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Abstract: Despite the lifetimes that increased in breast cancers due to the the early screening programs and new therapeu-
tic strategies, many cases still are being lost due to the metastatic relapses. For this reason, new approaches such as the 
proteomic techniques have currently become the prime objectives of breast cancer researches. Various omic-based tech-
niques have been applied with increasing success to the molecular characterisation of breast tumours, which have resulted 
in a more detailed classification scheme and have produced clinical diagnostic tests that have been applied to both the 
prognosis and the prediction of outcome to the treatment. Implementation of the proteomics-based techniques is also seen 
as crucial if we are to develop a systems biology approach in the discovery of biomarkers of the early diagnosis, prognosis 
and prediction of the outcome of the breast cancer therapies. In this review, we discuss the studies that have been con-
ducted thus far, for the discovery of diagnostic, prognostic and predictive biomarkers, and evaluate the potential of the 
discriminating proteins identified in this research for clinical use as breast cancer biomarkers. 
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1. INTRODUCTION 

Breast cancer is the most commonly encountered cancer 
in our country, as it is in the world [1, 2]. Breast cancer oc-
curs in four stages. While the cases in the places where the 
preventive medicine is widespread and/or can benefit from 
the developed medical technologies, and receive diagnosis in 
the first or second stage, the others receive diagnosis in the 
third and fourth stages. Only half of the cancer cases that 
receive diagnosis are within the localized period [3].  

Although not withstanding promising progress has been 
made by the application of the screening programs and the 
systemic therapies in the breast cancer cases, there are still 
many patients dying following the metastatic relapse. This 
fact brings new approaches in breast cancer researches to the 
agenda. What this means in clinical terms is that under to-
day’s therapeutic conditions, these early diagnosed cases 
have approximately a nine times greater expectation of re-
maining healthy for 10 years compared to those of advanced 
periods [4]. 

Breast cancer is a complex disease which can gain a 
more invasive and resistant character by numerous molecular 
changes that bring about cell proliferation and genetic insta-
bility. This heterogenity creates different subgroups in mo-
lecular level and causes different clinical results and thera-
peutical responses. Studies that are done for the purpose of 
reaching better clinical results, have been focused on deter-  
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mining the molecular structures which are the causes of the 
disease, the cancer markers and the molecular structures that 
can constitute new therapeutical objectives, which can fol-
low up the early diagnosis of the disease, therapeutical re-
sponse and the relapses after the therapy by setting forth the 
stages of the disease and the differences that are peculiar to 
disease and person [5]. This approach, which requires the 
observation of the cellular changes simultaneously, has re-
flected in the clinical studies only by the developing tech-
nology, within the completion process of the genom analysis. 
The genom studies have enabled us to understand the mo-
lecular fundamentals of the diseases. However, rapidly 
changing cellular functions have clarified through proteome 
studies because the same genom may give rise to different 
proteome outputs [6]. While the term “proteome” was first 
used in 1994 and refers to the collection of proteins of one 
cell, tissue or organism, the “proteomic” refers to the studies 
related with all the biological activities of the proteome. In 
cancer researches, the protemoic technologies produce very 
valuable data, differentiating and describing functional and 
organisational medical pathways [7], determining the mo-
lecular structure which is the cause of the disease in tissue 
and biological liquids, the stages of the disease or the differ-
ences peculiar to the disease and the patient [8]. In recent 
years, the proteome studies that are done in various biologi-
cal samples have increased. Numerous preliminary studies 
are being performed on tumour tissue and biological fluids 
(serum, needle aspiration fluid, ductal lavage fluid and tu-
mour intercellular fluid) for the purpose of understanding the 
disease processes better in the breast cancer, too.  

In this review, the clinical applications of the proteomic 
methods in breast cancer cases will be evaluated. 
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2. PROTEOMIC METHODS 

In clinical studies, certain methods have come into 
prominence in terms of its applicability in the field. The 
methods of determination of known proteins either multiply 
or as multiple samples simultaneously, form the basis of mi-
cro array techniques. In this field, micro arrays of tissues are 
used which measure a known protein sequence simultane-
ously in a large number of tumour tissue samples. The stud-
ies which started at the level of DNA, mRNA, were first 
used for immunohistochemistry at the protein level in 1998. 
None the less, there are about 1500 publications in the field 
of cancer. [TMA is so far the most used proteomic technique 
in oncology whith more than 4,600 publications in PubMed 
in November 2009 which involves in the terms of “tissue 
microarrays” and “cancer”]. 

The most important advantage of this method is its ability 
to evaluate a large number of samples under the same condi-
tions simultaneously, and have the ability to perform analy-
sis with both paraffin block and frozen tissue samples. It is 
also useful from the point of tissue archiving. In this area 
another technique which has just started to be used is the 
forward and reverse phase protein microarray method, which 
has made it possible to work with tissue lysates, interstitial 
fluids and serum samples. However, the limiting aspect in all 
these array methods is that, the analyses are limited to those 
performed with known antibodies [9].  

The methods which can define and measure large num-
bers of unknown proteins are the techniques based on mass 
spectrometric (MS). After a chemical or physical separation, 
a large number of protein markers defining the tumour phe-
notype may be measured. Mass spectrometry based tech-
niques require substantial sample preparation prior to analy-
sis. The immune affinity, 2- dimensional gel electrophoresis 
(2DE), and free flow electrophoresis (FFE) are the most 
widely used methods [10]. In the traditional method of 2DE 
proteins are separated from a complex mixture according to 
electrical charge and dimensional differences. The advantage 
of this method is that large numbers (3.000-10.000) of pro-
teins can be separated visually. The technique was first de-
scribed by O’Farrel in 1975 [11]. The first 2-dimensional gel 
based proteomic database was created in 1981 [12]. The 
problems of repeatability and standardisation associated with 
the method were overcome with the use of the Immobilised 
pH gradient (IPG) [13]. The development of the differential 
in gel electrophoresis (DIGE) technique, in which proteins 
from different sources are marked with fluorescent dyes, 
separated with 2DE and defined by MS, increased the use of 
the method especially in cancer research. However, difficul-
ties continue with the visualisation of proteins in very small 
amounts or of very large or very small dimensions. It is still 
widely used because it makes functional proteomic and anti-
body studies possible, and because of its superiority in the 
definition of unknown proteins [14]. In spite of this, methods 
of analysis which do not rely on a gel substrate are used 
more frequently in clinical studies. Liquid chromatography 
(two-dimenisonal liquid-phase separation together with IEF) 
and its joint use with isotope-coded affinity tags (ICAT) 
providing sample tagging at source, the possibility of multi-
dimensional protein analysis afforded by multidimensional 
protein identification technology (MudPIT) HPLC-cation 

exchange and reverse phase partnered with (MS/MS), pro-
vides the required quick and easy sample preparation for 
clinical samples [15-18].  

In Mass spectroscopy which has begun to be used in re-
cent years, the analysis of complex protein samples is per-
formed by the determination of the mass/charge ratio (m/z) 
and the number of ions for each m/z value of a pressurised 
gas phase ion mixture. A mass spectrometer consists of an 
ionisation source, a mass analyser and a detector. In protein 
biochemistry two ionisation techniques are used predomi-
nantly: Matrix-assisted laser desorption ionisation (MALDI) 
for the analysis of simple peptide structures, and electrospray 
ionisation (ESI) for more complex samples. However, be-
cause it enables analysis of more complex samples, surface 
enhanced laser desorption ionisation (SELDI) a development 
of the MALDI technique, is widely used especially in cancer 
proteomics. In this method protein wafers with a choice of 
different surfaces are used for protein purification, analysis 
and molecular reactions. 

Four types of mass analysers are used commonly in pro-
teomic studies: ion trap, time of flight (TOF), quadrupole, 
and Fourier transform ion cyclotron (FT-MS). For analysis 
of the mass spectrum, statistical and bioinformatics tools are 
needed,some commercially available examples of them are 
Proteome, Quest, Propek, Bamf, and Biomarker Wizard [19, 
20]. 

In literature, attention is drawn to two important topics 
regarding SELDI-TOF-MS analyses. The first of these is 
providing a selection process prior to data analysis of the 
spectra which has poor quality and the lack of analytical va-
lidity as well as the quality control procedures that are per-
formed for this purpose. This procedure will reduce noise in 
the proteomic data, and will be reflected as lower variability 
in diagnostic validity [21]. Another problem discussed is in 
terms of diagnostic validity. The protein pattern data with 
SELDI-TOF MS are obtained with small sample size case 
groups relative to the large amount of data. However, in se-
lecting the target, the small group which is going to be stud-
ied, it must be selected with very definite criteria and as few 
variables as possible. 

