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Why OMICS technologies are needed 
for treatment of cancer?

Cancer still kills people. It was easier to
send a man in the outer space or to the Moon,
than to improve survival of patients having
advanced and metastatic cancers. This high-
lights complexity of cancer as a disease, which
is apparently much higher than to build and
launch a space rocket. Carcinogenic transfor-
mation of cells is accepted as the main cause of
cancer [1–4]. Carcinogenic transformation is
defined as a number of changes in the cell
physiology, which lead to expansion of malig-
nant cells in the body, corrupting the normal
physiology, and ultimately killing the person.

The key conclusion of more than 50 years
of intense studies is that the collected knowl-
edge has not reached the critical mass required
to find cure against cancer. The oncogenes and
tumor suppressor model has been a great step
forward [1–4], but today is clear that carcino-
genic transformation of cells is the result of
interaction of hundreds molecules. Out of the
hundreds of these cancer-promoting genes,
RNAs, proteins and metabolites many are the
same as they are in the normal cells. It is their
corrupted activity, mis-localization, and mis-
placed interactions that make them tumor-
promoting (Fig. 1). This confusion has only
underlined complexity of cancer.

A solution to the complexity problem has
been proposed by introduction of technologies
for comprehensive study of carcinogenesis.
These technologies focused on studies of
genomic DNA (genomics), RNAs (transcrip-
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Fig. 1. Two models of tumorigenesis
The first model explains tumorigenesis by

involvement of tumor suppressors and oncogenes
(upper part). The second model explains tumorige-
nesis as a systemic effect of normal and tumori-
genic genes and proteins (lower part). The diffe -
rence is that the systemic tumorigenesis model
postulates that even normal genes and proteins
may contribute to tumorigenesis, if their interac-
tion networks shift from the normal physiological
reactions to the disease promotion.   
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tomics), proteins (proteomics) and metabolites
(metabolomics) [5–7].  Historically, introduc-
tion of nucleotide microarrays to study
expression of RNA was the first strong contri-
bution to the comprehensive exploration of
carcinogenesis [8]. Development of the
microarrays was possible due to successes of
technologies for synthesis of oligonucleotides
and production of cDNA on a large scale and in
automated way. A chip-printing technology
was another component of the success.
Development of sequencing technologies,
especial ly of massive parallel sequencing, has
given boost to comprehensive studies of
genome for the clinical diagnostic [9].
Comprehensive studies of the proteome are
still waiting for a wide use of intact protein
analysis technology. Current technologies of
mass spectrometry, 2D gel and other elec-
trophoresis, or liquid chromatography are not
providing quality that is required for full
description of the human proteome [10, 11].
However, the situation may change with intro-
duction of ZP-technology [12]. The least deve -
loped of the OMICs technologies is metabo lo -
mics. The high variability of physico-chemical
and structural properties of the metabolites
makes it challenging to detect and identify all
metabolites by a single technology. Despite all
shortcomings, OMICs studies have become
essential for success in treatment of cancer,
due to their ability to a comprehensive analy-
sis. Therefore, there is no alternative to deve -
lopment of fast, reliable, informative and
cost-efficient OMICs technologies for diagnos-
tic and treatment of cancer.  

Genomics

Since the discoveries that the genomic
DNA carries hereditary information, and is
the white-print of the most of the living crea-
tures, study of genes, or genomics, has been a
subject of intense developments. This excite-
ment was translated in a slogan that «cancer is
the disease of genes». The slogan’s correctness
is questionable today, as the non-genomic
mechanisms may have a strong impact on
tumorigenesis. How many genes do humans
have? What is the structure of these genes, as
introns and exons? What type and how many
mutations are in the genome of a given
patient? What are epigenetic changes in the
genes? All these questions have importance
for understanding of carcinogenesis, and sub-
sequently for treatment of cancer.

In this section are discussed technologies
for studies of genome, which may have a value

for clinical applications (Fig. 2). These tech-
nologies have been developed to the extent
that they may be applied in the clinic for diag-
nostic, selection of treatment and monitoring
of response of a patient.

Massive parallel sequencing (MPS/NGS)
The excellent research on biochemistry of

DNA paved the way to development of DNA
sequencing techniques. The first generation

Fig. 2. Presentation of genomics 
and transcriptomics technologies that may 

be used in clinical diagnostic:
A — Massive parallel sequencing technologies.

Two main parts of MPS are indicated. The first is
preparation of nucleic acids for sequencing reac-
tions. This is done by preparing single molecule
suspensions, or by anchoring nucleic acids to a
solid surface. The second part is enzymatic reac-
tions to read the sequence. The reactions include
polymerase or ligase reactions, and the sequence
reading is by detecting incorporation of defined
nucleotides which are added to the reaction in
cycles. 

