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ABSTRACT

Conventional cancer therapy relies heavily on genomics for the screening of patients, with
a number of cancers being identified and classified through the presence of specific mutations.
Tests for well-described, key genes along various biochemical pathways are used to assess the
risk of malignancy, diagnosis and prognosis. However, such analysis is insufficient for many
patients and needs to be supplemented with information related to the downstream protein
phenotype, and which is more patient-specific. A comprehensive understanding of the changes in
the proteome over the progression of cancer, from the pre-malignant to the metastatic phase, is
required. Proteomic technologies are slowly becoming more accessible and are being employed
at various stages of cancer therapy. Such techniques are capable of providing patient-specific
data which improves decision-making. Various proteins have been proposed as biomarkers
for specific malignancies either for the screening of tumour biopsies or serum proteome as a
form of non-invasive testing. Moreover certain changes in protein properties are linked to

tumour-specific aberrant post-translational modifications e.g. abnormal protein activity due to
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phosphorylation. In the very near future cancer therapy will rely on a combination of mutational
data from the current, standard genomic technologies and data from other levels including
revolutionary proteomic technologies integrated into a patient-centred system for the diagnosis,
sub-classification, and administration of individualized therapies.

Keywords: Proteomics; Biomarkers; Mass spectrometry; Protein microarrays; Post-translational
modifications

Abbreviations: LCM: Laser-Capture Microdissection; MS: Mass Spectrometry; PTM: Post-
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INTRODUCTION

At present, genomics holds the top spot in the clinical setting due to the ease and accessibility
of genetic techniques but unfortunately this provides an incomplete analysis and limited success.
Gene arrays are routinely used to classify patients by using either cancer stage or survival
outcome [1-3] but are limited in that these offer no information as to the functional properties of

the encoded proteins.

Cancer therapy in the past decade has advanced at a fast pace, expanding from single gene
analysis, through high-throughput genomics and transcriptomics, up to proteomics among
various other biomolecular analysis such as metabolomics and lipidomics.

Proteomics, in the broadest sense, involves the comprehensive analysis of changes in protein
expression patterns due to post-translational modifications (phosphorylation, ubiquitination,
acetylation and methylation among many others), sub-cellular localization, protein-protein
interactions, changes instructural conformations and protein function.

This expansion of analysis to incorporate proteomics is based on increasing insight that
although key aberrations in cancers may be genetically encoded, the final downstream effect
and biochemical phenotype occurs through changes in protein function. This stems from the fact
that gene expression assays give no indication of protein localization, half-life or turnover, post-
translational modifications, protein-protein interactions or functional activity, which is crucial

for therapeutics.

Thus while genetic mutations may encode growth advantages, metastatic properties and
resistance to therapy, itis aberrant protein activity, both within the tumour and in its surrounding
microenvironment, that ultimately drives the process of carcinogenesis [4]. Simply identifying the
genetic changes involved in carcinogenesis are not enough for clinical application and successful
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treatment of patients and a concomitant understanding of the functional consequences of the
disease at a proteomic level is also required.

In a effort to improve cancer therapy, a comprehensive understanding of the changes in the
proteome over the progression of cancer, from the pre-malignant to the metastatic phase, is
required. A number of key proteomic technologies are being applied to cancer screening and the
development of new drugs and therapies. This has led to numerous potential biomarkers having
been proposed for diagnosis, prognosis and drug selection. Based on these advances, a view
beyond the simple total protein levels and into protein activity combined with other properties
controlled by post-translational modifications is being applied to provide patients with more
suitable treatment regimens.

PROTEOMIC TECHNOLOGIES

Great effort is being put into the development of proteomic technologies that improve the
systematic analysis of thousands of proteins in parallel. This needs to be performed in a fast,
inexpensive and low-sample-volume format, in a standardized manner in order to achieve reliable
results that are comparable between different instruments and operators [5]. Such technologies
are an asset for cancer therapy from basic biological research, for the development of a better

understanding of the disease process, and the identification of novel therapeutic targets.
Laser-Capture Microdissection

When a biopsy sample is prepared for proteomic analysis, it is important to isolate the tumour
cells from the non-cancerous tissue material, as the tumour cells of interest generally comprise
only a small proportion of the biopsy material [6,7]. Furthermore, the tumour cells may be
comprised of sub-populations, which need to be divided. The inclusion of non-cancerous cells
(presenting a different biochemical phenotype) would reduce the significance of the results by
shifting the outcome towards the normal biochemical situation.

In order to achieve meaningful results it is necessary to isolate the desired tumour cells from
the rest of the biopsy material. One of the most useful techniques for such isolation is Laser-
Capture Microdissection (LCM) [6,8]. The general set up involves a UV laser coupled with a
microscope. A biopsy section mounted on a slide is loaded onto the microscope stage and then
using the microscope software interface, the laser is set to cut out the desired cancer cell selection
from the biopsy section. Once the cells are cut out, they are separated from the adjacent biopsy

material and extracted for downstream processing [6].

This dearth of sample material means that micro-proteomic technologies need to be developed
that can employ such limited amounts of cellular material. The technology that has been most
useful in the field of proteomics is mass spectrometry, which has been applied in a variety of
modes.
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Mass Spectrometry

Mass Spectrometry (MS) covers a set of techniques that provide extremely rapid and high-
throughput methods for proteomic applications. These can be divided crudely into two major

categories: high-resolution for protein identification and low-resolution for proteome scanning
(Figure 1).
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Figure 1: The two types of mass spectrometry (MS) systems: low-resolution for high-
throughput proteome scanning and phenotyping (left) and high-resolution for protein

identification and single protein quantification (right).

