EDUCATIONAL SERIES

Red series™

Contributions of advanced proteomics
lechnologies to cancer diagnosis

Sergio Ciordia, Vivian de los Rios and Juan-Pablo Albar

Proteomics Facility. Centro Nacional de Biotecnologia-CSIC. Universidad Auténoma. Madrid. Spain.

The ability of Medicine to effectively treat and cure
cancer is directly dependent on their capability to
detect cancers at their earliest stages. The advent of
proteomics has brought with it the hope of discov-
ering novel biomarkers in the early phases of tu-
morigenesis that can be used to diagnose diseases,
predict susceptibility, and monitor progression. This
discipline incorporates technologies that can be ap-
plied to complex biosystems such as serum and tis-
sue in order to characterize the content of, and
changes in, the proteome induced by physiological
changes, benign or pathologic. These tools include
2-DE, 2D-DIGE, ICAT, protein arrays, MudPIT and
mass spectrometries including SELDI-T'OF. The ap-
plication of these tools has assisted to uncover mo-
lecular mechanisms associated with cancer at the
global level and may lead to new diagnostic tests
and improvements in therapeutics. In this review
these approaches are evaluated in the context of
their contribution to cancer biomarker discovery.
Particular attention is paid to the promising contri-
bution of the ProteinChip/SELDI-TOF platform as
a revolutionary approach in proteomic patterns
analysis that can be applied at the bedside for dis-
covering protein profiles that distinguish disease
and disease-free states with high sensitivity and
specificity, Understanding the basic concepts and
tools used will illustrate how best to apply these
technologies for patient benefit for the early cancer
detection and improved patient care.
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INTRODUCTION
Large scale and high-throughput approaches

In last decade three main avenues have appear in the
hioscience scenario for describhing complex biological
systems. The possibility to simultaneously analyze
thousands of genes, transcripts and/or proteins by a
cohort of new large scale and high-throughput tech-
nical platforms has produced a significative change
in the way in which we can face to a great number of
biological processes including physio-pathological
phenomena such as cancer.

Comparative genomic hybridization (CGH), DNA se-
quencing, single nucleotide polymorphism (SNP)
analysis have heen extensively used as high-through-
put tools for inspecting the hereditary and somatic
components that lead to cancer at the genome level
(fig. 1). While, DNA micro-array analysis, PCR- and
non-PCR-bhased gene-expression assays are analytical
tools that have also been used to know those changes
in RNA abundance associated with cancer at the tran-
scriptome level. And lately, tools and strategies (see
helow) to know how proteins are modified and how
their levels change in tumours are heing used to get a
picture of cancer at the proteome level All together,
in conjunction of other coming approaches such as
metabolomics, are giving us a more comprehensive
and holistic view of cancer at the molecular level.

Proteomics: general background

In recent years, there has been an enormous growth
in the use of genome information in science. This
genome information has greatly expanded the insight
into the genetic hasis of cancer. The completion of the
human genome sequencing project revealed that
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Fig. 1. The biological organization of the «-omes». The classical view of biological organization is to consider the flow of infor-
mation from the genome to the transcriptome, to the proteome and then the metabolome. However, each tier of organization
depends on the other, so a perturbation in one network can affect another. Furthermore, the environment has a crucial impact
on not only expression and concentrations of transcripts, proteins and metabolites, but also on the genome by selecting for

adaptive changes in subpopulations of cells within a tumour.

gene analysis alone does not tell the «whole story»
and the focus of research is rapidly moving heyond
transcriptomics, gene lists, and functional genomics
to proteomics. This means to the task of identifying
the structure, function, and interactions of those pro-
teins produced by individual genes and their roles in
specific disease processes such as the case of cancer.

The proteome encompasses all proteins that result
from the genome of cells, a tissue or an organism. Tt
is not a static parameter, as is the genome, but a dy-

namic collection of proteins that reflects hoth the in-
trinsic genetic programme of the cell and the impact
of its immediate microenvironment'-?, Gompared
with the genome, the proteome provides a more real-
istic view of a biological status and is, therefore, ex-
pected to be more useful than gene analysis for evalu-
ating, for example, disease presence, progression and
response to treatment. Thus, proteomics can bridge
the gap bhetween the genome sequence and cellular
behaviour.
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Proteomics, also referred as functional genomics, is
commonly defined as the analysis of the protein com-
position of a cell. Most cellular functions depend on
the presence or ahsence of different proteins and pep-
tides, their interactions and their modifications. Pro-
teome analyses are not limited to the description of' a
current state protein composition of a cell, but are of-
ten used to identify and characterize qualitative or
quantitative changes in cellular protein patterns and
protein interactions that can he triggered hy external
or internal signals3*,

In current practice, proteomics encompasses four
principal applications: &) protein mining; 5 ditfferen-
tial protein expression profiling; ¢) protein network
mapping; and d) protein modification mapping.
Protein mining: the purpose of mining proteomes is to
identify as many of the components of the proteome
as possible to catalogue the proteome directly, rather
than to infer its composition from gene expression?.
Differential protein caxpression praofiler this involves
the identification of proteins in a particular sample as
a function of a particular state of the organism, or as a
function of exposure to a drug, chemical or physical
stimulus. The main task in protein expression profiling
is to measure the expression of a set of proteins in two
serial samples, and then to compare them® Protein
network mapping: this is a proteomic approach to de-
termining how proteins interact with each other in
living systems (protein-protein interactions), and
therefore, it determines the function of protein”.
Protein modifications mapping: this involves identify-
ing how and where proteins are modified. The pro-
teomic approaches are a mean of establishing the na-
ture of post-translational modifications®.

