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Summary

Biomarkers provide a powerful approach to understanding the spectrum of cardiovascular diseases.
They have application in screening, diagnostic, prognostication, prediction of recurrences and monitor-
ing of therapy. The “omics” tool are becoming very useful in the development of new biomarkers in
cardiovascular diseases. Among them, proteomics is especially fitted to look for new proteins in health
and disease and is playing a significant role in the development of new diagnostic tools in cardiovas-
cular diagnosis and prognosis. This review provides an overview of progress in applying proteomics
to atherosclerosis. First, we describe novel proteins identified analysing atherosclerotic plaques directly.
Careful analysis of proteins within the atherosclerotic vascular tissue can provide a repertoire of proteins
involved in vascular remodelling and atherogenesis. Second, we discuss recent data concerning proteins
secreted by atherosclerotic plaques. The definition of the atheroma plaque secretome resides in that
proteins secreted by arteries can be very good candidates of novel biomarkers. Finally we describe
proteins that have been differentially expressed (versus controls) by individual cells which constitute
atheroma plaques (endothelial cells, vascular smooth muscle cells, macrophages and foam cells) as well
as by circulating cells (monocytes, platelets) or novel biomarkers present in plasma.
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Introduction

Cardiovascular diseases are the leading cause of death and disability in developed countries. The diag-
nosis of most cardiovascular diseases is made on clinical grounds, but there are many ancillary techniques
that are helpful in establishing or ruling out the suspected clinical diagnosis. Among these auxiliary
techniques, biomarkers are getting an increasing and very important role.

Biomarkers provide a powerful approach to understanding the spectrum of cardiovascular disease.
They have applications in several areas, such as screening, diagnosis, prognostication, prediction of
recurrences, and monitoring of therapy. Advances in genomics, proteomics, metabolomics, and bioin-
formatics have revolutionized the search for numerous putative markers that may be informative with
regard to the various stages of atherothrombosis.

Before they are used clinically, it is important to understand their specific indications, to standardized
their analytical methods, to assess their performance characteristics and to establish the incremental
value and cost-effectiveness of different markers for given clinical indications."* Clinical application
further requires the demonstration, in multiple prospective cohorts, that evaluation of the biomarker
predictive of disease and adds to traditional risk factors.?

Biomarkers
Generally, biomarkers are considered to be plasma measurements of molecules, proteins, or enzymes
that provide independent diagnostic or prognostic value by reflecting an underlying disease state or
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condition.’ According to the definition proposed
by the Medical Subject Heading (MeSH) a biomar-
ker is a biological parameter that can be measured
and quantified which serve as indices of health and
physiology-related assessments, such as disease
risks, environmental exposure and its effects, dis-
ease diagnosis, etc.” An NIH working group stand-
ardized the definition of a biomarker in 2001, as
“a characteristic that is objectively measured and
evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention.”*

The same NIH working group defined several
types of biomarkers, as type O (a marker of the
natural history of a disease and correlates longitu-
dinally with known clinical indices; e.g. blood
pressure in patients with systemic hypertension),
type 1 (a marker that captures the effects of a
therapeutic intervention in accordance with its
mechanism of action; e.g. reduction in LDL- cho-
lesterol with statins) and type 2 or surrogate end
point (a marker that is intended to substitute for a
clinical end point; a surrogate end point is expected
to predict clinical benefit -or harm or lack of ben-
efit or harm- on the basis of epidemiological,
therapeutic, pathophysiological, or other scientific
evidence; e.g. changes in carotid intima-media
thickness as an index of atherosclerosis).*

A biomarker can be measured in a biological
sample (blood, urine, etc), may be recorded in a
patient (electrocardiogram, etc.) or can be an imaging
test (echocardiogram, etc,). Biomarkers can indicate
avariety of health or disease characteristics, including
environmental factors, genetic susceptibility, clinical
or preclinical disease, and accordingly can be
classified as antecedent biomarkers (identifying the
risk of developing an illness), screening biomarkers
(screening for subclinical disease), diagnostic
biomarkers (detecting overt disease), staging
biomarkers (categorizing disease severity), or prog-
nostic biomarkers (predicting future disease course,
including recurrence and response to therapy, and
monitoring efficacy of therapy). There is a significant
overlap between these classifications of biomarkers,
since type 0, 1 or 2 biomarkers can be used as ante-
cedent, diagnostic or prognostic assessment of the
patients depending on their clinical situation.

