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Abstract
For many years, the age of the patient, the condition of axillar lymph nodes, the size of the tumour, histological 
traits (in particular histological grade of malignancy and invasion of lymphatic vessels), condition of hormonal 
receptors and HER2 represented principal factors used for the stratification of breast cancer patients for the pur-
poses of evaluating the prognosis and determining the appropriate strategy of treatment. Although the variables 
are useful for the prognostic evaluation of individual groups of breast cancer patients, their role in determining 
the individual risk level of the patient and in the selection of supplementary treatment is quite restricted. This 
article shows the prognostic value of additional parameters, whose expression is associated with chemioresistance 
(MRP2, BCRP, YB1) or individual assessment of the dynamics of tumor progression (S100P, BUBR1). In addition, 
it describes the role of an online database of “The Kaplan-Meier plotter” which contains the assessment of the 
effects of expression of various genes on the clinical outcome of patients with breast cancer (Adv Clin Exp Med 
2013, 22, 1, 5–15).
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Streszczenie
Od wielu lat wiek pacjenta, stan pachowych węzłów chłonnych, wielkość guza, cechy histologiczne (zwłaszcza 
histologiczny stopień złośliwości i inwazja naczyń limfatycznych), stan receptorów hormonalnych oraz HER2 są 
głównymi czynnikami stosowanymi do stratyfikacji pacjentów z rakiem piersi w celu oceny rokowania i określenia 
odpowiedniego sposobu leczenia. Chociaż te dane są bardzo przydatne do oceny rokowniczej poszczególnych 
grup pacjentów chorych na raka piersi, to jednak ich rola w określaniu indywidualnego poziomu ryzyka progresji 
choroby oraz w  doborze dedykowanego sposobu leczenia uzupełniającego jest ograniczona. W  artykule przed-
stawiono wartość prognostyczną dodatkowych parametrów, których ekspresja jest wiązana z  chemioopornością 
guza (MRP2, YB1) lub indywidualną oceną ryzyka progresji zmiany nowotworowej (S100P, BUBR1). Dodatkowo 
opisano rolę bazy danych „The Kaplan-Meier plotter”, zawierającej oceny wpływu ekspresji różnych genów na 
wyniki kliniczne chorych na raka piersi (Adv Clin Exp Med 2013, 22, 1, 5–15).
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The classical morphological factors considered 
in the selection of patients for systemic therapy in-
clude size and the extent of histological malignancy 
of the tumour (grade), Ki67 proliferative index and 
condition of axillar lymph nodes. Also, the evalua-
tion of steroid receptor expression and of Human 
Epidermal Growth Factor Receptor 2 (HER2) are 
of principal importance [1–3]. The analysis of all 
the mentioned factors manifests a  much higher 
clinical significance than a  consideration of each 
of them in separation, and such a comprehensive 
analysis provides grounds for several schemes used 
in grouping the patients to individual risk catego-

ries, such as Saint Gallen criteria, National Insti-
tutes of Health (NIH) consensus, prognostic index 
from Nottingham (NIP) or decisive base related to 
adjuvant treatment, the Adjuvant!Online (www.
adjuvantonline.com) [1–4].

The evaluation of individual prognostic fac-
tors, even such as estrogen receptors (ER), proges-
teron receptors (PgR) or HER2, does not always 
provide an insight into the functional activity of 
the receptors: other supplementary signalling 
pathways may affect the function of neoplastic cells 
and the efficacy of the implemented therapy. The 
problem may be resolved by parallel evaluation of 
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several variables and, then, appraisal of the risk for 
progression and of possible advantages stemming 
from use of an appropriate manner of therapy. 
A progress in this branch was permitted by intro-
duction of DNA microarrays. The examination 
involves a pangenomic evaluation of tumor cells. 
Until now, high costs of such studies and difficul-
ties with the interpretation of such a  pile of ob-
tained data prevented broader application of DNA 
microarrays in practice. Studies of other authors 
evaluated expression of only selected genes, linked 
to cell cycle and proliferation, which resulted in 
the determination of molecular profiles for breast 
cancer [1–5]. Nevertheless, the selection of an ap-
propriate panel of genes that would credibly fulfill 
expectations remains a  challenge. The most fre-
quently described two multigenic prognostic tests 
include Oncotype DX and MammaPrint. Until 
now, only the Oncotype DX has been recognized 
by most (84%) experts in the Evaluation Panel 
at the conference in St. Gallen, in 2011 as a  test 
which in a reliable way may help in qualifying the 
patients for systemic treatment [2, 3, 5]. This mul-
tigenic test defines the probability of breast cancer 
relapse in patients with no metastases and positive 
status of estrogen receptor. The efficacy of the test 
has been confirmed in a group of patients treated 
hormonally with tamoxifen. In the Oncotype DX 
test a panel of 21 cancer cell genes is evaluated and 
a probability is estimated in the scale of 0  to 100 
for manifestation of a relapse within 10 years from 
primary diagnosis (recurrence score). The useful-
ness of the test is illustrated by the fact that the 
evaluation is performed on a  tissue sampled for 
a  routine histopathological evaluation, fixed and 
embedded in paraffin. MammaPrint represents 
also a multigene test but it is aimed at the evalua-
tion risk in developing metastases. It was designed 
in Holland and published for the first time in 2002. 
In 2007 the American Food and Drug Administra-
tion (FDA) approved the test for use in female pa-
tients below 61 years of age with breast cancer of up 
to 5 cm in diameter, with no metastases to lymph 
nodes. A significant obstacle in broad application 
of the test is its requirement that it requires fresh 
(unfixed) tissue. The material is sampled during 
surgery using an appropriately prepared kit and 
sent for evaluation to laboratories of the producer 
[1, 3, 5]. It should be stressed that experts of St. 
Gallen conference, American Society of Clinical 
Oncology (ASCO) and the National Comprehen-
sive Cancer Network (NCCN) admit the potential 
for using the molecular profiles in defining the 
risk of relapse in patients with equivocal indica-
tions for adjuvant chemotherapy. Nevertheless, it 
is recommended that results of the tests should be 
interpreted with caution and that the traditional 

clinical and pathomorphological indices are also 
taken into account [1, 3, 4].

