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Introduction
The innovative “omics” technologies such as genomics,
transcriptomics, proteomics, and metabolomics have greatly

contributed to biomedical discovery and advances. A single gene can
engender multiple protein products as a consequence of modulation in
the processes of protein production from DNA such as transcription,
processing and translation. In addition, protein modifications such
as phosphorylation, dephosphorylation, glycosylation, acetylation,
sulfation, hydroxylation, carboxymethylation and prenylation
occur in vivo. Furthermore, it has been reported that the correlation
between mRNA and protein levels was not sufficient to predict protein
expression levels from mRNA information [1,2].

Proteomics analysis allows hundreds of proteins to be identified
and quantified with high speed and sensitivity, and also aids global
analyses of protein function, modifications, composition and dynamics.
The term proteome was first proposed to define the expressed protein
complement of a genome by Wilkins et al. in 1995 [3,4]. Proteomes
are presumed to include over 13 million different proteins across
all species and over two million different proteins in human [5,6].
Proteomics research has investigated the entire protein content of
various organisms; in other words, it is functional genomics at the level
of proteins. Proteomics-based approaches have used human plasma [7],
serum [8], urine [9], cerebrospinal fluid [10], nipple aspirate fluid [11],
ductal lavage [12], amniotic fluid [13], bile [14], lymph [15], breast milk
[16], mucus [17], pleural fluid [18], saliva [19], tears [20], and various
tissues and cells [21] as protein sources. Thus, the clinical application
of this approach (clinical proteomics) can be applied to identify
specific disease markers, biomarkers, drug and therapeutic targets.
Serum levels of alpha B-crystallin and tropomyosin were reported to be
significantly higher in cardiac allograft patients undergoing rejection
than in patients who remained free from rejection using a proteomic
approach [22]. Mancone et al. combined quantitative proteomics and
computational biology molecular to study the onset of liver steatosis
in patients with hepatitis C virus (HCV) infection; their findings may
provide a new therapeutic approach for HCV [23]. Alexander et al. [24]
suggested that the expression of alphal-acid glycoprotein and gross
cystic disease fluid protein-15 correlated with disease presence and
stage in breast cancer patients using proteome analysis [24].

This review article focuses on current proteomic approaches,
including their progress and limitations, and on actual trial data to
detect novel biomarkers in patients with Kawasaki disease using
proteomics.

Proteomic Methods

Proteomics makes feasible analyses of kinetic data such as expression
and localization of proteins, of post-translational modification such
as phosphorylation, and of protein-protein interactions. Recently,
mass spectrometry (MS)-based proteomics has become one of the
increasingly popular main stream techniques for disease-related
research such as for the elucidation of pathogenic mechanisms and
disease biomarkers. MS-based proteomics can be divided into two
main classifications: discovery approach and verification approach.
The discovery approach aims mainly to detect and identify biomarker

proteins and useful target proteins for the development of new therapies
and drugs, while the verification approach aims to assess the validity of
candidate biomarker proteins and target proteins in population-based
studies. However, it is very important that the candidate peptides or
proteins identified in the discovery approach are evaluated in enlarged
populations and samples, which should result in promising future
clinical applications.

Discovery and Verification Approaches

The combination of 2-dimensional electrophoresis (2-DE)
to separate the proteins in a sample and mass spectrometry (MS)
technologies to identify proteins has frequently been used for the
identification and quantification of proteins. In the medical field, this
technique has been used in clinical proteomics, making possible global
studies of significant differences between healthy and disease patients,
normal and diseased conditions in cells, tissues and organisms. Such
studies may result in novel biomarkers for diagnosis and disease
monitoring, and the development of new therapies and drugs. While
this approach has been successful so far, some issues such as the
solubility of surface hydrophobic protein, limited separation range,
and limited sensitivity for detection and separation of proteins.

Shotgun proteomics analysis does not use 2-DE but also allows
hundreds to thousands of proteins to be identified and quantified from
complex samples. This method typically uses high-throughput liquid
chromatography coupled with tandem mass spectrometry (LC-MS/
MS) analysis of proteins digested by enzymes such as trypsin [25-27].
Shotgun proteomics has a number of advantages: not using 2-DE;
analyses of basic proteins; analysis of high molecular weight proteins
(>120 kDa); and detection of low abundance proteins [28]. Dasari et
al. [29] developed Pepitome, a new spectral library search tool, for the
identification of peptides by comparing experimental MS/MS scans to
those in spectral libraries. This tool makes the automation of quality
analysis and quality control for shotgun proteomics data possible
[29]. Despite the advances such as high-throughput, high sensitivity
and precision, these methods have some disadvantages. Shotgun
proteomics is unsatisfactory for the global analysis of proteins and
their functions, because of the number and variety of proteins that
are estimated to be produced from the human genome. One reason
for this is the lack of accumulated information in protein and peptide
databases, for identification, functional and structural analysis. Thus,
there is still a need to continue to the development of valuable and
efficient tools for proteomics analysis.
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A variety of labeling approaches including protein labeling,
Isotope-Coded Affinity Tags (ICATSs) [30], Isobaric Tags for Relative
and Absolute Quantification (iTRAQ) [31,32], and Stable Isotope
Labeling by Amino Acids in Cell Culture (SILAC) [33,34] are valuable
techniques in proteomic analysis. Two-dimensional Difference Gel
Electrophoresis (2D-DIGE) methods such as the protein tagging-
induced approach were developed from conventional 2-DE analysis
by using fluorescent dyes such as Cy3 and Cy5 and this has improved
the sensitivity of detection and the reproducibility in MS-based
proteomics [35-37]. In addition, 2D-DIGE allows a third dye, Cy2, to
be used in multiple sample comparisons [38]. In 2D-DIGE, proteins
extracted from two or three samples are labeled directly with different
fluorescent dyes, and separated by 2-DE, which makes it possible to
visually assess the proteins, including identical protein from different
samples, on the same 2D gel. Thus, dynamic changes in protein levels
of total or individual proteins related to various states can be easily
identified, allowing a more sensitive and reproducible detection of
differences to be made. In addition, it has been reported that 2D-DIGE
makes the analysis of trace amounts of protein (0.5 fmol), and this
method is linear over 10,000-fold concentration range [39,40]. Despite
its many advantages, some problems remain to be solved; for example,
the solubility of surface hydrophobic proteins, labeling with amine-
reactive DIGE dyes, and the limited dynamic range [37]. In the ICAT
approach, biotinylated cysteine-containing peptides are selectively
isolated. This approach could also be used for the quantification
of differences in protein expression in cells and tissues by isotope
dilution techniques. In the ICAT approach, two samples are labeled
with different light and heavy ICAT reagents, mixed and degraded to
peptide fragments by enzymatic reactions [30]. ICAT-labeled peptides
are detected by avidin affinity chromatography and analyzed by MS and
MS/MS, which makes quantitative analysis and protein identification
by sequence information possible. However, ICAT reagents are specific
for cysteine residues and can only be used to analyze proteins that
contain a cysteine residue. In the SILAC approach, cell samples to be
compared are grown separately in media containing either the heavy or
light form of an essential amino acid. Although this approach is based
on the simple process of labeling, it has been shown to be a powerful
tool for quantitative proteomics. However, SILAC requires cells to be
active to allow for the incorporation of the stable isotope [39]. The
iTRAQ reagents can code the amino-termini and lysine residues of all
the peptides in digests of a proteome through acylation [41]. When
combined with an MS-based approach, iTRAQ labeling techniques
can be of great benefit, because not only is the sensitivity for protein
identification and quantitation enhanced but also post-translational
modification events can be investigated. Furthermore, the information
acquired from this approach is important for providing additional
statistical validation in MS-based proteomics.

