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ABSTRACT

Genomics and proteomics are newly developing fields and becoming widely 
used in cancer research especially in cancer diagnosis. The aim is to review the 
role of genomics and proteomics to discover new breast cancer biomarkers for 
diagnosis with higher sensitivity and specificity. Studies reporting on poten-
tial biomarkers in breast cancer were included in this review. In the future, 
platforms in genomics and proteomics will be used for the discovery of tumor 
specific genes and related proteins, which will lead to development of novel 
therapeutic targets leading to patient specific therapies.
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GENOMİK VE PROTEOMİK YÖNTEMLER VE MEME KANSERİ TANISINDAKI YERİ

ÖZET

Genomik ve proteomik yeni gelişen alanlardır ve kanser araştırmalarında, özellikle 
de kanser tanısında, sıklıkla kullanılır hale gelmektedir. Bu yazıda, meme kanseri 
tanısında daha yüksek özgünlük ve özgüllüğe sahip yeni belirteçlerin bulunma-
sında genomik ve proteomikin rolünün gözden geçirilmesi amaçlanmıştır. Meme 
kanserinde potansiyel önemi olan belirteçleri bildiren çalışmalar bu derlemede 
incelenmiştir. Gelecekte, genomik ve protemik alanlarında kullanılan yöntemler, 
hastaya özgün tedaviyi sağlayacak yeni hedeflerin geliştirilmesinde tümöre özgün 
gen ve proteinlerin bulunması için kullanılacaktır.

Anahtar sözcükler: kanser, tanı; genomik, proteomik

1. Introduction

The biology of cancer remains poorly understood and individual 
diagnostic factors provide limited information about the diagno-
sis of the disease. Genomics and proteomics are newly developing 
fields and becoming widely used in cancer research especially after 
the completion of human genome sequencing project. Genomic 
and proteomic technologies have evolved; rapidly accelerating 
the rate of clinical cancer research. The potential applications of 
genomics and proteomics in the field of oncology, especially in 
cancer diagnosis, are virtually unlimited. Systematic investigation 
of expression patterns of thousands of genes or proteins in tu-
mors and their correlation to specific phenotypes might provide 
the basis for an improved description of cancer. Although there is 
a continuing progress in cancer therapy, early diagnosis of can-
cer undoubtedly remains the most important factor in improving 
long-term survival of cancer patients. The identification of tumor 
markers suitable for the early diagnosis of cancer holds great 
promise to improve the clinical outcome of patients. Emerging 
technologies in the fields of genomics and proteomics have ena-
bled researchers to understand the biology of cancer and to dis-
cover new biomarkers for cancer diagnosis, treatment response, 
and clinical outcome with higher sensitivity and specificity. Reli-
able biomarkers will facilitate novel therapeutic discoveries and 
improve patient selection for clinical trials. Replacement of low 

throughput techniques such as Northern, Southern, and Western 
blotting, reverse-transcription polymerase chain reaction, in-situ 
hybridization, immunohistochemistry, and two-dimensional gel 
electrophoresis with high throughput techniques such as DNA, 
RNA, protein, and tissue microarrays, and mass spectrometry has 
been the mainstay of recent achievements in cancer diagnosis. 
The role of these new methods in the diagnosis of breast cancer 
are evaluated in this review.

