006) Survival with aromatase inhibitors
and inactivators versus standard hormonal therapy in advanced breast cancer:
Meta-analysis. J Natl Cancer Inst 98:1285–1291.

McBride OW, Merry D & Givol D (1986) The gene for human p53 cellular tumor antigen is
located on chromosome 17 short arm (17p13). Proc Natl Acad Sci USA 83: 130–134.

McWirther R (1948) The value of simple mastectomy and radiotherapy in the treatment of
cancer of the breast. Br J Radiol 21: 599–610.

Menard S, Casalini P, Campiglio M, Pupa SM & Tagliabue E (2004) Role of HER2/neu in
tumor progression and therapy. Cell Mol Life Sci61: 2965–2978.

Mieog JS, van der Hage JA, van der Vijver MJ & van de Velde CJ; Cooperating Investiga-
tors of the EORTC (2006) Tumour response to preoperative anthracycline-based che-
motherapy in operable breast cancer: the predictive role of p53 expression. Eur J Can-
cer 42: 1369–1379.

Miki Y, Swensen J, Shattuck-Eidens D, Futreal P, Harshman K, Tavtigian S, Liu Q, Cochran
C, Bennett L, Ding W, Bell R, Rosenthal J, Hussey C, Tran T, McClure M, Frye C, Hat-
tlier T, Phelps R, Haugen-Strano A, Katcher H, Yakumo K, Gholami Z, Shaffer D,
Stone S, Bayer S, Wray C, Bogden R, Dayananth P, Wark J, Tonin P, Narod S, Bristow
P, Norris F, Helvering L, Morrison P, Rosteck P, Lai M, Barrett J, Lewis C, Neuhausen
S, Cannon-Albright L, Goldgar D, Wiseman R, Kamb A & Skolnick M (1994) A
strong candidate for the breast and ovarian cancer susceptibility gene BRCA1. Science
266: 66–71. 

Miller KD, Gradishar W, Schuchter L, Sparano JA, Cobleigh M, Robert N, Rasmussen H &
Sledge GW (2002) A randomized phase II pilot trial of adjuvant marimastat in patients
with early-stage breast cancer. Ann Oncol 13: 1220–1224.

Miller DV, Leontovich AA, Lingle WL, Suman VJ, Mertens ML, Lillie J, Ingalls KA, Perez
EA, Ingle JN, Couch FJ & Visscher DW (2004) Utilizing Nottingham Prognostic Index
in microarray gene expression profiling of breast carcinomas. Mod Pathol 17: 756–
764.
107



Millis RR, Bobrow LG & Barnes DM (1996) Immunohistochemical evaluation of biologi-
cal markers in mammary carcinoma in situ: correlation with morphological features
and recently proposed schemes for histological classification. The Breast 5: 113–122.

Mirza AN, Mirza NQ, Vlastos G & Singletary SE (2002) Prognostic factors in node-nega-
tive breast cancer: a review of studies with sample size more than 200 and follow-up
more than 5 years. Ann Surg 235: 10–26.

Mitropoulou TN, Tzanakakis GN, Kletsas D, Kalofonos HP & Karamanos NK (2003)
Letrozole as a potent inhibitor of cell proliferation and expression of metalloprotein-
ases (MMP-2 and MMP-9) by human epithelial breast cancer cells. Int J Cancer 104:
155–160.

Mohan R, Rinehart WB, Bargagna-Mohan P & Fini ME (1998) Gelatinase B/lacZ trans-
genic mice, a model for mapping gelatinase B expression during developmental and
injury related tissue remodeling. J Biol Chem 273: 25903–25914.

Mohsin SK, Hilsenbeck SG & Allred DC (2000) Estrogen receptors and growth control in
premalignant breast disease. Mod Pathol 13: Abstr No.145.

Mommers EC, Leonhart AM, Falix F, Michalides R, Meijer CJ, Baak JP & Diest PJ (2001)
Similarity in expression of cell cycle proteins between in situ and invasive ductal breast
lesions of same differentiation grade. J Pathol 194: 327–333.

Mosconi P, Colozza M, De Laurentiis M, De Piacido S & Maltoni M (2001) Survival, qual-
ity of life and breast cancer. Ann Oncol 12: 15–19.

Mouridsen H & Gershanovich M (2003) The role of aromatase inhibitors in the treatment of
metastatic breast cancer. Semin Oncol 30: 33–45.

Muller V, Witzel I, Luck HJ, Kohler G, von Mincwitz G, Mobus V, Sattler D, Wilczak W,
Loning T, Janicke F, Pantel K & Thomssen C (2004) Prognostic and predictive impact
of the HER-2/ neu extracellular domain (ECD) in the serum of patients treated with
chemotherapy for metastatic breast cancer. Breast Cancer Res Treat 86: 9–18.

Munaut C, Salonurmi T, Kontusaari S, Reponen P, Morita T, Foidart JM & Tryggvason K
(1999) Murine matrix metalloproteinase 9 gene. 5'-upstream region contains cis-acting
elements for expression in osteoclasts and migrating keratinocytes in transgenic mice. J
Biol Chem 274: 5588–5596.

Mylona E, Nomikos A, Magkou C, Kamberou M, Papassideri I, Keramopoulos A & Nako-
poulou L (2007) The clinicopathological and prognostic significance of membrane
type 1 matrix metalloproteinase (MT1-MMP) and MMP-9 according to their localiza-
tion in invasive breast carcinoma. Histopathology 50: 338–347.

Nagase H, Visse R & Murphy G (2006) Structure and function of matrix metalloproteinases
and TIMPs. Cardiovasc Res 69: 562–573.

Nakopoulou L, Alexiadou A, Thedoropoulos G, Lazaris AC, Tzonou A & Keramopoulos A
(1996) Prognostic significance of the co-expression of p53 and c-erbB-2 proteins in
breast cancer. J Pathol 179: 31–38.

Nelen MR, Padberg GW, Peeters EA, Lin AY, van den Helm B, Frants RR, Coulon V, Gold-
stein AM, van Reen MM, Easton DF, Eeles RA, Hodgsen S, Mulvihill JJ, Murday VA,
Tucker MA, Mariman EC, Starink TM, Ponder BA, Ropers HH, Kremer H, Longy M
& Eng C (1996) Localization of the gene for Cowden disease to chromosome
10q22-23. Nat Genet 13: 114–116.

Nemoto T, Vana J, Bedwani RN, Baker HW, McGregor FH & Murphy GP (1980) Manage-
ment and survival of female breast cancer: results of a national survey by the American
College of Surgeons. Cancer 45: 2917–2924.
108



Newman B, Austin MA, Lee M & King M (1988) Inheritance of human breast cancer: Evi-
dence for autosomal dominant transmission in high-risk families. Proc Natl Acad Sci
USA 85: 3044–3048.

Nieboer P, Buijs C, Rodenhuis S, Seynaeve C, Beex LV, van der Wall E, Richel DJ, Nooij
MA, Voest EE, Hupperets P, Mulder NH, van der Graaf WT, TenVergert EM, van Tint-
eren H & de Vries EG (2005) Fatique and relating factors in high-risk breast cancer
patients treated with adjuvant standard or high-dose chemotherapy: a longitudinal
study. J Clin Oncol 23: 8296–8304.

Nielsen M, Thomsen JL, Primdahl S, Dyreborg U & Andersen JA (1987) Breast cancer and
atypia among young and middle-aged women: a study of 110 medicolegal autopsies.
Br J Cancer 56: 814–819.

Nielsen BS, Sehested M, Kjeldsen L, Borregaard N, Rygaard J & Dano K (1997) Expres-
sion of matrix metalloprotease-9 in vascular pericytes in human breast cancer. Lab
Invest 77: 345–355.

Nielsen BS, Rank F, Lopez JM, Balbin M, Zizoso F, Lund LR, Dano K & Lopez-Otin C
(2001) Collagenase-3 expression in breast myofibroblasts as a molecular marker of
transition of ductal carcinoma in situ lesions to invasive ductal carcinomas. Cancer Res
61: 7091–7100.

Niskanen E, Blomqvist C, Franssila K, Hietanen P & Wasenius VM (1997) Predictive value
of c-erbB-2, p53, cathepsin-D and histology of the primary tumour in metastatic breast
cancer. Br J Cancer 76: 917–922.