Molecular Subtypes  
of Breast Cancer
An analysis of gene expression profiles in mi-

croarray platforms resulted in distinguishing a few 
molecular subtypes of breast cancer. The first study 
which initiated the development of the concept of 
defining molecular subtypes of breast cancer in-
volved the study of Perou et al., employing DNA 
microarray technology, with analysis of expression 
involving 8102 genes, obtained from 65 breast tu-
mors (originating from 42 patients) [6]. 

Considering the gene expression, five molecu-
lar subtypes of breast cancer were distinguished. 
However, it was most important that the evalu-
ation of breast cancer subtypes carried not only 
a prognostic value but also provided an indication 
as to the group of systemic agents which in the 
group of patients resulted in the best clinical effect. 
In 2011, a group of experts from St. Gallen dem-
onstrated that for a  correct categorization of the 
patients it was sufficient at the time to determine 
parameters accessible by classical histopathologi-
cal approach, enriched by additional immunohis-
tochemical data, including definition of histologi-
cal type of breast cancer, status of steroid receptors 
and of HER2 and Ki67 proliferative index (MiB1) 
[2–4]. 

Depending on the results of the mentioned 
morphological studies, all infiltrative breast can-
cers were divided into five principal groups, includ-
ing: luminal cancers A, luminal cancers B (HER2-
negative), luminal cancers B  (HER2-positive), 
HER2-positive cancers (nonluminal ones) and 
triple negative cancers (nonluminal ones), cancers 
of basal type. In addition, two other special types 
of breast cancers were distinguished: Somatotro-
pic hormone (STH)-hormone-dependent cancers 
(cribriform, ductal, mucinous cancers) and STH-
hormone-independent cancers (apocrine, medul-
lary cancers, adenoid cystic carcinoma, metaplas-
tic cancer).

Cancers of the luminal A type used to be highly 
differentiated and linked to a favorable prognosis. 
They manifested the expression of ER and/or PgR 
and a low proliferative activity (Ki67 index<14%). 
In this group of cancers amplification of HER2 
gene can be detected only in exceptional cases. As 
a rule, such patients are sufficiently managed us-
ing hormonal therapy. The application of chemo-
therapy is justified only in some patients with me-
tastases more numerous than three lymph nodes 
[3, 7, 8].
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The luminal type B  cancers include also tu-
mors with expression of steroid receptors but, in 
comparison with type A, tumors of type B mani-
fest high proliferative index or co-expression of 
HER2 receptor. In cases of tumors manifesting no 
over-expression of HER2 and showing high pro-
liferative index (Ki67 ≥ 14%) hormonal therapy 
and/or chemotherapy is used. On the other hand, 
in patients with luminal type B tumors with over-
expression and/or amplification of HER2 it is rec-
ommended to apply combined hormonal treat-
ment and treatment with trastuzumab. Patients 
with this type of cancer may also take advantage 
of chemotherapy [3, 7, 8].

Cancers of HER2 type comprise around 15% 
of all breast cancers and manifest over-expression 
or amplification of HER2 with absence of expres-
sion of steroid receptors (ER and PgR). The tumors 
used to show low differentiation, accompanied by 
metastases to lymph nodes. The prognosis is unfa-
vorable. In patients with this type of cancer treat-
ment with trastuzumab and anthracyclin-based 
chemotherapy is recommended [3, 7].

Cancers of basal type comprise 10–20% of 
all breast cancers. In this group reactions aimed 
to detect the presence of ER, PgR and HER2 are 
negative. Proliferative activity of basal cancer cells 
is high. Cancers of basal type used to metastasize 
with blood, mainly to the brain and lungs, less fre-
quently to lymph nodes and bones. The group of 
basal type cancers is not homogenous, containing 
cancers with BRCA-1 (breast cancer gene 1) mu-
tation, medullary carcinomas and adenoid cystic 
carcinomas, with a low risk of distant metastases. 
In contrast to luminal cancers, most basal type 
cancers are sensitive to chemotherapy: in 76% of 
cases traits of a  complete clinical and pathomor-
phological response to chemotherapy is noted. 
Nevertheless, due to the high rate of relapses, the 
clinical course in patients with this type of cancer 
is unfavourable [3, 7]. 

However, categorization of a patient to a specif-
ic group provides only a very general indication. Re-
ports of a variable sensitivity to cytostatic agents in 
patients who seemed to represent the same type of 
the tumor remain valid. The clear differences in ef-
ficacy of treatment in various patients with the same 
diagnosis prove that oncological treatment cannot 
be universal and it remains indispensable to identify 
additional markers which would allow a more indi-
vidualized selection of an appropriate therapy. 

New Markers
Intense development of molecular biology al-

lowed the detection of several mechanisms, which 

condition the development of neoplastic disease. 
Membrane receptors were identified, signaling 
pathways and transcription factors were detected, 
the pathological activity of which defines malig-
nant phenotype of a neoplastic cell. In this way the 
information was gained on a number of proteins 
which could be used as potential targets of new 
therapies [7]. 

Most clinical studies conducted in oncology 
pay significant attention to the identification of 
biomarkers that would promote optimization, in-
dividualization and an increased efficacy of novel 
therapeutic strategies. Following the identification 
of pathologically activated signaling pathways, mo-
lecular mechanisms conditioning drug resistance 
and an analysis of general condition manifested by 
the patient, it will be possible to suggest to the pa-
tient an individualized therapy, manifesting high 
clinical efficacy with very restricted toxicity [7, 8]. 