2. Genomics

Genomics is related to comprehensive analysis of expressions 
of large number of genes in a single experiment. Recent de-
velopments in genomic technologies allow the evaluation of 
thousands of genes and the assessment of interactions between 
these genes at the same time. The basic premise of these emerg-
ing technologies is the simultaneous quantification of gene 
expressions and combination of these results into prediction 
scores that aid to establish clinical diagnosis more accurately 
than any single gene expression. Genomic technology has made 
a major impact in the understanding of cancer biology and is 
now widely used in clinical cancer research. Microarray technol-
ogy has recently replaced low-throughput techniques such as 
Southern blot (hybridization of DNA-DNA) and Northern blot 
(hybridization of RNA-DNA).
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2.1 Platforms in genomics
Low-density and high-density arrays are the principally used 
methods in the field of genomics. In addition, real time quanti-
tative reverse-transcription polymerase chain reaction (qRT-PCR) 
helps further defining gene sets described in microarray experi-
ments. DNA microarrays are the primary tools used to perform 
gene profiling in cancer. Brown et al. have pioneered the devel-
opment of high-density microarrays, which now have become 
the key technology in biomedical research (1). The process 
mainly consists of three steps: (1) array construction, (2) sample 
preparation and hybridization, and (3) image and data analysis. 
A microarray is a solid support (nylon or glass) containing thou-
sands of different gene fragments called probes, which consist 
of either oligonucleotides or complementary DNA (cDNA). Study 
sample containing a mixture of unknown RNA or DNA is named 
as target and hybridizes with the probes if it contains the genes 
present on the microarray. The probe is immobilized on dot blots 
and microarrays, and, in contrast to this, target is immobilized on 
Southern and Northern blots. Probes labeled with fluorescence or 
radioactivity emits signals. These signals, present in each probe, 
are detected, quantified, and specialized hardware and software 
are utilized to give gene expression profiles. Data can be used to 
differentiate between normal and tumoral tissues, to gather infor-
mation about the prognosis of the patients, and to discover the 
genes playing key roles in cancer biology for further manipulation 
in treatment.

The main difference between low-density and high-density arrays 
lies in the number of genes or samples studied in a single experi-
ment. Dot blots are low-density arrays and are produced manually 
by spotting gene specific probes on a membrane. Labeled targets 
are added onto dot blots for hybridization and visualization via 
autoradiography. With the development of automated systems, 
spotting thousands of DNA fragments onto a single array be-
came possible. Current technology enables the placement of over 
50,000 elements on standard glass microscope slides. The most 
commonly used DNA microarrays can be categorized according 
to their method of manufacturing into two groups as robotically 
spotted microarrays and microarrays produced by synthesizing 
the DNA probe directly on the supporting material. Early microar-
rays deposited PCR amplified cDNA clones as probes, which re-
sulted in variability in probe sequence between different clones. 
Recently developed microarrays utilize synthetic oligonucleotides 
as probes, but this requires information on gene sequence. In ad-
dition, cDNA quantity may change between various prints when 
spotted cDNA microarrays are used. These microarrays are ana-
lyzed by hybridizing two differently labeled targets and one of 
these targets is a reference RNA sample that is used as an internal 
control. In contrast, other group of microarrays works on a single 
sample instead of a mixture of two samples and the ratio of gene 
expression of two samples is compared. These microarrays con-
tain short (25-mer) oligonucleotides directly synthesized on the 
substrate with photolithography method (2). Oligonucleotides 
comprise of probes, which contain a transition at the 13th base 
used to detect non-specific hybridization. This method of produc-

tion decreases the possibility of variation due to the printing pro-
cedure allowing for one-color detection and comparisons to be 
made between arrays.

Low-density arrays and RT-PCR are utilized as validation tech-
niques when a limited number of genes are determined to play 
a role in cancer with high throughput methods. Low-density ar-
rays can be divided into two categories as custom-made spotted 
cDNA or oligonucleotide arrays with a limited number of genes 
and high throughput microfluidic cards based on real-time PCR 
assay. Custom-made low-density arrays resemble high-density 
arrays with more tailored gene content. On the other hand, high 
throughput microfluidic cards are composed of 384-well plates 
containing reagents and probes required for RT-PCR manufac-
tured using automated systems. These arrays provide less experi-
mental variations with higher standardization. However, for low-
density arrays to be cost effective, hundreds of genes determined 
in high-density microarrays should be evaluated.