In the verification approach followed by the discovery approach,
candidate proteins or peptides that are identified must be validated at
a large-scale. Recent developments in the verification approach have
led to a number of advances, not only in the quantitative, sensitive
and high-throughput assessment of protein abundance but also in
high reproducibility and wide dynamic range. Proteomic studies still
have limitations, such as the identification and determination of low
abundant proteins; however, powerful techniques to overcome some
of these limitations are becoming available. In this review, the focus
on the targeted proteomics approach based on multiple reaction
monitoring (MRM) (also called selected reaction monitoring (SRM))
[42-45]. The processes for peptide identification are not involved in
the MRM. The MRM method is a quantitative analysis approach using

triple quadrupole (QQQ) MS where the first and third quadrupoles
act as filters to select a particular peptide ion and a specific fragment
ion of the peptide, respectively. The combination of m/z setting
for the two quadrupoles is called “transition”. Thus, the MRM
method aims to detect specifically peptides of interest. Generally, by
using a combination of QQQ-based MRM and High-Performance
Liquid Chromatography (HPLC), quantitative detection with good
reproducibility is made possible. An advantage of the MRM method is
that the use of antigen-specific antibodies for detection is not required
and the determination of multiple proteins can be performed in one
run. However, a comprehensive quantitative analysis of proteins using
MRM method remains to be established. One reason for this is the lack
of prior information about the peptides required for MRM analysis,
including information about the selection of optimal MRM transitions
and the measurement of liquid chromatography retention times which
are essential to success of the analysis. Retention times can be obtained
from previous experiments or tools including the sequence-specific
retention calculator (SSRCalc) [46]. However, because the human
proteome contains a large number of proteins or protein products,
accumulation of further data from experiments and compiled databases
from the information is essential for the success of the MRM method.
Regarding the selection of optimal MRM transitions, the number
of transitions per peptide are limited (generally 3-8 transitions per
peptide [47]) and the best ones for obtaining a high sensitivity analysis
are selected. Selection could also depend on accumulating empirical
data, such as that from shotgun proteomics approach and from QQQ
apparatus.

Practical Method for Proteomics Analysis

Sample preparation

Major factors for successful proteomic analysis are to select
appropriate samples for the study and to store them under optimum
conditions. For instance, in studies that use cells or cell lines, the results
are definitely related to the origin of the cells, and their passage number
and culture environment. In particular, in clinical proteomics such as
biomarker discovery, caution must be exercised in sample preparation
as follows: (i) selection of an adequate source of samples such as injured
cells, tissues, organs and their sub-cellular localization; (ii) different
expression levels and kinds of proteins, even within one type of cell
or cell line; (iii) differences in the historical and genomic background,
such as ethnicity and/or diseased state, of the cells or cell lines that are
used; and (iv) protein structure variations under different physiological
conditions such as by endogenous enzyme activity. These factors at the
very least greatly affect reproducibility and sensitivity of proteomics
approaches. In addition, possible sample contamination needs to be
considered. To help circumvent some of these difficulties, the selection
and preservation of samples must be done carefully and monitored
using standardized protocols. In addition, validation of the approach
in several different cells or cell lines is required in advance.

Protein separation by 2-DE

Briefly, proteins are separated on the basis of charge (iso-electric
point) in the first dimension, and then on the basis of molecular mass
in the second dimension. As an example, a Coomassie brilliant blue-
stained 2-DE gel of Human Aortic Endothelial Cells (HAEC) extracts
is shown in figure 1. In the first dimension, Immobilized pH Gradient
(IPG) strips (pH 3-10) are frequently used to separate by Iso-Electric
Focusing (IEF). Wide, intermediate and narrow range IPGs are available
for both global and focused analyses in the first-dimension separation.
The advantage of this technique is simplicity, high reproducibility and
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Figure 1: Coomassie brilliant blue-stained 2-DE gel using human aortic
endothelial cell extracts. Proteins extracted from human aortic endothelial
cells (HAEC) were separated by 2-DE and visualized with Coomassie brilliant
blue staining.

stability. Typically, this approach can be used to detect more than 1000
protein spots in a gel by staining with silver. High molecular weight
(>150kDa) proteins, and strongly basic or hydrophobic proteins are
difficult to separate [48]. In addition, low abundant proteins or limited
protein load will result in a decreased number of identifications. To
address these problems, several techniques have been developed.
DeStreak rehydration solution transforms the protein thiol groups
into stable disulfides and protects the disulfide groups from unspecific
oxidation, which can help improve separation and streak between
spots in the pH range 7-9. The albumin removal kit can improve the
resolution of lower abundance proteins by allowing increased protein
loads on IPG gels; however, it may result in the loss of albumin-binding
proteins. Also, 2-DE using an agarose iso-electric focusing gel in the
first dimension (agarose 2-DE) has been reported [48] as a tool to
overcome these limitations and improve detection ability. Oh-ishi et
al. [48] demonstrated the advantages of the agarose 2-DE method such
as 10-fold increases in protein load compared with the 2-DE method
using IPGs. In addition, some protein spots with basic pH values or
high molecular mass proteins (>150kDa) could be detected or analyzed
only by using the agarose 2-DE method. However, the agarose 2-DE
method may suffer from low reproducibility because of technical
difficulties such as the preparation of agarose IEF gels.

Protein identification

Since the 1980s, MS for the analyses of proteins and peptides has
developed rapidly. MS plays a major role in protein identification
and Peptide Mass Fingerprinting (PMF). MS analysis can be used for
efficient identification, dynamics and detection of post-translational
modifications in proteins. In addition, this method is sensitive at
femtomole to attomole concentrations and is a powerful tool for high-
throughput analysis [49,50]. Therefore, the development of MS largely
contributed to the development of proteomic approaches. Different
methods for the ionization of proteins or peptides, such as Matrix-
Assisted Laser Desorption Ionization (MALDI) from solid state [51]
and Electrospray Ionization (ESI) from liquid state [52] are available.
The selection of the most appropriate MS method for identification or
analysis of samples is crucial because of their individual properties.
Various methods such as MALDI Time-of-Flight (TOF) MS using a
combination of TOF analyzer that distinguishes the molecules using
their arrival times at a detector, ESI using a quadrupole MS [53] and
ion trap MS [54] are being developed to overcome some of the main

problems of the proteomics approach. MALDI-TOF MS provides high-
throughput, high automation and good sensitivity, and allows various
types of samples such as serum, saliva, urine and cerebrospinal fluid to
be analyzed. Thus, the MALDI-TOF MS-based approach is at the core
of clinical proteomics aimed at identifying biomarkers; on the other
hand, the ESI-MS-based approach is a powerful tool for the analysis and
characterization of polypeptides in clinical proteomics [55]. Tandem
MS (MS/MS) has the advantage of using two-stage MS devices and is
particularly useful for the measurement of complex samples because of
increased ion information derived from target materials regardless of
differences in ionization or sample states. The MS/MS method has also
been reported to be able to identify cross-linked peptide candidates in
complexes rapidly and sensitively by using a combination of chemical
cross-linking and (18)O-labeling [56].