Nofech-Mozes S, Spayne J, Rakovitch E & Hanna W (2005) Prognostic and predictive
molecular markers in DCIS. Adv Anat Pathol 12: 256–264.

Norberg T, Lennerstrand J, Inganas M & Bergh J (1998) Comparison between p53 protein
measurements using the luminometric immunoassay and immunohistochemistry with
detection of p53 gene mutations using cDNA sequencing in human breast tumours. Int
J Cancer 79: 376–383.

Ocana A, Cruzz JJ & Pandiella A (2006) trastuzumab and antiestrogen therapy: focus on
mechanisms of action and resistance. Am J Clin Oncol 29: 90–95.

O’Connell P, Pekkel V, Fuqua SA, Osborne CK, Clark GM & Allred DC (1998) Analysis of
loss of heterozygosity in 399 premalignant breast lesions at 15 genetic loci, J Natl Can-
cer Inst 90: 697–703.

O’Connor PM, Jackman J, Bae I, Myers TG, Fan S, Mutoh M, Scudiero DA, Monks A, Sau-
sville EA, Weinstein JN, Friend S, Fornace AJ & Kohn KW (1997) Characterization of
the p53 tumor suppressor pathway in cell lines of the National Cancer Institute antican-
cer drug screen and correlations with the growth-inhibitory potency of 123 anticancer
agents. Cancer Res 57: 4285–4300.

Oestreicher N, Ramsey SD, McCune JS, Linden HM & Veenstra DL (2005) The cost of
adjuvant chemotherapy in patients with early-stage breast carcinoma. Cancer 104:
2054–2062.

Olivier M, Hussain SP, Caron de Fromentel C, Hainaut P & Harris CC (2004) Tp53 muta-
tion spectra and load: a tool for generating hypotheses on the etiology of cancer. IARC
Sci Publ 157: 247–270.
109



Olivier M, Langerod A, Carrieri P, Bergh J, Klaar S, Eyfjord J, Theillet C, Rodriguez C,
Lidereau R, Bieche I, Varley J, Bignon Y, Uhrhammer N, Winqvist R, Jukkola-Vuo-
rinen A, Niederacher D, Kato S, Ishioka C, Hainaut P & Borresen-Dale AL (2006) The
clinical value of somatic TP53 gene mutations in 1,794 patients with breast cancer.
Clin Cancer Res 12: 1157–1167.

Oren M & Levine AJ (1983) Molecular cloning of a cDNA specific for the murine p53 cel-
lular tumor antigen. Proc Natl Acad Sci USA 80: 56–59.

Osborne CK, Hobbs K & Clark GM (1985) Effect of estrogens and antiestrogens on growth
of human breast cancer cells in athymic nude mice. Cancer Res 45: 584–590.

Osborne CK, Schiff R, Arpino G, Lee AS & Hilsenbeck VG (2005) Endocrine responsive-
ness: understanding how progesterone receptor can be used to select endocrine therapy.
The Breast 14: 458–465.

Ottesen GL, Christensen IJ, Larsen JK, Christiansen J, Hansen B & Andersen JA (1995)
DNA analysis of in situ ductal carcinoma of the breast via flow cytometry. Cytometry
22: 168–176.

Ottesen GL (2003) Carcinoma in situ of the female breast. A clinico-pathological, immuno-
histochemical, and DNA ploidy study. APMIS 111: 5–68.

Owens MA, Horten BC & Da Silva MM (2004) HER2 amplification ratios by fluorescence
in situ hybridization and correlation with immunohistochemistry in a cohort of 6556
breast cancer tissues. Clin Breast Cancer 5: 63–69.

Overgaard M Jensen M-B & Overgaard J (1999) Postoperative radiotherapy in high risk
postmenopausal breast cancer patients given adjuvant tamoxifen: Danish Breast Can-
cer Cooperative Group DBCG 82c randomized trial. Lancet 353: 1641–1647.

Overgaard J, Yilmaz M, Guldberg P, Hansen LL & Alsner J (2000) TP53 mutation is an
independent prognostic marker for poor outcome in both node-negative and node-posi-
tive breast cancer. Acta Oncol 39: 327–333.

Page DL, Dupont WD, Rogers LW & Landenberger M (1982) Intraductal carcinoma of the
breast: Follow up after biopsy alone. Cancer 49: 751–758.

Page DL, Dupont WD & Rogers LW (1986) Breast cancer risk of lobular-based hyperplasia
after biopsy: ‘ductal’ pattern lesions. Cancer Detect Prev 9: 441–448.

Page DL & Dupont WD (1992) Indicators of increased breast cancer risk in humans. J Cell
Biochem 50: 175–182.

Paik S, Bryant J, Tan-Chiu E, Yothers G, Park C, Wickerham Dl & Wolmark N (2000)
HER2 and choice of adjuvant chemotherapy for invasive breast cancer: National Surgi-
cal Adjuvant Breast and Bowel Project Protocol B-15. J Natl Cancer Inst 92: 1991–
1998.

Paquette B, Bisson M, Therriault H, Lemay R, Pare M, Banville P & Cantin AM (2003)
Activation of matrix metalloproteinase-2 and-9 by 2- and 4-hydroxyestradiol. J Steroid
Biochem Mol Biol 87: 65–73.

Parsons SL, Watson SA, Brown PD, Collons HM & Steele RJ (1997) Matrix metallopro-
teinases. Brit J Surgery 84: 160–166.

Pauletti G, Dandekar S, Rong H, Ramos L, Peng H, Seshadri R & Slamon DJ (2000)
Assessment of methods for tissue-based detection of the HER-2/neu alteration in
human breast cancer: a direct comparison of fluorescence in situ hybridization and
immunohistochemistry. J Clin Oncol 18: 3651–3664.
110



Pechoux C, Gudjonsson T, Ronnov-Jessen L, Bissel MJ & Petersen OW (1999) Human
mammary luminal epithelial cells contain progenitors to myoepithelial cells. Dev Biol
206: 88–99.

Pellikainen JM, Ropponen KM, Kataja VV, Kellokoski JK, Eskelinen MJ & Kosma VM
(2004) Expression of matrix metalloproteinase (MMP)-2 and MMP-9 in breast cancer
with a special reference to activator protein-2, HER2, and prognosis. Clin Cancer Res
10: 7621–7628.

Pestalozzi BC, Luporsi-Gely E, Jost LM & Bergh J (2005) ESMO Minimum Clinical Rec-
ommendations for diagnosis, adjuvant treatment and follow-up of primary breast can-
cer. Ann Oncol 16: i7-i9; doi: 10.1093/annonc/mdi825.

Pharoah PD, Day NE & Caldas C (1999) Somatic mutations in the p53 gene and prognosis
in breast cancer: a meta-analysis. Br J Cancer 80: 1968–1973.

Piccart-Gebhart MJ, Procter M, Leyland-Jones B, Goldhirsch A, Untch M, Smith I, Gianni
L, Baselga J, Bell R, Jackish C, Cameron D, Dowsett M, Barrios CH, Steger G, Huang
CS, Andersson M, Inbar M, Lichinitser M, Lang I, Nitz U, Iwata H, Thomssen C,
Lohrisch C, Suter TM, Ruschoff J, Suto T, Greatorex V, Ward C, Straehle C, McFadden
E, Dolci MS & Gelber RD; Herceptin Adjuvant (HERA) Trial Study Team (2005)
Trastuzumab after chemotherapy in HER2-positive breast cancer. N Engl J Med 353:
1659–1672.

Pietiläinen T, Lipponen P, Aaltomaa S, Eskelinen M, Kosma VM & Syrjänen K (1995)
Expression of p53 protein has no independent prognostic value in breast cancer. J
Pathol 177: 225–232.

Pinder SE & Ellis IO (2003) The diagnosis and management of pre-invasive breast disease.
Ductal carcinoma in situ (DCIS) and atypical ductal hyperplasia (ADH) -current defi-
nitions and classification. Breast Cancer Res 5: 254–257.

Pinto AE, Andre S, Pereira T, Nobrega S & Soares J (2001) C-erbB-2 oncoprotein overex-
pression identifies a subgroup of estrogen receptor positive (ER+) breast cancer
patients with poor prognosis. Ann Oncol 12: 525–533.

Pinto AE, Andre S, Pereira T, Silva G & Soares J (2006) DNA flow cytometry but not
telomerase activity as predictor of disease-free survival in pT1-2/N0/G2 breast cancer.
Pathobiology 73: 63–70.