B — Schematic presentation of CGH array, FISH
and ChIP technologies. Amplifications or deletions
of genomic DNA are detected by CGH arrays as
increased or decreased relative signal of the test
DNA in comparison to the control normal DNA.
Binding of specific DNA probes to the chromoso-
mal regions in FISH assays indicate regions of
amplifications, deletions and translocations. For
ChIP, immunoprecipitation of specific regions of
DNA allows detection and profiling of only these
regions, for example detection of transcriptionally
active regions, or DNA regions interacting with
specific proteins, or epigenetically silenced
regions. 

A

B
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DNA sequencing methods are Maxam-Gilbert
fragmentation and Sanger’s dideoxy base-ter-
mination techniques [13, 14]. However, these
techniques in their original forms were too
cumbersome for being used in the clinical
practice. The step toward clinic was by intro-
duction of automated sequencers [15].
Automation allowed to detect gene mutations
of the clinical importance. However, it was
still far from a comprehensive analysis of the
whole genome of a patient in the routine clini-
cal practice. Faster and affordable methods
were needed, and they come with development
of massive parallel sequencing (MPS), known
also as the next generation sequencing (NGS). 

MPS is based on parallel sequencing of
short fragments of DNA, which are then
aligned to produce gene sequences (Fig. 2, A).
The size of sequenced fragments is from 30 to
700 bases, depending on the sequencing
method and instrumentation [16, 17]. This re -
latively short length of the sequenced frag-
ments imposes limitations on the quality of
definition of the complete genes sequence. 

MPS has been used successfully for analy-
sis of mutations in genes, with the emphasis
on the exon analysis. Focus on exons allows
generation of data which could be used in clini -
cal diagnostics within relatively short assay
time. As an example, the full exon sequencing
and detection of the mutation profile of a
tumor cells may be completed within 30 days
[18, 19]. The second example is the contribu-
tion of MPS to profiling of mutations in dif-
ferent sub-types of cancer, providing insights
into molecular heterogeneity of tumors [19].
Understanding this heterogeneity is essential
for development of personalized treatment of
patients. The expectation is that MPS will
become a standard and routine examination of
cancer patients. The nearest years will show
whether this expectation will indeed be rea -
lized in better treatment of patients. 

CGH, PCR, FISH and ChIP tests
Pre-MPS era had given rise to a number of

methods to assess structure and mutations of
the genes (Fig. 2, B). Comparative Genomic
Hybridization Array (CGH) was used to detect
gene aberrations on the whole genome level
[20]. However, the resolution power of CGH
arrays has been in the range of 5 kB to 0.2 kB,
and variations in the gene structure have been
the core information delivered by CGH [20]. 

Fluorescence in situ hybridization (FISH)
is used to detect rearrangements of selected
genes, e.g. deletions, amplifications and
translocations [21, 22]. Clinical application of

FISH is limited by its low number of moni-
tored DNA fragments, and relatively large
work-load for performing the test. Multi -
plexing FISH by using different probes with
different detection wavelength, and use of
nano-devices to minimize and automate the
test are 2 developments which make FISH still
useful in the clinical diagnostic [21, 22].

Polymerase-chain reaction (PCR)-based
analysis of the genomic DNA is used less and
less in the clinical diagnostic. The niche for
PCR has become analysis of pre-selected muta-
tions [23]. However, PCR is more used for
analysis of RNAs than genomic DNA.
Chromatin Immuno-Precipitation (ChIP) has
proven the high informative value in studies
of chromatin re-arrangements and methylation
of the genomic DNA [24]. Therefore, the unique
information which may be delivered by ChIP
tests is the profile of epigenetic changes in the
genome. On the other hand, complexity of the
ChIP tests limits its clinical applications. 

Complexity and low automation level of
the CGH array, FISH, PCR, and ChIP tests
are major hinders for their use in routine clin-
ical diagnostic (Fig. 2, B). Cost efficiency of
these assays is also lower, as compared to tests
with the recent developments of MPS.
Therefore, each of the genome profiling tech-
nologies will have their niches. MPS will with
high probability dominate the whole genome
profiling, while CGH, FISH, PCR and ChIP
tests will focus on selected genes and genome
areas. 

Transcriptomics

Historically, mRNA profiling by expres-
sion arrays has been the first true OMICs tech-
nology. The ground of this technology was laid
by excellent works on the biochemistry of
oligonucleotides and generation of cDNA.
PCR-based analysis of mRNA expression was
competing with the RNA expression arrays,
but PCR was inferior due to the higher com-
plexity and lower robustness. mRNA profiling
has also been proposed for the clinical diagnos-
tic. However, arrival of the massive parallel
sequencing technologies has given the real
boost to RNA profiling by providing flexibili-
ty, speed and additional information about
mRNA, microRNAs and long non-coding
RNA, e.g. expression and mutations [25].

