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Abstract

Advances in technology, especially in molecular biology, allow for a rapid expansion of research
methods. New proteomics and genomics technologies will enable scientists to discover the functions of
genes and their protein products, and to get a clear picture of the complex regulatory networks that
control fundamental biological processes. Novel high-throughput technology is being developed to give
researchers this possibility. These include proteomic arrays, mass spectrometry and a number of high-
throughput technologies. Applying genomic and proteomic methods to body fluids and tissue extracts
would place valuable objective analytical power in the hands of the clinician however validation of those
methods is an important issue. The array of new research tools will be of strategic importance in
biological research and for the biotechnology and pharmaceutical industry, and will become available

in clinical medicine to aid diagnosis and therapy.
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Genomics

The human genome sequence was described in 2001,
creating an opportunity for personalized medicine [1-3].
Genomics is a scientific discipline that characterizes the
complete genome of an organism. Its primary approach is
to determine the entire sequence of DNA and the relations
between different parts of the genome. Transcriptomics is
the part of the genomics that describes mRNAs encoding
individual proteins.

Genomics-based devices have the potential to become
first line tools to identify patients at risk for developing cer-
tain diseases or predict unusual reactions to certain drugs.
This knowledge could be widely used in clinical medicine.
Previously, genes for monogenic or Mendelian disorders
were easily discovered [2, 4, 5]. Genomic’s tools may allow
to find genetic background for complex, multi-factorial dis-
orders like autoimmune diseases, cancer, cardiovascular
disorders or even schizophrenia [2, 4].

An array of high-throughput technologies dedicated to
genomics research are used to characterize the biological
function of genes and genomes [6-8]. For example PCR and
DNA sequencing are frequently used to search for genetic
variants associated with the development of a disease [8].
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Innovative, high-throughput microfluidic systems and
automating of the processes involved in genomics research
including: extraction and purification of nucleic acids, set
up of PCR reaction, automation of RT-PCR as well as the
separation and direct detection of DNA and RNA, are on the
development too [2, 9-11]. These advanced technologies
combine microelectronics with molecular biology tools. The
study of gene expression is enabled through microarrays and
gRT-PCR techniques that measure RNA levels related to spe-
cific gene transcription processes, as well as other RNA-
mediated processes [12]. A gene microarray [gene chip] is
a miniaturized slide that carries numerous probes of nucleic
acids, which are arranged in a grid pattern on the chip.
Microarrays are useful because of their small size and
because they can examine a very large number of genes.
Microarrays can rapidly provide a detailed view of the simul-
taneous expression of all the genes [around 30 000] in an
entire genome, and provide new insights into gene function,
disease pathology and classification, and drug development
[13]. The main challenge in microarray technology results
from the technical complexity of the process and the large
amounts of data generated in the experiment [12, 13].
Advanced array technologies include genome sequencing,
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genotyping, transcriptome analysis but also protein analysis,
functional cell microarrays and tissue microarrays [14].
Genomic microarrays enable to measure the expression of
genes under different medical conditions. A small amount of
body fluid has the ability to look at 30 000 genes [12-14].
Genomic microarrays may become useful in early screening
of diseases such as lung cancer, which usually are not diag-
nosed until they are advanced and less treatable [15].
Microarray technologies under development include search
for genotypes related to of cancer, allergy, autoimmune dis-
eases, cystic fibrosis and genes having impact on drug metab-
olism and response [6, 16]. Specific medical applications will
also include screening for inherited genetic disorders [such
as amyotrophic lateral sclerosis and muscular dystrophy],
combating diseases of the nervous system [such as
Alzheimer’s disease, Parkinson’s disease and new variant
Creutzfeldt-Jakob disease], cardio-vascular diseases, rare dis-
eases, as well as for detection of infectious agents [14-17].
For example, cystic fibrosis genomic tests find genetic vari-
ations in one of the genes that causes cystic fibrosis - the
most common fatal genetic disease in the world. Those tests
help to diagnose cystic fibrosis in children and identify adults
carrying the defective gene [18]. Microarrays are currently
used to search for the antigen HLA B27 in rheumatic disease
patients and HLA DQ2, DQS in celiac disease [19, 20].