Most of proteomics studies done in cancer field and
referred in this review are in fact differential protein
expression profile studies.

Cancer proteomics

The analysis of molecular pathogenesis of cancer hy
analysing global protein expression in tumors, tumor
cells or extracellular fluids from cancer patients? has
been referred as «cancer proteomics». A major justifi-
cation for measuring proteins instead of gene tran-
scripts is that mRNA levels do not necessarily corre-
late with corresponding protein abundance!9-14,

A number of different gene products can arise from a
single gene due to alternative splicing and additional
complexity is provided by protein post-translational
modifications, including phosphorylations, acetyla-
tions, and glycosylations, or protein cleavages'S, The-
se modifications are not detectable at the mRNA level
but play significant roles in protein stahility, localiza-
tion, interactions and functions. Therefore, proteins
represent a more relevant and accessible therapeutic
targets than nucleic acids do.

Detection of cancer biomarkers

Although proteomic research has many biomedical
fields of application, from cardiovascular!®!7 and neu-
romuscular diseases!'®!? to solid organ transplanta-
tion?? and infertility?!, the most promising area is the
discovery and identification of new biomarkers for
cancer diagnostics®?. The early detection of cancer is
crucial for its ultimate control and prevention. Altho-
ugh advances in conventional diagnostic strategies,
such as mammography and prostate-specific antigen
(P84A) testing, have provided some improvement in
the detection of disease, they still do not reach the
sensitivity and specificity that are needed to reliably
detect early-stage disease. In many cases, cancer is
not diagnosed and treated until cancer cells have al-
ready invaded surrounding tissues and metastasized
throughout the body. More than 60% of patients with
breast, lung, colon and ovarian cancer have hidden
or overt metastatic colonies at presentation and most
conventional therapeutics are limited in their success
once a tumour has spread beyond the tissue of ori-
gin?3. Therefore it is expected that the discovery of
novel biomarkers will be able to reduce the lag time
between the beginning of cancer disease and its dis-
covery. This is of particular importance in view of
current evidence that the most important factor in the
management of cancers is clinical stage at diagnosis??®.
A biological marker («biomarkers») is defined as «a
characteristic that is ohjectively measured and evalu-
ated as an indicator of normal biological processes,
pathological processes, or pharmacological responses
to a therapeutic intervention»?,

A major obstacle for tumoral markers detection is the
degree of tissue heterogeneity, a phenomenon that
can affect the result obtained from comparative pro-
teomics experiments and this may significantly affect
the interpretation of the data. Immunohistochemistry
is the standard method for marker determinations in
routine pathological tissue diagnostics. But proteomic
strategies are attracting increasing interest to he used
for the identification of tissue markers and for provid-
ing data in multivariate analysis. A key technique for
guantitative and comparative proteomics analysis of
tumor biopsies and solid tissue is the laser capture
microdissection (LCM) that permits the dissection of
cancerous tissue and selection of subpopulation of
cells, e.g. tumor cells from a field of normal appear-
ing cells. Using LCM, researchers can ohtain more
accurate representation of cells (tumor and normal
appearing cells) and make more accurate compar-
isons of protein expression in normal and diseased
specimens??,

Other of the biggest ongoing challenges in the field of
proteomics is the detection of serum markers to he
used for early disease detection and to follow treat-
ment effects versus disease progression. This task has
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Fig. 2. Dynamic range of serum proleins deiection. The abundance of serum proteins spans eight to ten orders of magnitude
{from albumin to the low-abundance interleukins) but these MS-based methods can, in most cases, detect proteins over only
two to four orders of magnitude. This is why low-abundance proteins pose a challenge, especially without prior pre-fractiona-

tion or immunodepletion steps.

to deal with several handicaps: 7) the large dynamic
range of protein concentrations ranging from ~350
mg/ml for albumin to 1-5 pg/ml for interleukins, that
means 10 logs of difference?®, 2) Twenty proteins rep-
resent 99% of the total serum protein content (fig. 2),
and 3) multiple protein isoforms are shown on 2D
gels, suggesting numerous post-translational modifi-
cations such as glycosylation and phosphorylation. It
is, therefore, necessary to subject samples to pre-frac-
tionation or immunodepletion steps to remove the
most abundant proteins.

PROTEOMIC APPROACHES USED IN CANCER
BIOMARKER DISCOVERY
Proteomics Platforms Involving 2-DE: 2D-DIGE

Traditionally, protein extracts from cell lysates are
somehow enriched and subjected to proteomic analy-
ses hy using two-dimensional gel electrophoresis (2-DE)

in conjunction with mass spectrometry (MS) tech-
niques?’. The two-dimensional gel approach sepa-
rates proteins according to two independent physico-
chemical parameters, charge and molecular weight.
After successful separation and appropriate spots vi-
sualization, proteins of interest are extracted from gel,
digested and mass spectrometry analyzed (fig. 3).
Peptide mass analysis are carried out either by ma-
trix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS) or by tandem
MS (MS/MS). Protein identification is finally done by
correlation of the MS generated data with database
sequence information?$.