Massive Parallel Sequencing of RNAs
MPS technologies used for profiling of

RNAs are similar to those used for profiling
genomic DNA, but the focus is on mRNA,
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siRNA/miRs, and lncRNA. The difference is
only in preparation of samples for analysis
[26–29]. RNAs are more sensitive to degrada-
tion, located in nuclei and cytoplasm, and have
different sizes, as compared to the genomic
DNA. These features make challenging MPS
of RNAs, as variability in quality of the samples
would be reflected in discrepancies of pro-
duced data. Despite the challenges, informa-
tion delivered by MPS of RNAs allows better
insight into molecular activities in the
tumors. A number of examples confirmed
value of RNA MPS for making clinical deci-
sions [30, 31]. For example, MPS sequencing
of RNAs in tamoxifen-resistant breast cancer
cells identified 1728 RNAs associated with the
resistance. This number of the affected RNAs
indicates that the acquisition of the tamoxifen
resistance is a complex process, with involve-
ment of many activities. On the other side,
this study opens for better monitoring of the
resistance, and the most important, it pro-
vides the basis for selection of more efficient
treatment by combined blocking of the key
RNA-related regulators of the resistance [31].  

Expression arrays
RNA expression arrays are undergoing

evaluation of their use in the clinical diagnos-
tic. Only 5 years ago, RNA expression arrays
were at the leading edge of entering clinical
diagnostic. The limitation at that time was not
in the technology itself, but in applicability of
the generated information for diagnostic and
making decision about treatment. While mea-
suring expression of RNA provided large 
volumes of information for research purpose,
this information was difficult to translate into
diagnostic and prognostic values. The reasons
were discrepancies between mRNA expression
and expression and activity of the correspon -
ding proteins. Another critical limitation was
not sufficient robustness of the arrays. As an
example, RNA microarrays from different
suppliers could produce different detection
values for the same RNAs [32].

The niche for RNA expression arrays is
changing from the all-gene coverage approach
to measuring a set of RNAs of importance for
specific type of cancer or a set of cancer drugs.
Such arrays are combined now with dedicated
systems biology tools to extract disease-rele-
vant information. For example, the arrays
have been used to identify long non-coding
RNAs associated with breast cancer [33].
MicroRNA arrays are another novel niche-
approach that may be the way to discover can-
cer-associated microRNAs [34].

PCR-based analysis
PCR-based RNA analysis is in the situa-

tion similar to RNA expression arrays.
Notably, PCR-bases analysis is not anymore
considered for a comprehensive full-transcrip-
tome screening of RNA expression. PCR-
based analysis is currently used for measuring
defined sets of up to 100 different RNAs, pre-
dominantly mRNAs. For example, focused
analysis of expression of the key genes
involved in acute myeloid leukemia unveiled
19 up-regulated and 25 down-regulated genes
[35]. An important advantage of the PCR-
based assays is their technical simplicity. Such
assays may be used even in a small size labora-
tory, and for the low cost. Introduction of
companion diagnostic into clinical practice
also contributes to the niche-development of
PCR-based tests. As examples, PCR-based
tests of mutations in BRAF, EGFR, BCR-
ABL, PDGFRs and MEK1 genes are proposed
to the clinic as companion diagnostic of drugs
acting on these kinases [36, 37].

Thus, MPS technologies have begun to
dominate a comprehensive RNAs profiling,
while RNA expression arrays and PCR-bases
assays are specializing in measurements of
pre-selected sets of RNAs. It has to be notes
that the recent developments of systemic
analysis tools have strongly contributed to
extraction of information useful for clinical
diagnostic, prognostic and selection of treat-
ment.

Proteomics

All known anti-cancer drugs act directly on
proteins or require proteins for their activity
[38]. This makes proteomics essential for diag-
nostic and selection of treatment. Early
approaches of monitoring expression of the
drug targets have shown their positive contri-
bution to cancer diagnostic and treatment.
Such approaches are currently a standard of
routine diagnostic, and are applied over-
whelmingly by using immunohistochemistry
(IHC). Measurements of the expression of
Her2, EGFR, ER, PgR in tumors by IHC are
standards when an oncologist has to decide
about use of Herceptin, Iressa, or antihormo -
nal therapy [39]. The drawback of such
approaches is in the limited number of mea-
surements, as a single assay measures only one
protein. This is why a comprehensive profiling
of the whole proteome has been expected to
improve diagnostic. As the minimum, the clini -
cal oncologists need to evaluate a drug target
itself, and all proteins which may affect drug
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efficacy [40]. This requires to measure in a
single assay up to thousands of proteins. This
is why proteomics experiences strong pressure
to deliver good diagnostic tools.

Proteomics technologies may be classified
on the basis of what they study, e.g. proteins,
peptides or epitopes, how they separate the
analytes, and what they detect to identify pro-
teins. Studying proteins or their products pep-
tides, or protein epitopes, are the main cut-off
points for deliverables of the proteomics tech-
nologies (Fig. 3). Peptidomics approaches by
the Liquid Chromatography-Mass Spectro -
metry/Mass Spectrometry (LC-MS/MS) have
recently been popular [41, 42]. However, LC-
MS/MS is not capable to detect and identify
the intact proteins and their isoforms.
Therefore, there were too low correspondence
of claimed identification of proteins, and the
real impact of these results on the clinical
diagnostic [42]. 2D gel electrophoresis (2D-
GE) has been the technology to study intact
proteins [43–45]. However, 2D-GE has limited
protein separation capacity. Novel intact-pro-
tein proteomics techniques have been under
development [12, 43]. The protein arrays are
considered of being closest to enter routine
clinical diagnostic. Proteomics has also other
technologies for separation and identification
of proteins, which are too laborious to be used
in clinic. Therefore, in this section I focus on
proteomics technologies which may have an
impact on the clinical diagnostic, intact-pro-
tein proteomics, peptidomics and protein
arrays (Fig. 3).