High-resolution MS platforms provide high-speed identification of purified microgram
quantities of biopsy or serum proteome components. The sensitivity is such that it allows for
the identification of highly similar protein molecules such as isoforms and more recently even
the same proteins harbouring different PTMs that alter proteins by as little as a methyl group,
causing minute changes in mass and depending on the chemical group, charge. Such MS platforms
therefore assign an accurate mass-to-charge (m/z) ratio fingerprint to a specific proteomic
component in a patient specimen, with the resolution and mass accuracy of the instrument used
being critical to the complexity of that fingerprint.
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In order to visualize a broader sub-set of the proteome, proteomic pattern analysis is applied.
Despite the usefulness of such analysis, the combination of multiple fingerprints from high-
resolution MS platforms is technologically demanding and extremely laborious. Traditional
proteomic pattern analysis or profiling is based on comparative analysis using Two-Dimensional
Polyacrylamide Gel Electrophoresis (2D-PAGE) or the more recent variation, Differential In-Gel
Electrophoresis (DIGE) [9], which overcomes limitations due to inter-gel variation by running
dye-labeled samples on the same gel, directly comparing normal and disease samples. A non-gel-
based technique, Multi-Dimensional Protein Identification Technology (MudPIT) [10], uses 2D

liquid chromatography to separate complex protein mixtures and identify individual components.

Proteomic profiling using MS platforms such as Matrix Assisted Laser Desorption lonization
Time-of-Flight (MALDI-TOF) [11] or its variant Surface-Enhanced Laser Desorption lonization
Time-of-Flight (SELDI-TOF) [12], can generate unique protein barcodes (a complex low-
resolution fingerprint of ion peaks) from small amounts of human serum or biopsy material
[13,14], such that the pattern itself, independent of the protein identity, is used to discriminate
between normal and diseased samples. The elimination of the need to use identified proteins
improves the speed of application for changes in diseased samples and may thus be clinically
useful at different stages of cancer therapy [15].

The drawback with MS techniques, and most other proteomic technologies that can work at
such a scale, is that protein samples cannot be analysed in their native form. The preparation
processes denature the proteins, breaking protein complexes apart, destroying the three-
dimensional conformation, and modifying protein residues, such that these methods make it
impossible to quantify protein activity [16]. For this reason protein arrays are preferred to analyse
enzymes or signalling molecules which may present different activity due to PTMs, without any
change in the total protein levels.

Protein Arrays

Protein arrays are chips composed of a supporting surface onto which proteins are immobilized
either indirectly (via antibodies) in Forward Phase Protein Arrays (FPPA) or directly in Reverse

Phase Protein Arrays (RPPAs) and probed to quantify protein activity (Figure 2).
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Figure 2: Workflow for the analysis of proteins within biological samples using protein
arrays, which consist of chips onto which proteins are immobilized either indirectly (via
antibodies) in Forward Phase Protein Arrays (FPPA) (left) or directly in Reverse Phase Protein
Arrays (RPPAs) (right), ideal for the quantification of protein activity.

Protein activity screens using FPPAs allow the simultaneously screening of enzymes on a
variety of short amino acid sequences as substrates, with immobilization making the substrates
much more sensitive to PTM addition [17,18]. The interactions translated into protein activity can
be quantified by incorporating bioluminescent reporter molecules into the assay, thus enabling

combination with techniques such as Fluorescence Resonance Energy Transfer (FRET) [19].

RPPAs [20-23] tend to be the preferred modality because the lysates of small numbers of
microdissected cells from biopsies by LCM can be denatured and immobilized on a chip and
specific proteins or PTMs can be detected simultaneously in a large panel of protein lysates by
probing with validated PTM-specific antibodies (one antibody per array slide) allowing for the
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detection of PTM-specific signalling-related aberrations [24,25]. The information provided by
such protein arrays is then used in the selection of appropriate pathway inhibitors.

PROTEIN BIOMARKERS

The use of clinical proteomic profiling by both MS platforms and protein arrays is an integral
part of patient-centred molecular medicine. These technologies have enabled the generation of a
longlist of potential candidate biomarkers to aid decision-making ata variety of stages throughout
cancer therapy including diagnosis, prognosis and treatment of cancer [26]. Among other areas
of application are drug discovery and development, the analysis the desired drug effects on target
pathways and the unwanted toxic effects on normal cells, the monitoring of patients progress
through therapy (mainly through serum proteomic pattern analysis)and finally the determination
of the therapeutic outcomes for changing the choice therapy [27] (Figure 3).
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Figure 3: Applications of biomarkers throughout the various stages of cancer therapy.
Biomarkers aid in decision-making at the critical stages of diagnosis, prognosis and treatment of
cancer, with input from other areas on which they are heavily dependent such as drug discovery

and protein activity testing.

A biomarker can be any biological molecule that allows the identification of a particular
physiological or pathological state. In this review the term will be narrowed down to include only
proteins. The ideal biomarker should be sensitive and specific for the protein of interestin an assay
that should be cost-effective, fast and robust against both inter-operator and inter-institutional
variability. Fora biomarker to be regarded as reliable, it needs be validated in controlled clinical
studies of a wide selection of patients using rigorous standards for all steps in the process from

sample collection, up to result analysis to make them reproducible between different laboratories
[5].
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By now it has become clear that a single biomarker for a cancer type does not exist as there is
considerable heterogeneity in the proteome of patients in combination with a variety of underlying
disease processes. However, so far, most biomarker discovery efforts employ laborious searches
for one or a small number of up or down regulated proteins in cancer samples. As a result, panels
of biomarkers make better clinical tests to cover a range of proteins related to aberrant protein
presence, function or interactions.