Fluorescent two-dimensional difference in-gel elec-
trophoresis (2D-DIGE) is a fairly recent improvement
of the 2-DE technology??. Prior to electrophoresis, the
proteins in different cell extracts are covalently la-
beled using different fluorescent dyes, e.g. cyanine
(Cy¥2, Cy3, or Cy5) dyes (fig. 4). Typically, the test
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Fig. 3. Quantitative protein analysis from the cell to the identified protein. In the upper classical workflow, 2DE is used to sepa-
rate and to quantify proteins: The selected proteins are isolated and identified by mass spectrometry. In the lower workflow,
LC-MS/MS or SELDI-TOF MS are used to analyze protein mixtures and accurate quantification to differential protein expres-
sion. These techniques are compatible with protein fractionation or separation methods, such as subcellular fractionation,
protein complex isolation and electrophoresis and chromatography.

sample is labeled with Cy3 and the reference sample
with Cy¥5 or «viceversa». Equal concentrations of the
two differentially-labeled protein samples are then
mixed and co-separated during the same 2-DE process.
The 2D-DIGE gel is then scanned at two emission
wavelengths (for Cy3 and Cy5) using a fluorescence
imager. A comparison of the two images generated
allows the quantification of each spot. This approach
eliminates or drastically reduces gel-to-gel variahility
associated with standard 2-DE and improves the ac-
curacy of quantitative protein profiling showing a lin-
ear dynamic range of 4-5 orders of magnitude, by
contrast with the approximately 1-2 order range of
classical 2-DE staining procedures®0-32,

A large numher of 2-DE hased approaches have heen
developed in preclinical models of cancer, including
cell lines, but relatively few data have been generated
from clinical samples and generally involving a limit-
ed number of patients. These approaches has been
applied for the identification of potential hiomarkers
associated to breast ductal carcinomas?3, in tissue
and biological fluids such as serum?? or nipple aspi-
rate fluids (NAF)** (table 1). Ten differentially ex-
pressed proteins were validated in independent duc-

570

tal carcinoma specimens and confirmed by standard
immunohistochemical analysis using a limited inde-
pendent tumor cohort. Many of the proteins identified
were previously unconnected with breast cancer.
Proteomic analysis of these specimens revealed dif-
ferential expression patterns distinct from previous
nucleic acid-based studies and identified new facets
of the earliest stage of breast cancer progression?s.
On the other hand, sera from breast cancer and control
patients have heen employed to investigate protein expres-
sion alterations®. This work revealed proapolipopro-
tein A-I, transterrin, and hemoglobin as up-regulated
and apolipoprotein A-I, apolipoprotein C-III, and hap-
toglobin alpha2 as down-regulated in patients. The
serum level of transferrin correlated well with the
2D-DIGE results. However, the serum levels of apo-
lipoprotein A-I and haptoglobin could not be detected
with the clinical routine diagnostic tests. Thus, 2D DIGE
can distinguish between isoforms of proteins, where
the overall immunochemical quantification does fail
due to a lack of isoform-specific antibodies.

In colorectal cancer tissues in comparison to adjacent
normal mucosa, 534 spots were detected with statisti-
cal significance and changes in protein expression

Clinn Transt Oncol. 2006;8(8).566-80
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Fig. 4. 2D-DIGE approach.

levels revealed a significantly enhanced glycolytic
pathway (Warburg effect), a decreased gluconeogene-
sis, a suppressed glucuronic acid pathway, and an
impaired tricarboxylic acid cycle. These changes re-
veal an underlying mechanism of colorectal tumori-
genesis in which the roles of impaired tricarboxylic
acid cycle and the Warburg effect may be critical®?.

Proteomics platforms involving LC-based
technology: ICAT, iTRAQ, SILAC, MudPIT

Other alternative proteomic approaches currently
used in the field of differential protein expression

profile in cancer are hased on the so called «peptide-
centric» approaches. Protein extracts from cell lysates
are first digested and the whole peptide mixtures pro-
duced are separated, identified and quantified by two-
dimensional liquid chromatography tandem mass
spectrometry (2D-LC-M8/MS) (tig. 3).

Cuantitative proteomics using stable isotope-label
techniques

Alternative or complementary MS hased approaches
have heen developed for differential protein expres-
sion measurements and are currently been improved.