Intact-protein proteomics
The key feature of the intact-protein pro-

teomics is that the studied analytes are pro-
teins. Therefore intact-protein proteomics is
the most informative profiling of the pro-
teome among all proteomics technologies.
Despite such importance, technologies of the
intact-protein proteomics have not had capaci-
ties to describe the whole proteome.
Variability of physico-chemical properties of
proteins has been the main barrier. 

2D-GE has been the most common tech-
nique of the intact-protein proteomics.
Classical 2D gels may separate up to 5,000 pro-
teins in one gel. pH zoom-in gels were reported
to separate between 7,000 and 10,000 proteins
[43–46]. Recently developed ZP-technology
may be the breakthrough of the intact-protein
proteomics, with its capacity to separate more
than 20,000 proteins in a single run [12].
Separated proteins have to be identified, and
today the best identification technique is mass
spectrometry. MALDI TOF mass spectrometry
has been successfully used in combination
with 2D gels. 

2D-GE and ZP-technology have been used
for cancer diagnostic in the clinic (see examples
in the section #6 below). However, these tech-
niques are rather labor intensive, and are not
enough well automated for routine use in a
clinical diagnostic laboratory. The use of these
techniques has been in the translational cancer
research, and in managing a limited number of
patients. To be suitable for use in the routine
clinical diagnostic at a large scale, an instru-
ment with fully automated manipulations
would be required. For the moment, all
attempts to create such an instrument have
not been successful.

Other techniques employed in the intact-
protein proteomics are free-flow electrophore-
sis, capillary electrophoresis and liquid chro-
matography [46–49]. However, none of these
techniques is capable to detect all proteins of
the human proteome, and provide sufficient
separation of even those proteins that were
detected. Significant efforts have been invest-
ed in development of protein mass spectrome-
try. However, mass spectrometry is unlikely
to succeed in analysis of full-length proteins
due to limitations of the ion optics and physi-
cal properties of sub-atomic particles.
Therefore, significant developments have to
be made to prove that these techniques have a
future in the clinical diagnostics.

The intact-protein proteomics has another
advantage over other proteomics technologies, as
it allows unbiased analysis of protein activities.

Fig. 3. Proteomics technologies that may be used
in clinical diagnostic

Proteomics technologies to study intact proteins,
peptides and protein epitopes are indicated. What
these technologies measure, and type of delivered
information are mentioned. Pluses indicate cur-
rent and expected in the nearest years levels of
application of the technologies in the routine clini-
cal diagnostic.
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For example, it allows detection of all kinases
which may be inhibited by a tested kinase-
inhibiting drug [50]. The comprehensiveness
of the tests means that it would be analyzed
not only intended target of the drug, but also
all kinases in the tested tumor. This provides
information about efficacy of the drug, and
about potential off-target and side-effects.
Among other activities which can be tested by
the intact-protein proteomics, there are acety-
lation, ubiquitylation, PARylation, proteoly-
sis, and glycosylation [51]. Taking into
account introduction in the clinical practice
drugs affecting these post-translational modi-
fications, the diagnostic value of the intact-
protein proteomics is going to increase. 

Peptide-based proteomics
Peptide-based proteomics is strongly asso-

ciated with use of mass spectrometry [41, 42].
The focus of mass spectrometry on peptides is
because of 2 limitations. The first limitation is
due to biochemistry of proteins, and the sec-
ond is due to the physics of ions and sub-ato -
mic particles. The biological limitation is
because of the enormous complexity of the
mass spectrum of an intact protein. Many
combinations of isotopes distribution in an
intact protein, and multiple charge ioniza-
tions of the protein make it challenging to
obtain a well defined protein spectrum of the
high resolution. On top of that, if there is a
mixture of proteins with the molecular masses
in the same range, separation of these proteins
by mass spectrometry would be very difficult
to achieve. The physical limitation is imposed
by changing mass values of proteins in diffe -
rent conformations and as polymers. Atomic
interactions change the total energy of the
protein as compared to the sum of masses of
the amino acids. The energy change is relative-
ly low for peptides, and does not have a signi -
ficant effect on the mass value of the peptide.
However, for the molecules of mass higher
than 20,000 daltons, the change of energy may
be in the range of 900 MeV. This may be trans-
lated in the mass change corresponding to
more than 0.7 dalton, as 1 atomic mass unit is
equal to 931,49 MeV. Such uncertainty of the
mass of large molecules makes irrelevant
applications of the high resolution mass spec-
trometry. What is the reason to rely on the
resolution of less than 0.001 dalton, if the
uncertainty of masses due to the large size of
the intact proteins is of more than 0.7 dalton?