A significant benefit for clinical application is if a protein biomarker can be quantified in an
easily accessible body fluid such as serum, urine, or saliva. Serum is a unique source of protein
information, as it contains traces of various biological processes that the blood is exposed to as it
flows around the body. Cancer-related changes in the serum proteome include the increased or
decreased release of intact, cleaved or modified proteins, making it well-suited for the discovery
of biomarkers [7].

Protein biomarkers include cell surface receptors, tumour antigens, PTMs (mainly
phosphorylations), glycoproteins (cross-reactive carbohydrate determinants), and peptides
released by tumours into serum or body fluids. Subsequently, patterns of biomarkers, particularly
in serum, might prove more selective and potentially more useful than individual biomarkers [5].

Diagnostic Biomarkers

Detecting cancer at an early stage, particularly in the pre-malignant state, has a profound effect
on improving the success rate of treatment strategies. However, unfortunately, in a number of
cases, early stage cancers lack specific symptoms and there are no accurate and reliable diagnostic
biomarkers, in the form of non-invasive tests to identify a large proportion of malignancies. When
diagnostic biomarkers are available, they can be sub-divided into three main categories based on
their use for classification, grading and staging.

Classification

Classification of a cancer by tissue of origin is the first step towards the assignment of a
prognosis and choosing the most suitable therapeutic regimen. Protein biomarkers are generally
not required at this stage since the anatomical location of a tumour usually indicates its tissue of
origin, while histological examination further confirms the diagnosis and identifies the tumour
sub-type [5]. However, biomarkers aid in the differential diagnosis, to distinguish cancer from
other diseases that present similar symptoms as well as in classifying tumours of unknown
primary location, to determine the site of origin and map the evolution of a cancer as it progresses
[28].

Grade

Grading systems are generally designed to classify tumours by histology, based on the degree
of differentiation, where low-grade, well-differentiated tumours are usually less aggressive and

present a more favourable prognosis than high-grade, undifferentiated tumours, which tend to
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grow faster and metastasize earlier [5]. Inherent subjectivity, which is the major drawback of
grade assignment, can be eliminated by relying on biomarker patterns to correctly score tumours
in accordance with pathologist-assigned grades [29]. Through such a process, the assessment of
histological grade using biomarkers increases the utility of grading for predicting the response to

therapy and selecting appropriate treatment.
Stage

Cancer staging consists of four divisions and sub-divisions thereof, with the primary purpose
(in solid tumours) being to discern if the cancer is localized or metastatic, which is crucial
in predicting survival and the choice of first-line therapy. Conventional staging integrates
information from sources such as physical examinations, imaging (X-rays, magnetic resonance
imaging - MR, etc.) and biopsies with the aim of determining the extent of disease through
visual and histological information [5]. Proteomics can be employed for staging in the form of
molecularly-targeted functional imaging, which involves the use of imaging modalities such as
MRI to visualize cancer biomarkers [30].

Prognostic Biomarkers

Tumour classification, grade and stage are ultimately used to define the prognosis of a patient’s
cancer and select the best therapy. Biomarker expression generally complements, but in some
cases supersedes traditional clinical tumour classification, staging and grading when biologically-
targeted therapeutics are being evaluated [5]. Both prognosis and predicted response to therapy
are needed in the decision for the selection of neoadjuvant (given prior to surgery to shrink the
cancer) or adjuvant (given after surgery to prevent recurrence) chemotherapy.

Biomarkers in Drug Discovery and Design

The screening of pathways for the selection of treatment strategies has been widely performed
using pharmacogenomics, which relies on gene arrays to produce molecular profiles. However,
proteomic pathway analysis of biopsy material should be used instead since most drugs target
proteins and alter their characteristics, such as protein activity [16].

There is currently an intense focus by the biotechnology and pharmaceutical industries in
applying high-throughput proteomic technologies for drug design and drug target discovery
efforts as the proteome is too vast to screen for individual proteins [31]. Moreover, in order
to successfully develop protein drugs (recombinant proteins or antibodies) and effective
combinations of pharmacological or biological inhibitors that can specifically target key classes
of molecules, a thorough understanding of the combination of proteins dysregulated along
a regulatory network, is of major importance [16]. Similarly, the determination of selected
interactions between proteins and other biomolecules, be it other proteins, nucleic acids, ligands
or synthetic compounds, are crucial for the discovery and validation of novel therapeutic targets
[32].
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Therapeutic Biomarkers

Biomarkers that confer information about the response to therapy, for the selection of first-
line therapy and change in therapy following the development of drug or chemoresistance, are
another important category of biomarkers. As each tumour appears have a unique selection of
proteomic aberrations, it follows that a given class of therapy would only be effective in the sub-
set of patients having susceptible proteomic aberrations. This justifies the use of a therapeutic
strategy that selects from a range of treatment choices or combinations, to best counter the
protein dysregulation within a tumour [33-37]. This requires the identification of critical proteins

along a pathogenic pathway and the building of functional interaction maps for each tumour.