Data analysis

Bioinformatic tools are essential for identifying proteins based
on MS, MS/MS and other proteomic approaches, and are used in the
quantitative analysis of differential patterns of protein expression in
2-DE such as 2D-DIGE [57].

Accessible databases and database tools such as Mascot Search
[58], SEQUEST [59], X! Tandem [60], ExPASy [61] and Phenyx [62]
are frequently used. Mascot Search stores information on peptide mass
values from an enzymatic digest of a protein and sequence queries and
MS/MS ion searches can be used for identification based on raw MS/
MS data. SEQUEST is a software algorithm for the analysis of peptide
MS/MS spectra that can be used to determine the amino acid sequence,
the protein and organism that corresponds to the mass spectrum
being analyzed. X! Tandem is a search algorithm that can match MS/
MS spectra with peptide sequences that then can be used for protein
identification. ExXPASy is one of the main bioinformatics resources
for protein sequences and identification, protein characterization
and function, post-translational modification, protein structure and
protein-protein interaction. Phenyx software can also be used to
identify and characterize proteins and peptides from MS and MS/MS
data.

An Approach to Detect Novel Biomarkers Using Pro-
teomics

Kawasaki disease and anti-endothelial cell antibodies

Kawasaki disease (KD) is an acute vasculitis of unknown etiology
that mostly affects children younger than five years of age, and, in
particular, infants around one-year-old. It mainly affects small and
medium-size arteries, particularly coronary artery, and is characterized
by systemic inflammation and cardiovascular manifestations such as
coronary artery aneurysm formation and endothelial dysfunction.

Anti-endothelial cell antibodies (AECA) represent a heterogeneous
group of antibodies directed against a great variety of endothelial
cell (EC) surface antigens. AECA have been detected in various
diseases such as autoimmune, inflammatory, and infectious diseases.
Interestingly, it was reported that its prevalence is high, especially
in patients with systemic vasculitis and secondary vasculitis such as
rheumatoid arthritis and systemic lupus erythematosus complicating
vasculitis [63,64]. In KD, IgM- and IgG-AECA were detected in 42—
73% and 5-26% of the patients, respectively [65,66]. In addition, AECA
in patients with KD were reported to induce cytotoxicity to ECs, such
as complement-dependent cytotoxicity [65,66], enhanced expression
of adhesion molecules, and monocyte adhesion to human umbilical
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venous endothelial cells (HUVEC) [67,68]. Therefore, AECA are
considered to play pathological roles in vasculitis such as KD; however,
the detailed mechanisms remain unclear. One reason for this is a lack of
detailed study about individual auto-antigens for AECA. Thus, we used
proteomics techniques to comprehensively detect the auto-antigens for
AECA in patients with vasculitis.

Detection and Identification of the Target Antigens for
AECA

To understand the pathogenic roles of AECA in vasculitis, we
applied proteomic techniques to detected EC-specific antigens for
AECA by comparing the proteomes of HUVEC and HeLa cells (control
cells). The following protocol was used for the analysis: (i) Proteins was
extracted from HUVEC and HeLa cells. (ii) The extracted proteins were
separated by 2-DE on the basis of charge in the first dimension and
relative molecular weight in the second. (iii) After electrophoresis, one
gel was stained with Coomassie brilliant blue and the other gel was used
for transfer of the separated protein onto a nitrocellulose membrane
for Western Blot (WB) analysis (iv) In the WB analysis, protein spots
detected in the HUVEC sample but not in the HeLa samples were
selected as candidate EC-specific antigens for AECA. (v) The proteins
in the selected spots were identified by peptide mass fingerprinting (vi)
Their antigenicity was identified by WB using prepared recombinant
antigens. To confirm that the antibodies against the identified protein
bind to the cell surface of live HUVEC, indirect immunofluorescence
(ITF) was conducted (vii) The clinical importance of antibodies against
the identified protein was investigated by estimating the positive rate
of the antibodies in vasculitis by comparing the disease activity and
laboratory data between the antibody-positive and antibody-negative
patients with vasculitis.

Although target antigens for AECA were identified using this
approach, at least three problem have to be considered. First, the
EC antigens for AECA can include not only constitutive proteins on
the surface of the ECs but also proteins that have translocated to the
membrane surface by various stimulations (non-constitutive proteins).
In addition, the EC antigens for AECA can be modulated by cytokines
such as IL-6 and TNF-a, and by physical effects such as shear stress.
Considering the diversity of AECA antigens, it is not easy to investigate
whether or noteach of the AECA antigensisinvolved in the pathogenesis
of vasculitis. Second, even within HUVEC cells, the antigen expression
patterns will differ depending on the origin of the cells, their passage
numbers, and environmental factors such as hypoxia and pH. Third,
EC lines cannot represent the AECA antigens for all human EC types.
Furthermore, the prevalence of the AECA may differ depending on the
EC types; for example, granulomatosis with polyangiitis patients were
reported to exhibit AECA-binding to human nasal ECs (61%), human
kidney ECs (71%), HUVEC (7%) and human liver sinusoidal ECs (0%)
[69]. In our data obtained by one-dimensional electrophoresis (1DE)
and WB, different patterns of target antigens for AECA were observed
in different ECs such as HUVEC, HAEC and human coronary arterial
endothelial cells (HCAEC) (Figure 2). Thus a key to the success of this
method is to use appropriate EC lines based on consideration of the
injured vessel size and affected organs.

Kawasaki Disease and Peroxiredoxin2

We detected about 150 candidate target proteins for AECA using
differential 2-DE and WB. One of the more than 50 proteins identified
was peroxiredoxin2 (Prx2), an anti-oxidative enzyme. Oxidative
stress is known to cause inflammation such as vasculitis [70,71]. In

kDa

Human coronary
arterial ECs
(HCAEC)

Human aorticECs
(HAEC) =% 30

100
75
50
37

Human umbilical
vein ECs

(HUVEC) 25

KD KD
with CAL  without CAL

Control

Figure 2: Detection of AECA in KD with or without coronary artery lesions.
Proteins extracted from human coronary arterial endothelial cells (HCAEC),
human aortic endothelial cells (HAEC) and human umbilical cord vein
endothelial cells (HUVEC) were separated by sodium do-decyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Proteins reactive to serum
samples from KD patients with or without coronary artery lesions (CAL) and a
healthy control were detected by WB.

an animal model, it has been shown that the oxidation status of Prx
reflected oxidative stress in the vasculature and correlated to the extent
of lesion formation [72]. In mammalian cells, the Prx family consists of
at least six Prxs, including Prx2 which is the fastest regenerated protein
after oxidative stress in the family [73,74]. Prx itself is inactivated by
excessive oxidant production which may be involved in cell injury. We
have also shown that antibodies to Prx1 and Prx4 were found in patients
with autoimmune diseases such as systemic lupus erythematosus and
rheumatoid arthritis [75].

