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Oncoproteomics is playing an increasingly important role in the diagnosis and manage-
ment of cancer as well as in the development of personalized treatment of cancer. Innova-
tive proteomic technologies relevant to cancer are described briefly, which are helping in
the understanding of mechanism of drug resistance in cancer and will provide some leads
to improve the management. Most important of these are nanoproteomics, i.e. application
of nanobiotechnology to proteomics is playing an important role in nanooncology. Exam-
ples of some cancers will be given to point out the challenges and future prospects of on-
coproteomics including those involving translation of technologies from the bench to the
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1. Introduction

Oncoproteomics refers to the application of proteomic tech-
nologies in oncology and parallels the related field of oncoge-
nomics (Jain, 2002). Considerable progress has been made
during the past few years and oncoproteomics is playing an
increasingly important role in the diagnosis and management
of cancer (Jain, 2007a; Cho and Cheng, 2007). Use of proteomic
technologies for study of cancer is well established. This arti-
cle focuses on some innovative technologies used for study of
molecular biology of cancer, detection of cancer biomarkers
and their application in molecular diagnosis of cancer as
well as anticancer drug discovery. Some of the challenges
will be identified and finally the role of oncoproteomics
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in the development of personalized cancer therapy will be
discussed.

2. Innovations in proteomic technologies used in
study of cancer

Proteins may be actively secreted or released by the tumor
cells as a result of necrosis or apoptosis and released into
the circulation, thereby changing the serum protein profile.
The difference in signal intensities may be detected by com-
parison with sera from normal individuals. A large number
of technologies are used in proteomics and have been de-
scribed in detail elsewhere (Jain, 2008a). Classical technologies
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such as 2D gel electrophoresis are still being used and several
innovations of mass spectrometry have been introduced.
Some proteomic technologies relevant to cancer, particularly
for detection of biomarkers, are

= nanoproteomics,

m antibody microarrays,

m aptamer-based molecular probes,

m cancer immunomics to identify autoantibody signatures,
m tissue microarrays.

2.1. Nanoproteomics

Nanoproteomics — application of nanobiotechnology to pro-
teomics — improves on most current protocols including pro-
tein purification/display and automated identification
schemes that yield unacceptably low recoveries with reduced
sensitivity and speed while requiring more starting material.
Low abundant proteins and proteins that can only be isolated
from limited source material (e.g. biopsies) can be subjected to
nanoscale protein analysis — nano-capture of specific proteins
and complexes, and optimization of all subsequent sample
handling steps leading to mass analysis of peptide fragments.
This is a focused approach, also termed targeted proteomics,
and involves examination of subsets of the proteome, e.g.
those proteins that are either specifically modified, or bind
to a particular DNA sequence, or exist as members of higher
order complexes, or any combination thereof.
Nanooncology, application of nanobiotechnology to cancer,
is playing an important role in advances in oncology (Jain,
2008b). Nanobiotechnologies have refined molecular diagnos-
tics and proteomics thus enabling discovery of biomarkers of
cancer as well as early detection of tumors. Nanomaterials
provide a solution to many of the technical challenges in pro-
teomics and protein based molecular diagnostics (Johnson
etal., 2008). Use of nanoscale devices for proteomics, e.g. nano-
fluidics and nanoarrays will improve the study of oncoproteo-
mics. Low abundant proteins and proteins that can only be
isolated from limited source material (e.g. biopsies) can be sub-
jected to nanoscale protein analysis — nano-capture of specific
proteins and complexes, and optimization of all subsequent
sample handling steps leading to mass analysis of peptide
fragments with individual protein identification sensitivity at
the low zeptomole level. Nanoproteomics can be used to iden-
tify how genetic determinants of cancer alter cellular physiol-
ogy and response to agonists. It will thus facilitate the
development of personalized therapy for cancer.