A collection of proteomic technologies have to be applied to gather information regarding
which pathways are being dysregulated and used by the cancer cells and the surrounding stroma,
and follow the changes as a consequence of the treatment given. The key point is the movement
away from conventional pharmacological cancer therapy, which has been directed at a single
upstream regulator as a drug target and towards a combinatorial therapy in which multiple steps
along the pathogenic signalling pathway are targeted by a mix of drugs and protein inhibitors [38-
41]. This is a critical shift in cancer therapy because in order to effectively shut down the entire
pathway by blocking only a single upstream target, the high drug concentration required produces
unwanted toxic side effects by affecting off-target molecules. However, using a combination of
drugs and protein inhibitors targeting multiple steps along the pathogenic signalling pathway
ensures increased efficacy through higher specificity, with a decrease in toxicity and side-effects
due to lower doses [42-46].

The mapping of aberrant signalling pathways enables the determination of the core set of
interconnected proteins that make the best drug targets. Protein kinases are one example of key
molecules that make up signalling nodes, and their aberrant function is at the centre of numerous
diseases, including cancer [47-49], making them popular drug targets [50-52].

The application of RPPAs to screen for protein activity can be used to monitor the disease
state or response to therapy by comparing the level of activity of a protein at different stages
of disease progression, or before and after treatment. This would improve patient-specific
therapeutic strategies through a more effective selection of inhibitors. However this requires the
development of high quality antibodies that are specific for the PTM son target proteins within
key pathways [53].

POST-TRANSLATIONAL MODIFICATIONS

There is a wide variety of Post-Translational Modifications (PTMs) and among the more
relevant, phosphorylation and acetylation are associated with protein activation, while
methylation can alter most protein characteristics depending on the cellular context [54]. In

cancers, aberrant signalling is generally not via a change in total protein levels but through a
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change in protein activity encoded by PTMs on signalling proteins and transcription factors. This
section will only focus on phosphorylation as this has been the most well-studied.

The human proteome is estimated to contain several hundred thousand potential
phosphorylation sites, making up what is referred to as the phospho-proteome. This offers a huge
selection of PTM combinations for protein regulation, producing a specific response to changes
such as those induced by various cancer therapies [55,56]. The phosphorylation status of various
protein classes is specifically regulated by selected kinase (that phosphorylate) and phosphatase
(that dephosphorylate) enzymes acting at specific sites. However, kinase enzymes are known for
only a third of all phosphorylation sites [57]. The high level of complexity offered by so many
sites and enzymes makes the quantification of specific phosphorylation states along a pathway of
interest for cancer therapy very difficult.

The high-throughput analysis of the phospho-proteome has been made possible by the
development of techniques for the isolation of phosphorylated peptides from complex protein
mixtures [58-60] and the combination with RPPAs [20,61]. This has facilitated the evaluation of
the effects of specific cancer therapies on the phospho-proteome [62-65] by investigating biopsies
from solid tumuors using RPPAs [66]. The drawback of such analysis is that only previously

identified phosphorylation sites can be analysed since validated antibodies need to be used.

Moreover, the phosphorylation status of a protein is not always representative of its activity
since multiple phosphorylations can act together and additional PTMs (particularly methylation)
can affect the net protein activity by additive effect or completion with phosphorylation [54].

CONCLUSION

Clinical proteomics thus has several important direct bedside applications for the detection,
treatment and management of cancer. Early detection of cancer using serum proteomic would
definitely increase the chances of a positive outcome by a non-invasive test. Diagnosing and
classifying tumours correctly using reliable molecular biomarkers, at an early stage would
increase the options for treatment. High-throughput array-based proteomics can screen for
enzymatic activity and assist in the selection of patient-based selection of therapeutic regimens
to target dysregulated nodes in disease-specific protein networks. Such technologies also prove
useful in assessing therapeutic efficacy and toxicity in real-time such that therapy can be adjusted
accordingly especially following drug or chemoresistance.

As proteomic technologies advance and the potential of clinical proteomics expands, the
applications and benefits for patients will increase. The real-time analysis of proteomics data
and integration of proteomics with other omics technologies will further improve the clinical
application of advanced technologies and improve patient outcome as has already been
demonstrated by the use of the Rapid Evaporative lonization Mass Spectrometry (REIMS) [67]
for the real-time analysis of phospholipids, directly during surgery.

Cancer Therapy | www.smgebooks.com 11
Copyright © Baron B.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.



References

1. Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, Rosenwald A, et al. Distinct types of diffuse large B-cell ymphoma identified
by gene expression profiling. Nature. 2000; 403: 503-511.

2. Golub TR, Slonim DK, Tamayo P, Huard C, Gaasenbeek M, Mesirov JP, et al. Molecular classification of cancer: class discovery
and class prediction by gene expression monitoring. Science. 1999; 286: 531-537.

3. Rosenwald A, Wright G, Chan WC, Connors JM, Campo E, Fisher R, et al. The use of molecular profiling to predict survival after
chemotherapy for diffuse large-B-cell lymphoma. N Engl J Med. 2002; 346: 1937-1947.

4. Liotta LA, Kohn EC. The microenvironment of the tumour-host interface. Nature. 2001; 411: 375-379.

5. Ludwig JA, Weinstein JN. Biomarkers in cancer staging, prognosis and treatment selection. Nat Rev Cancer. 2005; 5: 845-856.

6. Emmert-Buck MR, Bonner RF, Smith PD, Chuaqui RF, Zhuang Z, Goldstein SR, et al. Laser capture microdissection. Science.
1996; 274: 998-1001.

7. Calvo KR, Liotta LA, Petricoin EF. Clinical proteomics: from biomarker discovery and cell signaling profiles to individualized
personal therapy. Biosci Rep. 2005; 25: 107-125.

8. Fuller AP, Palmer-Toy D, Erlander MG, Sgroi DC. Laser capture microdissection and advanced molecular analysis of human breast
cancer. J Mammary Gland Biol Neoplasia. 2003; 8: 335-345.