In our data, IgG antibodies to Prx2 were detected in 60% of untreated
patients with KD, whereas no IgG antibodies were detected in healthy
individuals [76]. In addition, all of the three patients who subsequently
developed coronary artery lesions (CAL) had IgG antibodies to Prx2.
IgG antibodies to Prx2 are specific for KD patients as compared to
IgM- and IgA antibodies to Prx2. In immunocytochemistry, antibodies
to Prx2 were found to bind to the cell surface of unfixed ECs, and
Prx2 was detected in various types of vascular ECs by WB using
cell lysates. Functionally, the anti-Prx2 antibodies also significantly
increased various inflammatory cytokine secretions; in particular,
IL-6 in HUVEC, G-CSF in HCAEC, and MCP-1 in HAEC. Anti-Prx2
antibodies induced increased expression of adhesion molecule such as
E-selection and ICAM-1. Interestingly, addition of anti-Prx2 antibodies
to ECs resulted in increased concentrations of H,O, in cell lysates
from the ECs. Clinically, compared to the samples before intravenous
immunoglobulin therapy, post-treatment samples had low ratios of
anti-Prx2 IgG antibody titers per serum IgG levels in the tested KD
patients. Fujieda et al. [69] reported that the duration of fever >37.5°C
was significantly longer in the anti-Prx2 positive group than in the
anti-Prx2 negative group [69]. Furthermore, urinary concentrations
of 8-iso-prostaglandin F2alpha, an index of oxidative stress in urine,
significantly correlated with anti-Prx2 antibody titers. Thus, anti-Prx2
antibodies may cause vascular dysfunction by inducing expression of
endothelial adhesion molecules, inflammatory cytokine production
and/or inhibition of anti-oxidative activity of Prx2 by binding to Prx2
on ECs.
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Conclusions and Perspectives

Proteomic approaches provide a great deal of information about
individual proteins, post-translational modification, protein function
and protein-protein interactions. Further analysis of proteomics data
is served by computerized databases that store this accumulating
information. One of the most important factors for achieving the
maximum performance of proteomics is the development of statistics
and bioinformatics tools that can be used to mine and analyze important
information from the large amounts of available data, including the
protein and nucleotide sequence databases.

Recent advances in ‘omics’ technologies including genomics,
transcriptomics and proteomics have helped to understand molecular
mechanisms at the DNA, mRNA and protein levels. These combined
approaches are required to understand disease pathogenesis and to
identify disease biomarkers and important targets for new therapy
or drugs, because the pathogenic mechanisms of disease can involve
abnormalities at several levels, such as DNA and/or protein.

We attempted to identify target proteins for AECAs and to clarify
the pathogenic roles of AECAs in KD using a proteomic approach.
We demonstrated that Prx2, one of the identified proteins, was a novel
autoantigen for AECA and IgG antibody to Prx2 which might be a
useful biomarker for KD. The results demonstrated that the proteomic
approach was a powerful tool for identifying target proteins for
AECA. As a next step toward understanding the role of Prx2 in KD,
this candidate biomarker should be validated precisely in large-scale
studies.

References

1. Gygi SP, Rochon Y, Franza BR, Aebersold R (1999) Correlation between
protein and mRNA abundance in yeast. Mol Cell Biol 19: 1720-1730.

2. Anderson L, Seilhamer J (1997) A comparison of selected mRNA and protein
abundances in human liver. Electrophoresis 18: 533-537.

3. Wasinger VC, Cordwell SJ, Cerpa-Poljak A, Yan JX, Gooley AA, et al. (1995)
Progress with gene-product mapping of the Mollicutes: Mycoplasma genitalium.
Electrophoresis 16: 1090-1094.

4. Wilkins MR, Sanchez JC, Gooley AA, Appel RD, Humphery-Smith I, et al.
(1996) Progress with proteome projects: why all proteins expressed by a
genome should be identified and how to do it. Biotechnol Genet Eng Rev 13:
19-50.

5. Pruitt KD, Tatusova T, Brown GR, Maglott DR (2012) NCBI Reference
Sequences (RefSeq): current status, new features and genome annotation
policy. Nucleic Acids Res 40: D130-135.

6. Baker ES, Liu T, Petyuk VA, Burnum-Johnson KE, Ibrahim YM, et al.
(2012) Mass spectrometry for translational proteomics: progress and clinical
implications. Genome 4: 63.

7. Chang JT, Chen LC, Wei SY, Chen YJ, Wang HM, et al. (2006) Increase
diagnostic efficacy by combined use of fingerprint markers in mass
spectrometry--plasma peptidomes from nasopharyngeal cancer patients for
example. Clin Biochem 39: 1144-1151.

8. Aresta A, Calvano CD, Palmisano F, Zambonin CG, Monaco A, et al. (2008)
Impact of sample preparation in peptide/protein profiling in human serum by
MALDI-TOF mass spectrometry. J Pharm Biomed Anal 46: 157-164.

9. Fiedler GM, Baumann S, Leichtle A, Oltmann A, Kase J, et al. (2007)
Standardized peptidome profiling of human urine by magnetic bead
separation and matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry. Clin Chem 53: 421-428.

10. Dekker LJ, Boogerd W, Stockhammer G, Dalebout JC, Siccama |, et al. (2005)
MALDI-TOF mass spectrometry analysis of cerebrospinal fluid tryptic peptide
profiles to diagnose leptomeningeal metastases in patients with breast cancer.
Mol Cell Proteomics 4: 1341-1349.

11. Alexander H, Stegner AL, Wagner-Mann C, Du Bois GC, Alexander S, et

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

al. (2004) Proteomic analysis to identify breast cancer biomarkers in nipple
aspirate fluid. Clin Cancer Res 10: 7500-7510.

. Laronga C, Drake RR (2007) Proteomic approach to breast cancer. Cancer

Control 14: 360-368.

. Buhimschi IA (2012) Using SELDI-TOF mass spectrometry on amniotic fluid

and for clinical proteomics and theranostics in disorders of pregnancy. Methods
Mol Biol 818: 171-197.

. Barbhuiya MA, Sahasrabuddhe NA, Pinto SM, Muthusamy B, Singh TD, et

al. (2011) Comprehensive proteomic analysis of human bile. Proteomics 11:
4443-4453.

. Oveland E, Karlsen TV, Haslene-Hox H, Semaeva E, Janaczyk B, et al. (2012)

Proteomic Evaluation of Inflammatory Proteins in Rat Spleen Interstitial Fluid
and Lymph during LPS-Induced Systemic Inflammation Reveals Increased
Levels of ADAMST1. J Proteome Res 11: 5338-5349.

. Picariello G, Ferranti P, Mamone G, Klouckova I, Mechref Y, et al. (2012) Gel-

free shotgun proteomic analysis of human milk. J Chromatogr A 1227: 219-233.

.Corcos O, Couvelard A, Dargére D, Sauvanet A, Hammel P, et al. (2012)

Proteomic assessment of markers for malignancy in the mucus of intraductal
papillary mucinous neoplasms of the pancreas. Pancreas 41: 169-174.