However, mass spectrometry has a poten-
tial to be used in the clinical diagnostic. The
niche of mass spectrometry-based diagnostic

is in measurements of a limited set of peptides,
which then would serve as biomarkers. The
types of peptides to be measured define type of
mass spectrometry technology. For example,
MALDI TOF mass spectrometry is used to
detect peptides ionized from a tumor section
[52]. While detection of the peptides flying in
the instrument is rather robust, the challenge
is to control ionization of the peptides.
Variations in ionization are due to differences
in composition of the tissue in its different
areas, thickness of the section, and slightest
differences in application of the matrix.
Variable ionization efficiency generates false
differences in distribution of the measured
peptides in the tissue. Proposed solutions with
using internal controls may help to overcome
the ionization problem, but it will complicate
the technology. Such a complication would
have a negative impact on the clinical applica-
tions of MALDI MS imaging. Other issues of
MALDI MS imaging are technical problems of
the size of the laser beam, speed of the spectra
acquisition, and processing of the collected
data [52]. All together, it makes that MALDI
MS imaging is not yet ready to enter routine
clinical diagnostic.

However, when peptides are the biomar -
kers, mass spectrometry may be the method of
choice. As an example, detection of peptides in
brain may have a diagnostic value [53]. With
controlled sample preparation methods and
internal MS standards, mass spectrometers
may become standard equipment in the clinical
laboratory. In 2013, the cost of a good quality
mass spectrometer is affordable for specia -
lized diagnostic laboratories. Another impor-
tant initiative is generation of the Peptide
Atlas, which provides peptides that may be
used as internal standards [54]. When such
peptides added to the samples, it provides a
reference of the quality of analyte detection,
and for the quantification of the marker pep-
tide in the sample. Thus, peptide-based pro-
teomics is dominated by mass spectrometry,
and may have use in diagnostic based on detec-
tion of peptides as markers. 

Protein arrays
Among all proteomics technologies, pro-

tein arrays are the most advanced on the way
into routine clinical use. Protein arrays mea-
suring expression of a defined set of proteins
are the most probable candidates for the rou-
tine diagnostic [55–57]. The protein array
technology is well developed, and it has been
extensively tested. To generate a protein
array, it is required to select name of proteins
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and epitopes to be detected. Generation of cap-
turing agents, e.g. primary antibodies, detec-
tion reactions, e.g. secondary antibody and a
signal generation system, and selection of a for-
mat for the array — all these steps can be done
with the already available and robust methods.

Thus, the strong side of protein arrays is
the well established technologies and know -
ledge of the targets to be measured. The weak
side is the need to ensure stability and speci-
ficity of the capturing molecules, e.g. antibo -
dies. Another weak side of the protein arrays
is the lack of unbiased analysis. With the
arrays, one gets an answer only to questions
about pre-defined proteins. If there is an off-
target effect, it would be difficult to identify
it with the arrays. Therefore, protein arrays
may be a great tool for companion diagnostic,
when measurements of up to 100 targets are
required for diagnostic. 

Metabolomics: mass spectrometry 
and nuclear magnetic resonance 

spectrometry

Metabolome represents very diverse set of
chemical compounds in the human body.
Nucleic acids and proteins have single poly-
meric structures of nucleotides or amino
acids, respectively, even if the monomers may
be quite diverse. However, metabolites are
much more diverse as chemical structures.
Metabolites are different types of polymers,
e.g. glycans and lipids, and non-polymeric low
molecular weight organic and inorganic mole-
cules [58, 59]. This chemical diversity of
metabolites creates a big challenge for their
comprehensive analysis.

On the other side, metabolomics holds
promise of being of the high importance for
diagnostics. Robust metabolome profiling of
patients would contribute to prediction of
drug pharmacokinetics, and response of the
body to treatments. Metabolic syndrome and
metabolic insufficiency are among the most
serious complications in treatment of cancer.
Metabolome profiling would provide a tool to
predict response to treatments, and therefore
has its role in the clinical diagnostic. 

Nuclear magnetic resonance (NMR) and
mass spectrometry are two techniques which
dominate studies of the metabolites [58–60].
However, none of these techniques have yet
capacity to be incorporated in the routine clini -
cal practice. NMR has the best efficiency in
identification of metabolites, but sensitivity
has not been sufficient for application of NMR
to small quantities of clinical samples.

Notably, the quantities of metabolites in clini-
cal samples are estimated at the picomolar
level, while NMR requires micromolar quanti-
ties [58–69]. Mass spectrometry has higher
sensitivity, but the drawback is in identifica-
tion of ionized metabolites. Ionization degree
and stability, or rather instability, of metabo-
lites upon ionization limits coverage and iden-
tification of metabolites, and therefore appli-
cation of mass spectrometry [58, 60]. The
physical principles of NMR and MS, and the
physico-chemical features of metabolites sug-
gest that NMR may take the lead. This is
because physics of NMR allows enhancing sen-
sitivity, and it may pave the way to the break-
through in metabolome-based diagnostic.