Poggi MM, Danforth DN, Sciuto LC, Smith SL, Steinberg SM, Liewehr DJ, Menard C,
Lippman ME, Lichter AS & Altemus RM (2003) Eighteen-year results in the treatment
of early breast carcinoma with mastectomy versus breast conservation therapy: the
National Cancer Institute Randomized Trial. Cancer 4: 697–702.

Poller DN, Hutchings CE, Galea M, Bell JA, Nicholson RA, Elston CW, Blamey RW &
Ellis IO (1992) p53 protein expression in human breast carcinoma: relationship to
expression of epidermal growth factor receptor, c-erbB-2 protein overexpression, and
oestrogen receptor. Br J Cancer 66: 583–588.

Ponti D, Zaffaroni N, Capelli C, Daidone MG (2006) Breast cancer stem cells: an overview.
Eur J Cancer 42: 1219–1224.

Porter PL, Barlow WE, Yeh I-T, Lin MG, Yuan XP, Donato E, Sledge GW, Shapiro CL,
Ingle JN, Haskell CM, Albain KS, Roberts JM, Livingston RB & Hayes DF (2006)
p27kip1 and cyclin E expression and breast cancer survival after treatment with adjuvant
chemotherapy. J Natl Cancer Inst 98: 1723–1730.
111



Praga C, Bergh J, Bliss J, Bonneterre J, Cesana B, Coombes RC, Fargeot P, Folin A, Fumo-
leau P, Giuliani R, Kerbrat P, Hery M, Nilsson J, Onida F, Piccart M, Shepherd L, Ther-
asse P, Wils J & Rogers D (2005) Risk of acute myeloid leukemia and myelodysplastic
syndrome in trials of adjuvant epirubicin for early breast cancer: correlation with doses
of epirubicin and cyclophosphamide. J Clin Oncol 23: 4179–4191.

Press MF, Slamon DJ, Flom KJ, Park J, Zhou JY & Bernstein L (2002) Evaluation of
HER-2/neu gene amplification and overexpression: comparison of frequently used
assay methods in a molecularly characterized cohort of breast cancer specimens. J Clin
Oncol 20: 3095–3105.

Prisack HB, Karreman C, Modlich O, Audretsch W, Danae M, Rezai M & Bojar H (2005)
Predictive biological markers for response of invasive breast cancer to anthracycline/
cyclophosphamide-based primary (radio-)chemotherapy. Anticancer Res 25: 4615–
4625.

Radford DM, Fair K, Thompson AM, Ritter JH, Holt M, Steinbrueck T, Wallace M, Well
SA & Donis-Keller HR (1993) Allelic loss on chromosome 17 in ductal carcinoma in
situ of the breast. Cancer Res 53: 2947–2950.

Rakha EA, Abd El Rehim D, Pinder SE, Lewis SA & Ellis IO (2005) E-cadherin expression
in invasive non-lobular carcinoma of the breast and its prognostic significance. Histo-
pathology 46: 685–693.

Ramos-DeSimone N, Hahn-Dantona E, Sipley J, Nagase H, French DL & Quigley JP
(1999) Activation of matrix metalloproteinase-9 (MMP-9) via a converging plasmin/
stromelysin-1 cascade enhances tumor cell invasion. J Biol Chem 274: 13066–13076.

Ransohoff DF (2005) Bias as a threat to validity of cancer molecular-marker research. Nat
Rev Cancer 5:142–149.

Ranuncolo SM, Armanasco E, Cresta C, Bal De Kier Joffe E & Puricelli L (2003) Plasma
MMP-9 (92 kDa-MMP) activity is useful in the follow-up and in the assessment of
prognosis in breast cancer patients. Int J Cancer 106: 745–751.

Ravdin PM & Chamness GC (1995) The c-erbB-2 proto-oncogene as a prognostic and pre-
dictive marker in breast cancer: a paradigm for the development of other macromolec-
ular markers -a review. Gene 159: 19–27.

Razandi M, Pedram A, Park ST & Levin ER (2003) Proximal events in signaling by plasma
membrane estrogen receptors. J Biol Chem 4: 2701–2712.

Recht A, Edge SB, Solin LJ, Robinson DS, Estabrook A, Fine RE, Fleming F, Formenti S,
Hudis C, Kirschner JJ, Krause DA, Kuske RR, Langer AS, Sledge GW, Whelan TJ &
Pfister DG (2001) Postmastectomy radiotherapy: Guidelines of the American Society
of Clinical Oncology. J Clin Oncol 19: 1539–1569.

Reed JC (2000) Warner-Lambert/Parke-Davis award lecture: mechanisms of apoptosis. Am
J Pathol 157: 1415–1430.

Reed W, Hannisdal E, Boehler PJ, Gundersen S, Host H & Marthin J (2000) The prognostic
value of p53 and c-erbB-2 immunostaining is overrated for patients with lymph node
negative breast carcinoma: a multivariate analysis of prognostic factors in 613 patients
with a follow-up of 14–30 years. Cancer 88: 804–813.

Remacle AG, Noel A, Duggan C, Mc Dermott E, O’Higgins N, Foidart JM & Duffy MJ
(1998) Assay of matrix metalloproteinases types 1,2,3 and 9 in breast cancer. Br J Can-
cer 77: 926–931.
112



Rha SY, Kim JH, Roh JK, Lee KS, Min JS, Kim BS & Chung HC (1997) Sequential pro-
duction and activation of matrix-metalloproteinase-9 (MMP-9) with breast cancer pro-
gression. Breast Cancer Res Treat 43: 175–181.

Rhodes A, Jasani B, Balaton AJ, Barnes DM & Miller KD (2000) Frequency of oestrogen
and progesterone receptor positivity by immunohistochemical analysis in 7016 breast
carcinomas: correlation with patient age, assay sensitivity, threshold value, and mam-
mographic screening. J Clin Pathol 53: 688–698.

Ring A & Dowsett M (2003) Mechanisms of tamoxifen resistance. Endocr Relat Cancer 11:
643–658.

Robertson JF, Nicholson RI, Bundred NJ Anderson E, Rayter Z, Dowsett M, Fox JN, Gee
JM, Webster A, Wakeling AE, Morris C & Dixon M (2001) Comparison of the
short-term biological effects of 7alpha-[9-(4,4,5,5,5-pentafluoropentylsulfi-
nyl)-nonyl]estra-1,3,5 (10)-triene-3,17betadiol(FaslodexTM) versus tamoxifen in post-
menopausal women with primary breast cancer. Cancer Res 61: 6739–6746.

Robertson JF, Osborne CK, Howell A, Jones SE, Mauriac L, Ellis M, Kleeberg UR, Come
SE, Vergote I, Gertler S, Buzdar A, Webster A & Morris C (2003) Fulvestrant versus
anastrozole for the treatment of advanced breast carcinoma in postmenopausal women.
A prospective combined analysis of two multicenter trials. Cancer 98: 229–238.

Robson ME, Boyd J, Borgen PI & Cody HD (2001) Hereditary breast cancer. Curr Probl
Surg 28: 387–480.

Roche H, Fumoleau P, Spielmann M   (2004) Five years analysis of the PACS 01 trial: 6
cycles of FEC100 vs 3 cycles of FEC100 followed by 3 cycles of docetaxel (D) for the
adjuvant treatment of node positive breast cancer. Proceedings of the San Antonio
Breast Cancer Symposium. Breast Cancer Res Treat 88: 16. Abstract 27.

Rodriguez J, Vazguez J, Corte MD, Lamelas M, Bongera M, Corte MG, Alvarez A, Allende
M, Gonzalez L, Sanchez M, Vijande M, Garcia Miniz J & Vizoo F (2005) Clinical sig-
nificance of cathepsin D concentration in tumor cytosol of primary breast cancer. Int J
Biol Markers 20: 103–111.

Rolland P, Spendlove I, Madjid Z, Rakha EA, Patel P, Ellis IO & Durrant L (2007) The p53
positive Bcl-2 negative phenotype is an independent marker of prognosis in breast can-
cer. Int J Cancer 120: 1311–1317.

Romano JW, Ehrhart JC, Duthu A, Kim CM, Appella E & May P (1989) Identification and
characterization of a p53 gene mutation in a human osteosarcoma cell line. Oncogene
4: 1483–1488.