. Pernemalm M, De Petris L, Eriksson H, Brandén E, Koyi H, et al. (2009) Use

of narrow-range peptide IEF to improve detection of lung adenocarcinoma
markers in plasma and pleural effusion. Proteomics 9: 3414-3424.

. Jagtap P, McGowan T, Bandhakavi S, Tu ZJ, Seymour S, et al. (2012) Deep

metaproteomic analysis of human salivary supernatant. Proteomics 12: 992-
1001.

Matheis N, Okrojek R, Grus FH, Kahaly GJ (2012) Proteomics of tear fluid in
thyroid-associated orbitopathy. Thyroid 22: 1039-1045.

Ichibangase T, Imai K (2012) FD-LC-MS/MS method for determining protein
expression and elucidating biochemical events in tissues and cells. Biol Pharm
Bull 35: 1393-1400.

Borozdenkova S, Westbrook JA, Patel V, Wait R, Bolad I, et al. (2004) Use of
proteomics to discover novel markers of cardiac allograft rejection. J Proteome
Res 3: 282-288.

Mancone C, Montaldo C, Santangelo L, Di Giacomo C, Costa V, et al. (2012)
Ferritin heavy chain is the host factor responsible for HCV-induced inhibition
of apoB-100 production and is required for efficient viral infection. J Proteome
Res 11: 2786-2797.

Alexander H, Stegner AL, Wagner-Mann C, Du Bois GC, Alexander S, et
al. (2004) Proteomic analysis to identify breast cancer biomarkers in nipple
aspirate fluid. Clin Cancer Res 10: 7500-7510.

Foster LJ, de Hoog CL, Zhang Y, Zhang Y, Xie X, et al. (2006) A mammalian
organelle map by protein correlation profiling. Cell 125: 187-199.

Kislinger T, Cox B, Kannan A, Chung C, Hu P, et al. (2006) Global survey of
organ and organelle protein expression in mouse: combined proteomic and
transcriptomic profiling. Cell 125: 173-186.

Link AJ, Eng J, Schieltz DM, Carmack E, Mize GJ, et al. (1999) Direct analysis
of protein complexes using mass spectrometry. Nat Biotechnol 17: 676-682.

Washburn MP, Wolters D, Yates JR 3 (2001) Large-scale analysis of the yeast
proteome by multidimensional protein identification technology. Nat Biotechnol
19: 242-247.

Dasari S, Chambers MC, Martinez MA, Carpenter KL, Ham AJ, et al. (2012)
Pepitome: evaluating improved spectral library search for identification
complementarity and quality assessment. J Proteome Res 11: 1686-1695.

Gygi SP, Rist B, Gerber SA, Turecek F, Gelb MH, et al. (1999) Quantitative
analysis of complex protein mixtures using isotope-coded affinity tags. Nat
Biotechnol 17: 994-999.

Ross PL, Huang YN, Marchese JN, Williamson B, Parker K, et al. (2004)
Multiplexed protein quantitation in Saccharomyces cerevisiae using amine-
reactive isobaric tagging reagents. Mol Cell Proteomics 3: 1154-1169.

Zieske LR (2006) A perspective on the use of iTRAQ reagent technology for
protein complex and profiling studies. J Exp Bot 57: 1501-1508.

Goshe MB, Smith RD (2003) Stable isotope-coded proteomic mass
spectrometry. Curr Opin Biotechnol 14:101-109.

J Data Mining Genomics Proteomics

Algorithm Evaluation and Validation in Proteomics

ISSN:2153-0602 JDMGP an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/10022859
http://www.ncbi.nlm.nih.gov/pubmed/10022859
http://www.ncbi.nlm.nih.gov/pubmed/9150937
http://www.ncbi.nlm.nih.gov/pubmed/9150937
http://www.ncbi.nlm.nih.gov/pubmed/7498152
http://www.ncbi.nlm.nih.gov/pubmed/7498152
http://www.ncbi.nlm.nih.gov/pubmed/7498152
http://www.ncbi.nlm.nih.gov/pubmed/8948108
http://www.ncbi.nlm.nih.gov/pubmed/8948108
http://www.ncbi.nlm.nih.gov/pubmed/8948108
http://www.ncbi.nlm.nih.gov/pubmed/8948108
http://www.ncbi.nlm.nih.gov/pubmed/22121212
http://www.ncbi.nlm.nih.gov/pubmed/22121212
http://www.ncbi.nlm.nih.gov/pubmed/22121212
http://www.ncbi.nlm.nih.gov/pubmed/22943415
http://www.ncbi.nlm.nih.gov/pubmed/22943415
http://www.ncbi.nlm.nih.gov/pubmed/22943415
http://www.ncbi.nlm.nih.gov/pubmed/17014837
http://www.ncbi.nlm.nih.gov/pubmed/17014837
http://www.ncbi.nlm.nih.gov/pubmed/17014837
http://www.ncbi.nlm.nih.gov/pubmed/17014837
http://www.ncbi.nlm.nih.gov/pubmed/18035512
http://www.ncbi.nlm.nih.gov/pubmed/18035512
http://www.ncbi.nlm.nih.gov/pubmed/18035512
http://www.ncbi.nlm.nih.gov/pubmed/17272489
http://www.ncbi.nlm.nih.gov/pubmed/17272489
http://www.ncbi.nlm.nih.gov/pubmed/17272489
http://www.ncbi.nlm.nih.gov/pubmed/17272489
http://www.ncbi.nlm.nih.gov/pubmed/15970584
http://www.ncbi.nlm.nih.gov/pubmed/15970584
http://www.ncbi.nlm.nih.gov/pubmed/15970584
http://www.ncbi.nlm.nih.gov/pubmed/15970584
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/17914336
http://www.ncbi.nlm.nih.gov/pubmed/17914336
http://www.ncbi.nlm.nih.gov/pubmed/22083824
http://www.ncbi.nlm.nih.gov/pubmed/22083824
http://www.ncbi.nlm.nih.gov/pubmed/22083824
http://www.ncbi.nlm.nih.gov/pubmed/22114102
http://www.ncbi.nlm.nih.gov/pubmed/22114102
http://www.ncbi.nlm.nih.gov/pubmed/22114102
http://www.ncbi.nlm.nih.gov/pubmed/23025351
http://www.ncbi.nlm.nih.gov/pubmed/23025351
http://www.ncbi.nlm.nih.gov/pubmed/23025351
http://www.ncbi.nlm.nih.gov/pubmed/23025351
http://www.ncbi.nlm.nih.gov/pubmed/22277183
http://www.ncbi.nlm.nih.gov/pubmed/22277183
http://www.ncbi.nlm.nih.gov/pubmed/22076567
http://www.ncbi.nlm.nih.gov/pubmed/22076567
http://www.ncbi.nlm.nih.gov/pubmed/22076567
http://www.ncbi.nlm.nih.gov/pubmed/19609957
http://www.ncbi.nlm.nih.gov/pubmed/19609957
http://www.ncbi.nlm.nih.gov/pubmed/19609957
http://www.ncbi.nlm.nih.gov/pubmed/22522805
http://www.ncbi.nlm.nih.gov/pubmed/22522805
http://www.ncbi.nlm.nih.gov/pubmed/22522805
http://www.ncbi.nlm.nih.gov/pubmed/22873942
http://www.ncbi.nlm.nih.gov/pubmed/22873942
http://www.ncbi.nlm.nih.gov/pubmed/22975486
http://www.ncbi.nlm.nih.gov/pubmed/22975486
http://www.ncbi.nlm.nih.gov/pubmed/22975486
http://www.ncbi.nlm.nih.gov/pubmed/15113105
http://www.ncbi.nlm.nih.gov/pubmed/15113105
http://www.ncbi.nlm.nih.gov/pubmed/15113105
http://www.ncbi.nlm.nih.gov/pubmed/22443280
http://www.ncbi.nlm.nih.gov/pubmed/22443280
http://www.ncbi.nlm.nih.gov/pubmed/22443280
http://www.ncbi.nlm.nih.gov/pubmed/22443280
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/15569980
http://www.ncbi.nlm.nih.gov/pubmed/16615899
http://www.ncbi.nlm.nih.gov/pubmed/16615899
http://www.ncbi.nlm.nih.gov/pubmed/16615898
http://www.ncbi.nlm.nih.gov/pubmed/16615898
http://www.ncbi.nlm.nih.gov/pubmed/16615898
http://www.ncbi.nlm.nih.gov/pubmed/10404161
http://www.ncbi.nlm.nih.gov/pubmed/10404161
http://www.ncbi.nlm.nih.gov/pubmed/11231557
http://www.ncbi.nlm.nih.gov/pubmed/11231557
http://www.ncbi.nlm.nih.gov/pubmed/11231557
http://www.ncbi.nlm.nih.gov/pubmed/22217208
http://www.ncbi.nlm.nih.gov/pubmed/22217208
http://www.ncbi.nlm.nih.gov/pubmed/22217208
http://www.ncbi.nlm.nih.gov/pubmed/10504701
http://www.ncbi.nlm.nih.gov/pubmed/10504701
http://www.ncbi.nlm.nih.gov/pubmed/10504701
http://www.ncbi.nlm.nih.gov/pubmed/15385600
http://www.ncbi.nlm.nih.gov/pubmed/15385600
http://www.ncbi.nlm.nih.gov/pubmed/15385600
http://www.ncbi.nlm.nih.gov/pubmed/16574745
http://www.ncbi.nlm.nih.gov/pubmed/16574745
http://www.ncbi.nlm.nih.gov/pubmed/12566009
http://www.ncbi.nlm.nih.gov/pubmed/12566009