2.2.  Antibody microarrays

The use of antibody microarrays continues to grow rapidly
due to the recent advances in proteomics and automation,
and the opportunity this combination creates for high-
throughput multiplexed analysis of protein biomarkers. Anti-
body arrays enable simultaneous measurement in a single
sample of many proteins that function in pathways and net-
works in cancer (Kopf and Zharhary, 2007). However, a pri-
mary limitation of this technology is the lack of PCR-like
amplification methods for proteins. Therefore, to realize the

full potential of array-based protein biomarker screening it
is necessary to construct assays that can detect and quantify
protein biomarkers with very high sensitivity, in the femto-
molar range, and from limited sample quantities. Scientists
at BioForce Nanosciences Inc have described the construction
of ultramicroarrays, combining the advantages of microarray-
ing including multiplexing capabilities, higher throughput
and cost savings, with the ability to screen very small sample
volumes (Nettikadan et al., 2006). Antibody ultramicroarrays
for the detection of IL-6 and PSA, a widely used biomarker
for prostate cancer screening, were constructed. These ultra-
microarrays were found to have a high specificity and sensi-
tivity with detection levels using purified proteins in the
attomole range.

2.3. Aptamer-based molecular probes for cancer proteins

Aptamers can bind to a given ligand with high affinity and
specificity due to their particular 3D structure and thereby an-
tagonize the biological function of the ligand. Aptamers, be-
cause of the tendency of short DNA to fold into shapes that
bind to specific proteins, are used to detect protein signatures
of cells. The technology can be used with biochips and may
provide a method for monitoring protein changes in the blood
as an indication of development of carcinogenesis, for exam-
ple in women with genetic risk of breast cancer associated
with BRCA1 dysfunction.

Use of a two-step strategy, aptamer selection and bio-
marker discovery, combined with mass spectrometry, has en-
abled identification of protein tyrosine kinase 7 (PTK7) as
a biomarker for T-cell acute lymphoblastic leukemia (Shang-
guan et al., 2008). Aptamers for leukemia cells were selected
using the cell-SELEX (Systematic Evolution of Ligands by Expo-
nential Enrichment) process, without any prior knowledge of
the cell biomarker population, conjugated with magnetic
beads and then used to capture and purify their binding tar-
gets on the leukemia cell surface. This two-step strategy
thus substantially improves the effectiveness of biomarker
discovery and will facilitate the development of diagnostic
tools and therapeutic approaches to cancer.

2.4. Cancer immunomics to identify autoantibody
signatures

The increased incidence of autoantibodies in cancer is well
known. Cancer immunomics has been used to identify auto-
antibody signatures produced in response to the presence of
either breast or colorectal cancer. SERological proteome anal-
ysis (SERPA) is performed by 2D GE, immunoblotting, image
analysis, and MS (Hardouin et al., 2007). Alternatively, to iden-
tify the antigens recognized by the autoantibodies of cancer
patients, an approach has been developed that combines 2D
immunoaffinity chromatography, enzymatic digestion of the
isolated antigens, nanoflow separation of the resulting pep-
tides, and identification: MAPPing (multiple affinity protein
profiling). By these approaches both proteins recognized by
autoantibodies independently of a cancer status are identified
as well as a limited number of proteins reacting preferentially
with cancer sera.
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2.5.  Tissue microarrays

A tissue microarray (TMA) is a high-throughput technology for
the analysis of molecular biomarkers in oncology. Tissue
microarrays enable analysis of up to 1000 tissue samples in
a single microscopic slide. TMAs are very useful for the study
of tumor biology, development of diagnostic tests, and detec-
tion of cancer biomarkers (Voduc et al., 2008). TMAs are a useful
tool for oncoproteomics. Tissue proteomics can be combined
with laser capture microdissection. Direct tissue proteomics
can be used to identify proteins directly from formalin-fixed
paraffin-embedded prostate cancer tissue samples (Hwang
et al., 2007). TMA technology has been applied for testing of
breast carcinoma for human epidermal growth factor receptor
2 (HER2) status and compares favorably with immunohisto-
chemical and fluorescent in situ hybridization (Drev et al.,
2008).