The ideal biomarker
Independently of its use, the clinical value of a new
biomarker will depend on its accuracy and

reproducibility obtained in a standard fashion.
Furthermore, it must be acceptable to the patient,
easy to interpret by clinicians, must have high
sensitivity and high specificity for the outcome it
is expected to identify, and must be able to explain
a reasonable proportion of the outcome independ-
ently of other established predictors. The informa-
tion obtained by biomarker levels must have the
potential to change clinical management of the
patient in order to be cost-effective. The desired
characteristics of a biomarker depend on its main
use; diagnosis, prognosis, etc. Sensitivity is more
important for diagnosis than for prognosis, for
example.

Definition of abnormal biomarkers

values
The definition of the abnormal value of a biomar-
ker is a key step before its use in clinical practice.
There are several approaches to define the abnor-
mal value of a biomarker: reference limit, dis-
crimination limit or threshold defining risk.? The
reference limits are statistically derived cut-off
points based on the distribution of values in a
sample of reference; a sample of at least 200 peo-
ple is needed to establish the reference range or
the interval between the maximal and the minimum
reference value.” It must be known that a certain
amount of normal patients can have abnormal
levels of biomarkers defined statistically (for exam-
ple, 5% of normal patients will be beyond the 95th
percentile if this is the limit used). The reference
interval can be moved up and down depending on
the clinical significance of false-positive or false-
negative results. The discrimination limit allows
the separation of the distribution of patients with
or without the disease evaluating the overlap exist-
ing between the two populations (with and without
disease); the discrimination threshold can also be
moved depending on the clinical significance of
false-positive or false-negative results.°

And finally, the threshold defining risk identifies
the level at which the risk increases steeply. For
most cardiovascular risk factors, there is a con-
tinuum between the level of the risk factor and the
presence of disease. Desirable levels are those that
predict the lowest rate of disease, whereas the so-
called treatment levels are the one in which current
treatment have shown in randomized trials that can
decrease the development of disease. While desir-
able level is an epidemiological deduction, the
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treatment level depends on the last tested treat-
ments and usually goes down when more effective
treatments are developed. High blood pressure’
and high cholesterol® are two good examples of
this distinction between optimal or desirable level
and treatment levels.

Evaluation of a biomarker

The precise evaluation of the performance of a
biomarker depends on its main intended use.
Biomarkers validation studies must perform a blind
comparison of the new biomarker with a standard
in a sample of consecutive patients with an appropri-
ate spectrum of the disease.’ Two samples are usu-
ally needed, the derivation or training sample where
the biomarker is firstly derived, and the validation
or test set where the generalization of the prelimi-
nary results are tested.'® Usually, the performance
of the biomarker is better in the first than in the
second set which could be misleading. There are
standards for designing and reporting studies of
biomarkers validation in diagnosis and prognosis.

The accuracy of a biomarker is evaluated by
estimation of sensitivity, specificity and likelihood
ratios. The receiver operating characteristic (ROC)
curves allow estimating the performance of a
biomarker over a range of values. It illustrates the
trade-off between sensitivity and specificity when
a biomarker is used clinically for diagnosis."" Like-
lihood ratios are calculated with sensitivity and
specificity values and give the clinician more useful
information: the likelihood of having a positive
result in a diseased person (positive likelihood ratio)
or of having a negative result in a healthy person
(negative likelihood ratio).'> Biomarkers used to
rule-out a dangerous disease must have a high sen-
sitivity (small numbers of false negative tests and
very low —<<0,10- negative likelihood ratio) whereas
when a biomarker is used to confirm a uncommon
disease in asymptomatic people a high specificity
is needed (small number of false positive tests and
very high —>10- positive likelihood ratio)."

A Bayesian approach, which includes pre-test
probability of having the disease, is very important
when using biomarkers to establish the presence
of a disease in a given population.'* Furthermore,
in order to be accepted as a routine screening test,
a biomarker must demonstrate that a strategy of
measuring it improves patient outcomes relative
to a conventional strategy that does not include the
given biomarker.’

Biomarkers are also evaluated in terms of their
discrimination and calibration capabilities.'* Dis-
crimination is the ability of a biomarker to separate
disease from health (“cases” from “controls” in a
cross-sectional study or the development of disease
from the absence of it in a longitudinal study). The
¢ statistic or concordance index is frequently used
for this purpose as a metric of overall performance
of a test; it is equivalent to “the area under the
curve” in the ROC curve and expresses the prob-
ability than in two randomly paired individuals
(with and without disease) the biomarker can
properly tell apart the one with disease. On the
other hand, calibration analyses the relationship
between the ability of a biomarker to predict risk
with the actual risk of subgroups of patients, and
it is particularly important when the question is the
numeric probability of disease in a given patient.
The Hosmer-Lemeshow goodness-of-fit statistic,
which divides the sample into deciles of risk and
compares the observed with the expected number
of events, is often used as an indicator of model
calibration.'® Using this methodology estimation
of risk can be performed in individuals using score
systems that include the biomarker, such as in the
Framingham cardiovascular risk score.