Multidrug Resistance  
to Cytostatic Agents
Resistance to drugs poses a  serious challenge 

to chemotherapy of tumors. Mechanisms in which 
the resistance develops are reflected first of all in 
the changes in transport of the drug between ex-
tracellular space and cell interior and between cell 
organelles (resistance dependent on transport), 
changes in activation of the drug (resistance de-
pendent on activation), in the activity of targeted 
enzymes/proteins reflecting their augmented ex-
pression in tumor cells or a  decreased affinity to 
the drug (resistance dependent on targeted sub-
stance), altered processes of DNA repair and an 
altered ability of neoplastic cells to inhibit apop-
totic mechanisms [9, 10].

Neoplastic cells may acquire resistance to a sin-
gle drug or to an entire group of cytotoxic agents. 
Nevertheless, the most frequently encountered 
mechanism of resistance involves active export of 
the drug from the cells, mediated by proteins act-
ing as transmembrane transporters. The transport 
results in a  decreased effective intracellular con-
centration of the drug, reflecting its reduced inflow 
to the neoplastic cells or an intensified elimination 
from the cell. The mechanism may also affect the 
transport of the drug from cytoplasm to cell nu-
cleus or to other intracellular compartments/or-
ganelles [9]. The first identified transporter of the 
type, glycoprotein P  (ABCB1) belongs to the ex-
tensive superfamily of transport ABC (ATP Bind-
ing Cassette transporters) proteins transporting 
endo- and exogenous substances through the cell 
membrane using energy resulting from ATP hy-
drolysis. In the human body around 50 genes were 
identified which dode ABC proteins. They form 
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seven subfamilies, ascribed with the sequential 
alphabet letters of A to G. Most of ABC proteins 
represent energy-dependent transporters but the 
superfamily contains also transport proteins gat-
ed by binding and hydrolysis of ATP (Adenosine 
Triphosphate), e.g. CFTR/ABCC7 (Cystic Fibro-
sis Transmembrane conductance Regulator) and 
ATP-dependent controllers of potassium chan-
nel, e.g. receptors of sulphonylurea SUR1/ABCC8 
(Sulfonylurea Receptor 1) and SUR2/ABCC9 [9]

The first to be identified and the most fre-
quently described protein of the group involves 
P-glycoprotein (Pgp/ABCB1), composed of 1280 
amino acids and coded by MDR1 (Multidrug Re-
sistance Protein 1) gene, located on the long arm 
of chromosome 7 (7q21). Pgp is thought to par-
ticipate in the transport of endogenous products 
out of a cell. The presence of Pgp on the surface 
of capillary endothelial cells in various organs 
may constitute one of the functional components 
not only of the blood-brain barrier but also of in-
testinal barrier or renal barrier. The role of Pgp 
in normal lymphocytes remains to be recognized. 
It is suggested that Pgp present in lymphocytes 
CD8+ (Cluster of Differentiation 8) and NK 
(Natural killer) cells may be important for their 
cytotoxic function. Relatively high amounts of 
Pgp are present in haemopoetic stem cells and its 
concentration decreases in the course of develop-
ment and differentiation of the stem cells to ma-
ture terminal blood cells. Probably, Pgp affects 
proliferation and differentiation of haemopoetic 
stem cells through controlling factors of the pro-
cesses [11]. Tumors in which the expression of 
Pgp is detected form two groups. The first group 
comprises tumours stemming from tissues which 
originally demonstrate expression of Pgp (among 
other tumours of liver, kidneys, pancreas, intes-
tines and adrenal cortex), thought to be primar-
ily resistant. The other group contains tumours 
originating from tissues originally manifesting 
low concentrations of Pgp and in the course of 
chemotherapy developing resistance, which per-
sists following termination of chemotherapy. 
The group includes, among other, breast can-
cer, small-cell pulmonary carcinoma, acute and 
chronic myeloid leukaemia [11–15].

In studies conducted on breast cancer pa-
tients (metaanalysis) the expression of Pgp was 
demonstrated in 41% patients before the start of 
treatment and the proportion increased following 
treatment [16]. Other authors demonstrated the 
expression of Pgp in as many as 80% patients [13]. 
Burger et al. confirmed as significant the correla-
tion between the expression level of Pgp and the 
response to treatment. The reaction to treatment 
was markedly lower in patients manifesting high 

expression of Pgp (2/12; 17%) than in those with 
low expression of Pgp 32/47 (68%) [13, 17].

Even if Pgp protein represents one of the 
principal causes of drug resistance in tumours, 
also other transport proteins may be linked to this 
phenomenon. In the group of transport protein an 
important role is played by proteins of MRP group 
(Multidrug Resistance related Proteins). They 
constitute one of the largest groups in the ABC 
superfamily, in humans composed of 13 proteins 
[9, 18, 19].

MRP are broadly expressed in human body, in 
tissues responsible for elimination of toxic metab-
olites while protection of strategic compartments 
in human body is linked to their function. 

Until now, MRP1 represents the best-rec-
ognised protein of ABCC family. Expression of 
MRP1 was detected in cells of solid tumors in 
lungs, breasts, prostate. Some authors regard the 
expression of MRP1 to represent an unfavourable 
prognostic index in locally advanced breast can-
cer, resulting in abbreviated relapse-free survival 
and total survival [9, 20]. It is also indicated that 
an augmented MRP1 expression is manifested in 
relapsing breast cancers following neoadjuvant 
treatment and in metastatic tumours although it 
has no predictive significance for application of 
a systemic treatment [9, 17, 20, 21].