Romond EH, Perez EA, Bryant J, Suman VJ, Geyer CE Jr, Davidson NE, Tan-Chiu E, Mar-
tino S, Paik S, Kaufman PA, Swain SM, Pisansky TM, Fehrenbacher L, Kutteh LA,
Vogel VG, Visscher DW, Yothers G, Jenkins RB, Brown AM, Dakhil SR, Mamounas
EP, Lingle WL, Klein PM, Ingle JN & Wolmark N (2005) Trastuzumab plus adjuvant
chemotherapy for operable HER2-positive breast cancer. N Engl J Med 353: 1673–
1684.

Rosen PP, Groshen S, Saigo PE, Kinne DW & Hellman S (1989) Pathological prognostic
factors in stage I (T1N0M0) and stage II (T1N1M0) breast carcinoma: a study of 644
patients with median follow-up of 18 years. J Clin Oncol 7: 1239–1251.

Rosenberg CL, Larson PS, Romo JD, De Las Morenas A & Faller DV (1997) Microsatellite
alterations indicating monoclonality in atypical hyperplasias associated with breast
cancer. Hum Pathol 28: 214–219.
113



Ross RK, Paganini-Hill A, Wan PC & Pike MC (2000) Effect of hormone replacement ther-
apy on breast cancer risk: Estrogen versus estrogen plus progestin. J Natl Cancer Inst
92: 328–332.

Rowan S, Ludwig RL, Haupt Y, Bates S, Lu X, Oren M & Vousden KH (1996) Specific loss
of apoptotic but not cell-cycle arrest function in a human tumor derived p53 mutant.
EMBO J 15: 827–838.

Rozan S, Vincent-Salomon A, Zafrani B, Validire P, de Cremoux P, Bernoux A, Nieruchal-
ski M, Fouquet A, Clough K, Dieras V, Pouillart P & Sastre-Garau X (1998) No signif-
icant predictive value of c-erbB-2 or p53 expression regarding sensitivity to primary
chemotherapy and radiotherapy in breast cancer. Int J Cancer 79: 27–33.

Runnebaum IB, Nagarajan M, Bowman M, Soto D & Sukumar S (1991) Mutations in p53
as potential molecular markers for human breast cancer. Proc Natl Acad Sci USA 88:
10657–10661.

Ruokolainen H, Pääkkö P & Turpeenniemi-Hujanen T (2004) Expression of matrix metallo-
proteinase-9 in head and neck squamous cell carcinoma: A potential marker for prog-
nosis. Clin Cancer Res 10: 3110–3116.

Russo J & Russo IH (1997) Role of differentiation in the pathogenesis and prevention of
breast cancer. Endocr Rel Cancer 4: 7–21.

Russo J, Balogh GA, Chen J, Fernandez SV, Fernbaugh R, Heulings R, Mailo DA, Moral R,
Russo PA, Sheriff F, Vanegas JE, Wang R & Russo IH (2006) The concept of stem cell
in the mammary gland and its implication in morphogenesis, cancer and prevention.
Front Biosci 11: 151–172.

Rutqvist LE & Johansson H (2006) Long-term follow-up of the Stockholm randomized tri-
als of postoperative radiation therapy versus adjuvant chemotherapy among ‘high risk’
pre- and postmenopausal breast cancer patients. Acta Oncol 45: 517–527.

Saller E, Tom E, Brunori M, Otter M, Estreicher A, Mack DH & Iggo R (1999) Increased
apoptosis induction by 121F mutant p53. EMBO J 18: 4424–4437.

Samura M, Fukutomi T, Tsuda H, Sato H, Miyamato K, Akashi-Tanaka S & Nanasawa T
(1999) Prognosis of a seies of 765 consecutive node-negative invasive breast cancer
patients without adjuvant therapy: analysis of clinicopathological prognostic factor. J
Surg Oncol 71: 101–105.

Sanders ME, Schuyler PA, Dupont WD & Page DL (2005) The natural history of low-grade
ductal carcinoma in situ of the breast in women treated by biopsy only revealed over 30
years of long-term follow-up. Cancer 103: 2481–2484.

Santen RJ, Worgul T, Lipton A, Harvey H, Boucher A, Samojlik E & Wells SA (1982) Ami-
noglutethimide as treatment of postmenopausal women with advanced breast carci-
noma. Ann Intern Med  96: 94–101.

Schafer JM, Lee ES, O’Regan RM, Yao K &Jordan VC (2000) Rapid development of
tamoxifen-stimulated mutant p53 breast tumors (T47D) in athymic mice. Clin Cancer
Res 6: 4373–4380.

Schechter AL, Stern DF, Vaidyanathan L, Decker SJ, Drebin JA, Greene MI & Weinberg
RA (1984) The neu oncogene: an erb-B-related gene encoding a 185,000-Mr tumour
antigen. Nature 312: 513–516.

Schedin P & Elias A (2004) Multistep tumorigenesis and the microenvironment. Breast
Cancer Res 6: 93–101.
114



Schiff R & S Fuqua (2002) The importance of the estrogen receptor in breast cancer. In:
Pasqualini JR (ed) Breast cancer prognosis, treatment and prevention. Marcel Dekker
Inc, New York, 149–186.

Schrenk P, Hatzl-Griesenhofer M, Shamiyeh A & Waynad W (2001) Follow-up of sentinel
node negative breast cancer patients without axillary lymph node dissection. J Surg
Oncol 77:165–170.

Scorilas A, Karameris A, Arnogiannaki N, Ardavanis A, Bassilopoulos P, Trangas T &
Talieri M (2001) Overexpression of matrix-metalloproteinase-9 in human breast can-
cer: a potential favourable indicator in node-negative patients. Br J Cancer 84: 1488–
1496.

(SCTBG) Scottish Cancer Trials Breast Group (1993) Adjuvant ovarian ablation versus
CMF chemotherapy in premenopausal women with pathological stage II breast carci-
noma: the Scottish trial. Lancet 341: 1293–1298.

Seewaldt VL, Mrozek K, Dietze EC, Parker M & Caldwell LE (2001) Human papillomavi-
rus type 16 E6 inactivation of p53 in normal human mammary epithelial cells promotes
tamoxifen-mediated apoptosis. Cancer Res 61: 616–624.

Sezgin C, Karabulut B, Uslu R, Sanli UA, Goksel G, Zekioglu O, Ozdemir N & Goker E
(2005) Potential predictive factors for response to weekly paclitaxel treatment in
patients with metastatic breast cancer. J Chemother 17: 96–103.

Shackleton M, Vaillant F, Simpson KJ, Stingl J, Smyth GK, Asselin-Labat ML, Wu L, Lin-
deman GJ & Visvader JE (2006) Generation of a functional mammary gland from a
single stem cell. Nature 439: 84–88.

Shaw P, Bovey R, Tardy S, Sahli R, Sordat B & Costa J (1992) Induction of apoptosis by
wild-type p53 in a human colon tumor-derived cell line. Procl Natl Acad Sci USA 89:
4495–4499.

Shoker BS, Jarvis C, Clarke RB, Anderson E, Hewlett J, Davies MP, Sibson DR & Sloane
JP (1999) Estrogen receptor-positive proliferating cells in the normal and precancerous
breast. Am J Pathol 155: 1811–1815.

Shou J, Massarweh S, Osborne CK, Wakeling AE, Ali S, Weiss H & Schiff R (2004) Mech-
anisms of tamoxifen resistance: increased estrogen receptor-HER2/neu cross-talk in
ER/HER2-positive breast cancer. J Natl Cancer Inst 96: 926–935. 

Sier CF, Kubben FJ, Ganesh S, Heerding MM, Griffioen G, Hanemaaijer R, van Krieken
JH, Lamers CB & Verspaget HW (1996) Tissue levels of matrix metalloproteinases
MMP-2 and MMP-9 are related to the overall survival of patients with gastric carci-
noma. Br J Cancer 74: 413–417.

Siitonen SM, Könönen JT, Helin HJ, Rantala IS, Holli KA & Isola JJ (1996) Reduced
E-cadherin expression is associated with invasiveness and unfavorable prognosis in
breast cancer. Am J Clin Pathol 105: 394–402.

Sillanpää S, Anttila M, Voutilainen K, Ropponen K, Turpeenniemi-Hujanen T, Puistola U,
Tammi R, Tammi M, Sironen R, Saarikoski S & Kosma V-M (2006) Prognostic signif-
icance of matrix metalloproteinase-9 (MMP-9) in epithelial ovarian cancer. Gynecol
Oncol 104: 296–303.