Integration of OMICs technologies 
in personalized cancer diagnostic: 

examples of applications

Clinical OMICs technologies are at diffe -
rent stages of development, and therefore
deliver results of different quality. For diag-
nostics, the quality is defined by the type of
measured analytes, comprehensiveness of the
coverage of all analytes, sensitivity of detec-
tion, suitability of primary data for an analy-
sis, and ability to deliver results to support
diagnostic and selection of treatment. In this
section, I would like to give examples of how
OMICs technologies may help in management
of patients.

When a patient arrives to a Hospital,
decision has to be made about type of diag-
nostics to be applied. The samples for diag-
nostics may be blood and/or tumor biopsy as a
surgically resected tumor or as a needle biop-
sy. The blood is used for preparation of circu-
lating tumor cells (CTC), immunological
tests, and use of the blood cells for mutation
analysis of selected genes. The tumor materi-
al is used for preparation of an organ culture,
primary tumor cells, and for biochemical
tests. 

Functional Molecular Diagnostics (FMDx)
evaluates responsiveness of individual
patient’s tumors to different drugs by testing
responsiveness of the living tumor samples in
organ culture (Organ Culture FMDx), testing
targets and modulators of the drugs’ action
(Functional Biochemical Assays), and by un -
biased testing of the tumor’s proteome profile
(Proteomics FMDx). These assays measure in a
real time how the patients’ tumor may respond
to different drugs before the patient is offered
treatment, and whether the tumor is of an
aggressive type (Fig. 4). 
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In this section, examples of diagnostic
with use of OMICs technologies are discribed.
The Functional Molecular Diagnostic (FMDx)
was developed to help oncologists in diagnostic
and selection of treatment. FMDx consists of a
number of tests to evaluate a molecular profile
of a tumor, predict development of the di -
sease, and select treatment tailored to the
patient. The presented here examples describe
3 clinical cases. For the reason of the patients’
integrity, no personal details are provided.
The descriptions are to illustrate how OMICs
technologies were integrated in the diagnostic
efforts.

Case 1. Personalization of treatment with
Proteomics FMDx

A lump was detected in both breasts of a
woman. The lumps were removed surgically.
No spreading to the lymph nodes, and no
metastases were detected. The question of the

oncologists was whether these 2 tumors were
related, i.e. primary tumor in one breast and
metastasis in the other, what is prediction of
aggressive development of the disease, and which
drugs would be most suitable for this woman.

The aliquots of the lumps were prepared
for the proteomics study, by extracting pro-
teins and performing proteome profiling
(Fig. 5). 2D gel electrophoresis and mass spec-
trometry were used for generation of the pro-
teome profiles of the tumors. The intact-pro-
tein proteomics was applied, which allowed
detection of multiple isoforms of the tumor
proteins. MALDI mass spectrometry was used
to identify proteins, and the systems biology
was used to build a network of relations
between the tumor-related proteins. The net-
work topology analysis and exploration of
functional domains represented by the net-
work, indicated that the tumors were of the
similar profile. It means that the tumors in
both breasts had the same origin, suggesting
metastasis. However, the proteome profiles
showed that the tumors were not of the aggres-
sive type, and therefore unlikely that the di -
sease would relapse. Immunohistochemistry
tests did not provide conclusive basis for selec-
tion of chemotherapy or adjuvant therapies.
Therefore, the results of Proteomics FMDx
ensured oncologists that the most efficient
treatment would be by applying tamoxifen,
and restrain from chemo- and other adjuvant
therapies. The woman has been regularly mo ni -
tored for recurrence. Thus, for this patient,
combination of the proteomics and systems
biology, allowed to conclude about prognosis
of the disease development, select the most sui -
table treatment, and preserve quality of life.

Fig. 4. Overview of Functional Molecular
Diagnostic

The 3 components of FMDx are shown. The com-
ponents are Organ Culture FMDx, Functional
Biochemical Assays and Proteomics FMDx. Organ
Culture FMDx is performed with living tumors,
and evaluates sensitivity to drugs. Functional
Biochemical Assays are used to evaluate mecha-
nisms and efficacy of the drugs. Proteomics FMDx
allow unbiased analysis of the molecular profile of
the tumor, including diagnostic, prediction of
tumor aggressiveness, and selection of drugs ac -
ting on the tumor.  

Fig. 5. Workflow of Proteomics FMDx
The tumor sample from the patient is subjected to

proteome profiling, which then is analyzed by the
systems biology tools. Systemic analysis identifies
regulatory mechanisms deregulated in the tumor,
and identify drugs which would have a tumor-elimi -
nating effect.
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Case 2. Personalization of treatment with
Organ Culture FMDx

A patient was diagnosed with metastatic
pancreatic cancer. Surgery was not applicable,
due to multiple metastases. The oncologist
required information about efficiency of
drugs which were considered for treating this
patient. 