Citation: Karasawa R (2012) Progress and Clinical Applications in Proteomics. J Data Mining Genomics Proteomics S1: 001. doi:10.4172/2153-0602.

S$1-001

Page 6 of 6

34.

Geiger T, Cox J, Ostasiewicz P, Wisniewski JR, Mann M (2010) Super-SILAC
mix for quantitative proteomics of human tumor tissue. Nat Methods 7: 383-
385.

57.

b5 by mass spectrometry and site-directed mutagenesis. J Biol Chem 281:
20404-20417.

Dowsey AW, Dunn MJ, Yang GZ (2003) The role of bioinformatics in two-

35. Friedman DB, Hill S, Keller JW, Merchant NB, Levy SE, et al. (2004) dimensional gel electrophoresis. Proteomics 3: 1567-1596.

Proteome analysis of human colon cancer by two-dimensional difference gel . . » .
electrophoresis and mass spectrometry. Proteomics 4: 793-811. 58. 'Perklln.s DN, Pappin DJ,.Creasy DM, Cottrell JS (1999) Probability-based protein
identification by searching sequence databases using mass spectrometry data.

36. Yan JX, Devenish AT, Wait R, Stone T, Lewis S, et al. (2002) Fluorescence Electrophoresis 20: 3551-3567.
two-dimensional difference gel electrophoresis and mass spectrometry based .
proteomic analysis of Escherichia coli. Proteomics 2: 1682-1698. 59. Yates JR 3rd, Eng JK, MCCOW?CK AL, _SCh'e"Z D _(1995). Method to cor_relate

tandem mass spectra of modified peptides to amino acid sequences in the

37.Viswanathan S, Unli M, Minden JS (2006) Two-dimensional difference gel protein database. Anal Chem 67: 1426-1436.
electrophoresis. Nat Protoc 1: 1351-1358. . . . . L

60. Fenyd D, Beavis RC (2003) A method for assessing the statistical significance

38. Tonge R, Shaw J, Middleton B, Rowlinson R, Rayner S, et al. (2001) of mass spectrometry-based protein identifications using general scoring
Validation and development of fluorescence two-dimensional differential gel schemes. Anal Chem 75: 768-774.
electrophoresis proteomics technology. Proteomics 3: 377-396. . X .

61. Artimo P, Jonnalagedda M, Arnold K, Baratin D, Csardi G, et al. (2012) ExPASy:

39. Unli M, Morgan ME, Minden JS (1997) Difference gel electrophoresis: a single SIB bioinformatics resource portal. Nucleic Acids Res 40: 597-603.
gel method for detecting changes in protein extracts. Electrophoresis 18: 2071- . .

2077. 62. Dagda RK, Sultana T, Lyons-Weiler J (2010) Evaluation of the Consensus of
Four Peptide Identification Algorithms for Tandem Mass Spectrometry Based

40. Gong L, Puri M, Unli M, Young M, Robertson K, et al. (2004) Drosophila ventral Proteomics. J Proteomics Bioinform 3: 39-47.

furrow morphogenesis: a proteomic analysis. Development 131: 643-656. . .
63. Heurkens AH, Hiemstra PS, Lafeber GJ, Daha MR, Breedveld FC (1989) Anti-

41. Julka S, Regnier FE (2005) Recent advancements in differential proteomics endothelial cell antibodies in patients with rheumatoid arthritis complicated by
based on stable isotope coding. Brief Funct Genomic Proteomic 4: 158-177. vasculitis. Clin Exp Immunol 78: 7-12.

42. Kamiie J, Ohtsuki S, Iwase R, Ohmine K, Katsukura Y, et al. (2008) Quantitative 64. Navarro M, Cervera R, Font J, Reverter JC, Monteagudo J, et al. (1997) Escolar
atlas of membrane transporter proteins: development and application of a G, Lopez-Soto A, Ordinas A, Ingelmo M. Anti-endothelial cell antibodies in
highly sensitive simultaneous LC/MS/MS method combined with novel in-silico systemic autoimmune diseases: prevalence and clinical significance. Lupus 6:
peptide selection criteria. Pharm Res 25: 1469-1483. 521-526.