3. Proteomic biomarkers of cancer

Biomarkers are characteristic that can be objectively measured
and evaluated as an indicator to the pathological process or
response to a therapeutic intervention. A cancer biomarker is
defined as any measurable specific molecular alteration of
a cancer cell either on DNA, RNA, protein, or metabolite level.
Basic characteristics of biomarkers and technologies used for
their discovery are described elsewhere (Jain, 2007b). Bio-
markers form the basis of several molecular diagnostics of can-
cer as well as targets for drug discovery. The main clinical
applications of cancer biomarkers are for classification of
tumors, determination of prognosis and prediction as well as
monitoring of response to therapy. Expression of a distinct
gene can enable its identification in a tissue with none of the
surrounding cells expressing the specific marker. In the past
decade, molecular dissection of the cancer cells by means of
mRNA expression profiling enabled detailed classification
according to tumor subtypes. Proteomic technologies are play-
ing an important role in the discovery of biomarkers of cancer.

4. Role of proteomics in molecular
diagnosis of cancer

Proteomic technologies have emerged as an important addi-
tion to the genomic and antibody-based technologies for the
diagnosis of cancer. Many of these assays are based on discov-
ery of cancer biomarkers and study of protein patterns. Nano-
biotechnology is enabling further refinements of these tests,
which will play an important role in the integration of diag-
nostics with therapeutics for development of personalized
treatment of cancer.

4.1. Serum proteome analysis for early
detection of cancer

Proteome analysis has been used for the identification of bio-
markers or biomarker patterns that may allow for the early di-
agnosis of cancer. This tool is of special interest, since it
allows for the identification of tumor-derived secretory

products in serum or other body fluids. In addition, it may
be used to detect reduced levels or loss of proteins in the se-
rum of cancer patients that are present in noncancer individ-
uals. These changes in the serum proteome may result from
cancer-specific metabolic or immunological alterations,
which are, at least partly, independent of tumor size or
mass, thereby facilitating early discovery (Ebert et al., 2006).

SELDI-TOF-MS of platelet extracts for proteomic profiling
shows increased amounts of angiogenic regulatory proteins
such as VEGF and endostatin in platelet but not in plasma.
This is a selective sequestration process and not a simple as-
sociation with the platelet surface. This novel property of
platelets detects human cancers of a microscopic size unde-
tectable by any presently available diagnostic method. This
is more inclusive than a single biomarker because it can detect
a wide range of tumor types and tumor sizes. Relative changes
in the platelet angiogenic profile permit the tracking of a tumor
throughout its development, beginning from an early in situ
cancer.

4.2. Protein patterns for diagnosis of cancer

Protein patterns offer better diagnostic possibilities than a sin-
gle biomarker and use of proteomic patterns is well estab-
lished for diagnosis of several cancers. By this approach, the
pattern itself, independent of the identity of the proteins or
peptides, is the discriminator, and might represent a new di-
agnostic paradigm. The use of machine learning techniques
such as decision trees, neural networks, and various algo-
rithms has been the basis for pattern determination. Cancer
is known to involve signaling pathways that are regulated
through post-translational modification of proteins, which
are detectable with high confidence by high-resolution MS.
Data generated by use of a prOTOF MS on samples from pa-
tients with ovarian cancer and cutaneous T-cell lymphoma
were used to build models for comparison of peak pairs with
a conventional individual peak technique (Liu et al., 2007).
The results showed that the peak pairs gave classification
equal to or better than the conventional technique that used
multiple individual peaks and could be used for identification
of important peak pairs involved in the disease process.

Proteomic profiling has potential for diagnosis of early-
stage ovarian cancer. Combining the newly discovered bio-
markers of ovarian cancer progression with CA125 has
resulted in a clear increase of the sensitivity and should be
validated in large ovarian cancer and control groups (Helle-
man et al., 2007). Such a multimarker assay could be suitable
for disease monitoring during and after therapy and might
also be useful for ovarian cancer screening.