9. Knowles MR, Cervino S, Skynner HA, Hunt SP, de Felipe C, Salim K, et al. Multiplex proteomic analysis by two-dimensional
differential in-gel electrophoresis. Proteomics. 2003; 3: 1162-1171.

10. Wolters DA, Washburn MP, Yates JR 3. An automated multidimensional protein identification technology for shotgun proteomics.
Anal Chem. 2001; 73: 5683-5690.

11. Rodrigo MA, Zitka O, Krizkova S, Moulick A, Adam V, Kizek R. MALDI-TOF MS as evolving cancer diagnostic tool: a review. J
Pharm Biomed Anal. 2014; 95: 245-255.

12. Liu C. The application of SELDI-TOF-MS in clinical diagnosis of cancers. J Biomed Biotechnol. 2011; 2011: 245821.

13. Petricoin EF, Liotta LA. SELDI-TOF-based serum proteomic pattern diagnostics for early detection of cancer. Curr Opin Biotechnol.
2004; 15: 24-30.

14. Simpkins F, Czechowicz JA, Liotta L, Kohn EC. SELDI-TOF mass spectrometry for cancer biomarker discovery and serum
proteomic diagnostics. Pharmacogenomics. 2005; 6: 647-653.

15. Rosenblatt KP, Bryant-Greenwood P, Killian JK, Mehta A, Geho D, Espina V, et al. Serum proteomics in cancer diagnosis and
management. Annu Rev Med. 2004; 55: 97-112.

16. Petricoin E, Wulfkuhle J, Espina V, Liotta LA. Clinical proteomics: revolutionizing disease detection and patient tailoring therapy. J
Proteome Res. 2004; 3: 209-217.

17. Houseman BT, Huh JH, Kron SJ, Mrksich M. Peptide chips for the quantitative evaluation of protein kinase activity. Nat Biotechnol.
2002; 20: 270-274.

18. Shigaki S, Yamaji T, Han X, Yamanouchi G, Sonoda T, Okitsu O, et al. A peptide microarray for the detection of protein kinase
activity in cell lysate. Anal Sci. 2007; 23: 271-275.

19.LiY, Xie W, Fang G. Fluorescence detection techniques for protein kinase assay. Anal Bioanal Chem. 2008; 390: 2049-2057.

20. Charboneau L, Tory H, Chen T, Winters M, Petricoin EF 3, Liotta LA, et al. Utility of reverse phase protein arrays: applications to
signalling pathways and human body arrays. Brief Funct Genomic Proteomic. 2002; 1: 305-315.

21. Shingyoji M, Gerion D, Pinkel D, Gray JW, Chen F. Quantum dots-based reverse phase protein microarray. Talanta. 2005; 67:
472-478.

22. Chung JY, Lee SJ, Kris Y, Braunschweig T, Traicoff JL, Hewitt SM. A well-based reverse-phase protein array applicable to extracts
from formalin-fixed paraffin-embedded tissue. Proteomics Clin Appl. 2008; 2: 1539-1547.

23. Spurrier B, Ramalingam S, Nishizuka S. Reverse-phase protein lysate microarrays for cell signaling analysis. Nat Protoc. 2008;
3:1796-1808.

24.Boyd ZS, Wu QJ, O'Brien C, Spoerke J, Savage H, Fielder PJ, et al. Proteomic analysis of breast cancer molecular subtypes and
biomarkers of response to targeted kinase inhibitors using reverse-phase protein microarrays. Mol Cancer Ther. 2008; 7: 3695-
3706.

25. van Oostrum J, Calonder C, Rechsteiner D, Ehrat M, Mestan J, Fabbro D, et al. Tracing pathway activities with kinase inhibitors
and reverse phase protein arrays. Proteomics Clin Appl. 2009; 3: 412-422.