It is important to evaluate the incremental value
of anew biomarker demonstrating the elevated risk
of an outcome associated with higher levels of the
new biomarker after adjustment for other estab-
lished risk factors. Hazard ratios (relative risk
estimates from a Cox model) are frequently used
for this purpose, as well as a probability value test
of the significance of the biomarker in the multi-
variable models. Nevertheless, the relative added
values of new biomarkers is best evaluated by
estimating the increment to the ¢ statistic compared
with that from a model that incorporates other
previously known predictors.!” For example, the
Framingham coronary heart disease score is com-
posed of several biomarkers and has a ¢ statistic
of 0.74-0.76, which is considered appropriated'®;
this c statistic is not incremented adding other
biomarkers such as C-reactive protein that have
been shown to be associated with cardiovascular
disease. In spite of that, some biomarkers such as
homocysteine are useful for specific populations
of patients even if they do not increment the ¢
statistic in the total population.'

In studies using genetic biomarkers there is a
major concern about false-positive associations with
disease (or phenotypes) resulting from numerous
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additional factors,?® and a replication of results in
multiple independent samples is essential.?!

Obviously, the analytical method must be stand-
ardized to obtain accurate results of the biomarkers.
Good quality control within the laboratories is
needed.*

There are many biomarkers for cardiovascular
disease,”®° with different levels of evidence in
relationship with diagnosis, prognosis and patho-
physiologic development of the disease.*? Jaffe
et al. have analysed the current situation of biomar-
kers for acute cardiac disease and have concluded
that there are established biomarkers (troponins),
potentially outdated markers (CK-MB, myoglobin
and CK isoforms), emerging markers (C-reactive
protein, B-type natriuretic peptide) and developing
markers (sCD40 ligand, myeloperoxidase,
ischemia-modified albumin, pregnancy-associated
plasma protein-A, choline, placental growth factor,
cystatin C and fatty acid binding protein). Some
emerging and developing markers will help provide
a better framework for treatment of cardiovascular
diseases in the future.

Discovery of new biomarkers

The discovery of new biomarkers is a very chal-
lenging process especially in cardiovascular dis-
ease where many genes and pathophysiologic
pathways are involved. Two potential complemen-
tary approaches can be applied: deductive or induc-
tive strategies. In the deductive method (knowledge
based) a direct understanding of the biological
processes underlying atherosclerosis is needed to
search for new molecules that can be used as mark-
ers, whereas in the inductive method (unbiased
approach) the study of many molecules with the
use of current techniques to characterize the bio-
molecular profile of a stage of the disease. The
“omics” tools are becoming very useful in the
development of new biomarkers in cardiovascular
disease. Among them, proteomic is especially fit-
ted to look for new proteins in health and disease
and is playing a significant role in the development
of new diagnostic tools in cardiovascular diagno-
sis and prognosis.*’

Proteomic Approach for the Study
of Cardiovascular Diseases
Proteomics is the large study of the structure and
function of proteins; it includes the rapidly evolving
field of clinical proteomics, which aims to identify

proteins involved in human disease and understand
how their expression, structure and function cause
illness. Proteomics-based screening test would
compare the proteins expressed in blood or a tissue
sample or cells with protein patterns from patients
known to have a particular disease. This technology
has identified proteins that offer promise as diag-
nostic or prognostic markers, or as therapeutic
targets in a range of illness, including vascular
diseases.