Chin Trans! Oneol. 2006;8(8):566-830 571
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TABELE 1. Summary of potential biomarkers identified in cancer studies by A) Proteomics Platforms Involving 2-DE: 2D-DIGE;
B) Proteomics Platforms Involving LC-based Technology: ICAT, iTRAQ, SILAC, MudPIT and Protein Microarrays

Proteomic technologises Cancesr type REFS
A) Gel-based approaches
2-DE/MALDI-TCF Breast (Tissue) 25
2D-DIGEMALDI-TOF Breast (Serum) 33
Colorectal (Tissue) 35
(LCM)-ICAT/2D-LC-MS/MS Breast (NAF) 37
Hepatocellular (Tissue,) 38
Ovarian (Cells) 39
iTRAQ/2D-LC-MS/MS Endometrial (Tissue) 40
Lung (Cells) 49
SILAG/LC-MS/MS Pancreatic (Secretome) 43
B) LC-based approaches
MudPIT Pancreatic (Secretome) 44
Breast (Tissue) 45
Protein microarrays Colorgctal (Cell) 48
Linfoma (Cell) 49

They are hased on the differential labeling of per-
turbed and non-perturbed protein extracts with ditf-
ferent stable isotopes (12G/13C, "*N/15N and 'H/2H). In
this way, the same peptide from two different sam-
ples will show the same chemical behaviour, with a
difference in mass detectable by MS techniques.
Peptide peak intensities can be used for relative quan-
tification of these peptides.

— The most commonly used method for protein
quantification is hased on the use of Isotope-Coded
Affinity Tag (JCAT) reagents®®38 ICAT profiles the
relative amounts of cysteine-containing peptides de-
rived from tryptic digests of paired protein extracts,
This method has been applied?? for quantification
and identification of differentially expressed tumor-
specific proteins in NAF from the tumor-hearing and
contralateral disease-free hreasts from unilateral ear-
ly-stage breast cancer patients. In this study, alpha
2HS-glycoprotein was down-regulated, while lipophi-
lin B, heta-glohin, hemopexin, and vitamin D-hinding
protein precursor were overexpressed. Ffestern blot
analysis confirmed the overexpression of vitamin D-
binding protein in tumor-hearing hreasts. Thus, pro-
teomic screening techniques using ICAT and NAF
may he used to find markers for diagnosis of breast
cancer (table 1).

Laser capture microdissection (LCM) and ICAT tech-
nology have been applied to investigate the qualita-
tive and quantitative proteomes of hepatocellular
carcinoma (HGC). A total of 644 proteins were quali-
tative identified, and 261 proteins were unambiguo-
usly quantitated. Thus, LCM coupled with 2D-LC-
MS/MS and cIGAT labeling technology can achieve
accurate qualitative and quantitative clinical pro-
teomic analysis including looking for tumor-interre-
lated proteins and finding potential biomarkers and
drug targets?8,

Recently, the proteomes of cisplatin-sensitive and -re-
sistant ovarian cancer cells were compared, and pro-
tein expression was correlated with mRNA expres-
sion profiles®®. In resistant cells, several proteins
appeared to he overexpressed at least 5-fold including
cell recognition molecule CASPR3, 5100 protein fami-
ly members, junction adhesion molecule Claudin 4,
and GDC42-binding protein kinase heta. While, in
sensitive cells, proteins such hepatocyte growth factor
inhibitor 1B and programmed cell death 6-interacting
protein were overexpressed at least 5-fold. The direc-
tion of changes in expression levels hetween proteins
and mBNAs were not always in the same direction,
possibly reflecting posttranscriptional control of pro-
tein expression. In this study, proteins whose expres-
sion profiles correlate with cisplatin resistance in
ovarian cancer cells were identified. Several proteins
may be involved in modulating response to cisplatin
and have potential as markers of treatment response
or treatment targets (table 1).

- New LG-based quantitative method, such as iTRAQ
(isoharic Tags for Relative and Absolute Quanti-
tation) employs a more global strategy involving the
labeling of all primary amines. iTRAQ™ is a recently
developed protein quantitation technique that utilizes
four isoharic amine specific tags. In single MS mode
the differentially labeled versions of a peptide are in-
distinguishable. However, in tandem MS mode (in
which peptides are isolated and fragmented) each tag
generates a unique reporter ion. Protein quantitation
is then achieved hy comparing the intensities of the
four reporterions in the MS/MS spectra.

DeSouza et al*? in a recent study comhines these two
LC-based strategies, iTRAQ and ICAT, and identified
a total of nine difterentially expressed proteins in-
volved in endometrial cancer (KEC). Chaperonin 10,
pyruvate kinase M1/M2 isozyme, calgizzarin, hetero-
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geneous nuclear ribonucleoprotein DO, macrophage
migratory inhibitory factor, and polymeric immuno-
glohulin receptor precursor were overexpressed, while
alpha-1-antitrypsin precursor, creatine kinase B, and
transgelin were down-regulated markers. The use of
clCAT led to identification of a higher proportion of
lower-abhundance signaling proteins; conversely,
iTRAQ resulted in a higher percentage of the more
ahundant ribosomal proteins and transcription fac-
tors. A panel of these plus other markers may confer
suflicient selectivity for diagnosing and screening of
EC (table 1).

Differential protein expression profiling hy iTRAQ-
2DLG-MS/MS of lung cancer cells undergoing epithe-
lial-mesenchymal transition shows up-regulation of
proteins involved in the ontrol of cell migration, adhe-
sion and invasion revealing a migratory/invasive
phenotypet!.