Another platform used in genomics studies is qRT-PCR, which is 
commonly utilized to validate a small number of genes in a small 
number of samples. This method requires 5-10 ng of RNA and de-
tects the quantitative relationship between the amount of target 
sample and PCR product. This relationship can be determined 
“real-time” and the term “real-time” PCR denotes to the detection 
of PCR products as they accumulate. Available qRT-PCR systems 
utilize a set of primers and fluorogenic probes and the amount 
of fluorescence is measured at each amplification cycle, providing 
information on “real time” changes in the amplification product. 
Identification of the PCR cycle where exponential growth phase 
starts enables accurate quantization of gene expressions in study 
sample. However, there are risks of cross-contamination and ex-
perimental variations whenever this method is applied and this is 
reduced by optimization of each reaction with new primers. PCR-
based low-density arrays can be widely used in laboratories at a 
reduced cost and time. 

2.2 Genomics applications in breast cancer
In breast cancer, three genes were identified to express differen-
tially between abnormal (atypical ductal hyperplasia, ductal car-
cinoma in situ, and invasive ductal carcinoma) and normal breast 
cells. Two of these genes are highly expressed in cancer cells and 
are coding for cytosine-rich intestinal protein 1 and hematological 
and neurological expressed sequence 1. The other gene is coding 
for the second epithelium restricted Ets transcription factor and is 
expressed at lower levels. Although previously mentioned studies 
suggested a few new biomarkers for breast cancer, the results re-
ported in these studies should be cautiously evaluated due to the 
lack of standardization in most of them.

3. Proteomics

Proteomics can be defined as the detection, identification, and 
quantification of all proteins present in a particular tissue, or-
gan, and organism to provide accurate and comprehensive data 
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about that system. Proteomics elucidates the properties of pro-
teins, which cannot be understood by analyzing gene expressions 
such as post-translational modifications, compartmentalization 
of proteins, and formation of multi-protein complexes. Complete 
sequencing of human genome has led to the assembly of protein 
databases, which increased the speed of developments in pro-
teomics research. Although there are about 20,000-30,000 genes 
in the human genome, due to alternative splicing and sequence 
deletions, human proteom consists of approximately a million dif-
ferent proteins which makes proteomic research even more diffi-
cult. However, methods used in proteomics allow the validation of 
multiple markers at once, greatly decreasing the study time.

3.1 Platforms in proteomics
There are various techniques utilized in the field of proteomics. 
Recent advances in technology have increased the resolution, ac-
curacy, and speed of separation of peptide and protein mixtures 
to smaller number of proteins per fraction using chromatograph-
ic techniques, labeling and detection of proteins and antibodies 
using multi-color fluorophores, imaging equipment, computer 
software, and analyzing clinical samples without any extensive 
preparation with high throughput capacity (3). Enzyme-linked im-
munosorbent assay (ELISA) and immunohistochemistry (IHC) are 
standard methods in clinical laboratories whereas Western blot 
and immunoprecipitation are frequently used in basic science 
laboratories. Two-dimensional (polyacrylamide) gel electrophore-
sis was the most commonly used method to study differences in 
protein expression between two samples such as cancer and nor-
mal tissue. It sequentially separates proteins by their charge and 
molecular weight, but this technology cannot effectively separate 
and distinguish proteins below 10 kDa. In addition, it is a very la-
bor-intensive method, and has limited resolution for the analysis 
of large numbers of proteins. Each protein has to be excised from 
the gel and the peptide fragments analyzed using mass spectrom-
etry (MS). Although two-dimensional gel electrophoresis cannot 
separate complex mixture of proteins, subsequent protein identi-
fication can be accomplished. In addition, high-performance liq-
uid chromatography, two-dimensional liquid chromatography, or 
capillary electrophoresis uses columns or multiple capillary loops 
to separate proteins on the basis of size and charge.