MRP2
MRP2 (Multidrug Resistance Protein 2), 

termed also ABCC2, belongs to the group of trans-
port proteins responsible for resistance to chemo-
therapy. In physiological conditions it represents 
a  transporter of organic ions and undergoes ex-
pression in several tissue types in which it trans-
ports anionic substances. Activity of MRP2 was 
shown to be linked to the resistance to methotrex-
ate, etoposide, vincristine, vinblastine, cisplatin, 
doxorubicin and epirubicin [12–14, 22, 23]. 

Present studies suggested that immunohis-
tochemical examination represents an appropriate 
technique to evaluate the expression of ABCC2 
and, in addition, it allows us to evaluate the differ-
ences related to the subcellular localization of the 
proteiun (cell membrane or nuclear envelope). The 
expression of MRP2 in nuclear envelope is typical 
for cells of low differentiation while the expression 
in cell membrane is typical of higher differenti-
ated cells. Cases manifesting nuclear expression 
of ABCC2 demonstrated a more aggressive clini-
cal course, which reflected lower differentiation of 
tumour cells and an increased resistance to some 
drugs. The observation confirmed the hypothesis 
of the relationship between localization of ABCC2 
on one hand and extent of differentiation and cel 
polarity on the other [23, 24]. 
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Tumors as heterogenous structures manifest 
a significant structural differentiation. Most prob-
ably, the resistance mechanism linked to the activ-
ity of MRP2 is particularly significant in the resis-
tance to chemotherapy manifested by all cells of 
low differentiation, such as tumor stem cells. Lo-
cated in nuclear envelope, ABCC2 decreases the 
sensitivity of tumor stem cells to chemotherapy, 
the cells representing the principal target of adju-
vant treatment which, as a result, leads to both lo-
cal progression and to generalized disease [24]. 

A number of reports have appeared which point 
to justified attempts to evaluate the clinical role of oth-
er proteins linked to multidrug resistance and breast 
cancer resistance protein (BCRP) in particular. 

BCRP

BCRP, also termed ABCG2, belongs to the 
group of proteins linked to multidrug resistance. 
An analysis of BCRP properties represents one 
of the developing directions in studies aimed at 
recognising mechanisms in which resistance to 
treatment develops. In physiological conditions 
BCRP is mainly localized in epithelia of natural 
organ barriers, such as blood-brain barier, blood-
testis barier and, in particular, within placenta 
[12–14, 25]. It plays a  protective role, assuring 
the active export of xenobiotics and other chemi-
cal substances, toxins out of the cell. Similarly to 
P-glycoprotein, BCRP is also present on the sur-
face of haemopoetic stem cells. Over-expression of 
BCRP on stem cells was observed to take place in 
conditions of anoxia, linked to the signalling path-
way of HIF-1 (Hypoxia-inducible Factor 1). Such 
a mechanism of action manifested by the protein 
suggests a  significant role played by BCRP over-
expression in the development of radioresistance 
[12, 25]. Within a tumor, the principal mechanism 
of BRCP activity involves active transport of xe-
nobiotics, including drugs, out of the cell. Over-
expression of BCRP in cells of human tumors is 
linked to the resistance of the cells to several cy-
tostatic agents. The ani-neoplastic drugs actively 
removed from the cells by BCRP include mitoxan-
trone, doxorubicin, daunorubicin, methotrexate, 
SN-38 (active metabolit of irinotecan) and topote-
can [12–14]. In this paper the authors have shown 
that, in the describe group of patients (with low 
advancement of the disease, upon a long monitor-
ing of treatment results, with a mean duration of 
observation of around 14 years) BCRP proved to 
provide a  very useful prognostic index. Its value 
was confirmed by unifactorial and multifactorial 
analysis; it should be stressed that the only equally 
significant prognostic factor involved the widely 
used and the most important clinical prognostic 
parameter: a  condition of regional lymph nodes 
[25]. In the future, the evaluation of BCRP activity 
may be helpful in the stratification of breast can-
cer patients which are supposed to be subjected to 
chemotherapy.

YB1
YB-1  (Y-Box–Binding 1) is a multifunctional 

protein, participating in the control of oxidation 
and reduction pathways, cell growth and, first of 
all, controlling responses to toxic agents [12–14]. 
Nuclear localization of YB-1 is linked to its func-
tion of a transcription factor for several genes as-
sociated with the replication of DNA, prolifera-
tion process and resistance to cytostatic agents. 
YB-1  induces expression of ER and HER2, im-

Fig. 1. Immunohistochemical localization of 
P-glycoprotein expression in a cytostatic drug resistant 
cell line of EPG 257/85 RDB

Ryc. 1. Immunohistochemiczna lokalizacja ekspresji 
P-glikoproteiny w komórkach linii opornej na 
cytostatyki EPG 257/85 RDB

Fig. 2. Immunohistochemical localization of MRP2 in 
a sample of breast cancer: evident prevalence of nuclear 
localization

Ryc. 2. Immunohistochemiczna lokalizacja MRP2 
w wycinku z raka piersi – wyraźna przewaga lokalizacji 
jądrowej
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portant for treatment of breast cancer. Due to its 
nuclear activity, the nuclear form of YB-1 seems to 
provide a  potential target for modulating signals 
transmitted by the receptors. The nuclear form 
of YB-1  participates also in signalling pathways 
linked to the protection of DNA and cellular sta-
bility from genotoxic effects of cisplatin, mitomy-
cin and ionizing radiation [26]. 