Silvestrini R, Benini E, Veneroni S, Daidone MG, Tomasic G, Squicciarini P & Salvadori B
(1996) p53 and bcl-2 expression correlates with clinical outcome in a series of
node-positive breast patients. J Clin Oncol 14: 16041–1610.

Simpson PT, Reis-Filho JS, Gale T & Lakhani SR (2005) Molecular evolution of breast can-
cer. J Pathol 205: 248–254.
115



Sjögren S, Inganäs M, Norberg T, Lindgren A, Nordgren H, Holmberg L and Bergh J (1996)
The p53 gene in breast cancer: Prognostic value of complementary DNA sequencing
versus immunohistochemistry. J Natl Cancer Inst  3: 173–182.

Sjöström J, Krajewski S, Franssila K, Niskanen E, Wasenius W, Nordling S, Reed J and
Blomqvist C (1998) A multivariate analysis of tumour biological factors predicting
response to cytotoxic treatment in advanced breast cancer. Br J Cancer 78: 812–815.

Sjöström J, Blomqvist C, Heikkila P, Boguslawski KV, Räisanen-Sokolowski A, Bengtsson
NO, Mjaaland I, Malmström P, Ostenstad B, Bergh J, Wist E, Valvere V & Saksela E
(2000) Predictive value of p53, mdm-2, p21, and mib-1 for chemotherapy response in
advanced breast cancer. Clin Cancer Res 6: 3103–3110.

Sjöström J and Bergh J (2001) How apoptosis is regulated, and what goes wrong in cancer.
BMJ 322: 1538–1539.

Sjöström J, Collan J, von Boguslawski K, Franssila K, Bengtsson NO, Mjaaland I, Malm-
ström P, Ostenstad B, Wist E, Valvere V, Bergh J, Skiold-Petterson D, Saksela E &
Blomqvist C (2002) C-erbB-2 expression does not predict response to docetaxel or
sequential methotrexate and 5-fluorouracil in advanced breast cancer. Eur J Cancer 38:
535–542.

Slamon DJ, Clark GM, Wong SG, Levin WJ, Illrich A & McGuire WL (1987) Human breast
cancer: correlation of relapse and survival with amplification of the HER2/neu onco-
gene. Science 235: 177–182.

Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, Fleming T, Eier-
mann W, Wolter J, Pegram M, Baselga J & Norton L (2001) Use of chemotherapy plus
a monoclonal antibody against HER2 for metastatic breast cancer that overexpresses
HER2. N Engl J Med 344: 783–792.

Slamon D, Eierman W, Robert N et al. (2005) Phase III randomized trial comparing doxoru-
bicin and cyclophosphamide followed by docetaxel (AC->T) with doxorubicin and
cyclophosphamide followed by docetaxel and trastuzumab (TCH) in HER2 positive
early breast cancer patients: BCIRG 006 study. Breast Cancer Res Treat 94 (suppl 1): 5.

Smith I (2006) Goals of treatment for patients with metastatic breast cancer. Semin Oncol
33: 2–5.

Smith RE (2003) Risk of development of treatment-related acute myelocytic leukemia and
myelodysplastic syndrome among patients with breast cancer: review of the literature
and the National Surgical Adjuvant Breast and Bowel Project experience. Clin Breast
Cancer 4: 273–279.

Sparano JA, Bernardo P, Stephenson P, Gradishar WJ, Ingle JN, Zucker S & Davidson NE
(2004) Randomized phase III trial of marimastat versus placebo in patients with meta-
static breast cancer who have responding or stable disease after first-line chemother-
apy: Eastern Cooperative Oncology Group trial E2196. J Clin Oncol 22: 4683–4690.

Stal O, Stenmark-Askmalm M, Wingren S, Rutqvist LE, Skoog L, Ferraud L, Sullivan S,
Carstensen J & Nordenskjöld B (1995) p53 expression and the result of adjuvant ther-
apy of breast cancer. Acta Oncol 34: 767–770.

Stamenkovic I (2003) Extracellular matrix remodelling: the role of matrix metalloprotein-
ases. J Pathol 200: 448–464.

Stenmark-Askmalm M, Stal O, Olsen K & Nordenskjöld B (1995) p53 as a prognostic fac-
tor in stage I breast cancer. South-East Sweden Breast Cancer Group. Br J Cancer 72:
715–719.
116



Stenmark-Askmalm M, Carstensen J, Nordenskjöld B, Olsson B, Rutqvist LE, Skog L &
Stal O (2004) Mutation and accumulation of p53 related to results of adjuvant therapy
of postmenopausal breast cancer patients. Acta Oncol 43: 235–244.

Sternlicht MD & Werb Z (2001) How matrix metalloproteinases regulate cell behavior.
Annu Rev Cell Dev Biol 17: 463–516.

Stewart BW & Kleihues P (eds) (2003) World Cancer Report. IARCPress, Lyon.
Stiewe T (2007) The p53 family in differentiation and tumorigenesis. Nat Rew Cancer 7:

165–168.
Strasser-Weippl K & Goss PE (2005) Advances in adjuvant hormonal therapy for post-

menopausal women. J Clin Oncol 23: 1751–1759.
Stratton MR (1996) Recent advances in understanding of genetic susceptibility to breast

cancer. Hum Mol Genet 5: 1515–1519.
Sugita H, Osaka S, Toriyama M, Osaka E, Yoshida Y, Ryu J, Sano M, Sugitani M & Nem-

oto N (2004) Correlation between the histological grade of chondosarcoma and the
expression of MMPs, ADAMTSs and TIMPs. Anticancer Res 24: 4079–4084.

Suwiwat S Ricciardelli C, Tammi R, Tammi M, Auvinen P, Kosma VM, LeBaron RG, Ray-
mond WA, Tilley WD & Horsfall DJ (2004) Expression of extracellular matrix compo-
nents versican, chondroitin sulfate, tenascin, and hyaluronan, and their association with
disease outcome in node-negative breast cancer. Clin Cancer Res 10: 2491–2498.

Takeha S, Fujiyama Y, Bamba T, Sorsa T, Nagura H & Ohtani H (1997) Stromal expression
of MMP-9 and urokinase receptor is inversely associated with liver metastasis and with
infiltrating growth in human colorectal cancer: a novel approach from immune/inflam-
matory aspect. Jpn J Cancer Res 88: 72–81.

Tallman MS, Gray R, Bennett JM, Variakojis D, Robert N, Wood WC, Rowe JM & Wiernik
PH (1995) Leukemogenic potential of adjuvant chemotherpy for early-stage breast
cancer: the Eastern Cooperative Oncology Group experience. J Clin Oncol 13: 1557–
1563.

Talvensaari-Mattila A, Pääkkö P, Höyhtyä M, Blanco-Sequeiros & Turpeenniemi-Hujanen
T (1998) Matrix metalloproteinase-2 immunoreactive protein, a marker of aggressive-
ness in breast carcinoma. Cancer  83:1153–1162.

Talvensaari-Mattila A, Pääkkö P, Blanco-Segueiros G & Turpeenniemi-Hujanen T (2001)
Matrix metalloproteinase-2 (MMP-2) is associated with the risk for a relapse in post-
menopausal patients with node-positive breast carcinoma treated with antiestrogen
adjuvant therapy. Breast Cancer Res Treat 65: 55–61.

Talvensaari-Mattila A, Pääkkö P & Turpeenniemi-Hujanen T (2003) Matrix metalloprotein-
ase-2 (MMP-2) is associated with survival in breast carcinoma. Br J Cancer 89: 1270–
1275.

Talvensaari-Mattila A & Turpeenniemi-Hujanen T (2005) Preoperative serum MMP-9
immunoreactive protein is a prognostic indicator for relapse-free survival in breast car-
cinoma. Cancer Lett 217: 237–242.

Tan-Chiu E, Yothers G, Romond E, Geyer CE Jr, Ewer M, Keefe D, Shannon RP, Swain
SM, Brown A, Fehrenbacher L, Vogel VG, Seay TE, Rastogi P, Mamounas EP, Wol-
mark N & Bryant J (2005) Assessment of cardiac dysfunction in a randomized trial
comparing doxorubicin and cyclophosphamide followed by paclitaxel, with or without
trastuzumab as adjuvant therapy in node-positive, human epidermal growth factor
receptor 2-overexpressing breast cancer: NSABP B-31. J Clin Oncol 23: 7811–7819.
117



Tavassoli FA (1992) Intraduct hyperplasias, ordinary and atypical. In: Pathology of the
breast. Appleton and Lange: Connecticut 155–191pp.