In regards to the target peaks determined, these must be 
validated with a broader case group and bioinformatic tools 
must be used, effectively [22]. The plentiful candidate pro-
teins available consist mostly of proteins which are the re-
sponse of the acute phase, and cancer specific proteins have 
not yet gained clinical validity. The main advantages and 
disadvantages of each technique have been outlined in Table 
1. 

2.1. Breast Cancer Clinical Applications 

2.1.1. Tissue Microarray Applications 

The first protein array study in breast cancer was pub-
lished by Kononen in 1998 [23]. This technique has been 
used to research the clinical significance of a small number 
of target proteins, frequently in large series of specimens. To 
date, (2009) there are 843 pubmed sourced publications on 
the use of tissue microarray applications for breast cancer 
diagnosis and follow up. 
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2.1.2. Use for Diagnostic Purposes 

2.1.2.1. Molecular Level Definition Of Previously Known 

Diagnostic Classes 

The genetic classification in breast cancer has been de-
fined as sporadic (approximately 90% of cases) and heredi-
tary (approximately 10% of cases) [25]. Afterwards, it has 
been differentiated according to their mutation conveyance 
in the BRCA1 and BRCA2 genes. This genotypic classifica-
tion has been confirmed by Hedenfalk et al. [24] using a 
DNA microarray with a series of genes also containing the 
CCND1 gene. Palacios et al. [26] have confirmed this mo-
lecular classification with a study (CCND1, hormone recep-
tors, p53, ERBB2, cell cycle regulators, apoptosis and basal 
cell indicator proteins) at the protein level covering 37 pro-
teins. BRCA2 cancers have been found to be related to cycle 
regulators, D type cyclines (D1, D3), and CDK4. However, 
it has also been reported that in BRCA1 cancers, the 
ER/ERBB2 negativity, rapid proliferation, and basal pheno-

type is widespread [26, 27]. In the recognition of the mole-
cules of lobular and ductal cancers, the use of the proteins 
EMP1, DVL1, DDR1 and PRKC1 is recommended together 
with E-cadherin [28]. 

Medullar breast carcinoma is a rare cancer but is known 
to have a poor prognosis. The persistence of the difficulties 
with morphological diagnosis has required the molecular 
definition. A definition using a series containing 18 proteins 
[29] has been confirmed by Bertucci et al. with their study 
using a DNA microarray [30]. At the protein level, an in-
crease in p-cadherin, M1B1/Ki67, negative ERBB2, and 
positive p53 have been linked with medullar breast carci-
noma. 

In the studies which bring clarity to advances in breast 
oncogenesis, it has been observed that the role of the protein 
14-3-3 , described as a tumour suppressor in previous publi-
cations, is less than had been supposed [31], and the lymph 
node metastasis has been linked to ERBB2 status [32].  

Table 1. The Main Advantages and Disadvantages of Proteomic Techniques 

Technique Advantages Disadvantages 

Protein Microarray High throughput  

Specific for protein interactions with many class of molecules 

Detects only known proteins 

Antibody specificity 

Difficult to have protein in native conformation 

2D-Page Hundreds to thousands of polypeptides can be analyzed in a single 

run 

The proteins can be separated in pure form 

Polypeptides can also be probed with antibodies and tested for 

post-translational modifications. 

Used to study differential expression of proteins between cell 

types 

Semi-quantitative measurement of protein expression  

MS identifies peptides originating mainly from a single protein; 

identification of the protein more direct 

Manual work required 

Problematic analysis of very low- or very high-Mr 

proteins 

Salt ions could interfere with protein separation 

Suppression of signal by high abundant proteins 

Limited reproducibility 

Smaller dynamic range than some other separation 

methods 

Mass Spectroscopy High sensitivity 

Automation is developed,  

High throughput experiments 

Suitable for coupling with other methods 

MS identify peptides; final software analysis groups 

peptides belonging to a protein; identification of 

proteins less direct  

Manual work is required 

Low protein identification rate (<10%) 

No match with experimentally measured Mr and pH 

 MALDI-TOF-MS 

“Matrix-assisted laser desorp-

tion ionization” 

High sensitivity 

Relatively quick analysis  

Requires relatively pure samples  

More ambiguity in identifications due to lack of 

true sequence dependence of 

Exact, or high homology protein sequence must be 

present in database 

SELDI-TOF-MS 

“Surface-enhance laser 

desorption ionization” 

High sensitivity 

High throughput  

Suitable for clinical samples 

Automation is developed, a little manual work is required 

Requires validation for clinical diagnosis 

Relatively expensive  

A selection process prior to data analysis of the 

spectra which has poor quality 
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Another cancer, whose diagnosis involves difficulty, is 
the inflammatory breast cancer. Very few things are known 
concerning the molecular structure of this cancer which is 
rare but can frequently be fatal. In proteomic studies, with a 
protein signature defined by an increase in E-cadherin,  
ER(-), MIB1(+), MUC1(cytoplasmic staining) and 
ERBB2(+), 91% of the cancer can been defined [33-35]. 

2.1.2.2. Discrimination of New Subgroups in Breast Can-
cer and Definition at the Molecular Level 

In the general hierarchical classification of breast cancer 
there are many studies defining the molecular structures of 
the ER positive and ER negative groups. With the addition 
of proteins related to cell type and signal pathway to these 
defined structures, five molecular subtypes of ER positive 
tumours have been distinguished. The sub types defined at 
the proteomic level, luminal A, luminal B, basal, overex-
pressing ERBB2, and normal, have been confirmed by clini-
cal data [36-39]. 

Together with the pathologic characteristics of breast 
cancer, in studies which are conducted on large sample series 
defining the molecular sub types, as many as 97 proteins 
have been determined, including ER, PR, ERBB2, p53, 
CK5/6, CK8/18, cyclin E, Ki67, BCL2, cyclin D1, and 
E-cadherin [40-42]. In the evaluations performed in conjunc-
tion with survival periods, 26 proteins were selected for fol-
low up and the 5 year survival period was determined to be 
80%. In addition to these proteins, with an investigation per-
formed on four separate groups [metabolic (ER status), func-
tional (proliferation, mitosis, differentiation)] protein pat-
terns and survival expectations were classified as 3 different 
sub groups [A1, A2, B] [43]. These studies revealed more 
than ten protein markers that may distinguish disease sub-
groups clinically and biologically more reliably than the 
prognostic markers were being used [44, 45]. 

A defined molecular classification can be performed for 
luminal and ERBB2 positive tumours with proteomic stud-
ies, whether for diagnostic or therapeutic purposes. How-
ever, a valid diagnostic and therapeutic molecular definition 
for the basal group has not yet been obtained. In a small 
number of studies ER, ERBB2 negativity, CK5, CK5/6, 
EGFR positivity has been proposed as a diagnostic marker 
for a small sample group. This molecular pattern has been 
evaluated together with survival in a larger sample group 
[46-49]. 

2.1.2.3. Proteomic Microarray in Breast Cancer Prognosis 

The majority of the studies that are done in this field, 
have been realized and oriented towards scanning only one 
protein during the cancer follow up, in large sample groups. 
In studies performed with multiple protein patterns, AIB1, 
MUC1, MUC3, COX2, TERT, EpCAM/TACSTD1, EPIL, 
in the basal group crystalline -B, cytokeratin 5 and 17, an-
nexin A8, have been linked with poor clinical trend, whereas 
STAT5, BCL2, in the ER-luminal group GATA3, in the 
ERBB2 group GATA4, Ki67, ERBB2, have been linked 
with favourable clinical trend [50-62]. 

It was reported by Bertucci et al. [63] that a 21 protein 
pattern defined in a 5 year metastasis prediction of survival 
study concluded more favourably than the current standards, 

and in an independent study 9 of these proteins were ap-
proved [64, 65]. 

2.1.2.4. Tissue Microarray Studies in the Prediction of 
Therapeutic Response 

There are very few tissue microarray studies for thera-
peutic response in breast cancer. Simon et al. [66] proposed 
the use of KIT mutations for imatinib, Linke et al. [67] pro-
posed the use of BCL2, ERBB2, MYC, TP53 proteins for 
tamoxifen and Rouzier et al. [68] proposed the use of TAU 
protein for paklitaksel. 

Imatinib therapy’s target KIT expression was not associ-
ated with survival. Unlike fragile histidine triad, tyrosine-
phosphorylated STAT5, or BCL2 proteins correlated with 
favorable clinical outcome. BCL2 was the only independent 
prognostic factor. BCL2 impact was then confirmed in an 
independent series of 1,961 tumors [64]. 

The favorable prognostic impact of GATA3 expression 
was correlated at the protein level [59]. 

Genes included in the basal cluster were also tested, and 
their negative prognostic role was confirmed in several hun-
dreds of tumors; crystallin alpha B, cytokeratins 5, 17 and 
annexin A8. Using DNA microarrays identified a gene ex-
pression signature correlated with ERBB2 status [63]. 