Various ionization techniques such as matrix-assisted laser-de-
sorption and ionization (MALDI), surface-enhanced laser-des-
orption and ionization (SELDI), and electrospray ionization have 
revolutionized the detection, identification, and structural char-
acterization of proteins. Although these techniques enable the 
measurement of small protein molecules, it is possible to measure 
molecular weights above 200 kDa by first fragmenting the pro-
teins. Rapid expansion of gene and protein databases has allowed 
the identification of proteins with greater ease. MS techniques 
analyze peptides, proteins, and polynucleotides as ions and dis-
tinguish them based on mass-to-charge ratio (m/z). Protein chips 
used in SELDI MS contain multiple spots with varied surfaces 
including hydrophobic, ion exchange, and metal affinity bind-
ing surfaces or normal chromatographic surfaces. MS output is 

shown as a chromatographic pattern with peaks at a given m/z. 
The resolution of MS unit directly correlates with its sensitivity. MS 
resolution capability varies between older and newer machines, 
proteomic chips containing different chromatographic surfaces, 
and different bioinformatics programs that reveal other discrimi-
natory peaks.

Mass spectrometers are generally composed of three devices: (1) 
an ionization device which volatizes and ionizes the sample, (2) a 
mass analyzer which separates ions depending on their m/z ra-
tios, and (3) a detector which detects ions after separation. After 
the separation of proteins or peptides, they must be ionized into 
a gas phase before MS analysis. Liquids can undergo electrospray 
ionization and MS analysis. On the other hand, solids can be ion-
ized by MALDI or SELDI. MALDI technique utilizes a small volume 
of sample (<1μL) and digested proteins are mixed with an organic 
acid matrix. Molecular ratio of matrix to sample should be in the 
range of 5000-10000 for a better analysis. Upon drying, sample 
and matrix co-crystals form and change into an ionized form 
when irradiated by an ultraviolet laser. As a result, singly charged 
ion species are formed and ions accelerate through an electrical 
field in a time of flight MS which seperate them by their m/z. As 
the ions reach the detector at different times, a peptide mass pro-
file is created reflecting the protein composition of the sample. 
MALDI analysis is well suited for resolution of proteins <20 kDa. 
One way of identification of proteins is by comparing the peptide 
mass profile to masses published in protein databases. However, 
there are certain limitations with MALDI technique such as signal 
background problems resulting from contaminants, which have 
hindered it from being used as a high-throughput screening tool 
for proteins in complex biological samples.

In order to overcome the limitations related to MALDI, SELDI 
method has recently been developed for protein analysis and it 
was first described by Hutchens and Yip (4). The SELDI method 
captures proteins from various body fluids on diverse biochip 
surfaces using modified chromatographic techniques. Biochip 
surfaces can vary due to their chemical properties as hydropho-
bic, ionic, and immobilized metal affinity capture and due to bio-
chemical properties as antibody, DNA, enzyme, receptor, and drug 
covered surfaces (5). Proteins are combined with energy absorb-
ing molecules at the surface of the biochip and pulsed with a laser 
into a time of flight MS. Proteins interact differently with different 
surfaces and this results in different mass spectra. A disadvantage 
of SELDI method is its inability to identify individual proteins from 
mass spectra and this is because SELDI method can only analyze 
small intact proteins. As a whole, advantages of MS technology 
are faster evaluation of small amount of protein samples, simple 
sample preparation, analysis of complex mixtures, and better data 
analysis.

On the other hand, electrospray ionization analyzes samples in 
solution instead of on platforms. Pushing the sample solution 
through a thin needle biased at positive voltage, which faces a 
grounded sampling skimmer electrode forms ions. Spraying proc-
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ess forms very small droplets which progressively desolvate liber-
ating ions. For proteomic analysis, sources are operated with flow 
rates between 0.5-1.5 μL/s and 0.02-0.5 μL/s. In electrospray ioni-
zation, m/z distribution for ions is below 4000 and around 800-
1000. Ions produced by electrospraying carry multiple charges, 
which makes the analysis of complex mixtures difficult. 