In present work the authors detected a  link 
between the expression of nuclear YB-1 form and 
less favourable prognosis in breast cancer patients. 
It is particularly significant that in our studies we 
have confirmed the prognostic value of the pro-
tein in a group of patients with a  relatively good 
prognosis. Thus, evaluation of the nuclear form 
of YB-1  may manifest a  potentially high clinical 
value in the selection of patients requiring a more 
intense adjuvant treatment. Similar observations 
were published by other authors. An augmented 
expression of YB-1 was detected in patients with 
a  less favourable prognosis [26]. Gluz et al. dem-

onstrated that high activity of YB-1 was associated 
with other unfavourable prognostic factors, such as 
the absence of hormonal receptors, positive status 
of HER-2 and p53, intense proliferation and ma-
lignancy grade 3 [27]. In this analysis the authors 
have observed a correlation between an increased 
expression of YB-1 nuclear form and the presence 
of metastases to lymph nodes. Such a relationship, 
noted in a group of patients with a good prognosis 
(II stage of advancement), seems to be particularly 
interesting both in respect to prognostic and pre-
dictive value of the biomarker [26]. 

CD46 and Other Inhibitors  
of the Complement
The system of complement encompasses 

a  set of a  few tens of proteins present in plasma 
and other body fluids, together with functionally 
numerous receptors linked to them and control-
ling proteins. The complement system plays an 

Fig. 3. Pattern of KMplot screen: beginning of analysis of the relationship between expression of ABCB1 gene and 
relapse-free time. The studied group included 2898 female patients with breast cancer. Effects of ER, PR expression, 
involvement of lymph nodes, grade of malignancy, molecular subtype or of the applied therapy were not analyzed

Ryc. 3. Zrzut ekranu z KMplot – początek analizy związku między ekspresją genu – ABCB1 a czasem wolnym od 
wznów. Badana grupa liczy 2898 pacjentek chorych na raka piersi, nie uwzględniono stanu ekspresji ER, PR, zajęcia 
węzłów chłonnych, stopnia złośliwości, ani subtypu molekularnego. Nie uwzględniono rodzaju stosowanej terapii
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important role in the mechanisms of immune 
responses; its action involves the activation of an 
enzymatic cascade leading to a  number of phe-
nomena significant for the course of immune and 
inflammatory reactions. The important functions 
played by the complement in the body include 
lysis of bacterial, parasitic or neoplastic cells, cell 
opsonization, which facilitates phagocytosis, ac-
tivation of phagocytic cells and clearance of im-
mune complexes. Even if the complement system 
encompasses around 30 proteins, in recent years 
the highest attention of investigators was focused 
on the appraisal of properties manifested by the 
expression of membrane proteins which control 
complement system, mCRPs, the elevated expres-
sion of which is frequently detected on neoplastic 
cells [28, 29]. The most important of them include 
three proteins: CD46 (Cluster of Differentiation 
46) (the protein cofactor binding C3b and C4b 
components), CD55 (a  factor which accelerates 
degradation of C3 and C5 convertases) and CD59 
(which blocks membrane attacking complex). An 
increased expression of CD46 seems to be linked 

to active protection of neoplastic cells from effects 
of cytotoxic agents. The role of the system is uni-
versal: it was detected in various types of tumors 
and it is particularly significant in cases of tumors 
with higher malignancy [28].

In present studies the authors have detected 
elevated expression of CD46 protein on ovarian 
cancer cells in a group of patients with abbreviat-
ed survival. Also, analysis of breast cancer patients 
in this respect has detected elevated expression of 
CD46 in patients with a  shorter total and free of 
progression survival [29]. Also clinical and experi-
mental data confirm the potential role of comple-
ment system in indirect control of cancer cell 
proliferation through the effects of STAT3 (Signal 
Transducer and Activator of Transcription 3) tran-
scription factor [30]. Buettner et al. drew attention 
of investigators to the link between CD46 gene and 
the mechanism of action manifested by activated 
STAT3, which accelerates tumor cell growth and 
to the fact that a stable activation of STAT3 pro-
motes tumor angiogenesis and increases dynamics 
of metastatic spread [31]. Summing up the above, 

Fig. 4. Pattern of KMplot screen: relationship between expression of ABCB1 and relapse-free time in the group 
described in Fig. 3. Patients with higher ABCB1 expression demonstrated shorter relapse free survival

Ryc. 4. Zrzut ekranu z KMplot – wynik analizy zależności między ekspresją ABCB1 a czasem wolnym od wznów 
w grupie opisanej w rycinie 3. Pacjentki o wyższej ekspresji ABCB1 mają krótszy czas wolny od wznów
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it should be stressed that CD46 is a particularly in-
teresting protein of a  complex manner of action, 
the increased expression of which clearly mani-
fests a  prognostic value. Further studies on the 
marker will permit not only to additionally docu-
ment its prognostic value but, perhaps, to find new 
approaches to the therapy.

Markers of Tumour Progression
Progression is a multistage process, in which 

the tumour invades the surrounding tissues and 
spreads metastases to distant organs. At present, 
a number of molecular markers can be evaluated 
which illustrate the risk for progression in breast 
cancer. 

CA 15.3, CA 27.29, uPA  
and PAI-1
The process of invasion is accompanied by 

alterations in the expression of cytokeratins and 
proteins levels of MUC1 (Mucins1) family, point-
ing to the destabilization of cytoskeleton and the 
process can be monitored using the markers of 
CA 15.3 (Carcinoma Antigen 15-3) and CA 27.29. 
A number of proteins take part in tumor cell in-
vasion and adhesion: adhesins, integrins, cathep-
sins, collagenases, metalloproteases and proteins 
of urokinase-type plasminogen activator. Distur-
bances in the normal expression of adhesins, in-
cluding CD44 antigen and E-cadherin, cause de-
tachment of tumor cells from the tumor mass and 
their re-adhesion in a distant organ. The two pro-
cesses can take place due to a  local proteolysis of 
extracellular matrix proteins, executed by matrix 
metalloproteases, first of all by MMP-1  (Matrix 
metalloproteinase-1) and MMP-9. The enzymes 
co-operate with components of urokinase-type 
plasminogen activator, including uPA (urokinase-
type Plasminogen Activator), its receptor, uPAR 
(urokinase-type Plasminogen Activator Receptor) 
and its inhibitors, PAI-1  (Plasminogen Activator 
Inhibitor-1) and PAI-2. uPA represents the key 
protein involved in the decomposition of extracel-
lular matrix. It is secreted in an inactive precursor, 
pro-uPA and subsequently converted to its active 
form following its binding to its receptor, uPAR. 
In cells of breast cancer uPA promotes infiltra-
tion of surrounding tissues and development of 
metastases. Its mechanism of action involves the 
degradation of the extracellular matrix, stimula-
tion of angiogenesis, control of cell migration and 
their adhesion and inhibition of apoptotic pro-
cesses. Neoplastic cells and, in particular, those in 
peripheral portions of the tumour manifest high-
er levels of uPAR expression, which is linked to 