The protein level the positive correlation of GATA4 and 
Ki67 with ERBB2. Rouzier et al. [68] confirmed on 122 
independent tumors the correlation between low expression 
of the microtubule-associated protein TAU and sensitivity to 
neoadjuvant paclitaxel identified by gene profiling.  

ER status, the 21-protein pattern was the strongest inde-
pendent predictor of clinical outcome. Supervised analysis 
was applied to nine proteins of 21 proteins pattern in stage I 
to III breast cancers treated with adjuvant tamoxifen [67]. 

2.2. Mass Spectroscopy Applications 

In the years between January 1995 and November 2009 a 
total of 1191 articles were published concerning the applica-
tion of mass spectrometry in breast cancer. Only 20 of these 
studies involved protein definition [69]. 

2.2.1. Use of Mass Spectroscopy for Diagnostic Purposes 

To establish and define protein patterns in the clinical 
meaning, elegant studies have been conducted, mostly with 
the MALDI/SELDI methods in numerous biological sources 
such as serum, plasma, tissue interstitial fluid, thin needle 
aspiration fluid, ductal lavage fluid, and saliva. 

Despite being a less commonly chosen source in clinical 
studies due to the difficulty in tissue sampling, because of 
the diagnostic biomarkers peculiar to cancer, tumour tissue is 
a very good source. However, due to some reasons such as 
the difference in protein content validation of the compounds 
for breast cancer has not been obtained, yet. Umar et al. [70] 
have reported 9 tryptic peptides, which was determined as 
specific to breast cancer but was not defined structurally, as a 
diagnostic biomarker. Sanders et al. [71] defined S100-A6 
protein, as a growth factor in breast tumour, for being an 
increasing marker, and the proteins S100-A8 and ubiquitin 
as a reducing marker.  
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As is the case for all forms of cancer, serum and plasma 
are the preferred sources in biomarker studies that are per-
formed for breast cancer because; they produce a rather ac-
tive response to the physiological and pathological processes 
of the human body. This is a rich source of information on 
proteins. Together with the proteins secreted by the tumour, 
this also includes in the proteins of the normal tissue and 
plasma which is destroyed by proteases specific to the tu-
mour, and those proteins causing a general response or a 
response local to the tumour. Despite the difficulty arising 
from this complex structure, methods ease in sampling and 
repetability makes it extremely suitable [72, 73]. 

In serum and plasma sourced studies performed using the 
MALDI-TOF-MS and SELDI-TOF-MS methods, mostly 
without having a structural definition, protein patterns have 
been proposed for purposes of diagnosis and classification in 
breast cancer. Becker et al. [74] in the definition of cancers 
involving BRCA-1 mutation, Laronga et al. [75] and Vlahou 
et al. [76] have proposed the use of protein patterns for diag-
nosis and classification. However, the structural definitions 
of proteins have not been made in these studies, and their 
validity has not yet been tested in an independent case group. 
In the case of seven protein patterns proposed in a diagnosis 
and classification which is carried out by Belluco et al. [77] 
although they have not been structurally defined, their valid-
ity has been tested in an independent case group and they 
have been presented as candidate proteins. 

Three protein pattern biomarkers have been determined 
by Li et al. in breast cancer, one reducing (4.3 kDa), and two 
increasing (8.1 and 8.9 kDa) and in subsequent studies, their 
structural definitions have been determined respectively as 
ITIH4 (inter-alpha-tyripsin inhibitor heavy chain H4), 
C3adesArg 8 (C3a des-arginine-C terminal truncated peptide), 
and C3adesArg (C3a des-arginine) and these have been re-
peated in independent case groups [78, 79]. 

However, in later publications related to these biomark-
ers; the increase in cancer cases of the 8.1kDa marker has 
not been found to be meaningful [80-83], and the 8.9kDa 
marker is reported to have decreased in metastatic recur-
rences [84]. As for the ITIH4 (4.3kDa) fragment, in studies 
performed by Song et al. [85], Villenueva et al. [86] and 
Fung et al. [87] it has been found to increase in cancer cases. 
Thus in the diagnosis of breast cancer the value of these 3 
biomarkers proposed by Li et al. is still in dispute. 

As ITIH4, the use of markers such as fibrinopeptide A, 
fibrinogen alpha, C3f, C4a, apolipoprotein A-IV, bradykinin, 
factor XIII, and transthyretin, reflecting the clotting status in 
the blood of cancer sufferers, are suggested for the diagnos-
tic and classification purposes. The serum and plasma levels 
of these markers imply variations peculiar to the matrix [87, 
88]. 

A very few of the studies made on ductal lavage fluid and 
needle aspiration fluid, traditionally used for cytological 
evaluations, have a normalisation based on protein content 
been performed. For this reason, they have revealed a broad 
distribution. Sauther et al. [89, 90] found 3 protein peaks, 
one of them being the haemoglobin beta chain isoform. In 
another study of very low sample number, an increase in 
neutrophile peptides has been demonstrated [91]. 

A matrix has been constructed for breast cancer biomark-
ers in saliva secretions. It was found that soluble c-erbB-2 
and CA 15.3, and 5 proteins of high molecular weight (18, 
113, 170, 228, and 287 km/z), as yet without a structural 
definition, increased in cancer cases [92].  

2.2.1.1. Use of Mass Spectroscopy in Follow up Of Breast 
Cancer 

Proteomic studies in the follow up of breast cancer, to-
gether with use for diagnostic purposes, are still limited in 
number. A pattern defined as 40 protein signatures proposed 
by Goncalves et al. [93], predicted the clinical results of 83% 
of patients, correctly. This pattern, which includes haptoglo-
bin alpha-1, complement C3a, transferin, and apolipro-
tein A-I and C-I, has not yet been confirmed by an independ-
ent group.  

In tissue lysates, an increase in ubiquitin and a decrease 
in ferritin light chain have been linked with good clinical 
progress [94], and have been confirmed in independent 
groups and cell series [95-97]. Studies performed on cerebral 
and spinal cord fluid are important from the aspect of metas-
tases within the central nervous system. Central nervous sys-
tem metastases have been defined with 77% accuracy using 
numerous peptides such as apoliprotein A-1 and E, hapto-
globulin, transferin, transthyretin, prostaglandin D2 syn-
thase, and haemopexin [98, 99]. 

The clinical progress of cancer is predicted according to 
TNM classification. In microarray based studies 5 different 
molecular type subgroups have been determined (luminal A 
and B, ERBB2 overexpressing, basal-like, and normal-like), 
and confirmed with tissue protein arrays [68,100-102]. 

Heat shock protein (HSP) 27 and annexin V increase in 
luminal A type cancers. It has been determined that S100-A9 
increases in basal type cancers and it has been linked with 
poor clinical progress [95]. 

2.2.1.2. Use of Mass Spectroscopy in Prediction of Thera-
peutic Response 

The correct prediction of chemo-sensitivity in cancer 
therapy, whilst offering protection from toxic side effects, 
will cause a reduction in the use of ineffective medication 
and improved clinical results. For the determination of bio-
markers which will provide prediction of therapeutic re-
sponse and follow up of therapy, in the studies performed on 
drug sensitive and drug resistant (doxorubicin and paclitaxel) 
breast cancer cells with SELDI-TOF-MS, a large number of 
structurally undefined protein peaks have been proposed. 
Dowling et al. [103], proposed the use of transferrin frag-
ments, linked with poor clinical progress, for the prediction 
of paclitaxel resistance. In treatments stimulating apoptosis, 
a decrease in ubiquitin and S100-A6 and abnormal expres-
sion in breast cancer tissue was found [94,104]. 

However, the results of these studies have not yet been 
transferred to clinical samples. In the limited number of in 
vivo studies performed in this field, it was determined that 
the kininogen and apolipoprotein A-II decreased in the shock 
table caused by docetaxel [105], and the structurally unde-
fined SELDI peak, determined as 2790 m/z, increased mark-
edly after paclitaxel infusion administered as an adjuvant 
[106]. 
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However, it has not yet been possible to define a proteo-
mic predictive marker to predict either therapeutic response 
or the responses to cytotoxic treatment, whether of micro-
metastatic carcinomas or of the whole body. 

3. CONCLUSION 

The proteomic methods are being used in breast cancer 
researches and in recent years at an increasing rate. In the 
literature (pubmed) between the years 1996 and 2009, there 
are about 556 publications related to breast cancer and pro-
teomics. In these studies examined by the code updating 
committee of ASCO (the American Society of Clinical On-
cology) which regulates the use of tumour markers in breast 
cancer, many candidate proteins, found [107].  