Another tool used to analyze proteins is protein-microarrays, 
which rely on the same principles as their DNA counterparts. This 
method principally depends on binding of antibodies and/or 
antigens to glass microarrays allowing the simultaneous assess-
ment of thousands of proteins. Protein binding is measured by 
comparative fluorescence, providing a high throughput ELISA (6). 
However, there is a need for specific and high-quality antibodies 
against proteins of interest, and specificity of these antibodies 
must be validated by Western blotting before use. These pro-
tein arrays can utilize biologic samples such as serum or plasma, 
nipple aspiration fluid, cell lysates, or the surface membranes of 
microdissected cells. Protein microarrays are categorized as for-
ward-phase and reverse-phase arrays. In forward-phase arrays, 
capture molecules such as antibodies, nucleic acids, or peptides 
are immobilized onto glass surfaces, membranes, or hydrogels 
similar to DNA microarrays. Biofluid containing the target protein 
is incubated with the prefixed antibodies and detected using la-
beled secondary antibodies. Forward-phase arrays have the ad-
vantage of detecting many different proteins in one experiment. 
In reverse-phase arrays, a target sample containing a mixture of 
proteins is immobilized onto a glass slide and specific antibodies 
against target proteins are incubated over the slide. This method 
allows the detection of target proteins in a large number of sam-
ples as a high throughput assay. Depending on the specificity of 
antibody binding and sensitivity of labeling methods, detection 
of target proteins in the concentration range equivalent to 10 cells 
is possible. 

Tissue microarray is another method, which is modernized recent-
ly and utilized in proteomics research (7). Tissue microarray has a 
lower cost and can be developed using archival tumor tissues. In 
this method, a new block of tissue is formed containing different 
tissue cores with a diameter of 0.6-2 mm and sections from tens 
to hundreds of paraffin embedded tissue specimens can be com-
bined on single glass slide. Tissue microarrays prepared by this 
technique can be used for histochemical and immunohistochemi-
cal staining or in situ hybridization. Tissue microarrays eliminate 
slide-to-slide experimental variation, reduce the amount and the 
cost of antibodies, and scoring time for pathologists. In contrast to 
gene microarrays, only protein products of one gene can be stud-
ied at a time using tissue microarrays. However, tissue microarrays 
can be used as an adjunct to cDNA microarrays to understand the 
correlations between gene and protein expressions. There are a 
few points to be taken into account when using tissue microar-
rays. During the construction of tissue microarrays, representative 
parts of paraffin blocks should be chosen and, in heterogeneous 
tumors, positive staining parts can be easily missed. In-situ and 
invasive lesions cannot be easily distinguished due to the lack 

of surrounding structures. In addition, candidate proteins with 
specific and high quality antibodies should be known. During 
the scoring process of tissue microarrays, automated tools can 
be used to decrease the variations between the pathologists (8). 
When formalin fixed tissues are used, recovery of intact or good 
quality genomic and proteomic material is difficult due to intense 
cross-linking between biomolecules induced by formalin. For this 
reason, tissue microarrays were constructed from frozen tissues 
recently and are called cryo-tissue microarrays.

3.2 Proteomics applications in breast cancer
Proteomics technology utilizes samples of serum, plasma, seminal 
plasma, saliva, urine, cerebrospinal fluid, nipple aspirate, ductal 
lavage fluids, and tumor tissue in the clinics in order to find novel 
biomarkers for cancer diagnosis with higher sensitivity and spe-
cificity. Protein profiling can be performed on complex mixtures 
from tissue extracts or biofluids. For cancer diagnosis, protein 
profiles are obtained from control and patient samples and com-
pared to detect significant protein patterns unique to each group. 
Protein profiling has greater power to discriminate between can-
cer patients and healthy individuals than identifying specific dis-
ease-related proteins. 