— Another approach for relative quantitation of chan-
ges in protein expression involves a stable isotope la-
beling strategy termed SILAC (stable isotope labeling
by amino acids in cell culture). Labeled, essential
amino acids are added to amino acid deficient cell
culture media and are therefore incorporated into all
proteins as they are synthesized. No chemical label-
ing or affinity purification steps are performed. and
the method is compatible with virtually all cell cul-
ture conditions, including primary cells*?, This
metabolic labeling has been applied for biomarker
discovery in the secretome of pancreatic cancer-de-
rived cells and non-neoplastic pancreatic ductal
cells*?, One hundred and forty five differentially se-
creted proteins (> 1.5-fold change) have heen identi-
fied, several of which were previously reported as ei-
ther up-regulated (e.g. cathepsin D, macrophage
colony stimulation factor, and fibronectin receptor)
or down-regulated (e.g. profilin 1 and IGFBP-7) pro-
teins in pancreatic cancer, validating this approach
(table 1).

— A final LC-hased approach is Multidimensional
Protein Identification Technology (MudPIT). Two
steps of HPLC (cation exchange and reverse phase)
are coupled to tandem mass spectrometry (MS&/MS)
and database-searching algorithms allowing to rap-
idly analyze complex mixtures. This approach has
been applied for an efficient and rapid identification
of proteins released by pancreatic cancer cells, in-
cluding molecules previously undescribed in this
type of cancer. A series of proteoglycans, including
versican, perlecan, syndecan 1 and 4 has been re-
ported, challenging the common view that fibroblasts
of tumor stroma are the sole source of these mole-
cules**. In addition, this technique has also been
used for identification of more than 50 enzyme activ-
ities in human breast tumors, nearly a third of which
represent previously uncharacterized proteins*3
(table 1).

Protein microarrays

The general concept of a protein microarray is to se-
lectively capture the molecule of interest from a com-
plex sample to probe for the presence and/or abun-
dance of that particular protein. The most popular
protein arrays are constructed with antibodies (ani#i-
body microarray) or cytokines where the bhait pro-
teins are specific antibodies printed on solid sur-
faces*®, This novel proteomic technique provides a
powertul technology for analyzing the expression of
hundreds of proteins simultaneously. A high-preci-
sion rohot is used to print hundreds of monoclonal
antihodies at a high density on a glass slide in a for-
mat that is compatible with existing hardware and
software tools for DNA microarrayst’. Protein ex-
tracts from 2 different samples are differentially la-
heled with fluorescent dyes. The labeled extracts are
then simultaneously hybridized with the antibody ar-
ray. A fluorescence-based detection procedure, analo-
gous to that used in gene expression profiling, is ex-
ploited, in which the immohilized antibodies are used
to capture fluorescently labeled antigen?2S.

Although still in its infancy, this technique has heen
exploited in cancer research studies*®*, In 2001,
Sreekumar et al*® (table 1) successfully utilized anti-
hody microarrays to monitor alterations of protein
levels in LoVo colon cancer cells treated with ioniz-
ing radiation. More recently, protein microarray has
also been used in proteomic analysis of mantle-cell
Iymphoma (MCL). A microarray containing a panel
of 512 antibodies allowed the identification of 13
overexpressed proteins (2-folds). The elevated expres-
sion of some of these polypeptides was confirmed by
immunoblotting and immunohistochemistry, where-
as elevated expression of others could not he con-
firmed, illustrating the importance of confirmatory
studies*.

PROTEOMIC PROFILING TECHNOLOGY
IN CANCER DIAGNOSIS

Plasma represents the golden specimen for clinical
studies. Serum and plasma offer particularly promis-
ing resources for hiomarker discovery hecause col-
lection of these samples is minimally invasive and
the blood is thought to contains the majority of pro-
tein constituents found in the body?%39, Proteomic
profiling» or «serum proteomic profiling» is based on
the comparison of proteomic signatures of different
samples®!, The «proteomic profiling»> approach for
discovering new biomarkers is hased on two premis-
es: @) the low-molecular-weight serum proteome
contains an enormous wealth of hiomarker informa-
tion, which has not yet heen explored, and &) a pattern
of multiple hiomarkers may contain a higher level of
discriminatory information than a single hiomarker

Chin Trans! Oneol. 2006;8(8):566-830 573
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across large heterogeneous patient populationsd?

This approach applies very well for dissecting a com-
plex multistage disease such as cancer.

Serum proteomic profiling: Protein Chip/
SELDI-TOF Platform

Currently, the prevalent approach to proteomic pat-
tern diagnostics appears to be based on SELDI-TOF
profiling?®. The Surface-Enhanced Laser Desorption
Ionization (SELDI) mass spectrometry technology,
arising from the MALDI technique, combines reten-
tion chromatography with TOF-MS detection. In par-
ticular, the first dimension of protein separation uses
special chemical surfaces (the ProteinChip® Array,
Ciphergen Biosystems, Fremont, CA), which include
anion exchange, cation exchange, normal phase, re-
versed phase, and immobhilized metal affinity chro-
matography (IMAG) or biochemical surfaces (inmo-
bilized antibody, receptor, DNA, enzyme, etc). The
various types of chip surfaces have different affinity
to different subsets of proteins. These proteome frac-
tions bound to the chips are analysed by MS on the
same chip, resulting in a «pattern» or «fingerprint» of
proteins characterized by mass-to-charge ratio (m/z)
(fig. ). Differential expression may be determined
from these protein profiles by comparing peak inten-
sity. The resulting spectral masses are analyzed using
univariate and multivariate statistical tools to vield
single marker or multimarker pattern that can classi-
fy clinical samples.