In serum, aspiration fluid (NAF), tumour tissue and in-
tercellular fluid (TIF), were evaluated as proteomic indica-
tors showing promise for clinical use. However, it was also 
proposed that these researches should be repeated with pro-
spective studies to be performed with well-defined larger 
sampling groups, in different populations and with different 
analytical methods. In clinical trials, there are about 40 stud-
ies in progress relating to breast cancer and proteomics. At 
present, none of the proteomic profiling techniques has been 
validated sufficiently for use in patient care [107-109]. 

In the definition of cancer indicators, the proteomic tech-
nologies are producing very valuable data, differentiating 
and defining functional and regulatory pathways, determin-
ing the structure of disease causing molecules in tissue and 
biologic fluids, and manifest the disease stages or differences 
specific to the disease or to the individual. 

This data will be reflected to the clinic in the form of the 
definition of effective markers providing early disease diag-
nosis, and the detection of response to treatment and of post 
treatment relapse. 

In spite of all these encouraging developments, the usage 
of the proteomic markers for diagnostic purposes still re-
quires a series of validation studies. As a consequence of all 
these studies, the use in conjunction with other diagnostic 
procedures (mammography, immunoassay, ultrasound, fae-
cal occult blood test, etc.), early diagnosis, and also the fol-
low up of responses to treatment may become important. 

In conclusion, a proteomic marker valid for clinical use 
has not yet been defined in breast cancer [107]. However, the 
proteomic studies, which gained pace with the founding in 
2001 of the international Human Proteome Organisation 
(HUPO), have shown promising results from the point of 
view of early breast cancer diagnosis, follow up and thera-
peutic predictive markers. 

REFERENCES 

[1] Jemal, A.; Siegel, R.; Ward, E.; Hao, Y.; Xu, J.; Thun, M.J. Cancer 
Statistics. Cancer J. Clin., 2009, 59, 225-249. 

[2] Hamzaoglu, O.; Özcan, U. Turkey Health Statistics. 1rd ed. Turk-
ish Medical Association publication. Ankara, 2006. 

[3] PDQ® - NCI's Comprehensive Cancer Database National Cancer 
Institute. http://www.cancer.gov/cancer_information/pdq. Updated: 
01/04/2010. 

[4] National Cancer Institute, DCCPS, Surveillance Research Program, 
Cancer Statistics Branch. www.seer.cancer.gov. 2010. 

[5] Petterson, S.D.; Aebersold, R.H. Proteomics: First decade and 
beyond. Nat. Genet. Suppl., 2003, 33, 311-332.  

[6] Baskın Y. Changes in concepts of the technological progress: per-
sonalized medicine. Turk. Bull. Hyg. Exp. Biol., 2007, 64, 41-48. 

[7] Baskın, Y. Extracellular matrix proteins: nidogen and fibronectin. 
Effects of molecular structures on biological function. PhD Thesis, 
Dokuz Eylul University, Institute of Medical Sciences, Izmir, Tur-
key, 2005. 

[8] Celis, J.E.; Gromov, P. Proteomics in tranlational cancer research: 
Toward an integrated approach. Cancer Cell, 2003, 3, 9-15. 

[9] Bertucci, F.; Birnbaum, D.; Goncalves, A. Proteomics in breast 
cancer. Mol. Cell. Proteomics, 2006, 10, 1772-1786. 

[10] Qian, W.J.; Jacobs, J.M.; Liu, T.; Camp, D.G. 2nd.; Smith, R.D. 
Advances and challenges in liquid chromatography-mass spec-
trometry-based proteomics profiling for clinical applications. Mol. 

Cell Proteomics, 2006, 10, 1727-1744.  
[11] O’Farrell, P.H. High-resolution two-dimensional electrophoresis of 

proteins. J. Biol. Chem., 1975, 250, 4007-4021. 
[12] Bravo, R.; Bellatin, J.; Celis, J.E. 35S-methionine labelled polypep-

tides from HELA cells. Coordinates and percentage of some major 
polypeptides. Cell. Biol. Int. Rep., 1981, 5, 93-96. 

[13] Görg, A.; Obermaier, C.; Boguth, G.; Harder, A.; Scheibe, B.; 
Wildgruber, R.; Weiss, W. The current state of 2DE with Immobi-
lized pH gradients. Electrophoresis, 2000, 21, 1037-1053. 

[14] Somiari, R.I.; Somiari, S.; Russell, S.; Shriver, C. D. Proteomics of 
breast carcinoma. J. Chromatogr. B Anal. Technol. Biomed. Life 
Sci., 2005, 815, 215-225. 

[15] Wall, D.B.; Kachman, M.T.; Gong, S.; Hinderer, R.; Parus, S.; 
Misek, D.E.; Hanash, S.M.; Lubman, D.M. Isoelectric focusing 
nonporous RP HPLC: a two-dimensional liquid-phase separation 
method for mapping of cellular proteins with identification using 
MALDITOF mass spectrometry. Anal. Chem., 2000, 72, 1099-
1111. 

[16] Gygi, S. P.; Rist, B.; Gerber, S. A.; Turecek, F.; Gelb, M. H.; Ae-
bersold, R. Quantitative analysis of complex protein mixtures using 
isotope- coded affinity tags. Nat. Biotechnol., 1999, 17 , 994-999. 

[17] Pawlik, T.; Hawke, D.; Liu, Y.; Krishnamurthy, S.; Fritsche, H.; 
Hunt, K.; Kuerer, H. Proteomic analysis of nipple aspirate fluid 
from women with early-stage breast cancer using isotope-coded af-
finity tags and tandem mass spectrometry reveals differential ex-
pression of vitamin D binding protein. BMC Cancer, 2006, 6, 68. 

[18] Jessani, N.; Niessen, S.; Wei, B. Q.; Nicolau, M.; Humphrey, M.; 
Ji, Y.; Han, W.; Noh, D. Y.; Yates, J. R.; III, Jeffrey, S. S.; Cravatt, 
B. F. A streamlined platform for high-content functional pro-
teomics of primary human specimens. Nat. Method, 2005, 2, 691-
697. 

[19] Celis, J.E.; Gromov, P. Proteomics in tranlational cancer research: 
Toward an integrated approach. Cancer Cell, 2003, 3, 9-15. 

[20] Aebersold, R.; Mann, M. Mass spectrometry-based proteomics. 
Nature, 2003, 422, 198-207. 

[21] Hong, H.; Dragan, Y.; Epstein, J.; Teitel, C.; Chen, B.; Xie, Q.; 
Fang, H.; Shi, L.; Perkins, R.; Tong, W. Quality control and quality 
assessment of data from surface-enhanced laser desorp-
tion/ionization (SELDI) time-of flight (TOF) mass spectrometry 
(MS). BMC Bioinformatics, 2005, 6(Suppl 2), S5. 

[22] Li, J.; Zhang, Z.; Rosenzweig, J.; Wang, Y. Y.; Chan, D. W. Pro-
teomics and bioinformatics approaches for identification of serum 
biomarkers to detect breast cancer. Clin. Chem., 2002, 48, 1296-
1304. 

[23] Kononen, J.; Bubendorf, L.; Kallioniemi, A.; Barlund, M.; 
Schraml, P.; Leighton, S.; Torhorst, J.; Mihatsch, M. J.; Sauter, G.; 
Kallioniemi, O. P. Tissue microarrays for high-throughput molecu-
lar profiling of tumor specimens. Nat. Med., 1998, 4, 844-847. 

[24] Hedenfalk, I.; Duggan, D.; Chen, Y.; Radmacher, M.; Bittner, M.; 
Simon, R.; Meltzer, P.; Gusterson, B.; Esteller, M.; Kallioniemi, O. 
P.; Wilfond, B.; Borg, A.; Trent, J. Gene-expression profiles in he-
reditary breast cancer. N. Engl. J. Med., 2001, 344 , 539-548. 

[25] Schlehe, B.; Schmutzler, R. Hereditary breast cancer. Chirurg, 
2008, 79, 1047-1054. 

[26] Palacios, J.; Honrado, E.; Osorio, A.; Cazorla, A.; Sarrio, D.; Bar-
roso, A.; Rodriguez, S.; Cigudosa, J. C.; Diez, O.; Alonso, C.; 
Lerma, E.; Dopazo, J.; Rivas, C.; Benitez, J. Phenotypic characteri-
zation of BRCA1 and BRCA2 tumors based in a tissue microarray 
study with 37 immunohistochemical markers. Breast Cancer Res. 
Treat., 2005, 90, 5-14. 