greater amounts of active proteolytic enzymes on 
the tumor surface. This allows for the stimulation 
of digestion and the penetration of surrounding 
tissues by tumor cells, in effect leading to the in-
filtration by the tumor and its progression. In pe-
ripheral regions of the tumor, apart from increased 
expression of uPAR, an elevated expression of 
uPA itself is also noted. The elevated expression 
of uPA correlates with higher invasiveness of the 
tumor and abbreviated survival of breast cancer 
patients. Many investigators stress that uPA pro-
tein is a tumor marker of particular importance in 
patients with the expression of estrogen receptors. 
Components of plasminogen activation system 
represent useful markers pointing to the progres-
sion of breast cancer, while uPA and uPAR may 
prove particularly useful in designing new types of 
therapy. At present, CA15-3, CA 27.29, uPA and 
PAI-1 belong to the group of tests recommended 
by ASCO (American Society of Clinical Oncology) 
[7, 8].

S100P
The gene family of S100 codes for low molecu-

lar weight proteins linked to cancer progression. 
The proteins of S100 family exhibit a high affinity 
to calcium ions and act as transducers of calcium 
signal. An appropriate level of calcium ions acts as 
a  universal signal involved in the control of sev-
eral processes, including gene expression, apop-
tosis and cell differentiation. Alterations in the 
expression of S100 family proteins are reported 
with increasing frequency in various tumours, in-
cluding breast cancer [32]. McKiernan et al. found 
that various S100 genes (S100A1, S100A2, S100A4, 
S100A6, S100A8, S100A9, S100A10, S100A11 and 
S100A14) manifest an increased activity in basal 
type of breast cancer and they may provide po-
tential targets for therapy of the cancer type [33]. 
Relationships between members of S000 family 
and tumors can be explained in various ways, but 
it is significant that in humans the chromosomal 
region of 1q21, which accumulates most of S100 
genes, is particularly susceptible to genomic rear-
rangements [33, 34]. 

S100P involves a low molecular weight protein 
which influences the processes of proliferation and 
angiogenesis [32–34]. In breast cancer, the expres-
sion of S100P correlates with a particularly aggres-
sive disease course. In the present study, both in 
unifactorial and multifactorial analysis, higher ex-
pression of nuclear form of S100P proved to be an 
unfavourable prognostic factor, noted in the group 
of patients with abbreviated total and relapse-free 
survival [35]. The protein may provide a target for 
therapy and it requires further observations of its 
prognostic and potentially predictive value. 
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BUBR

An interesting sector of currently develop-
ing studies includes the prognostic evaluation of 
markers, linked functionally to control points in 
the process of cell division. In the group of com-
pounds, the mechanism can be distinguished 
which controls chromosomal segregation pro-
cess, termed also the spindle assembly check-
point (SAC). The group of compounds controls 
an appropriate course of mitosis at the moment 
when abnormalities are detected in chromosomal 
division (BUBR – budding uninhibited by ben-
zimidazole-related). If the karyokinetic spindle 
checkpoint fails to act properly, abnormalities 
result in structure of cellular progeny, most fre-
quently involving aneuploidy. Within methods in 
which the anomalies can be monitored a particu-
larly interesting aspect seems to be the evaluation 
of the activity manifested by BUBR1, the protein 
representing the main component of the complex 
controlling mitotic process. BUBR1 expression in 
breast cancer was reported in several papers but 
till now its prognostic value was not examined. In 
the present study, the authors have described the 
prognostic role of BUBR1 expression in a  group 
of breast cancer patients, detecting a pronounced 
correlation between the high activity of BUBR1 
and the unfavourable course of the disease. An 
interesting idea seems to involve the examination 
of BUBR1 role as a potential therapeutic target for 
drugs belonging to microtubule inhibitors. This 
opens a new invastigative path aimed at confirm-
ing predictive value of BUBR1 protein.

Other 
KM Plotter
A  selection of an appropriate in a  predictive 

and prognostic respect gene group represents the 
highest challenge. One of the more interesting so-

lutions involves the formation of an on line tool 
which could be used for the evaluation of effects 
exerted by the expression levels manifested by var-
ious genes on clinical results in patients with breast 
cancer. The “The Kaplan-Meier plotter” (KM plot-
ter) database was formed using data on expression 
manifested by 22,277 genes in a  group of 1,809 
patients [36, 37]. The software took advantage 
of the data obtained from Gene Expression Om-
nibus (GEO – www.ncbi.nlm.nih.gov/geo/) data-
base, in which the expression level manifested by 
individual genes was estimated using Affymetrix 
HGU133A and HG-U133 Plus 2.0  microarrays. 
For the purposes of analysis involving prognostic 
value of individual genes the data were supple-
mented with clinical results related to relapse-free 
survival and total survival of the patients. Using 
the database the results can be demonstrated us-
ing survival curves. The database is generally ac-
cessible under address of www.kmplot.com. The 
tool manifests high value for preliminary analysis 
of planned to use biomarkers. However, the most 
important trait of the software represents the fact 
that the data stored in the database continue to be 
supplemented and, therefore, in the future it can 
be used to assure even higher accuracy in ascribing 
prognostic value for individual markers and in the 
qualification of patients to individual prognostic 
groups [34–37]. 