Cancer Therapy | www.smgebooks.com 12

Copyright © Baron B.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited


http://www.ncbi.nlm.nih.gov/pubmed/10676951
http://www.ncbi.nlm.nih.gov/pubmed/10676951
http://www.ncbi.nlm.nih.gov/pubmed/10521349
http://www.ncbi.nlm.nih.gov/pubmed/10521349
http://www.ncbi.nlm.nih.gov/pubmed/12075054
http://www.ncbi.nlm.nih.gov/pubmed/12075054
http://www.ncbi.nlm.nih.gov/pubmed/11357145
http://www.ncbi.nlm.nih.gov/pubmed/16239904
http://www.ncbi.nlm.nih.gov/pubmed/8875945
http://www.ncbi.nlm.nih.gov/pubmed/8875945
http://www.ncbi.nlm.nih.gov/pubmed/16222423
http://www.ncbi.nlm.nih.gov/pubmed/16222423
http://www.ncbi.nlm.nih.gov/pubmed/14973377
http://www.ncbi.nlm.nih.gov/pubmed/14973377
http://www.ncbi.nlm.nih.gov/pubmed/12872217
http://www.ncbi.nlm.nih.gov/pubmed/12872217
http://www.ncbi.nlm.nih.gov/pubmed/11774908
http://www.ncbi.nlm.nih.gov/pubmed/11774908
http://www.ncbi.nlm.nih.gov/pubmed/24699369
http://www.ncbi.nlm.nih.gov/pubmed/24699369
http://www.ncbi.nlm.nih.gov/pubmed/21687541
http://www.ncbi.nlm.nih.gov/pubmed/15102462
http://www.ncbi.nlm.nih.gov/pubmed/15102462
http://www.ncbi.nlm.nih.gov/pubmed/16143004
http://www.ncbi.nlm.nih.gov/pubmed/16143004
http://www.ncbi.nlm.nih.gov/pubmed/14746511
http://www.ncbi.nlm.nih.gov/pubmed/14746511
http://www.ncbi.nlm.nih.gov/pubmed/15113096
http://www.ncbi.nlm.nih.gov/pubmed/15113096
http://www.ncbi.nlm.nih.gov/pubmed/11875428
http://www.ncbi.nlm.nih.gov/pubmed/11875428
http://www.ncbi.nlm.nih.gov/pubmed/17372367
http://www.ncbi.nlm.nih.gov/pubmed/17372367
http://www.ncbi.nlm.nih.gov/pubmed/18340436
http://www.ncbi.nlm.nih.gov/pubmed/15239896
http://www.ncbi.nlm.nih.gov/pubmed/15239896
http://www.ncbi.nlm.nih.gov/pubmed/18970191
http://www.ncbi.nlm.nih.gov/pubmed/18970191
http://www.ncbi.nlm.nih.gov/pubmed/21136801
http://www.ncbi.nlm.nih.gov/pubmed/21136801
http://www.ncbi.nlm.nih.gov/pubmed/18974738
http://www.ncbi.nlm.nih.gov/pubmed/18974738
http://www.ncbi.nlm.nih.gov/pubmed/19056674
http://www.ncbi.nlm.nih.gov/pubmed/19056674
http://www.ncbi.nlm.nih.gov/pubmed/19056674
http://www.ncbi.nlm.nih.gov/pubmed/21136968
http://www.ncbi.nlm.nih.gov/pubmed/21136968

26.

Negm RS, Verma M, Srivastava S. The promise of biomarkers in cancer screening and detection. Trends Mol Med. 2002; 8: 288-
293.

27. Petricoin EF, Zoon KC, Kohn EC, Barrett JC, Liotta LA. Clinical proteomics: translating benchside promise into bedside reality. Nat
Rev Drug Discov. 2002; 1: 683-695.

28. Califano J, Westra WH, Meininger G, Corio R, Koch WM, Sidransky D. Genetic progression and clonal relationship of recurrent
premalignant head and neck lesions. Clin Cancer Res. 2000; 6: 347-352.

29. Ma XJ, Salunga R, Tuggle JT, Gaudet J, Enright E, McQuary P, et al. Gene expression profiles of human breast cancer progression.
Proc Natl AcadSci USA. 2003; 100: 5974-5979.

30. Weissleder R. Molecular imaging in cancer. Science. 2006; 312: 1168-1171.

31. Vlahos CJ, Stancato LF. Inhibitors of cellular signaling targets: designs and limitations. Methods Mol Biol. 2004; 273: 87-102.

32. Hanash SM, Madoz-Gurpide J, Misek DE. Identification of novel targets for cancer therapy using expression proteomics. Leukemia.
2002; 16: 478-485.

33. Tanaka S, Arii S. Molecular targeted therapies in hepatocellular carcinoma. Semin Oncol. 2012; 39: 486-492.

34. Ibrahim N, Yu Y, Walsh WR, Yang JL. Molecular targeted therapies for cancer: sorafenib mono-therapy and its combination with
other therapies (review). Oncol Rep. 2012; 27: 1303-1311.

35. Li J, Chen F, Cona MM, Feng Y, Himmelreich U, Oyen R, et al. A review on various targeted anticancer therapies. Target Oncol.
2012; 7: 69-85.

36. Grunt TW, Mariani GL. Novel approaches for molecular targeted therapy of breast cancer: interfering with PI3K/AKT/mTOR
signaling. Curr Cancer Drug Targets. 2013; 13: 188-204.

37.LiF, Zhao C, Wang L. Molecular-targeted agents combination therapy for cancer: developments and potentials. Int J Cancer. 2014;
134: 1257-1269.

38. Takebe N, Harris PJ, Warren RQ, Ivy SP. Targeting cancer stem cells by inhibiting Wnt, Notch, and Hedgehog pathways. Nat Rev
Clin Oncol. 2011; 8: 97-106.

39. Akhurst RJ, Hata A. Targeting the TGFI2 signalling pathway in disease. Nat Rev Drug Discov. 2012; 11: 790-811.

40. Bar-Natan M, Nelson EA, Xiang M, Frank DA. STAT signaling in the pathogenesis and treatment of myeloid malignancies.
JAKSTAT. 2012; 1: 55-64.

41. Yap TA, Omlin A, de Bono JS. Development of therapeutic combinations targeting major cancer signaling pathways. J Clin Oncol.
2013; 31: 1592-1605.

42. Thiesing JT, Ohno-Jones S, Kolibaba KS, Druker BJ. Efficacy of STI571, an abl tyrosine kinase inhibitor, in conjunction with other
antileukemic agents against ber-abl-positive cells. Blood. 2000; 96: 3195-3199.

43. Moasser MM, Basso A, Averbuch SD, Rosen N. The tyrosine kinase inhibitor ZD1839 (“Iressa”) inhibits HER2-driven signaling and
suppresses the growth of HER2-overexpressing tumor cells. Cancer Res. 2001; 61: 7184-7188.

44, Cuello M, Ettenberg SA, Clark AS, Keane MM, Posner RH, Nau MM, et al. Down-regulation of the erbB-2 receptor by trastuzumab
(herceptin) enhances tumor necrosis factor-related apoptosis-inducing ligand-mediated apoptosis in breast and ovarian cancer cell
lines that overexpress erbB-2. Cancer Res. 2001; 61: 4892-4900.