Breast cancer is another cancer type evaluated for new biomark-
ers. The diagnosis of proliferative or pre-invasive lesions such as 
atypical hyperplasia or in situ carcinoma in the breast places the 
patients in a high-risk group, although the progression to invasive 
cancer is expected to occur in a small proportion of these patients. 
Defining the patients with high risk in a better way with recently 
developed molecular techniques will decrease the screening 
costs alleviating the anxiety of the individuals. SELDI-TOF MS was 
widely used to analyze proteins secreted by epithelial cells of the 
ductal system in the breast. Previous studies have reported differ-
ent protein profiles for patients with and without breast cancer 
(9-11). In those studies using serum samples, diagnostic protein 
profiles showed sensitivities and specificities ranging between 
76-93% and 90-93%, respectively (11-13). Li et al. studied 169 
serum samples from patients with breast cancer, benign breast 
diseases, and healthy controls and identified three protein peaks 
that separate breast cancer patient from non-cancer individuals 
with 93% sensitivity and 91% specificity (11). These biomarkers 
were validated in a different set of serum samples from patients 
with breast cancer, benign breast diseases, and healthy controls 
and two of these biomarkers were identified to be complement 
component C3adesArg and a C-terminal-truncated form of C3adesArg 
(14). Proteomic analysis of normal breast tissue and ductal carci-
noma in situ revealed a difference in protein profiles between the 
two tissues suggesting that ductal carcinoma in situ is a pre-inva-
sive lesion (15). Varnum et al. identified 15 proteins that had been 
reported as potential biomarkers for breast cancer, but had not 
been previously identified in nipple aspirate fluid (16). Paweletz 
et al., similarly studying nipple aspirate fluid, detected two pro-
teins unique to breast cancer and two proteins unique to normal 
samples (10). Sauter et al. reported on five differentially expressed 
proteins in nipple aspirate fluid samples and these proteins were 
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present in 75-84% of breast cancer patients in contrast to 0-9% in 
healthy controls (9). In another study, nipple aspirate fluids from 
breast cancer patients were compared and no significant differ-
ences were identified in protein expressions between the breast 
with intact breast carcinoma and the contralateral non-cancerous 
breast (17). However, nipple aspirate fluid analysis revealed sev-
eral peaks that differentiate between both breasts of the cancer 
patients and healthy individuals. Li et al., in another study, using 
nipple aspirate and ductal lavage fluids, identified three protein 
peaks, which differentiate breast cancer patients from high-risk 
women. These peaks were found to correspond to human neu-
trophil peptides 1 to 3 and persistent elevation of these peptides 
in high-risk women may imply early onset of breast cancer (18). 
Besides their functional activities in antimicrobial immunity, hu-
man neutrophil peptide expression has been shown in various 
tumor tissues and cell lines affecting tumor growth in a concen-
tration dependent manner (18). Acetyl-LDL receptor is another bi-
omarker related to early diagnosis of breast cancer. Its decreased 
concentration in nipple aspirate fluid compared to normal breasts 
indicates a strong likelihood of breast cancer or precancerous 
lesions. Similarly, a concentration difference of this protein be-
tween the two breasts of an individual may indicate the presence 
of breast cancer in the breast with lower concentration. Recently, 
protein profiling from serum samples was reported to differenti-
ate highly suspicious lesions on mammography, which will result 
in a decrease in the number of unnecessary breast biopsies (19).

4. Conclusion

There are several obstacles to be addressed before genomics and 
proteomics reach an optimal yield and be beneficial for the pa-
tients. The requirement of fresh or frozen tissue samples to protect 
and obtain high quality genetic material to use in high-through-
put techniques limits their wide spread use. The facilities for im-
mediate freezing of tissue samples are not readily available in all 
hospitals. Establishment of high quality sample banks with data-
bases containing information about all clinical and histopatho-
logical characteristics of the patients will help to collect uniform 
samples and data in clinical trials. Developing better techniques 
in order to utilize paraffin-embedded tumor tissue can be another 
way to circumvent this problem. Several groups are working on 
isolating RNA from paraffin-embedded tissue sections and study-
ing gene expression by microarrays and RT-PCR (20,21). Recently 
developed LCM technique is used to obtain tissue samples from 
paraffin-embedded tissue sections and it increases the probabili-
ty of getting more homogenous cell populations for genomic and 
proteomic studies (22). During this procedure, tumor cells can be 
isolated from other cells in the tissue and tumor cell specific gene 
expressions are shown by microarrays. However, with LCM, data 
from stromal and other surrounding cells should be analyzed sep-
arately, increasing the cost of the study. LCM also increases tissue 
processing time and manipulation. It is feasible to reach the ap-
propriate results without employing LCM, if a molecular signature 
to use as a biomarker is investigated. However, if the goal of the 
study is to identify the biological differences between pre-malig-
nant, pre-invasive, and invasive cells, LCM is necessary for precision 