4.3. HER-2/neu oncoprotein as biomarkers for cancer

HER-2/neu oncoprotein has been widely studied for many
years and has been shown to play a pivotal role in the develop-
ment and progression of breast cancer. HER-2/neu has been
shown to be an indicator of poor prognosis with patients
exhibiting aggressive disease, decreased overall survival and
a higher probability of recurrence of disease. As evidenced by
numerous published studies, elevated levels of HER-2/neu
(also referred to as overexpression) are found in about 30% of
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women with breast cancer. Determination of a patient’s HER-
2/neu status may be valuable in identifying whether that pa-
tient has a more aggressive disease and would, thus, derive
substantial benefit from more intensive or alternative therapy
regimens. Elevated levels of HER-2/neu are found not only in
breast cancer but also in several other tumor types including
prostate, lung, pancreatic, colon and ovarian cancers.

Traditional HER-2/neu testing is generally limited to tissue
from primary breast cancer and does not provide information
regarding the HER-2/neu status in women with recurrent,
metastatic breast cancer. The introduction of microtiter plate
ELISA HER-2/neu testing using a serum sample offers a less in-
vasive diagnostic tool and provides a current assessment of
a woman’s HER-2/neu status over the course of disease. Pre-
chemotherapy serum HER-2/neu is a significant predictor of
response to neoadjuvant anthracycline-based chemotherapy
for breast cancer (Schippinger et al., 2007).

4.4. Proteomic analysis of cancer cell mitochondria

Mutations in mitochondrial DNA have been frequently
reported in cancer cells. Significance of gene expression pat-
terns is not established yet. Study of mitochondrial proteome
can advance our knowledge of cancer by:

e Identification of abnormally expressed mitochondrial pro-
teins in cancer cells is possible by mitochondrial functional
proteomics.

e Proteomics can identify new biomarkers for early detection
and risk assessment, as well as targets for therapeutic
intervention.

2D gel electrophoresis examination of the mitochondria-
enriched fraction has revealed high expression of four mito-
chondrial proteins in a human gastric cancer cell line: ubiqui-
nol-cytochrome c¢ reductase, mitochondrial short-chain
enoyl-coenzyme A hydratase-1, heat shock protein 60, and
mitochondrial elongation factor Tu (Kim et al., 2007). These
findings provide clues to the mechanism of the mitochondrial
changes in cancer at the protein level and may serve as poten-
tial cancer biomarkers in mitochondria.

5. Role of proteomics in drug discovery for cancer

Proteomic technologies are being used in an effort to correct
some of the deficiencies in traditional drug discovery. Proteins
are important targets for drug discovery, particularly for can-
cer as well because there is a defect in the protein machinery
of the cell in malignancy. Because proteome analysis can pro-
duce comprehensive molecular description of the differences
between normal and diseased states, it can be used to com-
pare the effect of candidate drugs on the disease process.
The trend now is to integrate oncoproteomics with oncoge-
nomics for drug discovery and target validation in oncology
(Jain, 2005). Human saliva proteomics may be useful for anti-
cancer drug discovery as it contributes to the target discov-
ery/validation, assessment of efficacy as well as toxicity of
candidate drugs, identification of disease subgroups, and pre-
diction of responses of individual patients (Hu et al., 2007).

Among the large number of proteomic technologies avail-
able for anticancer drug discovery, the most important ones
are 3D protein structure determination, protein biochips, laser
capture microdissection and study of protein-protein and pro-
tein-drug interactions. Cancer biomarkers and signaling path-
ways involved in malignancy are important drug targets. The
wealth of new information in proteomics databases, along
with microarrays and bioinformatics, provides unlimited pos-
sibilities for designing new therapeutic agents for cancer.