Proteomics in the field

of atherosclerosis
The mechanism by which atherosclerosis develops
is still unclear, but some clear factors related to
this development are hypercholesterolemia and
accumulation of inflammatory cells in the vascular
wall. The first signal is the formation of fatty
streaks under the endothelium of arteries. The
recruitment of monocytes to the lesion leads to an
inflammatory response and cytokine secretion.
This fact induces the proliferation of vascular
smooth muscle cells (VSMC) from the media and
subsequent neointima formation. At the same time,
necrosis of VSMCs and macrophages contributes
to the formation of a fibrous cap that covers a lipid-
rich core. This cap keeps stable until the expression
of proteases promotes the degradation of extracel-
lular matrix and rupture of the plaque, inducing
thrombus formation.”®* Several recent reviews
on vascular proteomics have been reported.’'
Until recently, the usual approach has been to
study the role of a candidate protein supposedly
involved in the formation or progression of the
atherosclerotic lesion. However, with the appear-
ance of new proteomic techniques of protein
separation (2-DE, MudPIT), and their identification
by mass spectrometry (MS), the evaluation of
thousands of proteins at once is now possible. At
present, it is possible to perform a differential
proteomic approach on a variety of biological
samples, including cells, tissues or biological flu-
ids. In the context of biomarker discovery, bio-
logical fluids such as plasma or urine, represent
the most logical compartment for investigation
because of their easy access. However, the analy-
sis of plasma is challenging because it contains a
plethora of proteins resulting from a transient
complex metabolic state of the whole body.*
Atherosclerosis is characterized by focal plaques
from which proteins can diffuse in limited amounts
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into plasma where their detection and subsequent
identification is difficult as they are masked by the
large quantities of major plasma proteins such as
albumin or immunoglobulins. Recent technologi-
cal improvements in depletion of abundant plasma
proteins compatible with proteomic analysis should
facilitate discovery of biomarkers of vascular ori-
gin, directly related to the pathology.*®*” Another
approach consists of the analysis of either vascular
cells under pathological conditions or atheroscle-
rotic plaques, as compared to healthy cells or tis-
sues. A choice must be made either to study
cellular/tissue proteins or secreted/released pro-
teins, the latter being more likely to be found in
plasma.

Proteomic analysis of the atheroma
plaque

The study of human atherosclerotic lesions (usually
carotid or coronary artery segments bearing ath-
eroma plaques) is complicated owing to their cel-
lular heterogeneity (endothelial cells, VSMC,
macrophages and foam cells, leukocyte, erythro-
cytes, platelets) and the different degree of devel-
opment and complication. Proteins are the major
mediators of most pathological processes and are
the most suitable molecules for use as biomarker
and risk factors, as well as targets for disease treat-
ment. Thus, to have a better understanding of
atherosclerosis progression it is necessary to iden-
tify and characterize the expressed proteins in the
arterial wall and in the atheroma plaques. Most
likely, the proteins expressed (and/or secreted) for
the multiple cell types present in the atherosclerotic
plaque, can potentially contribute to the pathogen-
esis of atherosclerosis. In fact many proteins
(growth factors, lipid associated proteins, mem-
brane receptors, tissue enzymes, etc.) have all been
implicated in the complex process of atherogen-
esis. Thus, profiling of protein expression from
atherosclerotic tissue samples can provide a
molecular snapshot of the functional and patho-
logical state of the plaques. With these goals in
mind several experimental approaches can be
applied: 1) to determine all the expressed proteins
solubilizing the tissue and analyzing the proteins
by 2-DE or MudPIT.***° 2) to focus in a selected
group of proteins using antibody arrays or even
restrict the analysis to a very specific set such as
those involved in signaling pathways using
reverse phase arrays and specific antibodies

(phosphoproteome).*! 3) to study the proteome of
arteries and atherosclerotic plaques using direct
tissue proteomics (DTP), a new methodology
which allows the identification of proteins directly
in formalin fixed paraffin-embebed tissue sam-
ples.*? 4) by MS-Imaging, a suitable method to
obtain protein and peptide profiles and images
(two-dimensional protein maps) from thin frozen
tissue sections.* 5) to focus on particular subpro-
teomes (intima, extracellular proteins and proteo-
glycans, neovascularization associated proteins,
etc.)* and 6) to asses the proteins expressed in
relatively pure cell populations, obtained from the
atherosclerotic sample tissues, using laser micro-
dissection.* Several examples of these approaches
are described below:

1)When 2-DE profiles of human stable lesions
plaques where compared with plaques containing
a thrombus™® these showed 71 spots exclusive from
stable plaques and 29 exclusive from plaques con-
taining a thrombus. The most interesting finding
is the difference found in the expression of -
antitrypsin (ATT) between the stable plaque and
the one containing a thrombus. The stable plaque
showed the expression of 6 isoforms of ATT versus
only one isoform present in the thrombotic plaque,
so the up regulation of ATT could be considered
as a protective strategy against atherosclerosis.
Using an apoliprotein-E (apo-E) deficient mice
model, the protein changes analyzed during various
stages of atherogenesis were studied by 2DE and
MS.*? An average of 1500 spots were visualized
in the 2DE aorta sample from which 79 protein
were found to be altered during the different stages
of atherogenesis.*” Likewise in a rat model of
coronary atherosclerosis induced by a high cho-
lesterol diet, 46 proteins were differentially
expressed in the aortic tissue of atherosclerotic rats
in comparison with aortas from control animals.
Among the upregulated proteins were redox
enzymes and those with decreased levels included
HSP-27, calcium calmodulin kinase II inhibitory
protein and fructose biphosphate aldolase.*’