[27] Mangia, A.; Chiriatti, A.; Tommasi, S.; Menolascina, F.; Petroni, 
S.; Zito, F.A.; Simone, G.; Schittulli, F.; Paradiso, A. BRCA1  
 



534    Current Genomics, 2010, Vol. 11, No. 7 Baskın and Yi itba ı 

expression and molecular alterations in familial breast cancer. His-

tol. Histopathol., 2009, 24, 69-76. 
[28] Turashvili, G.; Bouchal, J.; Ehrmann, J.; Fridman, E.; Skarda, J.; 

Kolar, Z. Novel immunohistochemical markers for the differentia-
tion of lobular and ductal invasive breast carcinomas. Biomed. Pap. 

Med. Fac. Univ. Palacky Olomouc. Czech. Repub., 2007, 151, 59-
64. 

[29] Jacquemier, J.; Padovani, L.; Rabayrol, L.; Lakhani, S. R.; Penault-
Llorca, F.; Denoux, Y.; Fiche, M.; Figueiro, P.; Maisongrosse, V.; 
Ledoussal, V.; Martinez Penuela, J.; Udvarhely, N.; El Makdissi, 
G.; Ginestier, C.; Geneix, J.; Charafe-Jauffret, E.; Xerri, L.; Eis-
inger, F.; Birnbaum, D.; and Sobol, H. Typical medullary breast 
carcinomas have a basal/ myoepithelial phenotype. J. Pathol., 
2005, 207, 260-268. 

[30] Bertucci, F.; Finetti, P.; Cervera, N.; Charafe-Jauffret, E.; Mamess-
ier, E.; Adelaide, J.; Debono, S.; Houvenaeghel, G.; Maraninchi, 
D.; Viens, P.; Charpin, C.; Jacquemier, J.; Birnbaum, D. Gene ex-
pression profiling shows medullary breast cancer is a subgroup of 
basal breast cancers. Cancer Res., 2006, 66, 4636-4644. 

[31] Moreira, J. M.; Ohlsson, G.; Rank, F. E.; Celis, J. E. Downregula-
tion of the tumor suppressor protein 14-3-3 is a sporadic event in 
cancer of the breast. Mol. Cell. Proteomics, 2005, 4, 555-569. 

[32] Simon, R.; Nocito, A.; Hubscher, T.; Bucher, C.; Torhorst, J.; 
Schraml, P.; Bubendorf, L.; Mihatsch, M. M.; Moch, H.; Wilber, 
K.; Schotzau, A.; Kononen, J.; Sauter, G. Patterns of her-2/neu am-
plification and overexpression in primary and metastatic breast 
cancer. J. Natl. Cancer Inst., 2001, 93, 1141-1146. 

[33] Taranger-Charpin, C.; Andrac-Meyer, L.; Dales, J.P.; Carpentier-
Meunier, S.; Andonian, C.; Lavaut, M.N.; Allasia, C.; Bonnier, P. 
High-throughput quantification of tissue microarrays, identification 
of candidate target proteins in inflammatory breast cancer. Bull. 

Acad. Natl. Med., 2007, 191, 361-74. 
[34] Van den Eynden, G.G.; Van der Auwera, I.; Van Laere, S.; Col-

paert, C. G.; van Dam, P.; Merajver, S.; Kleer, C. G.; Harris, A. L.; 
Van Marck, E. A.; Dirix, L.Y.; Vermeulen, P.B.Validation of a tis-
sue microarray to study differential protein expression in inflamma-
tory and non-inflammatory breast cancer. Breast Cancer Res. 

Treat., 2004, 85, 13-22. 
[35] Charafe-Jauffret, E.; Tarpin, C.; Bardou, V. J.; Bertucci, F.; Gines-

tier, C.; Braud, A. C.; Puig, B.; Geneix, J.; Hassoun, J.; Birnbaum, 
D.; Jacquemier, J.; Viens, P. Immunophenotypic analysis of in-
flammatory breast cancers, identification of an ‘inflammatory sig-
nature’. J. Pathol., 2004, 202, 265-273. 

[36] Ben Hamida, A.; Labidi, I.S.; Mrad, K.; Charafe-Jauffret, E.; Ben 
Arab, S.; Esterni, B.; Xerri, L.; Viens, P.; Bertucci, F.; Birnbaum, 
D.; Jacquemier, J. Markers of subtypes in inflammatory breast can-
cer studied by immunohistochemistry: prominent expression of P-
cadherin. BMC Cancer, 2008, 29, 28. 

[37] Sorlie, T.; Perou, C. M.; Tibshirani, R.; Aas, T.; Geisler, S.; John-
sen, H.; Hastie, T.; Eisen, M. B.; van de Rijn, M.; Jeffrey, S. S.; 
Thorsen, T.; Quist, H.; Matese, J. C.; Brown, P. O.; Botstein, D.; 
Eystein Lonning, P.; Borresen-Dale, A. L. Gene expression pat-
terns of breast carcinomas distinguish tumor subclasses with clini-
cal implications. Proc. Natl. Acad. Sci. USA, 2001, 98, 10869-
10874. 

[38] Sorlie, T.; Tibshirani, R.; Parker, J.; Hastie, T.; Marron, J. S.; No-
bel, A.; Deng, S.; Johnsen, H.; Pesich, R.; Geisler, S.; Demeter, J.; 
Perou, C. M.; Lonning, P. E.; Brown, P. O.; Borresen-Dale, A. L.; 
Botstein, D. Repeated observation of breast tumor subtypes in in-
dependent gene expression data sets. Proc. Natl. Acad. Sci. USA, 
2003, 100, 8418-8423. 

[39] Sotiriou, C.; Neo, S. Y.; McShane, L. M.; Korn, E. L.; Long, P. M.; 
Jazaeri, A.; Martiat, P.; Fox, S. B.; Harris, A. L.; Liu, E. T. Breast 
cancer classification and prognosis based on gene expression pro-
files from a population-based study. Proc. Natl. Acad. Sci. USA, 
2003, 100, 10393-10398. 

[40] Korsching, E.; Packeisen, J.; Agelopoulos, K.; Eisenacher, M.; 
Voss, R.; Isola, J.; van Diest, P. J.; Brandt, B.; Boecker, W.; 
Buerger, H. Cytogenetic alterations and cytokeratin expression pat-
terns in breast cancer: integrating a new model of breast differentia-
tion into cytogenetic pathways of breast carcinogenesis. Lab. Inves-

tig., 2002, 82, 1525-1533. 
[41] Callagy, G.; Cattaneo, E.; Daigo, Y.; Happerfield, L.; Bobrow, L. 

G.; Pharoah, P. D.; Caldas, C. Molecular classification of breast 
carcinomas using tissue microarrays. Diagn. Mol. Pathol., 2003, 
12, 27-34. 

[42] Zhang, D. H.; Salto-Tellez, M.; Chiu, L. L.; Shen, L.; Koay, E. S. 
Tissue microarray study for classification of breast tumors. Life 
Sci., 2003, 73, 3189-3199. 

[43] Jacquemier, J.; Ginestier, C.; Rougemont, J.; Bardou, V. J.; 
Charafe- Jauffret, E.; Geneix, J.; Adelaide, J.; Koki, A.; Houve-
naeghel, G.; Hassoun, J.; Maraninchi, D.; Viens, P.; Birnbaum, D.; 
Bertucci, F. Protein expression profiling identifies subclasses of 
breast cancer and predicts prognosis. Cancer Res., 2005, 65, 767-
779. 

[44] Abd El-Rehim, D. M.; Ball, G.; Pinder, S. E.; Rakha, E.; Paish, C.; 
Robertson, J. F.; Macmillan, D.; Blamey, R. W.; Ellis, I. O. 
Highthroughput protein expression analysis using tissue microarray 
technology of a large well-characterised series identifies biologi-
cally distinct classes of breast cancer confirming recent cDNA ex-
pression analyses. Int. J. Cancer, 2005, 116, 340-350. 

[45] Makretsov, N. A.; Huntsman, D. G.; Nielsen, T. O.; Yorida, E.; 
Peacock, M.; Cheang, M. C.; Dunn, S. E.; Hayes, M.; Van De Rijn, 
M.; Bajdik, C.; Gilks, C. B. Hierarchical clustering analysis of tis-
sue microarray immunostaining data identifies prognostically sig-
nificant groups of breast carcinoma. Clin. Cancer Res., 2004, 10, 
6143-6151. 

[46] Mulligan, A.M.; Pinnaduwage, D.; Bull, S.B.; O'Malley, F.P.; 
Andrulis, I.L. Prognostic effect of basal-like breast cancers is time 
dependent, evidence from tissue microarray studies on a lymph 
node-negative cohort. Clin. Cancer Res., 2008, 14, 4168-4174. 

[47] Bhargava, R.; Beriwal, S.; McManus, K.; Dabbs, D.J. CK5 is more 
sensitive than CK5/6 in identifying the "basal-like" phenotype of 
breast carcinoma. Am. J. Clin. Pathol., 2008, 130, 724-730. 