Summing up the above, the importance of 
clinical and scientific efforts should be stressed in 
designing a  personalized strategy for treatment. 
The therapeutic efforts to an increasing extent will 
be based on classical and the developing new prog-
nostic and predictive markers. It should be hoped 
that personalized oncology will allow to treat most 
of the tumors as a chronic disease while the indi-
vidualized therapy will provide effective and well 
tolerated procedures, permitting the patients to 
preserve life quality comparable to that before the 
diagnosis of neoplastic disease was established.

References
Schnitt S:  [1]	  Classification and prognosis of invasive breast cancer: from morphology to molecular taxonomy. 
Modern Pathol 2010, 23, 60–64.
Niemiec J, Ryś J:  [2]	  Basal subtype of breast cancer: a morbid unit of a specific immunophenotypic characteristics [in 
Polish]. Pol J Pathol 2011, 4, 36–44.
Olszewski W, Chmielik E, Rys J:  [3]	  Pathomorphological selection of patients to systemic therapy [in Polish]. Pol 
J Pathol 2011, 4, 4, 28–33.
Rakha E, Reis-Filho J, Baehner F, Dabbs D, Decker T, Eusebi V, Fox S, Ichihara S, Jacquemier J, Lakhani S,   [4]	
Palacios J, Richardson A, Schnitt S, Schmitt F, Tan P-H, Tse G, Badve S, Ellis I: Breast cancer prognostic clas-
sification in the molecular era: the role of histological grade. Breast Cancer Res 2010, 12, 207, 2–12.
Zmorzyński S, Karczmarek-Borowska B, Filip A:  [5]	  Molecular markers of carcinogenesis employed in diagnosis 
and planning of therapy in breast cancer. Współ Onkol 2008, 12, 5, 205–211.
Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, Pollack JR, Ross DT, Johnsen H, Akslen LA,   [6]	
Fluge O, Pergamenschikov A, Williams C, Zhu SX, Lonning PE, Borresen-Dale AL, Brown PO, Botstein D: 
Molecular portraits of human breast tumours. Nature 2000, 406, 6797, 747–752.