Tavassoli FA & Devilee P (eds) (2003) World Health Organization Classification of
Tumours. Pathology and Genetics of Tumours of the Breast and Female Genital
Organs. IARC Pres, Lyon, 58.

Tetu B, Brisson J, Lapointe H & Bernard P (1998) Prognostic significance of stromelysin 3,
gelatinase A, and urokinase expression in breast cancer. Hum Pathol 29: 979–985.

Thiantanawat A, Long BJ & Brodie AM (2003) Signaling pathways of apoptosis activated
by aromatase inhibitors and antiestrogens. Cancer Res 63: 8037–8050.

Thor A, Berry D, Budman D, Muss H, Kute T, Henderson I, Barcos M, Cirrincione C, Edg-
erton S, Allred C, Norton L & Liu E (1998) erbB-2, p53, and efficacy of adjuvant ther-
apy in lymph node-positive breast cancer. J Natl Cancer Inst 90: 1346–1360.

Thurlimann B, Castiglione M, Hsu-Schmitz SF, Cavalli F, Bonnefoi H, Fey MF, Morant R,
Lohnert T & Goldhirsch A (1997) Formestane versus megestrol acetate in postmeno-
pausal breast cancer patients after failure of tamoxifen: a phase III prospective ran-
domised cross over trial of second-line hormonal treatment (SAKK 20/90). Swiss
Group for Clinical Cancer Research (SAKK) Eur J Cancer 33: 1017–24.

Thurliman B, Keshaviah A, Coates AS, Mouridsen H, Mauriac L, Forbes JF, Paridaens R,
Castiglione-Gertsch M, Gelber RD, Rabaglio M, Smith I, Wardley A, Price KN & Gol-
dhirsch A; Breast International Group (BIG) 1-98 Collaborative Group (2005) A com-
parison of letrozole and tamoxifen in postmenopausal women with early breast cancer.
N Engl J Med 353: 2747–2757.

Tommiska J, Eerola H, Heinonen M, Salonen L, Kaare M, Tallila J, Ristimaki A, von Smit-
ten K, Aittomaki K, Heikkila P, Blomqvist C & Nevanlinna H (2005) Breast cancer
patients with p53 Pro72 homozygous genotype have a poorer survival. Clin Cancer Res
11: 5098–5103.

Trere D, Ceccarelli C, Migaldi M, Santini D, Taffurelli M, Tosti E, Chieco P & Derenzini M
(2006) Cell proliferation in breast cancer is a major determinant of clinical outcome in
node-positive but not in node-negative patients. Appl Immunohistochem Mol Morphol
14: 314–323.

Truonq PT, Olivotto IA, Kader HA, Panades M, Speers CH & Berthelet E (2005) Selecting
breast cancer patients with T1-T2 tumors and one to three positive axillary nodes at
high postmastectomy locoregional recurrence risk for adjuvant radiotherapy. Int J
Radiat Oncol Biol Phys 61: 1337–1347.

Tryggvason K, Höyhtyä M &  Salo T (1987) Proteolytic degradation of extracellular matrix
in tumour invasion. Biochim Biophys Acta 907: 191–217.

Tsai MJ & O´Malley BW (1994) Molecular mechanisms of action of steroid/thyroid recep-
tor superfamily members. Annu Rev Biochem 63: 451–486.

Tsutsui S, Ohno S, Murakami S, Kataoka A, Kinoshita J & Hachitanda Y (2002) EGFR,
c-erbB2 and p53 protein in the primary lesions and paired metastatic regional lymph
nodes in breast cancer. Eur J Surg Oncol 28: 383–387.

Turbin DA, Cheang MC, Bajdik CD, Gelmon KA, Yorida E, De Luca A, Nielsen TO,
Huntsman DG & Gilks CB (2006) MDM2 protein expression is a negative prognostic
marker in breast carcinoma. Mod Pathol 19: 69–74.

Turner BC, Gumbs AA & Carbone CJ (2000) Mutant p53 protein overexpression in women
with ipsilateral breast tumour recurrence following lumpectomy and radiation therapy.
Cancer 88: 1091–1098.
118



Turpeenniemi-Hujanen T (2005) Gelatinases (MMP-2 and -9) and their natural inhibitors as
prognostic indicators in solid cancers. Biochimie 87: 287–297.

Uhari M and Nieminen P (2001) Epidemiologia & biostatistiikka. Duodecim, Jyväskylä
212,215.

Urruticoechea A, Smith IE & Dowsett M (2005) Proliferation marker Ki-67 in early breast
cancer. J Clin Oncol 23: 7212–7220.

Van de Vijver MJ, He YD, van’t Veer LJ, Dai H, Hart AA, Voskuil DW, Schreiber GJ,
Peterse JL, Roberts C, Marton MJ, Parrish M, Atsma D, Witteween A, Glas A, Dela-
haye L, van de Velde T, Bartelink H, Rodenhuis S, Rutgers ET, Friend SH & Bernards
R (2002) A gene-expression signature as a predictor of survival in breast cancer. N
Engl J Med 347: 1999–2009.

Van Oijen M & Slootweg P (2000) Gain-of-function mutations in the tumor supressor gene
p53. Clin Cancer Res 6: 2138–2145. 

Van Poznak C, Tan L, Panageas KS, Arroyo CD, Hudis C, Norton L & Seidman AD (2002)
Assessment of molecular markers of clinical sensitivity to single-agent taxane therapy
for metastatic breast cancer. J Clin Oncol 20: 2319–2326.

van’t Veer L, Dai H, van de Vijver M, He Y, Hart A, Mao M, Peterse H, van der Kooy K,
Marton M, Witteween A, Schreiber G, Kerkhoven R, Roberts C, Linsley P, Bernards R
& Friend S (2002) Gene expression profiling predicts clinical outcome of breast cancer.
Nature 415: 530–536.

Varley JM, Swallow JE, Brammar WJ, Whittaker JL & Walker RA (1987) Alterations to
either c-erbB-2(neu) or c-myc proto-oncogenes in breast carcinomas correlate with
poor short-term prognosis. Oncogene 1: 423–430.

Vartio T, Hovi T & Vaheri A (1982) Human macrophages synthesize and secrete a major
95,000-dalton gelatin-binding protein distinct from fibronectin. J Biol Chem 257:
8862–8866.

Vehmanen L, Saarto T, Elomaa I, Mäkelä P, Välimäki M & Blomqvist C (2001) Long-term
impact of chemotherapy-induced ovarian failure on bone mineral density (BMD) in
premenopausal breast cancer patients. The effect of adjuvant clodronate treatment. Eur
J Cancer 37: 2373–2378.

Venter DJ, Tuzi NL, Kumar S & Gullick WJ (1987) Overexpression of the c-erbB-2 onco-
protein in human breast carcinomas: immunohistological assessment correlates with
gene amplification. Lancet 2: 69–72.

Veronese SM, Gambacorta M, Gottardi O, Scanzi F, Ferrari M & Lampertico P (1993) Pro-
liferation index as a prognostic marker in breast cancer. Cancer 71: 3926–3931.

Veronesi U, Luini A, Del Vecchio, Greco M, Galimberti V, Merson M, Rilke F, Sacchini V,
Saccozzi R, Savio T, Zucali R, Zurrida S & Salvadori B (1993) Radiotherapy after
breast preserving surgery in women with localized cancer of the breast. N Engl J Med
328: 1587–1591.

Visse R & Nagase H (2003) Matrix metalloproteinases and tissue inhibitors of metallopro-
teinases: structure, function, and biochemistry. Circ Res 92: 827–839.