[48] Nielsen, T. O.; Hsu, F. D.; Jensen, K.; Cheang, M.; Karaca, G.; Hu, 
Z.; Hernandez-Boussard, T.; Livasy, C.; Cowan, D.; Dressler, L.; 
Akslen, L. A.; Ragaz, J.; Gown, A. M.; Gilks, C. B.; van de Rijn, 
M.; Perou, C. M. Immunohistochemical and clinical characteriza-
tion of the basal-like subtype of invasive breast carcinoma. Clin. 

Cancer Res., 2004, 10, 5367-5374. 
[49] Rakha, E. A.; Putti, T. C.; Abd El-Rehim, D. M.; Paish, C.; Green, 

A. R.; Powe, D. G.; Lee, A. H.; Robertson, J. F.; Ellis, I. O. Mor-
phological and immunophenotypic analysis of breast carcinomas 
with basal and myoepithelial differentiation. J. Pathol., 2006, 208, 
495-506. 

[50] Harigopal, M.; Heymann, J.; Ghosh, S.; Anagnostou, V.; Camp, 
R.L.; Rimm, D.L. Estrogen receptor co-activator (AIB1) protein 
expression by automated quantitative analysis (AQUA) in a breast 
cancer tissue microarray and association with patient outcome. 
Breast Cancer Res. Treat., 2009, 115, 77-85. 

[51] Rakha, E.A.; Boyce, R.W.; Abd El-Rehim, D.; Kurien, T.; Green, 
A.R.; Paish, E.C.; Robertson, J.F.; Ellis, I.O. Expression of mucins 
(MUC1, MUC2, MUC3, MUC4, MUC5AC and MUC6) and their 
prognostic significance in human breast cancer. Mod. Pathol., 
2005, 18, 1295-304. 

[52] Ristimaki, A.; Sivula, A.; Lundin, J.; Lundin, M.; Salminen, T.; 
Haglund, C.; Joensuu, H.; Isola, J. Prognostic significance of  
 
elevated cyclooxygenase-2 expression in breast cancer. Cancer 

Res., 2002, 62, 632-635. 
[53] Poremba, C.; Heine, B.; Diallo, R.; Heinecke, A.; Wai, D.; Schae-

fer, K. L.; Braun, Y.; Schuck, A.; Lanvers, C.; Bankfalvi, A.; 
Kneif, S.; Torhorst, J.; Zuber, M.; Kochli, O. R.; Mross, F.; 
Dieterich, H.; Sauter, G.; Stein, H.; Fogt, F.; Boecker, W. Telom-
erase as a prognostic marker in breast cancer: high-throughput tis-
sue microarray analysis of hTERT and hTR. J. Pathol., 2002, 198, 
181-189. 

[54] Spizzo, G.; Went, P.; Dirnhofer, S.; Obrist, P.; Simon, R.; Spichtin, 
H.; Maurer, R.; Metzger, U.; von Castelberg, B.; Bart, R.; Sto-
patschinskaya, S.; Kochli, O. R.; Haas, P.; Mross, F.; Zuber, M.; 
Dietrich, H.; Bischoff, S.; Mirlacher, M.; Sauter, G.; Gastl, G. High 
Ep-CAM expression is associated with poor prognosis in node-
positive breast cancer. Breast Cancer Res. Treat., 2004, 86, 207-
213. 

[55] Brandt, B.; Kemming, D.; Packeisen, J.; Simon, R.; Helms, M.; 
Feldmann, U.; Matuschek, A.; Kersting, C.; Hinrichs, B.; Bidart, J. 
M.; Bellet, D.; Bartkowiak, K.; Dankbar, N.; Dittmar, T.; Sauter, 
G.; Boecker, W.; Buerger, H. Expression of early placenta insulin-
like growth factor in breast cancer cells provides an autocrine loop 
that predominantly enhances invasiveness and motility. Endocr. 
Relat. Cancer, 2005, 12, 823-837. 

 



Clinical Proteomics of Breast Cancer Current Genomics, 2010, Vol. 11, No. 7    535 

[56] Ginestier, C.; Bardou, V. J.; Popovici, C.; Charafe-Jauffret, E.; 
Bertucci, F.; Geneix, J.; Ade´ laı̈de, J.; Chaffanet, M.; Hassoun, J.; 
Viens, P.; Jacquemier, J.; Birnbaum, D. Loss of FHIT protein ex-
pression is a marker of adverse evolution in good prognosis local-
ized breast cancer. Int. J. Cancer, 2003, 107, 854-862. 

[57] Nevalainen, M. T.; Xie, J.; Torhorst, J.; Bubendorf, L.; Haas, P.; 
Kononen, J.; Sauter, G.; Rui, H. Signal transducer and activator of 
transcription-5 activation and breast cancer prognosis. J. Clin. On-
col., 2004, 22, 2053-2206. 

[58] Callagy, G. M.; Pharoah, P. D.; Pinder, S. E.; Hsu, F. D.; Nielsen, 
T. O.; Ragaz, J.; Ellis, I. O.; Huntsman, D.; Caldas, C. Bcl-2 is a 
prognostic marker in breast cancer independently of the Notting-
ham Prognostic Index. Clin. Cancer Res., 2006, 12, 2468-2475. 

[59] Mehra, R.; Varambally, S.; Ding, L.; Shen, R.; Sabel, M. S.; 
Ghosh, D.; Chinnaiyan, A. M.; Kleer, C.G. Identification of 
GATA3 as a breast cancer prognostic marker by global gene ex-
pression metaanalysis. Cancer Res., 2005, 65, 11259-11264. 

[60] Moyano, J. V.; Evans, J. R.; Chen, F.; Lu, M.; Werner, M. E.; 
Yehiely, F.; Diaz, L. K.; Turbin, D.; Karaca, G.; Wiley, E.; Niel-
sen, T. O.; Perou, C. M.; Cryns, V. L. B-crystallin is a novel onco-
protein that predicts poor clinical outcome in breast cancer. J. Clin. 

Investig., 2006, 116, 261-270. 
[61] van de Rijn, M.; Perou, C. M.; Tibshirani, R.; Haas, P.; Kalli-

oniemi, O.; Kononen, J.; Torhorst, J.; Sauter, G.; Zuber, M.; Ko-
chli, O. R.; Mross, F.; Dieterich, H.; Seitz, R.; Ross, D.; Botstein, 
D.; Brown, P. Expression of cytokeratins 17 and 5 identifies a 
group of breast carcinomas with poor clinical outcome. Am. J. 

Pathol., 2002, 161, 1991-1996. 
[62] Stein, T.; Price, K. N.; Morris, J. S.; Heath, V. J.; Ferrier, R. K.; 

Bell, A. K.; Pringle, M. A.; Villadsen, R.; Petersen, O. W.; Sauter, 
G.; Bryson, G.; Mallon, E. A.; Gusterson, B. A. Annexin A8 is up-
regulated during mouse mammary gland involution and predicts 
poor survival in breast cancer. Clin. Cancer Res., 2005, 11, 6872-
6879. 

[63] Bertucci, F.; Borie, N.; Ginestier, C.; Groulet, A.; Charafe-Jauffret, 
E.; Adelaide, J.; Geneix, J.; Bachelart, L.; Finetti, P.; Koki, A.; 
Hermitte, F.; Hassoun, J.; Debono, S.; Viens, P.; Fert, V.; Jac-
quemier, J.; Birnbaum, D. Identification and validation of an 
ERBB2 gene expression signature in breast cancers. Oncogene, 
2004, 23, 2564-2575. 

[64] Jacquemier, J.; Ginestier, C.; Rougemont, J.; Bardou, V. J.; 
Charafe- Jauffret, E.; Geneix, J.; Adelaide, J.; Koki, A.; Houve-
naeghel, G.; Hassoun, J.; Maraninchi, D.; Viens, P.; Birnbaum, D.; 
Bertucci, F. Protein expression profiling identifies subclasses of 
breast cancer and predicts prognosis. Cancer Res., 2005, 65, 767-
779. 

[65] Linke, S. P.; Bremer, T. M.; Herold, C. D.; Sauter, G.; Diamond, C. 
A multimarker model to predict outcome in tamoxifen treated 
breast cancer patients. Clin. Cancer Res., 2006, 12, 1175-1183. 

[66] Simon, R.; Panussis, S.; Maurer, R.; Spichtin, H.; Glatz, K.; Tapia, 
C.; Mirlacher, M.; Rufle, A.; Torhorst, J.; Sauter, G. KIT (CD117)- 
positive breast cancers are infrequent and lack KIT gene mutations. 
Clin. Cancer Res., 2004, 10, 178-183. 