6. Proteomics and drug resistance in cancer

One of the major problems in chemotherapy of cancer is the
development of resistance to anticancer drugs. In multidrug
resistance (MDR), treatment with one anticancer drug leads
to cross-resistance with a wide range of other drugs. These
MDR cells express frequently plasma transport proteins like
P-glycoprotein. But cellular resistance to chemotherapy is
multifactorial and may be affected by the cell cycle stage
and proliferation status, biochemical mechanisms such as de-
toxification, cellular drug transport, or DNA replication and re-
pair mechanisms. Several laboratory techniques, such as
polymerase chain reaction, immunocytochemistry, flow
cytometry, blotting, and fluorescent microscopy have been
used for the identification of MDR markers and mechanisms.

Advances in proteomic technologies have enabled the
identification of multiple proteins involved in drug-resistant
cancers. 2D GE, followed by image analysis and MS can lead
to the identification of proteins differentially expressed be-
tween resistant versus sensitive cells. This might lead to the
development of various strategies to modify the action of
such proteins when their inappropriate structure or expres-
sion is contributing to drug-resistant disease.

Mutations in epithelial growth factor receptor (EGFR) have
been identified as a clinical correlation to objective response
to gefitinib in patients with lung cancer but it does not indicate
resistance to gefitinib. Epithelial membrane protein-1, an ad-
hesion molecule, is a surface biomarker whose expression
correlates with acquisition of gefitinib resistance. Combined
analyses of multiple proteomic studies of various drug-resis-
tant cancer cell lines have revealed that many mechanisms
of resistance likely exist in any given drug-selected cancer
cell line and that common mechanisms of resistance may be
selected in a spectrum of cancer cell lines (Zhang and Liu,
2007). These observations suggest that combination therapies
targeting multiple mechanisms to sensitize drug-resistant
cancers may be necessary to eradicate cancers in the future.

7. Oncoproteomics and personalized
management of cancer

An emerging concept for improving healthcare is personalized
or individualized medicine, which simply means the prescrip-
tion of specific treatments and therapeutics best suited for an
individual’s genotype but can be based on various other fac-
tors that influence the disease outcome and response to treat-
Developments in oncoproteomics will enable
development of personalized therapy of cancer (Jain, 2008c).

ment.
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The impact of proteomics on cancer will not be limited to the
identification of new biomarkers for early detection and new
targets. Proteomic technologies will be used to design rational
drugs according to the molecular profile of the cancer cell and
thus facilitate the development of personalized cancer ther-
apy. Relation of oncoproteomics to personalized medicine is
shown schematically in Figure 1. Nanobiotechnology will
have an impact on the development of personalized therapy
of cancer. Examples of proteomic technologies used for per-
sonalizing cancer therapy are shown in Table 1.

8. Role of proteomics in cancers of various organs

The role of proteomics in diagnosis, therapy as well as combi-
nation of both and in development of personalized ap-
proaches will be described with examples of breast cancer,
colorectal cancer, leukemia, lung cancer and prostate cancer.

8.1. Breast cancer and proteomics

An example of combination of diagnostics and therapeutics in
management of breast cancer is the human epidermal growth
factor receptor-2 (HER2) gene, which is amplified in 20-30% of
breast cancers. HER2 overexpression is associated with re-
sponse to Herceptin (Genentech) and its lack with resistance
to therapy. HER-2/neu status of the primary breast canceris de-
termined by immunohistochemistry (IHC) and fluorescent in
situ hybridization (FISH). HercepTest (DakoCytomation), an
approved IHC test, is used to identify patients with breast can-
cer whose tumor tissue overexpresses the HER2 protein. HER2
FISH pharmDx™ Kitis designed to quantitatively determine in-
terphase HER2/neu gene amplification. Mammarys5 trial by the
National Cancer Institute of Canada showed that amplification
of HER2 in breast cancer cells is associated with better clinical
responsiveness to anthracycline-containing chemotherapy

regimen when compared with the regimen of cyclophospha-
mide, methotrexate, and fluorouracil (Pritchard et al., 2006).
However, due to technical factors, tests used for primary breast
cancer may not accurately reflect the metastatic tumor in
terms of HER-2/neu status. Guidelines recommend that tumors
should be defined as HER-2/neu positive if 30% or more of the
cells are 3+. Circulating levels of the HER-2 extracellular do-
main can be measured in serum using an approved testand in-
creased serum HER-2/neu levels to above 15ng/ml reflect
breast cancer progression (Carney et al., 2007).