SELDI-TOF MS applications and objections

Protein Chip/SELDI-TOF platform has been applied
for clinical hiological fluids profiling, notably serum/
plasma, and gain fame when numerous studies
showed promising potential in identifying unique bio-
markers or complex patterns with diagnostic value,
allowing to envisage its use as discovering/screening/
early diagnosis tool in several types of canceri®6! In
particular, the impressive results in terms of specifici-
ty and sensitivity, reported by Diamandis et al®7 Petri-
coin et al% and Adam et al®? in prostate and ovarian
cancer raised enormous interest, but also some criti-
cism. Diamandis summarised some open questions
related to the application of SELDI-TOF technology
for biomarker discovery as follows™: g) it is a quali-
tative technique where the relationships between
peak height and molecular abundance are not linear,
b) there are differences between distinguishing peaks
identified hy different investigators using the same
technique, for the same disease; ¢) data from different
laboratories are not readily reproducible, thus com-
plicating any validation or comparison; 4) different
investigators use diflerent optimal sample prepara-
tions; ¢) validated serum cancer markers (e.g., PSA
and CA125) that could serve as internal controls are
not identified by this technology; f) the adsorption
matrices used favour extraction of high-abundance
proteins/peptides at the expense of low-ahundance
proteins/peptides; g) the technique measures peptides
present in high abundance in serum that is unlikely
to originate from cancer tissue; they are more likely
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TABLE 2A. Summary of potential biomarkers in ovarian cancer identified by SELDI-TOF MS

Sample type Biomarkers (kDa) Biomarkers 1D REFS
Ovarian cancer
Serum 11.700 Haptoglobin-a fragment 67
Serum 28.043 ApoA-| 50
12.828 Truncated form of transthyretin
3.272 Fragment of inter o trysin inhibiter heavy chain H4
Serum 12.900 Fragment transthyretin 57, 65
13.900 Transthyretin
15.900 Hb-p chain
28.000 ApoA-|
79.000 Transferrin
Serum 15,100 Hb-o chain B8
165.800 Hiz-p chain
Flasma 9.281 Hpt fragment 66
54.000 Ig heavy chain
79.000 Transferrin
Flasma 11.520 N-terminal arginine-truncated form SAA-1 B9
11.681 SAA-T

ID: identify; Apo: apclipopretein; Hb: hemoglobin; Ig: immunoglobuling SAA: serum amyloid a.

to represent a specific cancer epiphenomena; and #)
the relationships between distinguishing molecules
and cancer hiology is not known 2.

Petricoin and Liotta?® addressed these points, under-
lining that instrument reproducibility and quality con-
trol have already been introduced and that standard
operating procedures for sample collection, handling
and shipping have been developed. Furthermore, the
results of Semmes et al®? demonstrated that <hetween-
lahoratory» reproducibility of SELDI-TOF-MS serum
profiling approaches and «within-laboratory» repro-
ducibility as determined by measuring discrete m/z
peaks over time and across laboratories. Although
there is even controversial in its reproducibility and
ability to detect actual specific tumour signatures,
SELDI has several advantages, such as ease of use,
high throughput, and relatively affordahle cost, mak-
ing it a very attractive technique for working with
large sample cohorts in a clinical setting.

SELDI-TOF MS in cancer profiling

The usetulness of the SELDI-TOF MS approach for
protein profiling has heen demonstrated by the huge
number of published applications in the last years. In
special, this technology has heen applied extensively
in cancer research. Prostate Specific Antigen (P8A),
Cancer Antigen 125 (CA 123), Garcino Embryonic
Antigen (CEA) are conventional serological antigens
for testing prostate cancer, ovarian cancer, and col-
orectal cancer and the corresponding conventional
assays detect and quantify these individual proteins,
while SELDI-TOF MS uses protein patterns or «signa-
tures» to discriminate a disease stale,

Contribution of this approach to cancer biomarker dis-
covery are summarized on table 2 and detailed below.

Cvarian cancer

The first SELDI-TOF MS study in cancer research
was applied for the detection of ovarian cancer mark-
ers in serum samples by the group of Petricoin®.
Paired samples from 50 healthy women and 50
women in different ovarian cancer stages were used
in the experiment. A proteomic pattern was identified
that discriminated cancer from non-cancer cases.
Kozak et al®® reported several panels of selected
peaks (fragment Transthyretin, Transthyretin, Hh-3
chain, ApoA-I, Transferrin) which had been observed
in previous studies’®96, In addition, Ye et alf7 were
able to identify haptoglobin 4 subunit as discriminat-
ing marker. This protein fragment was found to he
overexpressed in 91 ovarian cancer patients when
was compared with serum proteomic patterns from
91 healthy women. Zhang et al® identified three
serum hiomarkers: apolipoprotein Al (down-regulat-
ed); a truncated form of transthyretin (down-regulated)
and a cleavage fragment of inter-u-trypsin inhibitor
heavy chain H4 (up-regulated) in ovarian cancer pa-
tients.

Up to fourteen new potential biomarkers associated
to ovarian cancer have been reported in different
studies by using this technology (table 24).