43. Lange V, Picotti P, Domon B, Aebersold R (2008) Selected reaction monitoring 65. Kaneko K, Savage CO, Pottinger BE, Shah V, Pearson JD, et al. (1994)
for quantitative proteomics: a tutorial. Mol Syst Biol 4:222 Antiendothelial cell antibodies can be cytotoxic to endothelial cells without

L . cytokine pre-stimulation and correlate with ELISA antibody measurement in

44. Picotti .P’ Bodenmiller B, Muelller LN, Dom.o.n B, Aebersold R (20(?9) Full Kawasaki disease. Clin Exp Immunol 98: 264-269.
dynamic range proteome analysis of S. cerevisiae by targeted proteomics. Cell
138: 795-806. 66. Fujieda M, Oishi N, Kurashige T (1997) Antibodies to endothelial cells in

o . . Kawasaki disease lyse endothelial cells without cytokine pretreatment. Clin Exp

45. Picotti P, Rinner O, Stallmach R, Dautel F, Farrah T, et al. (2010) High- Immunol 107: 120-126.
throughput generation of selected reaction-monitoring assays for proteins and
proteomes. Nat Methods 7: 43-46. 67. Grunebaum E, Blank M, Cohen S, Afek A, Kopolovic J, et al. (2002) The role

. . . . L . of anti-endothelial cell antibodies in Kawasaki disease - in vitro and in vivo

46. Krokhin OV, Spicer V (2010) Predicting peptide retention times for proteomics. studies. Clin Exp Immunol 130: 233-240.

Curr Protoc Bioinformatics.
. 68. Fujieda M, Karasawa R, Takasugi H, Yamamoto M, Kataoka K, et al. (2012)

47. Walther TC, Mann M (2010) Mass spectrometry-based proteomics in cell A novel anti-peroxiredoxin autoantibody in patients with Kawasaki disease.
biology. J Cell Biol 190: 491-500. Microbiol Immunol 56: 56-61.

48.0h-Ishi M, Satoh M, Maeda T (2000) Preparative two-dimensional gel 69. Holmén C, Christensson M, Pettersson E, Bratt J, Stjarne P, et al. (2004)
electrophoresis with agarose gels in the first dimension for high molecular mass Wegener's granulomatosis is associated with organ-specific antiendothelial cell
proteins. Electrophoresis 21:1653-1669. antibodies. Kidney Int 66: 1049-1060.

49. McGregor E, Dunn MJ (2006) Proteomics of the heart: unraveling disease. Circ 70. Tervaert JW (2009) Translational mini-review series on immunology of vascular
Res 98: 309-321. disease: accelerated atherosclerosis in vasculitis. Clin Exp Immunol 156: 377-

50. Banks RE, Dunn MJ, Hochstrasser DF, Sanchez JC, Blackstock W, et al. 385.

(2000) Proteomics: new perspectives, new biomedical opportunities. Lancet 71.Bashir S, Harris G, Denman MA, Blake DR, Winyard PG (1993) Oxidative
18: 1749-1756. DNA damage and cellular sensitivity to oxidative stress in human autoimmune

51.Karas M, Hillenkamp F (1988) Laser desorption ionization of proteins with diseases. Ann Rheum Dis 52: 659-666.
molecular masses exceeding 10,000 daltons. Anal Chem 60: 2299-2301. 72. Mayr M, Chung YL, Mayr U, Yin X, Ly L etal. (2005) Proteomic and metabolomic

52. Fenn JB, Mann M, Meng CK, Wong SF, Whitehouse CM (1989) Electrospray analyses of latheroslclerotic v_essels_ fro_m apolipoprotein E-deficient mice
ionization for mass spectrometry of large biomolecules. Science 246: 64-71. revee:ll alterations in |nf|ammat|on, oxidative stress, and energy metabolism.

Arterioscler Thromb Vasc Biol 25: 2135-2142.

53. Krahmer MT, Johnson YA, Walters JJ, Fox KF, Fox A, et al. (1999) Electrospray . . X .
quadrupole mass spectrometry analysis of model oligonucleotides and 73. Wood ZA, Schroder E, lRobln_Harrls J, Poqle LB (20Q3) Structure, mechanism
polymerase chain reaction products: determination of base substitutions, and regulation of peroxiredoxins. Trends Biochem Sci 28: 32-40.
nucleotide additions/deletions, and chemical modifications. Anal Chem 71: 74. Chevallet M, Wagner E, Luche S, van Dorsselaer A, Leize-Wagner E, et al.
2893-2900. (2003) Regeneration of peroxiredoxins during recovery after oxidative stress:

54. Ivanov AR, Zang L, Karger BL (2003) Low-attomole electrospray ionization MS only some overoxidized peroxiredoxins can be reduced during recovery after
and MS/MS analysis of protein tryptic digests using 20-microm-i.d. polystyrene- oxidative stress. J Biol Chem 278: 37146-37153.
divinylbenzene monolithic capillary columns. Anal Chem 75: 5306-5316. 75. Karasawa R, Ozaki S, Nishioka K, Kato T (2005) Autoantibodies to peroxiredoxin

55. Palmblad M, Tiss A, Cramer R (2009) Mass spectrometry in clinical proteomics I and IV in patients with systemic autoimmune diseases. Microbiol Immunol
- from the present to the future. Proteomics Clin Appl 3: 6-17. 49:57-65.

56.Gao Q, Doneanu CE, Shaffer SA, Adman ET, Goodlett DR, et al. (2006) 76. Karasawa R, Fujieda M, Yudoh K (20'10) Detectior_1 qf specific markers_: our
Identification of the interactions between cytochrome P450 2E1 and cytochrome research on the marker in patients with Kawasaki diseases. Nihon Rinsho