8.2. Colorectal cancer and proteomics

Current screening methods for colorectal cancer (CRC) such as
fecal occult blood test and colonoscopy have contributed to
early detection and reduction of mortality but most of the car-
cinomas are still detected at a later stage when prognosis is
poor. Proteomic technologies enable a distinction between
the healthy patient and the cancer patient with high sensitiv-
ity and specificity and could greatly improve early detection
and classification systems for CRC (Habermann et al., 2008).
A suitable method for detecting new serum biomarkers of
CRC by serum protein profiling using SELDI-TOF MS followed
by classification of tree pattern analysis has been described
(Engwegen et al., 2006). These biomarkers have a potential
role in monitoring the disease as well as the treatment. How-
ever, there is still a need to identify panels of predictive
markers to improve response rates and decrease toxicity
with the ultimate aim of tailoring treatment to an individual
patient and tumor profile. Use of proteomic technologies for
CRC remains to be transferred from the bench to the bedside.

Metastasis is a common phenomenon and the major lethal
cause of CRC. Differential proteome analysis of two CRC cell
lines was conducted using 2D GE combined with matrix-assis-
ted laser desorption/time of flight (MALDI-TOF) MS (Zhao
et al., 2007). Obvious differences were detected between the

S
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Figure 1 — This figure shows the interrelationships of oncoproteomics with other technologies used. Oncogenomics plays an important role by

diagnostics as well as drug discovery, as both are components of personalized medicine. Technologies such as nanobiotechnology can also enhance

both diagnostics and drug development for cancer.
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Table 1 — Examples of proteomic technologies used for personalizing cancer therapy

Technologies

Applications

Glycoproteomics: the biochemical signature of cancer on
cell membrane in the form of glycoproteins
Proteomic approaches plus biochemical assays to identify
the target antigen
Mass spectrometry-based fingerprints of
peptides/proteins plus laser
capture microdissection and high density protein arrays
Determination of structure of protein kinases:
important drug targets in cancer
Reverse phase protein microarrays provide a functional map
of known cell-signaling networks or pathways (Espina et al., 2008)

Targeted cancer therapy against molecular targets
expressed in tumors
Antibody-based therapies for cancer

Proteomic profiling/molecular classification of human tumors

Screening for personalized anticancer drugs

Correlation of pathways with biological and clinical
information for an individual patient obtained directly from
a cancer biopsy specimen for personalization of therapy

©Jain PharmaBiotech

protein profiles of colorectal cell lines with varying potential
for metastasis. Overexpression of heat shock protein (HSP)
27 was shown to play an important role in metastasis and
progression of CRC.

8.3. Leukemia and proteomics

Proteomics is being used to subclassify leukemia, because cy-
togenetic analysis is costly and time-consuming. Several use-
ful protein biomarkers have been discovered that can rapidly
identify different types of leukemia: alpha-enolase, RhoGDI2,
annexin A10, catalase, peroxiredoxin 2, tromomyosin 3, and
annexin 1. These are differentially expressed in acute myeloid
leukemia (AML) and can be used as biomarkers for disease
prognosis and outcome (Lopez-Pedrera et al., 2006). They pro-
vide potential new targets for rational pathogenesis-based
therapies of AML.

Despite enormous therapeutic efforts that range from var-
ious cytotoxic agents to allogeneic stem cell transplantation,
overall survival of patients with acute myeloid leukemia
(AML) remains unsatisfactory. There is hope that elucidation
of the AML-specific proteome will prompt the discovery of
novel therapeutic targets and biomarkers in AML, which will
enable the development of personalized treatment of AML.
One major challenge is limitations in protein detection sensi-
tivity, which presents a problem as many of the regulatory
proteins that are pivotal in response to therapy occur in low
abundance (Gjertsen and Sjoholt, 2008). Ongoing develop-
ments in proteomic technologies are expected to open new
avenues for personalized molecular therapy of AML and im-
prove efficacy and reduce the toxicity of current treatment.