Vogel CL, Cobleigh MA, Tripathy D, Gutlheil JC, Harris LN, Fehrenbacher L, Slamon DJ,
Murphy M, Novotny WF, Burchmore M, Shak S, Stewart SJ & Press M (2002) Effi-
cacy and safety of trastuzumab as a single agent in first-line treatment of HER2-over-
expressing metastatic breast cancer. J Clin Oncol 20: 719–726.
119



Vogel VG, Costantino JP, Wickerham DL, Cronin WM, Cecchini RS, Atkins JN, Bevers TB,
Fehrenbacher L, Pajon ER Jr., Wade JL 3rd, Robidoux A, Margolese RG, James J, Lipp-
man SM, Runowicz CD, Ganz PA, Reis SE, McCaskill-Stevens W, Ford LG, Jordan
VC & Wolmark N; National Surgical Adjuvant Breast and Bowel Project (NSABP)
(2006) Effects of tamoxifen vs raloxifene on the risk of developing invasive breast can-
cer and other disease outcomes: the NSABP Study of Tamoxifen and Raloxifene
(STAR) P-2 trial. JAMA 295: 2727–2741.

Wai MS, Mike S, Ines H & Malcolm M (2004) Palliation of metastatic bone pain: a single
fraction versus multifraction radiotherapy -a systematic review of the randomised tri-
als. Cochrane Database Syst Rev 2: CD004721.

Walker RA, Jones JL, Chappell S, Walsh T & Shaw JA (1997) Molecular pathology of
breast cancer and its application to clinical management. Cancer Metastasis Rev 16: 5–
27.

Waldman FM, DeVries S, Chew KL, Moore DH, Kerlikowske K & Ljung B-M (2000)
Chromosomal alterations in ductal carcinomas in situ and their in situ recurrences. J
Natl Cancer Inst 92: 313–320.

Wang C, Fu M, Angeletti RH, Siconolfi-Baez L, Reutens AT, Albanese C, Lisanti MP,
Katzenellen-Bogen BS, Kato S, Hopp T, Fuqua SA, Lopez GN, Kushner PJ & Pestell
RG (2001) Direct acetylation of the estrogen receptor alpha hinge region by p300 regu-
lates transactivation and hormone sensitivity. J Biol Chem 276: 18375–18383. 

Wang L & Shao ZM (2006) Cyclin E expression and prognosis in breast cancer patients: a
meta-analysis of published studies. Cancer Invest 24: 581–587.

Wang M, Wang T, Liu S, Yoshida D & Teramoto A( 2003) The expression of matrix metal-
loproteinase- and -9 in human gliomas of different pathological grades. Brain Tumor
Pathol 2: 65–72.

Warren JL, Weaver DL, Bocklage T, Key CR, Platz CE, Cronin KA, Ballard-Barbash R,
Wiley SC & Harlan L (2005) The frequency of ipsilateral second tumors after
breast-conserving surgery for DCIS. Cancer 104: 1840–1848.

Wassenberg N, Morgenstern S, Schacter J, Fenig E, Lelcuk S & Gutman H (2002) Risk fac-
tors for lymph node metastases in breast ductal carcinoma in situ with minimal inva-
sive component. Arch Surg 137: 1249–1252.

Watanabe O, kinoshita J, Shimizu T, Imamura H, Hirano A, Okabe T, Aiba M & Ogawa K
(2005) Expression of a CD44 variant and VEGF-C and the implications for lymphatic
metastasis and long-term prognosis of human breast cancer. J Exp Clin Cancer Res 24:
75–82.

Way TD & Lin JK (2005) Role of HER2/HER3 co-receptor in breast carcinogenesis. Future
Oncol 6: 841–849.

Weiss SJ (1989) Tissue destruction by neutrophils. N Engl J Med 320: 365–376.
Welch HG & Black WC ( 1997) Using autopsy series to estimate the disease "reservoir" for

ductal carcinoma in situ of the breast: how much more breast cancer can we find? Ann
Intern Med 127: 1023–1028.

Wenger CR & Clark GM (1998) S-phase fraction an breast cancer – a decade of experience.
Breast Cancer Res Treat 51: 255–265.

Whelan TJ, Goss PE, Ingle JN, Pater JL, Tu D, Pritchard K, Liu S, Shepherd LE, Palmer M,
Robert NJ, Martino S & Muss HB (2005) Assessment of quality of life in MA.17: a
randomized, placebo-controlled trial of letrozole after 5 years of tamoxifen in post-
menopausal women. J Clin Oncol 23: 6931–6940.
120



Williamson JG & Ellis JD (1973) The induction of ovulation by tamoxifen. J Obstet Gynae-
col Br Commonw 80:844–847.

Wolczynski S, Surazynski A, Swiatecka J & Palka J (2001) Estrogenic and antiestrogenic
effects of raloxifene on collagen metabolism in breast cancer MCF-7 cells. Gynecol
Endocrinol 15: 225–233.

Woodward WA, Chen MS, Behbod F & Rosen JM ( 2005) On mammary stem cells. J Cell
Sci 118: 3585–3594.

Wooster R, Bignell G & Lancaster J (1995) Identification of the breast cancer susceptibility
gene BRCA2. Nature 378: 789–792.

Wärnber F, Nordgren H, Bergkvist L & Holmberg L (2001) Tumour markers in breast carci-
noma correlate with grade rather than with invasiveness. Br J Cancer 85: 869–874.

Yamashita H, Nishio M, Toyama T, Sugiura H, Zhang Z, Kobayashi S & Iwase H (2004)
Coexistence of HER2 over-expression and p53 protein accumulation is a strong prog-
nostic molecular marker in breast cancer. Breast Cancer Res 6: 24–30.

Yamashita H, Toyama T, Nishio M, Ando Y, Hamaquichi M, Zhang Z, Kobayashi S, Fujii Y
& Iwase H (2006) p53 protein accumulation predicts resistance to endocrine therapy
and decreased post-relapse survival in metastatic breast cancer. Breast Cancer Res 8:
R48.

Yu K, Lee CH, Tan PH, Hong GS, Wee SB, Wong CY & Tan P (2004) A molecular signa-
ture of the Nottingham Prognostic Index in breast cancer. Cancer Res 64: 2962–2968.

Yu Q & Stamenkovic I (2000) Cell surface-localized matrix metalloproteinase-9 proteolyti-
cally activates TGF-β and promotes tumor invasion and angiogenesis. Genes Dev 14:
163–176.

Yue W, Wang JP, Li Y, Bocchinfuso WP, Korach KS, Devanesan PD, Rogan E, Cavalieri E
& Santen RJ (2005) Tamoxifen versus aromatase inhibitors for breast cancer preven-
tion. Clin Cancer Res 11: 925–930.

Zaczek A, Brandt B & Bielawski KP (2005) The diverse signaling network of EGFR,
HER2, HER3 and HER4 tyrosine kinase receptors and the consequences for therapeu-
tic approaches. Histol Histopathol 20: 1005–1015.

Zeng H, Xiao Y, Lu G & Chen Y (2003) Immunohistochemical studies of the expression of
matrix metalloproteinase-2 and metalloproteinase-9 in human prostate cancer. J Huan-
zhong Univ Sci Technolog Med Sci 23: 373–374, 379.

Zhang L, Shi J, Feng J, Klocker H, Lee C & Zhang J (2004) Type IV collagenase (matrix
metalloproteinase-2 and -9) in prostate cancer. Prostate Cancer Prostatic Dis 7: 327–
332.

Zhang GJ, Tsuda H, Adachi I, Fukutomi T, Yamamoto H & Hirohashi S (1997) Prognostic
indicators for breast cancer patients with one to three regional lymph node metastases,
with special reference to alterations in expression levels of bcl-2, p53 and c-erbB-2.
Jpn J Clin Oncol 27: 371–377.

Zhang GJ, Kimijima I, Onda M, Kanno M, Sato H, Watanabe T, Tsuchiya A, Abe R & Tak-
enoshita S (1999) Tamoxifen-induced apoptosis in breast cancer cells relates to
down-regulation of bcl-2, but not bax and bcl-X(L), without alteration of p53 protein
levels. Clin Cancer Res 5: 2971–2977.

Zhao R, Gish K, Murphy M, Yin Y, Notterman D, Hoffman WH, Tom E, Mack DH &
Levine AJ (2000) Analysis of p53-regulated gene expression patterns using oligonucle-
otide arrays. Genes Dev 14: 981–993.
121



Zhao Y-G, Xiao A-Z, Park HI, Newcomer RG, Yan M, Man Y-G, Heffelfinger SC & Amy
Sang Q-X (2004) Endometase/Matrilysin-2 in human breast ductal carcinoma in situ
and its inhibition by tissue inhibitors of metalloproteinases-2 and -4: A putative role in
the initiation of breast cancer invasion. Cancer Res 64: 590–598. 