Prostate cancer

Prostate Specific Antigen is produced by normal
prostate cells in small amounts, but the higher the
PSA is in serum, the higher the correlation is toward
the existence of prostate cancer. The PSA screening
test often generates a significant number of false posi-
tives that lead to invasive and unnecessary hiopsy
procedures. Thus, the application of SELDI-TOF MS

Chin Trans! Oncol. 2006;8(8):566-30 575
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TAELE 2E. Summary of potential biomarkers in head and neck cancer identified by SELDI-TOF MS

Sample type Biomarkers (kDa) Biomarkers 1D REFS
Head and neck cancer
Serum 10.068 Metallopanstimulin-1 97
Tissue 35.893 Annexin ¥ 98
Tissue 3.442 HNP-1 or e-Defensin-1 99
3.371 HNP-2 or ¢-Defensin-2
3.486 HNP-3 or ¢-Defensin-3
3.700 C-term fragment of Hb-p chain (aa 113-146)
9.973 Acyl-CoA-binding protein
11.043 Cystatin A
11.312 Histone H4
15150 Hemoglohin o
15.885 Hemoglobin
11.744 Calgizzarin or S100A11
27.805 Stratifin

1D identify; HNP: Hhuman neutrophil peptids; aa: aminoacid; term: terminal.

in prostate cancer has aimed at improving the cur-
rently available PSA screening test.

An innovative protein hiochip immunoassay has
been used to quantify and compare serum PSHMA
(prostate-specific membrane antigen) levels in heal-
thy men and patients with either benign or malignant
prostate disease. PSMA was captured from serum by
anti-PSMA antibody bound to ProteinChip arrays,
then captured PSMA was analyzed by SELDI-TOF.
Initial results suggest that serum PSMA may be a
more effective hiomarker than prostate-specific anti-
gen for diflerentiating benign versus malignant
prostate disease (Xiao et al”':7?). On the other hand,
Maliki et al”® in 2005 have demonstrated that an iso-
form of ApoA-Il is specifically overexpressed in
prostate disease. The ability of ApoA-II to detect dis-
ease in patients with normal prostate-specific antigen
suggests potential utility of the marker in identifying
indolent disease.

Le et al™ reported in 2005 the identification of serum

amyloid A as a biomarker to distinguish prostate can-
cer patients with bone lesions (table 2D).

Colorectal cancer

Carcinoembryonic antigen (CEA) is another classical
biomarker that is increased in patients with colorec-
tal, breast, lung, or pancreatic cancer. As a screening
test, it can be overexpressed by many other factors
than cancer; smoking for instance raises CEA levels.
However, tracking post-surgery CEA levels for colon
cancer is an effective way of determining the useful-
ness of postoperative therapy.

The combination of SELDI-TOF mass spectrometry
with appropriate hioinformatics tools has been useful
for finding new biomarkers and establishing patterns
with high sensitivity and specificity for the detection
and diagnosis of colorectal cancer’®??. Recently,

TABLE 2C. Summary of potential biomarkers in colorectal cancer identified by SELDI-TOF MS

Sample type Biomarkers (kDa) Biomarkers 1D REFS
Colorectal cancer
Cell line 12.000 Prothymosin o 75
Serum 31.000 N-terminal fragment of albumin 78
6,600 ApoC-|
28.000 ApoA-|
Serum 6.640 ApoC-I 79
B6.433 fruncated form of ApoC-I|
8.940 Complement C3a-des-Arg
39.900 o-1-antitrysin
50.700 [Transferrin]2+
Tissue, Serum 79.100 Transferrin
3.443 HNP-1 or a-Defensin-1 20, 81
3.372 HNP-2 or ¢-Defensin-2
3.186 HNP-3 or ¢-Defensin-3
Tissue 11.740 Calgizzarin or S100A11 a8z
Tissue 10.840 Heat shock protein 10 a3

ID: identify; Apo: apclipoproteing HNP: human neutrophil peptide; Arg: arginine.
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TABLE 2D. Summary of potential biomarkers in prostate, bladder, breast, liver, renal, pancreatic, endometrial, follicular

and lymphoma cancer identified by SELDI-TOF MS

Sample typs Biomarkers (kDa) Biomarkers 1D REFS
Prostate cancer
Serum 8.946 ApoA-ll iscform 73
Serum 11.488 SAA-1 and isoforms 74
11.573
11.573
Eladder cancer
Tissue 10.834 Calgranulin A or ST00AS8 84
Urine 3.380 Defensin-a? 102
3.450 Defensin-o
Breast cancer
NAF 8.000 [Hb-f chain]?+ 90
15.840 Hb-p chain
31.770 Dimer of Ho-p chain
Serum 8.100 C-term truncated form anaphylatoxin C3a 91
8.900 Des-Arg anaphylatoxin C3a
Serum 7.790 High molecular weight Kinincgen 92
9.285 ApoA-ll isoform
Liver cancer
Serum 8.800 C-terminal fragment of vitronsctin precursar 94
Renal cancer
Serum 9.200 Haptoglobin 1-a 95
11.144 SAA-1-RSFF
11.432 SAA-1-RS
11.518 SAA-1-R
11.683 SAA-1
Pancreatic cancer
Pancreatic juice 16.572 HIP/PAP-I 96
Endometrial cancer
TissuUe 10.843 Chapercnin 10 101
Tissue 10.834 Calgranulin A 102
Tissue 9.600 Protein ECA 103
11.300 Protein EC2
Follicular lymphoma
Tissue 32.500 Cyelin D3 107
Lymphoblastoid lymphoma
Cell line 4.972 Thymosin-f 108

ID: identify; Apo: apolipoprotein; Ho: hemoeglobing HIP/PAP-1: hepatocarcincma—intestine—pancreas/oancreatitis-associated protein |; SAA:

serum amyloid o. Arg: argining; S: serine; F: phenylalanine; aa: aminoacid; term: terminal and EC: endometrial carcincma.