45. Normanno N, Campiglio M, De LA, Somenzi G, Maiello M, Ciardiello F, et al. Cooperative inhibitory effect of ZD1839 (Iressa) in
combination with trastuzumab (Herceptin) on human breast cancer cell growth. Ann Oncol. 2002; 13: 65-72.

46. Amadori S, Stasi R, Martelli AM, Venditti A, Meloni G, Pane F, et al. Temsirolimus, an mTOR inhibitor, in combination with lower-
dose clofarabine as salvage therapy for older patients with acute myeloid leukaemia: results of a phase || GIMEMA study (AML-
1107). Br J Haematol. 2012; 156: 205-212.

47. Greuber EK, Smith-Pearson P, Wang J, Pendergast AM. Role of ABL family kinases in cancer: from leukaemia to solid tumours.
Nat Rev Cancer. 2013; 13: 559-571.

48. Tsai CJ, Nussinov R. The molecular basis of targeting protein kinases in cancer therapeutics. Semin Cancer Biol. 2013; 23: 235-
242.

49. Holderfield M, Deuker MM, McCormick F, McMahon M. Targeting RAF kinases for cancer therapy: BRAF-mutated melanoma and
beyond. Nat Rev Cancer. 2014; 14: 455-467.

50. Fabbro D, Cowan-Jacob SW, Moébitz H, Martiny-Baron G. Targeting Cancer with Small-Molecular-Weight Kinase Inhibitors. Kinase
Inhibitors (of the series Methods in Molecular Biology). 2011; 795: 1-34.

Cancer Therapy | www.smgebooks.com 13

Copyright © Baron B.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited


http://www.ncbi.nlm.nih.gov/pubmed/12067615
http://www.ncbi.nlm.nih.gov/pubmed/12067615
http://www.ncbi.nlm.nih.gov/pubmed/12209149
http://www.ncbi.nlm.nih.gov/pubmed/12209149
http://www.ncbi.nlm.nih.gov/pubmed/10690509
http://www.ncbi.nlm.nih.gov/pubmed/10690509
http://www.pnas.org/content/100/10/5974.full
http://www.pnas.org/content/100/10/5974.full
http://www.ncbi.nlm.nih.gov/pubmed/16728630
http://www.ncbi.nlm.nih.gov/pubmed/15308795
http://www.ncbi.nlm.nih.gov/pubmed/11960325
http://www.ncbi.nlm.nih.gov/pubmed/11960325
http://www.ncbi.nlm.nih.gov/pubmed/22846865
http://www.ncbi.nlm.nih.gov/pubmed/22323095
http://www.ncbi.nlm.nih.gov/pubmed/22323095
http://www.ncbi.nlm.nih.gov/pubmed/22350489
http://www.ncbi.nlm.nih.gov/pubmed/22350489
http://www.ncbi.nlm.nih.gov/pubmed/23215720
http://www.ncbi.nlm.nih.gov/pubmed/23215720
http://www.ncbi.nlm.nih.gov/pubmed/23649791
http://www.ncbi.nlm.nih.gov/pubmed/23649791
http://www.ncbi.nlm.nih.gov/pubmed/21151206
http://www.ncbi.nlm.nih.gov/pubmed/21151206
http://www.ncbi.nlm.nih.gov/pubmed/23000686
http://www.ncbi.nlm.nih.gov/pubmed/24058751
http://www.ncbi.nlm.nih.gov/pubmed/24058751
http://www.ncbi.nlm.nih.gov/pubmed/23509311
http://www.ncbi.nlm.nih.gov/pubmed/23509311
http://www.ncbi.nlm.nih.gov/pubmed/11050003
http://www.ncbi.nlm.nih.gov/pubmed/11050003
http://www.ncbi.nlm.nih.gov/pubmed/11585753
http://www.ncbi.nlm.nih.gov/pubmed/11585753
http://www.ncbi.nlm.nih.gov/pubmed/11406568
http://www.ncbi.nlm.nih.gov/pubmed/11406568
http://www.ncbi.nlm.nih.gov/pubmed/11406568
http://www.ncbi.nlm.nih.gov/pubmed/11863114
http://www.ncbi.nlm.nih.gov/pubmed/11863114
http://www.ncbi.nlm.nih.gov/pubmed/22082314
http://www.ncbi.nlm.nih.gov/pubmed/22082314
http://www.ncbi.nlm.nih.gov/pubmed/22082314
http://www.ncbi.nlm.nih.gov/pubmed/23842646
http://www.ncbi.nlm.nih.gov/pubmed/23842646
http://www.ncbi.nlm.nih.gov/pubmed/23651790
http://www.ncbi.nlm.nih.gov/pubmed/23651790
http://www.ncbi.nlm.nih.gov/pubmed/24957944
http://www.ncbi.nlm.nih.gov/pubmed/24957944
http://www.ncbi.nlm.nih.gov/pubmed/21960212
http://www.ncbi.nlm.nih.gov/pubmed/21960212

51.

52.
53.

55.

56.
57.

58.

59.

60.

Logue JS, Morrison DK. Complexity in the signaling network: insights from the use of targeted inhibitors in cancer therapy. Genes
Dev. 2012; 26: 641-650.

Zaytseva YY, Valentino JD, Gulhati P, Evers BM. mTOR inhibitors in cancer therapy. Cancer Lett. 2012; 319: 1-7.

Baron B. Lysine Methylation of Non-Histone Proteins. Biochemistry & Modern Applications. 2015; 1: 1-2.