New methods for array-based resequencing include
oligonucleotide fingerprinting, iFRET technology to detect
hybridization, nanoscale hybridizations in nanowells, and
MALDI mass spectrometry to detect oligonucleotide com-
position [2, 21]. A high throughput resequencing device
may become a highly competitive tool, which would cre-
ate possibilities for genome-wide sequence evaluation of
patient material as a routine procedure [21, 22]. Moreover
monitoring the activity of a genome by measuring mRNA
expression levels provides important biological insights.
Another recently introduced method is RNA interference
[RNAI], an effective mechanism for selective inhibition of
gene expression which, has become the preferred method
for inhibiting expression of targeted genes [2, 23]. As well
as functional genomics applications, it also shows tremen-
dous potential for diagnostics and therapeutics. RNAI
libraries covering the entire genome are being developed
to secure a functional validation of gene targets.

Recent clinical studies demonstrate that expression
analysis of large gene sets can identify molecular profiles
correlated to disease states, which may be used for the con-
struction of diagnostic tools [2, 24-26].

Proteomics

Gene expression does not consistently correlate with pro-
tein expressions, and can not identify post-transcriptional and
post-translational modifications, major modulators of protein
function [4, 27, 28]. In the "post-genomic" era, the progress
is towards examining proteins as the main effectors of phys-
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iological functions [4]. Detailed characterization of the pro-
teome [total body proteins] is a major goal of proteomics, that
analyses disease mechanisms by examining changes in the
patterns of proteins in patient’ body fluids and tissues. The
analysis of complex protein mixtures such as serum, other
body fluids or tissues by profiling hundreds of proteins in the
same time, creates pattern of response characteristic for var-
ious cellular states or disease conditions. Detailed proteome
analysis has become more realistic today with the high-reso-
lution mass spectrometers capable of faster sequencing in
a high-throughput fashion and with the emergence of new
techniques such as microarrays. A promising area is the appli-
cation of advanced mass spectrometric and other quantitative
proteomic methodologies to laboratory diagnostics [28-30].
The major proteomic projects of the last decade have shaped
proteome-wide sequencing, mapping, and analysis [4]. For
example, the creation of the Human Proteome Organization’s
Human Brain Proteome Project to foster the effective inter-
national exchange of brain related proteomic data [4, 31].
Complex diseases are now rapidly investigated by novel high-
throughput biochemical technologies to uncover disease activ-
ity, clinical markers, and drug targets. Such diagnostic tech-
nologies will lead to personalized medicine

Opposite to the genome, the proteome is composed of
an active array of molecules constantly being modified and
with special localization. Proteomic approaches are able to
characterize also post-translational modifications, by which
the cell quickly modifies protein functions. Protein profil-
ing and identification techniques using advanced mass spec-
trometry and bioinformatics can lead to the discovery, iden-
tification, and characterization of protein biomarkers [2,
32]. Comprehensive proteomic profiling is able to identify
thousands of proteins from the various clinical samples.
Once tools for conducting comprehensive proteome analy-
sis became available, much of the interest turned towards
analyzing proteins for the purpose of finding novel bio-
markers of diseases, such as cancer [33]. In the future, the
ability to routinely identify thousands of proteins in the
body fluids will be available.

Initial proteomic studies relied on 2D-gel elec-
trophoresis, which separates proteins based on isoelectric
point and molecular weight [2, 4]. This process has limit-
ed reproducibility, is complicated and not robust. Moreover
weakly soluble proteins cannot be easily resolved and only
a tiny portion of the proteome can be effectively stained.
Another shortcoming of this method is that low-level
expressed proteins can be masked by greater expression
within a similar molecular weight or isoelectric point, or
both. Edgar et al. applied this approach to the hippocam-
pal proteome of schizophrenia [4, 34].

Proteomics advanced dramatically with the advent of mass
spectrometric analysis for peptides [MALDI] [27, 35]. There
are four steps in mass spectrometry. First, the ion source gen-
erates ionized proteins from the sample. Second, the mass
analyzer sortes and resolves proteins based on their
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mass/charge ratio. Third, the ion detector spots the ions and
composes data on the ion mass/charge ratio, quantity, and time
of flight [TOF], or the time it took to reach the detector. Final-
ly, bioinformatic analysis interprets the raw data [2, 30, 31,
32]. After a mass spectrometry run, in a process called pep-
tide mass fingerprinting, the peptides are arranged into sev-
eral databases to allow protein identification. Although pep-
tide mass fingerprinting is a method of protein identification,
it often requires extensive and often complex purification, as
it tenders to interpret protein match by peptide masses rather
than by sequences [30, 31, 32]. Mass spectrometry has
evolved to incorporate tandem mass spectrometric technolo-
gy that permits effective sequencing. The MALDI-TOF is an
advanced technology, a cutting-edge proteomic tool with
direct amino acid sequencing and characterization capabili-
ties [27, 30, 32]. As mass spectroscopy continues to improve,
it may replace immunoassays as the best method for meas-
uring specific analytes in biologic samples.