Meneki Gakkai Kaishi 33: 207-213.
J Data Mining Genomics Proteomics Algorithm Evaluation and Validation in Proteomics ISSN:2153-0602 JDMGP an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/20364148
http://www.ncbi.nlm.nih.gov/pubmed/20364148
http://www.ncbi.nlm.nih.gov/pubmed/20364148
http://www.ncbi.nlm.nih.gov/pubmed/14997500
http://www.ncbi.nlm.nih.gov/pubmed/14997500
http://www.ncbi.nlm.nih.gov/pubmed/14997500
http://www.ncbi.nlm.nih.gov/pubmed/12469338
http://www.ncbi.nlm.nih.gov/pubmed/12469338
http://www.ncbi.nlm.nih.gov/pubmed/12469338
http://www.ncbi.nlm.nih.gov/pubmed/17406422
http://www.ncbi.nlm.nih.gov/pubmed/17406422
http://www.ncbi.nlm.nih.gov/pubmed/11680884
http://www.ncbi.nlm.nih.gov/pubmed/11680884
http://www.ncbi.nlm.nih.gov/pubmed/11680884
http://www.ncbi.nlm.nih.gov/pubmed/9420172
http://www.ncbi.nlm.nih.gov/pubmed/9420172
http://www.ncbi.nlm.nih.gov/pubmed/9420172
http://www.ncbi.nlm.nih.gov/pubmed/14711877
http://www.ncbi.nlm.nih.gov/pubmed/14711877
http://www.ncbi.nlm.nih.gov/pubmed/16102271
http://www.ncbi.nlm.nih.gov/pubmed/16102271
http://www.ncbi.nlm.nih.gov/pubmed/18219561
http://www.ncbi.nlm.nih.gov/pubmed/18219561
http://www.ncbi.nlm.nih.gov/pubmed/18219561
http://www.ncbi.nlm.nih.gov/pubmed/18219561
http://www.ncbi.nlm.nih.gov/pubmed/18854821
http://www.ncbi.nlm.nih.gov/pubmed/18854821
http://www.ncbi.nlm.nih.gov/pubmed/19664813
http://www.ncbi.nlm.nih.gov/pubmed/19664813
http://www.ncbi.nlm.nih.gov/pubmed/19664813
http://www.ncbi.nlm.nih.gov/pubmed/19966807
http://www.ncbi.nlm.nih.gov/pubmed/19966807
http://www.ncbi.nlm.nih.gov/pubmed/19966807
http://www.ncbi.nlm.nih.gov/pubmed/20836075
http://www.ncbi.nlm.nih.gov/pubmed/20836075
http://www.ncbi.nlm.nih.gov/pubmed/20733050
http://www.ncbi.nlm.nih.gov/pubmed/20733050
http://www.ncbi.nlm.nih.gov/pubmed/10870952
http://www.ncbi.nlm.nih.gov/pubmed/10870952
http://www.ncbi.nlm.nih.gov/pubmed/10870952
http://www.ncbi.nlm.nih.gov/pubmed/16484627
http://www.ncbi.nlm.nih.gov/pubmed/16484627
http://www.ncbi.nlm.nih.gov/pubmed/11095271
http://www.ncbi.nlm.nih.gov/pubmed/11095271
http://www.ncbi.nlm.nih.gov/pubmed/11095271
http://www.ncbi.nlm.nih.gov/pubmed/3239801
http://www.ncbi.nlm.nih.gov/pubmed/3239801
http://www.ncbi.nlm.nih.gov/pubmed/2675315
http://www.ncbi.nlm.nih.gov/pubmed/2675315
http://www.ncbi.nlm.nih.gov/pubmed/10424176
http://www.ncbi.nlm.nih.gov/pubmed/10424176
http://www.ncbi.nlm.nih.gov/pubmed/10424176
http://www.ncbi.nlm.nih.gov/pubmed/10424176
http://www.ncbi.nlm.nih.gov/pubmed/10424176
http://www.ncbi.nlm.nih.gov/pubmed/14710807
http://www.ncbi.nlm.nih.gov/pubmed/14710807
http://www.ncbi.nlm.nih.gov/pubmed/14710807
http://www.ncbi.nlm.nih.gov/pubmed/21136932
http://www.ncbi.nlm.nih.gov/pubmed/21136932
http://www.ncbi.nlm.nih.gov/pubmed/16679316
http://www.ncbi.nlm.nih.gov/pubmed/16679316
http://www.ncbi.nlm.nih.gov/pubmed/16679316
http://www.ncbi.nlm.nih.gov/pubmed/16679316
http://www.ncbi.nlm.nih.gov/pubmed/12923783
http://www.ncbi.nlm.nih.gov/pubmed/12923783
http://www.ncbi.nlm.nih.gov/pubmed/10612281
http://www.ncbi.nlm.nih.gov/pubmed/10612281
http://www.ncbi.nlm.nih.gov/pubmed/10612281
http://www.ncbi.nlm.nih.gov/pubmed/7741214
http://www.ncbi.nlm.nih.gov/pubmed/7741214
http://www.ncbi.nlm.nih.gov/pubmed/7741214
http://www.ncbi.nlm.nih.gov/pubmed/12622365
http://www.ncbi.nlm.nih.gov/pubmed/12622365
http://www.ncbi.nlm.nih.gov/pubmed/12622365
http://www.ncbi.nlm.nih.gov/pubmed/22661580
http://www.ncbi.nlm.nih.gov/pubmed/22661580
http://www.ncbi.nlm.nih.gov/pubmed/20589240
http://www.ncbi.nlm.nih.gov/pubmed/20589240
http://www.ncbi.nlm.nih.gov/pubmed/20589240
http://www.ncbi.nlm.nih.gov/pubmed/2805426
http://www.ncbi.nlm.nih.gov/pubmed/2805426
http://www.ncbi.nlm.nih.gov/pubmed/2805426
http://www.ncbi.nlm.nih.gov/pubmed/9256310
http://www.ncbi.nlm.nih.gov/pubmed/9256310
http://www.ncbi.nlm.nih.gov/pubmed/9256310
http://www.ncbi.nlm.nih.gov/pubmed/9256310
http://www.ncbi.nlm.nih.gov/pubmed/7955532
http://www.ncbi.nlm.nih.gov/pubmed/7955532
http://www.ncbi.nlm.nih.gov/pubmed/7955532
http://www.ncbi.nlm.nih.gov/pubmed/7955532
http://www.ncbi.nlm.nih.gov/pubmed/9010266
http://www.ncbi.nlm.nih.gov/pubmed/9010266
http://www.ncbi.nlm.nih.gov/pubmed/9010266
http://www.ncbi.nlm.nih.gov/pubmed/12390310
http://www.ncbi.nlm.nih.gov/pubmed/12390310
http://www.ncbi.nlm.nih.gov/pubmed/12390310
http://www.ncbi.nlm.nih.gov/pubmed/22003971
http://www.ncbi.nlm.nih.gov/pubmed/22003971
http://www.ncbi.nlm.nih.gov/pubmed/22003971
http://www.ncbi.nlm.nih.gov/pubmed/15327398
http://www.ncbi.nlm.nih.gov/pubmed/15327398
http://www.ncbi.nlm.nih.gov/pubmed/15327398
http://www.ncbi.nlm.nih.gov/pubmed/19309350
http://www.ncbi.nlm.nih.gov/pubmed/19309350
http://www.ncbi.nlm.nih.gov/pubmed/19309350
http://www.ncbi.nlm.nih.gov/pubmed/8239761
http://www.ncbi.nlm.nih.gov/pubmed/8239761
http://www.ncbi.nlm.nih.gov/pubmed/8239761
http://www.ncbi.nlm.nih.gov/pubmed/16123314
http://www.ncbi.nlm.nih.gov/pubmed/16123314
http://www.ncbi.nlm.nih.gov/pubmed/16123314
http://www.ncbi.nlm.nih.gov/pubmed/16123314
http://www.ncbi.nlm.nih.gov/pubmed/12517450
http://www.ncbi.nlm.nih.gov/pubmed/12517450
http://www.ncbi.nlm.nih.gov/pubmed/12853451
http://www.ncbi.nlm.nih.gov/pubmed/12853451
http://www.ncbi.nlm.nih.gov/pubmed/12853451
http://www.ncbi.nlm.nih.gov/pubmed/12853451
http://www.ncbi.nlm.nih.gov/pubmed/15665454
http://www.ncbi.nlm.nih.gov/pubmed/15665454
http://www.ncbi.nlm.nih.gov/pubmed/15665454
http://www.ncbi.nlm.nih.gov/pubmed/20818149
http://www.ncbi.nlm.nih.gov/pubmed/20818149
http://www.ncbi.nlm.nih.gov/pubmed/20818149

	Title
	Corresponding author
	Introduction 
	Proteomic Methods 
	Discovery and Verification Approaches 
	Practical Method for Proteomics Analysis 
	Sample preparation 
	Protein separation by 2-DE  
	Protein identification 
	Data analysis 

	An Approach to Detect Novel Biomarkers Using Proteomics 
	Kawasaki disease and anti-endothelial cell antibodies  

	Detection and Identification of the Target Antigens for AECA  
	Kawasaki Disease and Peroxiredoxin2 
	Conclusions and Perspectives 
	Figure 1
	Figure 2
	References