Engwegen et al?® identified two hiomarkers, ApoG-I
and ApoA-l, able to distinguish colorectal cancer pa-
tients and healthy controls. The detection of upregu-
lated o-defensins-1, 2 and -3 (HNP1-3) in colorectal
cancer tissues and sera were reported in two inde-
pendent but similar analyses®-81 [n these studies,
SELDI-TOF MS$ results in tissue correlated with
serum levels that were determined using ELISA or
SELDI-TOF. The direct analysis of microdissected tis-
sue for the discovery of tumor-specific markers fol-
lowed by the specific detection of these markers in
serum by antibody-based methods proved to be a

successful strategy in this study. Unfortunately, a-de-
fensins levels are also increased in serum during, for
example, infection. Up to 15 new potential hiomark-
ers have been reported (tahble 2C). Most of these
markers are well known serum proteins that, some-
how, now appear in relation to colorectal cancer in
the referred works.

Breast cancer

SELDI-TOF MS has heen applied for the hiomarker
identification in breast cancer serum®3, plasma86-87,

Chin Trans! Oneol. 2006;8(8):566-830 577



CIORDIA S, DE LOS RIOS V, ALBAR JP. CONTRIBUTIONS OF ADVANCED PROTEOMICS TECHNCOLOGIES
TCO CANCER DIAGNOSIS

tissue®8, nipple aspirate fluid (NAF)8% and ductal
lavage fluid (DLF)®. Li et al®® identified three serum
proteins by protein expression profiling on serum
samples of ductal carcinoma: two (8.1 kDa and 89
kDa) up-regulated and one (4.5 kDa) down-regulated
in patients. Lately, this group®! confirmed only two
markers of those previously identified: C-terminal-
truncated form of C3a(desArg) (8.1 kDa) and comple-
ment component G3a(desArg) (89 kDa). These bio-
markers are able to discriminate breast cancer
samples from control patients (table 2D).

Some studies have investigated the effect of chemo-
therapy-induced in serum samples. Heike et al®2
identified two serum proteins (apolipoprotein A-II
and high molecular weight kininogen) related to ad-
verse effects induced by docetaxel infusion from pro-
tein expression profiles of serum using SELDI
ProteinChip system. Although promising, the poten-
tial of SELDI-TOF MS for this application has not vet
been established. These results suggest that protein
expression profiles determined by SELDI TOF-MS$
represent useful data for the identification of treat-
ment-responsive proteins.

Other cancers

Moreover, other studies have demounstrated the feasi-
bility of using mass spectrometric proteomic pattern
analysis for the diagnosis of several categories of tu-
mours, including lung?, liver™, renal®?, pancreatic¥®61,
head and neck®?* (table 2B). nasopharyngeal!®, en-
dometrial'9-193, pladder®104-108 follicular lympho-

ma'%?, and lymphoblastoid lymphoma'?® (table 2D).

CONCLUSIONS

Clinical medicine is undergoing a revolution driven
by an increasing understanding of the human geno-
me, the human proteome, the access to high-through-
put techniques and the advances in molecular bio-

technology. This revolution should transform clinical
practice from population-based risk assessment and
empirical treatment to a predictive, individualized
model based on the molecular classification of dis-
ease and risk of disease, as well as targeted therapy.
In special, the field of proteomics has yielded a set of
technologies and analytical techniques that are signit-
icantly advancing the field of cancer diagnostics.
These technologies allow for efficient means of iden-
tifying new biomarkers for the early detection of can-
cer and promise a hope of new serological screening
methods for diagnosis. However, such markers still
require substantial further validation before heing in-
troduced into the clinical area. The confirmation and
validation of these targets identified should be per-
formed using alternative methods such as Festern
blotting or immunohistochemistry and this may be
combined with a complementary RNA-based trans-
criptomic screening approach. Once the identification
and significant expression change of a target protein
has been confirmed, then further detailed studies can
ensue.

In addition, the analysis of the functional pathways in
which the potential biomarkers have been implicated
may reveal further insights into the mechanism of ac-
tion, cross-talk between cellular pathways, and may
also identify novel therapeutic targets. The confirma-
tion of the clinical importance of any potential target
using samples from cancer patients requires carefully
designed experiments with adequate sample num-
hers with relatively homogeneous characteristics.
Future improvement in instrumentation sensitivity,
labeling chemistries and chromatography proce-
dures is clearly needed to enable routine quantifica-
tion of proteins/peptides by mass spectrometry and
thus, identification of potential hiomarkers. Never-
theless, the complementary information obtained
through different methods should potentially provide
a hetter portrait of the biological system under inves-
tigation.
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