8.4. Lung cancer and proteomics

Currently, clinical and pathologic staging of lung cancer is
suboptimal for achieving the goals of assessing prognosis
and selecting therapy. Major progress in understanding the
molecular basis of lung cancer has been made due to technical
developments in proteomic and genomic analyses and their
application to diagnosis and prognosis of lung cancer. Exhaled
breath condensate collection is a simple and noninvasive
technique, which enables the study of a wide variety of

biomarkers including proteins by sampling respiratory tract
fluid and may be applied to the detection of lung cancer (Con-
rad et al.,, 2008). A panel of four serum proteins (carcinoem-
bryonic antigen, retinol binding protein, alphal-antitrypsin,
and squamous cell carcinoma antigen) is valuable in suggest-
ing the diagnosis of lung cancer may be useful for detecting
individuals at high risk for lung cancer (Patz et al., 2007). If are-
liable protein profile can be identified that is associated with
poor prognosis, it may provide potential therapeutic targets.
The development of a simple serum test for diagnosis of
lung cancer before clinical manifestation is feasible and may
simultaneously identify the chemotherapeutic agents to
which the tumor is sensitive, enabling personalized treatment
(D’Amico, 2008). There is a need for further improvements in
sample preparation techniques and translating the technolo-
gies from the laboratory to the bedside before the impact on
improvement of care of patients with lung cancer that can
be assessed properly.

8.5. Prostate cancer and proteomics

With the advent of molecular targeted therapeutics, bio-
markers for identification, characterization and monitoring
of the signaling events within actual human biopsies will be
critical for patient-tailored therapy. Although several non-2D
gel electrophoresis technologies are used for research in pro-
teomics of prostate cancer, 2D gel electrophoresis remains
the most powerful method for analysis of cellular protein
phenotype and may reveal gene regulations that cannot be
detected on a genetic level.

Gene expression studies of prostate cancer have shown an-
drogen-regulated genes such as prostate-specific antigen (PSA)
and several novel complementary DNAs. Protein expression
profiles of androgen-stimulated prostate cancer cells have
been generated by 2D gel electrophoresis. Quantification of
the number of PSA molecules/cell has been conducted on hu-
man prostate tissue cells by coupling of LCM with sensitive
quantitative chemiluminescentimmunoassays. A proteomics-
based approach is useful for developing a more complete pic-
ture of the protein profile of prostate needle biopsy specimens,
and changes in FLNA(7-15), FKBP4, and PRDX4 expression have
been confirmed by immunoblot analyses (Lin et al., 2007). This
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approach may provide useful molecular targets for diagnosis
and treatment of prostate cancer.

9. Integration of oncoproteomics with
other technologies

Proteomic technologies are used in cancer in conjunction with
many other technologies including oncogenomics. Proteomics
is facilitating the integration of diagnostics and therapeutics
and fulfilling many of the requirements for personalized ther-
apy of cancer. Nanobiotechnology is contributing to the devel-
opment of nanoproteomics, which has important applications
in nanooncology and will facilitate the development of person-
alized management of cancer, which has already started. Nano-
particles can be used for diagnostics as well as therapeutics.

10. Challenges and future prospects

The next 5 years will see important developments in cancer
biomarkers and their validation. Several proteomics-based
tests for cancer detection, prognosis and for guidance of anti-
cancer therapy are expected to become available. An impor-
tant challenge will be validation of cancer biomarkers and to
sort out from the plethora of biomarkers being discovered.
Several anticancer drug development projects are anticipated
based on cancer biomarker discovery. Many promising discov-
eries in the laboratory have not yet been translated to the bed-
side of the patient. Personalized management of cancer faces
some challenges but will be established within the next
decade.
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