Biopsies of the primary tumor and metas-
tases were collected. Organ culture samples
were prepared immediately after resection of
the tumors. Organ culture samples were pre-
pared by using FMDx proprietary technique,
and were exposed to drugs. The oncologist was
interested in response to 5-fluorouracyl, oxali-
platin and gemcitabine. Two additional drugs
were also tested. The first is an inhibitor of
EGF receptor kinase, Iressa, and the second
drug is an inhibitor of TGFβ type I receptor
kinase, SB431542. During incubation of the
tumor tissues with the drugs, it was observed
very strong effect of 5-fluorouracil, signifi-
cant but partial response to oxaliplatin and
gemcitabine. Iressa and SB431542 both
showed an cell-killing effect, but the response
was partial (Fig. 6, A). In parallel, Functional
Biochemical Assays were applied to the tumor
samples. These tests showed significantly
enhanced activity of pro-mitogenic kinase
Erk1/2, as compared to the Erk1/2 activity in
the control carcinoma cells (Fig. 6, B). Other
biochemical tests showed that EGF and TGFβ
signaling pathways were active, but at the lev-
els comparable to the control carcinoma cells.
The biochemical tests indicate that inhibitors
of Erk1/2 pathway, e.g. MEK1 or Raf
inhibitors, may have a strong inhibitory
impact on the tumor growth for this patient.
The tests confirmed also that Iressa and
SB431542 indeed may have tumor-suppress-
ing effect. Thus, the Organ Culture FMDx and
biochemical tests provided the oncologist with
information about efficacy of the tested drug,
and indicated that the combination of
chemotherapy with adjuvant therapy may be
beneficial for the patient.

Organ Culture FMDx delivers informative
results during the first 2 weeks of culturing.
Longer culturing leads to changes in structure
of the tumor tissue, and changes in physiology
of tumor cells. These changes affect pattern of
the cell response to the drugs. However,
longer culturing allows obtaining primary cul-
ture of tumor cells which detach from the
tumor tissue. These primary culture cells may
be further used for research purposes. For this
patient, a culture of primary cells was
obtained. Thus, Organ Culture FMDx deliv-

ered information about sensitivity of the
tumors of the patient to the selected drugs. 

Case 3. Generation of individualized cancer
vaccine

There is a strong confidence among oncolo-
gists that as long as the vital functions of a
body are not compromised, there is a chance of
curing even advanced cancer. One of the cura-
tion strategies is deciphering of the molecular
profile of the tumor, and finding combination
of drugs which may kill this tumor. These
strategies are mentioned in descriptions of the
cases #1 and #2. The case #3 describes the
strategy to employ immunological protective
mechanisms of the patient’s body. 

A

B

Fig. 6. Organ Culture FMDx
Organ Cultures are prepared from the tumor

biopsy. A — Images of the organ culture cultured
in a medium only (Control), or incubated with
drugs as indicated. Arrows show clusters of living
cells. Organ cultures were incubated with the
drugs for 48 h. Note presence of living cells in cul-
tures incubated with gemcitabine, oxaliplatin,
Iressa and SB431542. 

B —Functional Biochemical Assay with the same
tumor samples as in (A). The assay was to evaluate
activity of Erk1/2 kinase. Note strongly enhanced
Erk1/2 signal in the tumor sample, as compared to
conditionally tumorigenic and the metastatic con-
trol samples. Note that the Erk1/2 signal in the
tumor corresponds to the Erk1/2 characteristic in
the non-aggressive tumor cells. This assay indi-
cates that the drugs inhibiting Erk1/2 may be ben-
eficial for this patient.   
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The idea of the individualized cancer vac-
cine is based on the fact that the body is capa-
ble to recognize the tumor epitopes, but the
response is too weak to remove the tumor.
Therefore, boosting of the anti-tumor immu-
nity is required. Currently, the first type of
the anti-tumor vaccines is based on identifica-
tion of tumor-recognizing lymphocytes, which
are then expanded in vitro, and injected in the
patient. The second type of vaccines is based
on identification of tumor antigens which
stimulated immunological response, even
though weak and not sufficient to eliminate
the tumor. These antigens are then purified,
and used to boost the anti-tumor immune
response.

The presented here case is an example of
how such an antigen-based vaccine could be
developed (Fig. 7). The patient described in
this case could not be subjected to biopsy, due
to the weak general condition and numerous
metastases. Therefore, a blood sample was
taken, and plasma was prepared. The plasma
was used to detect tumor-specific antigens.
The antigen array was prepared by 2D-GE, and
transferring of separated proteins from the
gels on the membranes. The transferred tumor
proteins were probed with the patient’s plas-
ma, and with plasma of healthy individuals.
To discriminate tumor and non-tumor anti-
gens further, protein arrays from the non-
tumor samples were prepared, and probed with
plasma from the patient and from healthy
individuals. All these tests allowed identifica-
tion of 2 strong tumor-specific antigens
(Fig. 7, A). These antigens were then tested as a
scratch-test on the patient. As expected, the
antigens showed immunological reactions, with
one of the antigens showing reaction justifying
use of this antigen for development of the indi-
vidualized vaccine (Fig. 7, B).  This selected
antigen was prepared in quantities required for
vaccination. The antigens were purified, and
were subjected to tests of chemical purity, toxi-
city and sterility. The last test before applica-
tion of such a vaccine is the scratch-test of
responsiveness on the patient. The result was
considered positive when there was observed a
swelling and redness response after 2 days.
Thus, application of proteomics allows genera-
tion of truly individual cancer vaccine.