on cell type (23). Although LCM method can overcome the het-
erogeneity of cancer tissue samples, an alternative way could be 
to compare expression profiles of macro dissection samples with 
those of cell lines representing the different cancer types, namely 
virtual micro dissection (24). In addition, the amount of material 
required for the experiments should be kept to a minimum due 
to limited sources and this could be achieved as improvements in 
nanotechnology provide better instruments. Besides from techni-
cal issues, careful experimental design, clearly defined outcomes, 
and a large enough sample size for independent validation of the 
data will help to overcome the problems encountered in genomic 
and proteomic research. In addition, there are several limitations 
specific to proteomics platforms. Tissue and protein microarrays 
can only be used if specific antibodies for the candidate proteins 
are available. Proteomics is an evolving field for which procedures 
and equipments lack the type of standardization, which was 
achieved in microarray gene expression studies.

Another issue is the processing of the large amount of data ob-
tained from the use of high-throughput techniques in both ge-
nomics and proteomics. Statistical data analyses are tremen-
dously challenging. The number of measured variables always 
outnumbers the number of samples evaluated. In order to mini-
mize the problems in statistical analyses, acquired data must be 
filtered according to the goals of the researcher. Development of 
methods for statistical evaluation, normalization, and filtering of 
the data are all areas of active research. Although the develop-
ment of specialized software is continuing, there is also a need for 
expert statisticians in this field. Collaborations should be estab-
lished between researchers across disciplines for producing, stor-
ing, analyzing, and interpreting the data obtained from various 
experiments. Formation of centralized databases containing in-
formation on molecular characteristics of individual tumor types 
will help to reach already available data and may save time and 
resources during research.

Finally, cost of the high-throughput techniques is another pro-
hibitive factor, which prevents them from gaining access to most 
of the laboratories. The accessibility to these tools is increasing 
rapidly and complexity and cost are likely to improve with the de-
velopment of next generation of tools. Exquisite quality controls 
are required to optimize the results. Currently, advances in cancer 
diagnostic methods are integrated into clinical practice in a slow 
and uneven fashion.

Genomics and proteomics should be recognized as complemen-
tary fields of investigation in cancer diagnosis and strengths and 
weaknesses of each individual technology should be balanced to 
obtain maximum benefit. From all the work done until today, it is 
clear that genomics and proteomics have generated a consider-
able amount of data for breast cancer diagnosis. However, results 
obtained from previous studies must be validated, refined, and 
extended and the relevance of these data for clinical practice still 
has to be established. Integration of genomics and proteomics 
technology into clinical trials and practice could lead to individu-
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alized patient care. Biomarkers used for early detection of breast 
cancer can be targets of new drugs individualizing treatment and 
increasing success.

Multi-center clinical trials are required to validate the available 
data and to set the standards in various methods utilized in ge-
nomics and proteomics for breast cancer. These trials will help to 
find the best ways to integrate genomics and proteomics in pa-
tient care. In this context, phase I studies will aim to define the 

predictive gene set, establish the prediction rules, and determine 
assay cutoffs in a well-defined patient population. In phase II stud-
ies, the predictors will be tested on independent cases, and the 
reproducibility and reliability of the assays will be determined and 
phase III studies will prove their efficacy in cancer diagnosis in 
prospective randomized trials (25). In the future, methods used in 
genomics and proteomics will be useful for the discovery of tumor 
specific marker genes and related proteins in breast cancer, but 
traditional methods will be applied in daily clinical practice. 
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