. Baron B. The lysine multi-switch: the impact of lysine methylation on transcription factor properties. Biohelikon: Cell Biology. 2014;

2:a13.

Tan CS, Bodenmiller B, Pasculescu A, Jovanovic M, Hengartner MO, Jargensen C, et al. Comparative analysis reveals conserved
protein phosphorylation networks implicated in multiple diseases. Sci Signal. 2009; 2: ra39.

Harsha HC, Pandey A. Phosphoproteomics in cancer. Mol Oncol. 2010; 4: 482-495.

Diella F, Cameron S, Gemind C, Linding R, Via A, Kuster B, et al. Phospho.ELM: a database of experimentally verified
phosphorylation sites in eukaryotic proteins. BMC Bioinformatics. 2004; 5: 79.

Schmelzle K, White FM. Phosphoproteomic approaches to elucidate cellular signaling networks. Curr Opin Biotechnol. 2006; 17:
406-414.

McNulty DE, Annan RS. Hydrophilic interaction chromatography reduces the complexity of the phosphoproteome and improves
global phosphopeptide isolation and detection. Mol Cell Proteomics. 2008; 7: 971-980.

McNulty DE, Annan RS. Hydrophilic interaction chromatography for fractionation and enrichment of the phosphoproteome.
Methods Mol Biol. 2009; 527: 93-105, x.

61. Chan SM, Ermann J, Su L, Fathman CG, Utz PJ. Protein microarrays for multiplex analysis of signal transduction pathways. Nat
Med. 2004; 10: 1390-1396.

62. Krause DS, Van Etten RA. Tyrosine kinases as targets for cancer therapy. N Engl J Med. 2005; 353: 172-187.

63. Yu LR, Issag HJ, Veenstra TD. Phosphoproteomics for the discovery of kinases as cancer biomarkers and drug targets. Proteomics
Clin Appl. 2007; 1: 1042-1057.

64.Li J, Rix U, Fang B, Bai Y, Edwards A, Colinge J, et al. A chemical and phosphoproteomic characterization of dasatinib action in
lung cancer. Nat Chem Biol. 2010; 6: 291-299.

65.Pan C, Olsen JV, Daub H, Mann M. Global effects of kinase inhibitors on signaling networks revealed by quantitative
phosphoproteomics. Mol Cell Proteomics. 2009; 8: 2796-2808.

66. Spurrier B, Honkanen P, Holway A, Kumamoto K, Terashima M, Takenoshita S, et al. Protein and lysate array technologies in
cancer research. Biotechnol Adv. 2008; 26: 361-369.

67. Nicholson JK, Holmes E, Kinross JM, Darzi AW, Takats Z, Lindon JC. Metabolic phenotyping in clinical and surgical environments.
Nature. 2012; 491: 384-392.

Cancer Therapy | www.smgebooks.com 14

Copyright © Baron B.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited


http://www.ncbi.nlm.nih.gov/pubmed/22474259
http://www.ncbi.nlm.nih.gov/pubmed/22474259
http://www.ncbi.nlm.nih.gov/pubmed/22261336
http://edelweisspublications.com/edelweiss/article/Lysine-Methylation-Non-Histone-Proteins.pdf
http://biohelikon.org/manuscript/2348-3741-2-a13.pdf
http://biohelikon.org/manuscript/2348-3741-2-a13.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19638616
http://www.ncbi.nlm.nih.gov/pubmed/19638616
http://www.ncbi.nlm.nih.gov/pubmed/20937571
http://www.ncbi.nlm.nih.gov/pubmed/15212693
http://www.ncbi.nlm.nih.gov/pubmed/15212693
http://www.ncbi.nlm.nih.gov/pubmed/16806894
http://www.ncbi.nlm.nih.gov/pubmed/16806894
http://www.ncbi.nlm.nih.gov/pubmed/18212344
http://www.ncbi.nlm.nih.gov/pubmed/18212344
http://www.ncbi.nlm.nih.gov/pubmed/19241008
http://www.ncbi.nlm.nih.gov/pubmed/19241008
http://www.ncbi.nlm.nih.gov/pubmed/15558056
http://www.ncbi.nlm.nih.gov/pubmed/15558056
http://www.ncbi.nlm.nih.gov/pubmed/16014887
http://www.ncbi.nlm.nih.gov/pubmed/21136756
http://www.ncbi.nlm.nih.gov/pubmed/21136756
http://www.ncbi.nlm.nih.gov/pubmed/20190765
http://www.ncbi.nlm.nih.gov/pubmed/20190765
http://www.ncbi.nlm.nih.gov/pubmed/19651622
http://www.ncbi.nlm.nih.gov/pubmed/19651622
http://www.ncbi.nlm.nih.gov/pubmed/18514460
http://www.ncbi.nlm.nih.gov/pubmed/18514460
http://www.ncbi.nlm.nih.gov/pubmed/23151581
http://www.ncbi.nlm.nih.gov/pubmed/23151581

	Title
	ABSTRACT
	INTRODUCTION
	PROTEOMIC TECHNOLOGIES
	Laser-Capture Microdissection
	Mass Spectrometry
	Protein Arrays

	PROTEIN BIOMARKERS
	Diagnostic Biomarkers
	Classification
	Grade
	Stage
	Prognostic Biomarkers
	Biomarkers in Drug Discovery and Design
	Therapeutic Biomarkers

	POST-TRANSLATIONAL MODIFICATIONS
	CONCLUSION
	References
	Figure 1
	Figure 2
	Figure 3