Surface Enhanced Laser/Desorption Ionization [SEL-
DI], a variation of MALDI, is a new generation of mass
spectrometric analysis, and offers better accuracy with built
in chromatography [27, 30 31, 35]. The central technology
platform is a protein chip mass spectrometer, which uses
a powerful new approach [surface-enhanced laser desorp-
tion/ionisation time-of-flight mass spectrometry, or SEL-
DI-TOF MS] to the analysis of complex protein mixtures
such as serum and tissue extracts by profiling hundreds of
proteins in the same time, thus creating characteristic pat-
terns related to various cellular states or disease conditions
[27, 35]. Each chip contains a unique chromatographic sur-
face for selective protein capture. The recent emergence of
methods for rapid profiling thousands of protein markers
by use of mass spectrometry has raised hope for the rapid
identification of novel cancer biomarkers [27, 35]. Specif-
ic questions concerns the reproducibility of SELDI-TOF,
possible changes in protocols, calibration, and the ability
of SELDI to detect low-abundance tumor markers. Addi-
tionally, observations that spectra can vary depending on
analytical factors such as the time of processing have been
noted during large profiling experiments [27, 36]. Semmes
et al. demonstrated that relevant part of SELDI-TOF pro-
files can be measured reproducibly and used to distinguish
a reference set of prostate cancer samples from controls [27,
37]. This study was an encouraging step toward defining
the analytical reproducibility of serum proteome profiling,
although it highlighted the need for rigorous calibration of
instruments and adherence to standardized technical pro-
cedures [27, 37]. Although promising, the variation attrib-
utable to differences in sample collection and other sources
of preanalytical bias that can be expected in routine clini-
cal practice [27]. A more comprehensive list of issues that
must be addressed to understand the effects of preanalyti-
cal, analytical, and postanalytical factors on SELDI-TOF
and matrix-assisted laser desorption/ionization [MALDI]-
TOF profiles has recently been proposed [27, 38]. The data
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provide evidence that preanalytical and analytical variation
can affect profiled markers, and this result must raise aware-
ness of the strong risk for bias in serum profiling experi-
ments that are not carefully controlled [27, 38].

Functional study employed the profiling and sequenc-
ing properties of tandem mass spectrometric analysis. How-
ever, several studies have demonstrated the potential of this
technology in determining the complexities of the dynam-
ic proteome [4]. Sequence analysis can detect important
post-translation protein modifications such as methylation,
acetylation, sulfation, phosphorylation, ubiquitylation,and
glycosylation [4, 39, 40]. Protein detection can be performed
on microarrays, however heterogeneity and relative insta-
bility of proteins is a challenge [29, 41]. Current research
focus both on protein microarray construction and molecu-
lar strategies for specific and sensitive detection [29, 41].
Antibody arrays can be used for protein expression studies
and as diagnostic and discovery tools in autoimmunity [42].

One of the important tools in clinical proteomics are tis-
sue microarrays [43]. They allow to analyze hundreds of tis-
sue specimens in the same time. Tissue arrays investigate
the distribution of proteins directly at the disease site [2, 43].
The obtained results can be assessed manually or automat-
ed and can be analyzed together with clinical data [43].

The number of diagnostic tools has been steadily
expanding since the advent of modern medicine. New -
omics technologies will allow thousands of results per sam-
ple to be generated. With personalized medicine, therapy
will be based on individual patient characteristics that
become known through bioinformatics. The expected
results will give the response rates close to 100%, as well
as increased survival rates, improved quality of life, cost
savings, and reduced morbidity and mortality. For several
years proteomics research has been expected to lead to the
finding of new markers that will translate into clinical tests
applicable to numerous clinical samples such as serum,
plasma and urine [2, 33, 41, 44]. Genome and proteome-
based research offers the promise of more effective research
and diagnostic tools, and targeted treatment for diseases
that affect a vast majority of the population such as cancer,
diabetes and cardiovascular disease [2, 45, 46].
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