Zhuang Z, Merino MJ, Chuaqua R, Liotta LA & Emmert-Buck MR (1995) Identical allelic
loss on chromosome 11g13 in microdissected in situ and invasive human breast cancer.
Cancer Res 55: 467–471.
122



Original papers
This thesis is based on the following articles, which are referred to in the text by
their Roman numerals.

I Rahko E, Blanco G, Soini Y, Bloigu R and Jukkola A (2003) A mutant TP53 gene
status is associated with a poor prognosis and anthracycline-resistance in breast cancer
patients. Eur J Cancer 39: 447–453.

II Rahko E, Blanco G, Bloigu R, Soini Y, Talvensaari-Mattila A, and Jukkola A (2006)
Adverse outcome and resistance to adjuvant antiestrogen therapy in node-positive post-
menopausal breast cancer patients – The role of p53.  The Breast 15: 69–75.

III Rahko E, Jukkola A, Melkko J, Pääkkö P, Bloigu R, Talvensaari-Mattila A and
Turpeenniemi-Hujanen T (2004) Matrix metalloproteinase-9 (MMP-9) immunoreac-
tive protein has modest prognostic value in locally advanced breast carcinoma patients
treated with an adjuvant antiestrogen therapy. Anticancer Res 24: 4247–4254.

IV Rahko E, Blanco G, Pääkkö P, Apaja-Sarkkinen M, Talvensaari-Mattila A, Turpeen-
niemi-Hujanen T, and Jukkola A. Matrix metalloproteinase-9 (MMP-9) expression in
breast carcinoma and premalignant lesions of the breast. Submitted.

Reprinted with permission from Elsevier (I, II) and International Institute of Anti-
cancer Research (III).





A C T A  U N I V E R S I T A T I S  O U L U E N S I S

Distributed by
OULU UNIVERSITY LIBRARY

P.O. Box 7500, FI-90014
University of Oulu, Finland

Book orders:
OULU UNIVERSITY PRESS
P.O. Box 8200, FI-90014
University of Oulu, Finland

S E R I E S  D  M E D I C A

911. Majava, Marja (2007) Molecular genetics of Stickler and Marshall syndromes, and
the role of collagen II and other candidate proteins in high myopia and impaired
hearing   

912. Peltoniemi, Annu (2007) Terveydenhuoltohenkilöstön valmiudet ohjata hemofiliaa
sairastavia ja heidän perheitään   

913. Daavittila, Iita (2007) Genetic risk factors for lumbar intervertebral disc disease
characterized by sciatica   

914. Pylkäs, Katri (2007) ATM, ATR and Mre11 complex genes in hereditary
susceptibility to breast cancer   

915. Kinnunen, Tuija (2007) Keuhkoahtaumataudin sairaalahoito Suomessa: hoitoajan
pituus ja sen yhteys ennusteeseen   

916. Pursiainen, Ville (2007) Autonomic dysfunction in early and advanced Parkinson's
disease   

917. Paldanius, Mika (2007) Serological studies on Chlamydia pneumoniae infections   

918. Parkkila, Timo (2007) Sutter metacarpophalangeal arthroplasty in rheumatoid
patients   

919. Hurtig, Tuula (2007) Adolescent ADHD and family environment—an
epidemiological and clinical study of ADHD in the Northern Finland 1986 Birth
Cohort   

920. Takaluoma, Kati (2007) Lysyl hydroxylases. Studies on recombinant lysyl
hydroxylases and mouse lines lacking lysyl hydroxylase 1 or lysyl hydroxylase 3    

921. Majamaa-Voltti, Kirsi (2007) Cardiovascular abnormalities in adult patients with
the 3243A>G mutation in mitochondrial DNA   

922. Kangas, Jarmo (2007) Outcome of total Achilles tendon rupture repair, with
special reference to suture materials and postoperative treatment   

923. Annunen-Rasila, Johanna (2007) Molecular and cell phenotype changes in
mitochondrial diseases   

924. Suhonen, Marjo (2007) Osallistujaohjaus ristipaineiden keskellä. Tapaustutkimus
Kainuun maakuntakokeilun sosiaali- ja terveydenhuollon kehittämishankkeen
suunnitteluvaiheesta vuosina 2003–2004    

925. Ylipalosaari, Pekka (2007) Infections in intensive care; epidemiology and outcome   

926. Rapakko, Katrin (2007) Hereditary predisposition to breast cancer—evaluation of
candidate genes 

D928etukansi.kesken.fm  Page 2  Friday, April 20, 2007  12:29 PM



A
B
C
D
E
F
G

UNIVERS ITY OF OULU  P .O .  Box  7500   F I -90014  UNIVERS ITY OF OULU F INLAND

A C T A  U N I V E R S I T A T I S  O U L U E N S I S

S E R I E S  E D I T O R S

SCIENTIAE RERUM NATURALIUM

HUMANIORA

TECHNICA

MEDICA

SCIENTIAE RERUM SOCIALIUM

SCRIPTA ACADEMICA

OECONOMICA

EDITOR IN CHIEF

EDITORIAL SECRETARY

Professor Mikko Siponen

Professor Harri Mantila

Professor Juha Kostamovaara

Professor Olli Vuolteenaho

Senior Assistant Timo Latomaa

Communications Officer Elna Stjerna

Senior Lecturer Seppo Eriksson

Professor Olli Vuolteenaho

Publications Editor Kirsti Nurkkala

ISBN 978-951-42-8455-7 (Paperback)
ISBN 978-951-42-8457-1 (PDF)
ISSN 0355-3221 (Print)
ISSN 1796-2234 (Online)

U N I V E R S I TAT I S  O U L U E N S I S

MEDICA

ACTA
D

OULU 2007

D 928

Eeva Rahko

EVALUATION OF
TUMOR SUPPRESSOR
GENE P53, ONCOGENE
c-erbB-2 AND MATRIX-
METALLOPROTEINASE-9
AS PROGNOSTIC AND 
PREDICTIVE FACTORS
IN BREAST CARCINOMA

FACULTY OF MEDICINE,
DEPARTMENT OF ONCOLOGY AND RADIOTHERAPY, 
OULU UNIVERSITY HOSPITAL

D
 928

AC
TA

 Eeva R
ahko

D928etukansi.kesken.fm  Page 1  Friday, April 20, 2007  12:29 PM


	Abstract
	Acknowledgements
	Abbreviations
	List of original articles
	Contents
	1 Introduction
	2 Review of the literature
	2.1 Breast cancer
	2.1.1 Breast carcinogenesis
	2.1.2 Premalignant breast disease
	2.1.3 Epidemiology, etiology and prognosis of invasive breast cancer
	2.1.4 Histopathological types of invasive breast carcinoma
	2.1.5 Tumor parameters as classical prognostic factors
	2.1.6 Other prognostic factors
	2.1.7 Local therapy of invasive breast cancer
	2.1.8 Treatment of ductal carcinoma in situ
	2.1.9 Adjuvant endocrine therapy
	2.1.10 Adjuvant chemotherapy

	2.2 Biological prognostic factors
	2.2.1 P53 in breast cancer
	2.2.2 c-erbB-2 in breast cancer
	2.2.3 MMP-9 in breast cancer


	3 Purpose of the present study
	4 Materials and methods
	4.1 Patients and tissue samples
	4.2 Immunohistochemistry
	4.2.1 Antibodies and immunostaining

	4.3 Statistical analysis

	5 Results
	5.1 P53 immunoreactivity in primary breast carcinoma (I, II)
	5.2 P53 accumulation as a prognostic factor (I, II)
	5.3 Co-expressing p53 and c-erbB-2 - the prognostic relevance (I)
	5.4 P53 and response to antracycline-based chemotherapy and hormonal agents in metastatic breast cancer (I)
	5.5 MMP-9 immunoreactivity in primary invasive breast cancer (III, IV)
	5.6 MMP-9 immunostaining in premalignant breast disease (IV)
	5.7 MMP-9 positivity as a prognostic factor in breast carcinoma (III)

	6 Discussion
	6.1 Prognostic value of p53 immunopositivity
	6.2 P53 as a predictive marker
	6.3 MMP-9 expression in breast carcinoma and in premalignant lesions of breast
	6.4 MMP-9 and neoplastic process in breast tissue
	6.5 MMP-9 as a factor for prognosis
	6.6 MMP-9 immunoreactivity and implications for a clinical use

	7 Conclusions
	References
	Original papers


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