[67] Linke, S. P.; Bremer, T. M.; Herold, C. D.; Sauter, G.; Diamond, C. 
A multimarker model to predict outcome in tamoxifen-treated 
breast cancer patients. Clin. Cancer Res., 2006, 12, 1175-1183. 

[68] Rouzier, R.; Perou, C. M.; Symmans, W. F.; Ibrahim, N.; Cristofa-
nilli, M.; Anderson, K.; Hess, K. R.; Stec, J.; Ayers, M.; Wagner, 
P.; Morandi, P.; Fan, C.; Rabiul, I.; Ross, J. S.; Hortobagyi, G. N.; 
Pusztai, L. Breast cancer molecular subtypes respond differently to 
preoperative chemotherapy. Clin. Cancer Res., 2005, 11, 5678-
5685. 

[69] Callesen, A.K.; Vach, W.; Jørgensen, P.E.; Cold, S.; Mogensen, O.; 
Kruse, T.A.; Jensen, O.N.; Madsen, J.S. Reproducibility of mass 
spectrometry based protein profiles for diagnosis of breast cancer 
across clinical studies: a systematic review. J. Proteome Res., 2008, 
7, 1395-1402. 

[70] Umar, A.; Dalebou, J.C.; Timmermans, A.M.; Foekens, J.A.; 
Luider, T.M. Method optimisation for peptide profiling of micro-
dissected breast car-cinoma tissue by matrix-assisted laser desorp-
tion/ionisation-time of flight and matrix-assisted laser desorp-
tion/ionisation-time of flight/time of flight-mass spectrometry. Pro-
teomics, 2005, 5, 2680-2688. 

[71] Sanders, M.E.; Dias, E.C.; Xu, B.J.; Mobley, J.A.; Billheimer, D.; 
Roder, H.; Grigorieva, J.; Dowsett, M.; Arteaga, C.L.; Caprioli, 
R.M. Differentiating pro-teomic biomarkers in breast cancer by la-

ser capture microdissection and MALDI MS. J. Proteome Res., 
2008, 7, 1500-1507.  

[72] Good, D.M.; Thongboonkerd, V.; Novak, J.; Bascands, J.L.; 
Schanstra, J.P.; Coon, J.J.; Dominiczak, A.; Mischak, H. Body 
fluid proteomics for biomarker discovery: lessons from the past 
hold the key to success in the future. J. Proteome Res., 2007, 6, 
4549-4555.  

[73] Hanash, SçM.; Pitteri, S.J.; Faca, V.M. Mining the plasma pro-
teome for cancer biomarkers. Nature, 2008, 452, 571-579. 

[74] Becker, S.; Cazares, L.H.; Watson, P.; Lynch, H.; Semmes, O.J.; 
Drake, R.R.; Laronga, C. Surfaced-enhanced laser desorp-
tion/ionization time-of-flight (SELDI-TOF) differentiation of se-
rum protein profiles of BRCA-1 and sporadic breast cancer. Ann. 

Surg. Oncol., 2004, 11, 907-914.  
[75] Laronga, C.; Becker, S.; Watson, P.; Gregory, B.; Cazares, L.; 

Lynch, H.; Perry, R.R.; Wright, G.L Jr.; Drake, R.R.; Semmes, O.J. 
SELDI-TOF serum profiling for prognostic and diagnostic classifi-
cation of breast cancers. Dis. Markers, 2003, 19, 229-238. 

[76] Vlahou, A.; Laronga, C.; Wilson, L.; Gregory, B.; Fournier, K.; 
McGaughey, D.; Perry, R.R.; Wright, G.L. Jr.; Semmes, OJ. A 
novel approach toward development of a rapid blood test for breast 
cancer. Clin. Breast Cancer, 2003, 4, 203-209.  

[77] Belluco, C.; Petricoin, E.F.; Mammano, E.; Facchiano, F.; Ross-
Rucker, S.; Nitti, D.; Di, Maggio. C.; Liu, C.; Lise, M.; Liotta, 
L.A.; Whiteley, G. Serum proteomic analysis identifies a highly 
sensitive and specific discriminatory pattern in stage 1 breast can-
cer. Ann. Surg. Oncol., 2007, 14, 2470-2476. 

[78] Li, J.; Zhang, Z.; Rosenzweig, J.; Wang, Y.Y.; Chan, D.W. Pro-
teomics and bioinformatics approaches for identification of serum 
biomarkers to detect breast cancer. Clin. Chem., 2002, 48, 1296-
1304. 

[79] Li, J.; Orlandi, R.; White, C.N.; Rosenzweig, J.; Zhao, J.; Seregni, 
E.; Morelli, D.; Yu, Y.; Meng, X.Y.; Zhang, Z.; Davidson, N.E.; 
Fung, E.T.; Chan, D.W. Independent validation of candidate breast 
cancer serum biomarkers identified by mass spectrometry. Clin. 

Chem., 2005, 51, 2229-2235. 
[80] Li, J.; Zhang, Z.; Rosenzweig, J.; Wang, Y.Y.; Chan, D.W. Pro-

teomics and bioinformatics approaches for identification of serum 
biomarkers to detect breast cancer. Clin. Chem., 2002, 48, 1296-
1304. 

[81] Li, J.; Orlandi, R.; White, C.N.; Rosenzweig, J.; Zhao, J.; Seregni, 
E.; Morelli, D.; Yu, Y.; Meng, X.Y.; Zhang, Z.; Davidson, N.E.; 
Fung, E.T.; Chan, D.W. Independent validation of candidate breast 
cancer serum biomarkers identified by mass spectrometry. Clin. 
Chem., 2005, 51, 2229-2235. 

[82] Mathelin, C.; Cromer, A.; Wendling, C.; Tomasetto, C.; Rio, M.C. 
Serum biomarkers for detection of breast cancers: a prospective 
study. Breast Cancer Res. Treat., 2006, 96, 83-90. 

[83] van Winden, A.W.; Gast, M.C.; Beijnen, J.H.; Rutgers, E.J.; Grob-
bee, D.E.; Peeters, P.H.; van Gils, C.H. Validation of previously 
identified serum biomarkers for breast cancer with SELDI-TOF 
MS: a case control study. B.M.C. Med. Genomics, 2009, 19, 4. 

[84] Gonçalves, A.; Esterni, B.; Bertucci, F.; Sauvan, R.; Chabannon, 
C.; Cubizolles, M.; Bardou, V.J.; Houvenaegel, G.; Jacquemier, J.; 
Granjeaud, S.; Meng, X.Y.; Fung, E.T.; Birnbaum, D.; Maraninchi, 
D.; Viens, P.; Borg, J.P. Postoperative serum proteomic profiles 
may predict metastatic relapse in highrisk primary breast cancer pa-
tients receiving adjuvant chemotherapy. Oncogene, 2006, 25, 981-
989.  

[85] Song, J.; Patel, M.; Rosenzweig, C.N.; Chan-Li, Y.; Sokoll, L.J.; 
Fung, E.T.; Choi-Miura, N.H.; Goggins, M.; Chan, D.W.; Zhang, 
Z. Quantification of fragments of human serum inter-alpha-trypsin 
inhibitor heavy chain 4 by a surface-enhanced laser desorp-
tion/ionization-based immunoassay. Clin. Chem., 2006, 52, 1045-
1053.  

[86] Villanueva, J.; Shaffer, D.R.; Philip, J.; Chaparro, C.A.; Erdjument-
Bromage, H.; Olshen, A.B.; Fleisher, M.; Lilja, H.; Brogi, E.; 
Boyd, J.; Sanchez-Carbayo, M.; Holland, E.C.; Cordon-Cardo, C.; 
Scher, H.I.; Tempst, P. Differential exoprotease activities confer 
tumor-specific serum peptidome patterns. Clin. Invest., 2006, 116, 
271- 284. 

[87] Fung, E.T.; Yip, T.T.; Lomas, L.; Wang, Z.; Yip, C.; Meng, X.Y.; 
Lin, S.; Zhang, F.; Zhang, Z.; Chan, D.W.; Weinberger, S.R. Clas-
sification of cancer types by measuring variants of host response 
proteins using SELDI serum assays. Int. J. Cancer, 2005, 115, 783-
789.  