Prospective
Complexity of cancer requires comprehen-

sive evaluation of tumors and patients.
Therefore, OMICs technologies have come to
stay. We may expect significant improve-
ments in quality of results delivered by profi -

ling of genome, transcriptome, proteome and
metabolome of a cancer patient and her/his
tumors. Cost efficiency of OMICs technologies
will allow performing such profiling on every
patient. As an example, FMDx is already
affordable for routine use in the cancer clinics.

Developments of OMICs technologies are
promoted by the combination of biochemistry,
cell and molecular biology, engineering,
physics, chemistry and mathematics. When in
1961 Yurij Gagarin opened the era of manned
space flights that was the result of collabora-
tion between many different professionals. The
same is valid for cancer — to make a break-
through and find cure of cancer, a single dis-
covery is not enough. It has to be a combined
effort. And the biggest challenge is to create
such an organization which would focus on
fighting cancer with understanding complexi-
ty of this disease and hosting diverse expertise.

Support to the works in the authors labora-
tory from the Swedish Cancer Foundation (CF),
the Swedish Research Council (VR), Radium -
hem mets Research Funds, Eurocan Platform,
COMPAS, Swedish Institute and Erasmus pro-
gram at KI and UWM are acknowledged. 

A B

Fig. 7. Development of individualized vaccine 
as part of FMDx:

A — Proteomics is an important part in identifi-
cation of tumor-specific antigens. Upper panel
shows proteins separated in a 2D gel, and recog-
nized by the antibodies of the patient. Lower panel
shows the same proteins immunoblotted with anti-
bodies from a healthy individual. #1 and #2 indi-
cate proteins recognized as immunogenic tumor-
related antigens. 

B — Identified immunogenic tumor-related anti-
gens were purified, and prepared as a vaccine. The
scratch test with the vaccine is shown. The scratch
test is performed before applying the vaccine, as
part of controls. Note that the antigen #1 pro-
duced immunological response. The area of the
skin is shown in the lower part of the image, and
the computer-assisted analysis of the swelling is
indicated in the upper part as the area marked by
the red line.  
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ІНДИВІДУАЛЬНИЙ ПІДХІД 
У ЛІКУВАННІ РАКУ: 

ВНЕСОК OMIC-ТЕХНОЛОГІЙ 
У ДІАГНОСТИКУ ЗАХВОРЮВАННЯ
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Рак — хвороба, яка є показовою
ілюстрацією успіхів, невдач і перспектив
сучасних біомедичних досліджень. Розви -
ток відповідних технологій став вирі -
шальним чинником поліпшення якості
лікування раку. Впровадження в клінічну
практику досягнень технологій геноміки,
РНК-профілювання та протеоміки забез пе -
чило основу для розроблення нових
діагностичних засобів, лікарських препара -
тів і методів лікування. 

У статті обговорено внесок OMIC-
технологій у персоналізацію діагностики та
лікування цього захворювання. Акцент
зроблено на технологіях, які показали
можливість відповідного доставлення діаг -
нос тичних засобів, що може бути вико рис -
тано в клініці для простих діагностичних
тестів. Як ілюстрацію наведено три клі ніч -
них випадки з використанням доступних на
сьогодні методів персоналізованої діагнос -
тики раку.

Ключові слова: персоналізоване лікування
раку, діагностика, геноміка, транскрип то -
міка, протеоміка, метаболоміка.

ИНДИВИДУАЛЬНЫЙ ПОДХОД В
ЛЕЧЕНИИ РАКА: ВКЛАД OMIC-

ТЕХНОЛОГИЙ В ДИАГНОСТИКУ
ЗАБОЛЕВАНИЯ
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Рак — болезнь, которая является показа-
тельной иллюстрацией успехов, неудач и
перспектив современных биомедицинских
исследований. Развитие соответствующих
технологий стало решающим фактором
улучшения качества лечения рака.
Внедрение в клиническую практику дости-
жений технологий геномики, РНК-профи-
лирования и протеомики обеспечило основу
для разработки новых диагностических
средств, лекарственных препаратов и мето-
дов лечения. 

В статье обсуждается вклад OMIC-техно-
логий в персонализацию диагностики и
лечения этого заболевания. Акцент сделан
на технологиях, показавших возможность
доставки диагностических средств, что
может быть использовано в клинике для
простых диагностических тестов. В качестве
иллюстрации приведены три клинических
случая с использованием доступных на сего-
дняшний день методов персонализирован-
ной диагностики рака.

Ключевые слова: персонализированное
лечение рака, диагностика, геномика, транс -
крип томика, протеомика, метаболомика.