A. Maciejczyk14

Harris L, Fritsche H, Mennel R, Norton L, Ravdin P, Taube S, Somerfield M, Hayes D, Bast Jr R:  [7]	  American 
Society of Clinical Oncology 2007 update of recommendations for the use of tumor markers in breast cancer. 
J Clin Oncol 2007, 25, 5287–5312.
Burstein H, Prestrud A, Seidenfeld J, Anderson H, Buchholz T Davidson N, Gelmon K, Giordano S, Hudis C,   [8]	
Malin J, Mamounas E, Rowden D, Solky A, Sowers M, Stearns V, Winer E, Somerfield M, Griggs J: American 
Society of Clinical Oncology Clinical Practice guideline: update on adjuvant endocrine therapy for women with 
hormone receptor-positive breast cancer. J Clin Oncol 2010, 28, 3784–3796.
Dębska S, Owecka A, Czernek U, Szydłowska-Pazera K, Habib M, Potemski P:  [9]	  Transmembrane transporters 
ABCC – structure, function and role in multidrug resistance of cancer cells. Postepy Hig Med Dosw 2011, 65, 
552–561.
Bradshaw DM, Arceci RJ:[10]	  Clinical relevance of transmembrane drug efflux as a mechanism of multidrug resis-
tance. J Clin Oncol 1998, 16, 3674–3690.
Lenart K, Szyda A, Kielbasinski M, Dus D, Podolak-Dawidziak M:[11]	  Clinical effects of multidrug resistance in 
neoplasms. Onkol Prakt Klin 2005, 1, 1, 18–26.
Sharom FJ:[12]	  ABC multidrug transporters: structure, function and role in chemoresistance. Pharmacogenomics 
2008, 9, 105–127.
Leonard G, Fojo T, Bates S:[13]	  The role of ABC transporters in clinical practice. Oncologist 2003, 8, 411–424.
Wind N, Holen I:[14]	  Multidrug resistance in breast cancers: from in vitro models to clinical studies. Int J Breast 
Cancer 2011, 1–12.
Surowiak P, Materna V, Matkowski R, Szczuraszek K, Kornafel J, Wojnar A, Pudelko M, Dietel M, Denkert C, [15]	
Zabel M, Lage H: Relationship between the expression of cyclooxygenase 2 and MDR1/Pglycoprotein in invasive 
breast cancers and their prognostic significance. Breast Cancer Res 2005, 7, 5, 862–870.
Trock BJ, Leonessa F, Clarke R:[16]	  Multidrug resistance in breast cancer: a meta-analysis MDR1/gp170 expression 
and its possibile functional significance. J Natl Cancer Inst 1997, 89, 917–931.
Burger H, Foekens JA, Look MP et al.:[17]	  RNA expression of breast cancer resistance protein, lung resistance-
related protein, multidrug resistance-associated proteins 1 and 2, and multidrug resistance gene 1 in breast cancer: 
correlation with hemotherapeutic response. Clin Cancer Res 2003, 9, 827–836.
Takahashi K, Shibata T, Oba T, Ishikawa T, Yoshikawa M, Tatsunami R, Takahashi K, Tampo Y:[18]	  Multidrug-
resistance-associated protein plays a protective role in menadione-induced oxidative stress in endothelial cells. 
Life Sci 2009, 84, 211–217.
Teodori E, Dei S, Martelli C, Scapecchi S, Gualtieri F:[19]	  The functions and structure of ABC transporters: implica-
tions for the design of new inhibitors of Pgp and MRP1 to control multidrug resistance (MDR). Curr Drug Targets 
2006, 7, 893–909.
Atalay C, Demirkazik A, Gunduz U:[20]	  Role of ABCB1 and ABCC1 gene induction on survival in locally advanced 
breast cancer. J Chemother 2008, 20, 734–739.
Deeley RG, Westlake C, Cole SP:[21]	  Transmembrane transport of endo- and xenobiotics by mammalian ATP-
binding cassette multidrug resistance proteins. Physiol Rev 2006, 86, 849–899.
Nooter K, Brutel de la Riviere G, Look MP:[22]	  The prognostic significance of expression of the multidrug resis-
tance-associated protein (MRP) in primary breast cancer. Br J Cancer 1997, 76, 4, 486–493.
Maciejczyk A, Jagoda E, Wysocka T, Matkowski R, Györffy B, Lage H, Surowiak P:[23]	  ABCC2 (MRP2, cMOAT) 
localized in the nuclear envelope of breast carcinoma cells correlates with poor clinical outcome. Pathol Oncol 
Res 2012 Apr, 18(2), 331–342.
Materna V, Kaplenko I, Spaczynski M, Dolinska-Krajewska B, Gebarowska E, Dietel M, Zabel M, Lage H:[24]	  
ABCC2 (MRP2, cMOAT) can be localized in the nuclear membrane of ovarian carcinomas and correlates with 
resistance to cisplatin and clinical outcome. Clin Cancer Res 2006, 12, 23, 7149–7158.
Maciejczyk A, Szelachowska J, Ekiert M, Matkowski R, Hałoń A, Surowiak P:[25]	  Analysis of BCRP expression in 
breast cancer patients. Ginekol Pol 2012, 83, 9, 681–687.
Maciejczyk A, Szelachowska J, Ekiert M, Matkowski R, Hałoń A, Lage H, Surowiak P:[26]	  Elevated nuclear YB1 
expression is associated with poor survival of patients with early breast cancer. Anticancer Res 2012, 32, 8, 3177–
3184.
Gluz O, Mengele K, Schmitt M, Kates R, Diallo-Danebrock R, Neff F,  Royer H-D, Eckstein N, Mohrmann S, [27]	
Ting E, Kiechle M, Poremba Ch, Nitz U, Harbeck N: Y-Box-Binding Protein YB-1 identifies high-risk patients 
with primary breast cancer benefiting from rapidly cycled tandem high-dose adjuvant chemotherapy. J ClinOncol 
2009, 27, 6144–6151.
Rushmere NK, Knowlden JM, Gee JM, Harper ME, Robertson JF, Morgan BP, Nicholson RI:[28]	  Analysis of the 
level of mRNA expression of the membrane regulators of complement, CD59, CD55 and CD46, in breast cancer. 
Int J Cancer 2004, 108, 930–936.
Maciejczyk A, Szelachowska J, Szynglarewicz B, Szulc R, Szulc A, Wysocka T, Jagoda E, Lage H, Surowiak P:[29]	  
CD46 expression is an unfavorable prognostic factor in breast cancer cases. Appl Immunohistochem Mol Morphol. 
2011, 19, 540–546.
Seghal P:[30]	  Epigenetic control of activity manifested by STAT3 transcription factor in neoplastic cells [in Polish]. 
Współ Onkol 2006, 10, 8, 373–377.
Buettner R, Huang M, Gritsko T, Karras J, Enkemann S, Mesa T, Nam S, Yu H, Jove R:[31]	  Activated signal trans-
ducers and activators of transcription 3 signaling induces CD46 expression and protects human cancer cells from 
complement-dependent cytotoxicity. Mol Cancer Res 2007, 5(8), 823–832.



New Prognostic Factors in Breast Cancer 15

Salama I, Malone PS, Mihaimeed F, Jones JL:[32]	  A review of the S100 proteins in cancer. Eur J Surg Oncol 2008 
Apr, 34(4), 357–3564.
McKiernan E, McDermott EW, Evoy D, Crown J, Duffy MJ:[33]	  The role of S100 genes in breast cancer progression. 
Tumour Biol 2011 Jun, 32(3), 441–450.
Cancemi P, Di Cara G, Albanese NN, Costantini F, Marabeti MR, Musso R, Lupo C, Roz E, Pucci-Minafra I: [34]	
Large-scale proteomic identification of S100 proteins in breast cancer tissues. BMC Cancer 2010, 10, 476.
Maciejczyk A, Szelachowska J, Ekiert M, Matkowski R, Hałoń A, Lage H, Surowiak P:[35]	  Elevated nuclear YB1 
expression is associated with poor survival of patients with early breast cancer. Anticancer Res 2012, 32, 8, 3177–
3184.
Győrffy B, Benke Z, Lánczky A, Balázs B, Szállási Z, Timár J, Schäfer R:[36]	  RecurrenceOnline: an online analysis 
tool to determine breast cancer recurrence and hormone receptor status using microarray data. Breast Cancer Res 
Treat 2012, 132, 3, 1025–1034.
Győrffy B, Lánczky A,Eklund A, Denkert C, Budczies J, Li Q, Szállási Z:[37]	  An online survival analysis tool to 
rapidly assess the effect of 22,277 genes on breast cancer prognosis using microarray data of 1,809 patients. Breast 
Cancer Res Treat 2010, 123, 725–773.

Address for correspondence:
Adam Maciejczyk
Department of Teleradiotherapy
Lower Silesian Oncology Center Wrocław
pl. Hiszfelda 12
53-413 Wrocław
Poland
Tel.: +48 71 368 95 00
E-mail: maciejczyk.a@dco.com.pl

Conflict of interest: None declared

Received: 3.01.2013
Accepted: 11.02.2013


	Title page / Strona tytułowa