536    Current Genomics, 2010, Vol. 11, No. 7 Baskın and Yi itba ı 

[88] Shi, Q.; Haris, L.N.; Lu, X.; Li, X.; Hwang, J.; Gentleman, R.; 
Iglehart, J.D.; Miron, A.; Shi, Q.; Haris, L.N.; Lu, X.; Li, X.; 
Hwang, J.; Gentleman, R.; Iglehart, J.D.; Miron, A. Declining 
plasma fibrinogen alpha fragment identifies HER2-positive breast 
cancer patients and reverts to normal levels after surgery. J. Pro-

teome Res., 2006, 5, 2947-2955. 
[89] Sauter, E.R.; Zhu, W.; Fan, X.J.; Wassell, R.P.; Chervoneva, I.; Du 

Bois, G.C.; Sauter, E.R.; Zhu, W.; Fan, XJ.; Wassell, R.P.; 
Chervoneva, I.; Du, Bois. G.C. Proteomic analysis of nipple aspi-
rate fluid to detect biologic markers of breast cancer. Br. J. Cancer, 
2002, 86, 1440-1443.  

[90] Sauter, E.R.; Shan, S.; Hewett, J.E.; Speckman, P.; Du Bois, G.C. 
Proteomic analysis of nipple aspirate fluid using SELDI-TOF-MS. 
Int. J. Cancer, 2005, 114, 791-796.  

[91] Paweletz, C.P.; Trock, B.; Pennanen, M.; Tsangaris, T.; Magnant, 
C.; Liotta, L.A.; Petricoin, E.F. 3rd. Proteomic patterns of nipple 
aspirate fluids obtained by SELDI-TOF: potential for new bio-
markers to aid in the diagnosis of breast cancer. Dis. Markers, 
2001, 17, 301-307.  

[92] Streckfus, C.F.; Bigler, L.R.; Zwick, M. The use of surfaceen-
hanced laser desorption/ionization time-of-flight mass spectrometry 
to detect putative breast cancer markers in saliva: a feasibility 
study. J. Oral Pathol. Med., 2006, 35, 292-300.  

[93] Gonçalves, A.; Esterni, B.; Bertucci, F.; Sauvan, R.; Chabannon, 
C.; Cubizolles, M.; Bardou, V.J.; Houvenaegel, G.; Jacquemier, J.; 
Granjeaud, S.; Meng, X.Y.; Fung, E.T.; Birnbaum, D.; Maraninchi, 
D.; Viens, P.; Borg, J.P. Postoperative serum proteomic profiles 
may predict metastatic relapse in highrisk primary breast cancer pa-
tients receiving adjuvant chemotherapy. Oncogene, 2006, 25, 981-
989.  

[94] Ricolleau, G.; Charbonnel, C.; Lodé, L.; Loussouarn, D.; Joalland, 
MP.; Bogumil, R.; Jourdain, S.; Minvielle, S.; Campone, M.; 
Déporte-Fety, R.; Campion, L.; Jézéquel, P. Surfaceenhanced laser 
desorption/ionization time of flight mass spectrometry protein pro-
filing identifies ubiquitin and ferritin light chain as prognostic bio-
markers in node-negative breast cancer tumors. Proteomics, 2006, 
6, 1963-1975.  

[95] Gonçalves, A.; Charafe-Jauffret, E.; Bertucci, F.; Audebert, S.; 
Toiron, Y.; Esterni, B.; Monville, F.; Tarpin, C.; Jacquemier, J.; 
Houvenaeghel, G.; Chabannon, C.; Extra, J.M.; Viens, P.; Borg, 
J.P.; Birnbaum, D. Protein profiling of human breast tumor cells 
identifies novel biomarkers associated with molecular subtypes. 
Mol. Cell Proteomics, 2008, 7, 1420-1433.  

[96] Sanders, M.E.; Dias, E.C.; Xu, B.J.; Mobley, J.A; Billheimer, D.; 
Roder, H.; Grigorieva, J.; Dowsett, M.; Arteaga, C.L.; Caprioli, 
R.M. Differentiating proteomic biomarkers in breast cancer by la-
ser capture microdissection and MALDI MS. J. Proteome Res., 
2008, 7, 1500-1507.  

[97] Leong, S.; Christopherson, R.I.; Baxter, R.C. Profiling of apoptotic 
changes in human breast cancer cells using SELDITOF mass spec-
trometry. Cell Physiol. Biochem., 2007, 20, 579-590. 

[98] Dekker, L.J.; Boogerd, W.; Stockhammer, G.; Dalebout, J.C.; 
Siccama, I.; Zheng, P.; Bonfrer, J.M.; Verschuuren, J.J.; Jenster, 
G.; Verbeek, M.M.; Luider, T.M.; Smitt, P.A. MALDITOF mass 
spectrometry analysis of cerebrospinal fluid tryptic peptide profiles 

to diagnose leptomeningeal metastases in patients with breast can-
cer. Mol. Cell Proteomics, 2005, 4, 1341-1349.  

[99] Römpp, A.; Dekker, L.; Taban, I.; Jenster, G.; Boogerd, W.; 
Bonfrer, H.; Spengler, B.; Heeren, R.; Smitt, P.S.; Luider, T.M. 
Identification of leptomeningeal metastasis-related proteins in 
cerebrospinal fluid of patients with breast cancer by a combination 
of MALDI-TOF, MALDI-FTICR and nanoLC-FTICR MS. Pro-

teomics, 2007, 7, 474-481. 
[100] Brozkova, K.; Budinska, E.; Bouchal, P.; Hernychova, L.; 

Knoflickova, D.; Valik, D.; Vyzula, R.; Vojtesek, B.; Nenutil, R. 
Surfaceenhancedlaser desorption/ionization time-of-flight proteo-
mic profiling of breast carcinomas identifies clinicopathologically 
relevant groups of patients similar to previously defined clusters 
from cDNA expression. Breast Cancer Res., 2008, 10, 48. 

[101] Troester, M. A.; Hoadley, K. A.; Sorlie, T.; Herbert, B. S.; Borre-
sen-Dale, A. L.; Lonning, P. E.; Shay, J. W.; Kaufmann, W. K.; 
Perou, C. M. Cell-type-specific responses to chemotherapeutics in 
breast cancer. Cancer Res., 2004, 64, 4218-4226. 

[102] Bertucci, F.; Finetti, P.; Rougemont, J.; Charafe-Jauffret, E.; 
Cervera, N.; Tarpin, C.; Nguyen, C.; Xerri, L.; Houlgatte, R.; Jac-
quemier, J.; Viens, P.; Birnbaum, D. Gene expression profiling 
identifies molecular subtypes of inflammatory breast cancer. Can-
cer Res., 2005, 65, 2170-2178. 

[103] Dowling, P.; Maurya, P.; Meleady, P.; Glynn, S.A.; Dowd, A.J.; 
Henry, M.; Clynes, M. Purification and identification of a 7.6-kDa 
protein in media conditioned by superinvasive cancer cells. Anti-
cancer Res., 2007, 27, 1309-1317. 

[104] Leong, S.; Christopherson, R.I.; Baxter, R.C. Profiling of apoptotic 
changes in human breast cancer cells using SELDI TOF mass spec-
trometry. Cell Physiol. Biochem., 2007, 20, 579-590.  

[105] Heike, Y.; Hosokawa, M.; Osumi, S.; Fujii, D.; Aogi, K.; 
Takigawa, N.; Ida, M.; Tajiri, H.; Eguchi, K.; Shiwa, M.; 
Wakatabe, R.; Arikuni, H.; Takaue, Y.; Takashima, S. Identifica-
tion of serum proteins related to adverse effects induced by do-
cetaxel infusion from protein expression profiles of serum using 
SELDI ProteinChip system. Anticancer Res., 2005, 25, 1197-1203. 

[106] Pusztai, L.; Gregory, B.W.; Baggerly, K.A.; Peng, B.; Koomen, J.; 
Kuerer, H.M.; Esteva, F.J.; Symmans, W.F.; Wagner, P.; 
Hortobagyi, G.N.; Laronga, C.; Semmes, O.J.; Wright, G.L Jr; 
Drake RR., Vlahou, A. Pharmacoproteomic analysis of preche-
motherapy and postchemotherapy plasma samples from patients re-
ceiving neoadjuvant or adjuvant chemotherapy for breast carci-
noma. Anticancer Res., 2005, 25, 1197- 1203. 

[107] Haris, L.; Fritsche, H.; Mannel, R.; Norton, L.; Ravdin, P.; Taube, 
S.; Somerfield, M.R.; Hayes, D.F.; Bast, R.C. Jr. ASCO 2007 up-
date of recommendations for the use of tumor markers in breast 
cancer. J. Clin. Oncol., 2007, 25, 1-26. 

[108] Baskın, Y. “The Proteomic Methods in Describing the Breast Can-
cer Markers” Lecture. IInd Multidisciplinary Cancer Research 
Symposium, with International Participations. February 24-27, 
2009, Bursa, Turkey. 

[109] Baskın, Y. The Proteomic Methods as A New Approach in De-
scribing the Cancer Markers” Clinical Biochemistry Specialists As-
sociation 5th National Congress, Poster Presentation, 11-15 Janu-
ary 2009, Bursa, Turkey. 

 