2) Using antibody arrays, Slevin et al.*! have
identified novel proteins associated with the develop-
ment of unstable human carotid plaques. They com-
pared protein expression in carotid endarterectomy
samples histologically defined as stable and unstable.
Their results could indicated that the modulation of
these novel cell signaling proteins can be useful in
therapy of angiogenesis and apoptosis, designed to
reduced unstable plaque formation.*!
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3) using DTP in 35 human coronary
atherosclerotic samples more than 800 proteins
were identified, including extracellular matrix
proteins, lipid binding and metabolism associated
proteins, inflammation related proteins and apop-
totic-cell phagocytic ligands and receptors. The
presence of these proteins in the tissue was con-
firmed by immunohistochemistry.**

4) MS-imaging of tissues is a powerful tool for
visualizing the spatial distribution of proteins on
the surface of the tissue and it has been applied in
several pathologies.*> However it has not been
applied yet on atherosclerotic or normal arteries
for a number of reasons. In contrast, the application
of TOF-SIMS in the vascular pathology area has
permitted to generate, for the first time, molecular-
ions images of human atherosclerotic plaques and
rat aortic walls.***” In TOF-SIMS imaging detailed
chemical information of the upper most molecular
layers of a solid surface can be obtained at a sub-
micrometer lateral resolution.*® All the molecules
with mw <1500 Da can be, in principle, detected.
Surface rastering from atherosclerotic lesion thin-
sections generated numerous secondary ion signals
including nonesterified fatty acids, cholesterol,
vitamin E, phosphatidic acids, phosphatidylinosi-
tols and triglycerides. Specific patterns for most of
these compounds could be observed on apparently
homogeneous tissue as it is the vascular muscle
cell of the intima.*

5) In humans proteoglycans of intimal hyper-
plasia are believed to play an important role in the
development of atherosclerosis. A comparison
between atherosclerotic-prone internal carotid
artery and the atherosclerotic-resistant internal
thoracic artery showed an enhanced deposition of
lumican in atherosclerotic-prone arteries.** This
significant difference is present before the ath-
erome plaque formation, but the factors respon-
sible for this difference are unknown. Another
proteomic approach that analyzed a particular
subproteome was performed by Martinet et al.**-*°
by Western array using 823 monoclonal antibodies.
They compared human atherosclerotic carotid
arteries versus healthy mammary arteries and
reported seven proteins with enhanced expression
levels of 5-fold relative difference. One of them,
ALG-2 is a positive mediator of apoptosis, phe-
nomenon that is believed to be implicated with
plaque instability. The diminished levels observed
for ALG-2 suggest a survival mechanism of the
atherosclerotic plaque.

6) The isolation of macrophage foam cells from
arterial lesions has been applied to study the gene
expression of these cells.* This method is now
been used for proteomic analysis of foam and
endothelial cells from atherosclerotic lesions (De
la Cuesta et al. unpublished results).

Proteomic analysis of the secretome

of atheroma plaque

An alternative strategy to the study of the tissue is
to examine the proteins secreted by atherosclerotic
plaques. The interest of the definition of the ath-
eroma plaque secretome resides in that proteins
secreted or released by the artery wall or the cells
within the tissue, constitute the best candidates for
potential novel biomarkers that could be detected
subsequently in blood or plasma. In order to easily
identify those proteins which are secreted or
released by atherosclerotic plaques in extracellular
compartments, we have described®'* a novel
approach by which secretomes from normal and
atherosclerotic arteries can be obtained incubating
endarterectomy samples in a protein-free culture
medium and analyzing the proteins secreted into
the medium. By focusing on only the secreted
proteins found in the cell culture media, there
would be an intended bias toward those proteins
that would have a higher probability of later being
found in plasma. We have shown that, in human
carotid atherosclerotic plaques the more complex
the lesion, the higher the number of proteins
secreted by the plaque.’! Among the differentially
secreted proteins decreased levels of phosphory-
lated HSP-27 were found in the culture medium
of atherosclerotic plaques in comparison with
healthy mammary arteries. These data were sup-
ported by the finding that HSP-27 plasma levels
were diminished in patients with carotid athero-
sclerosis compared to normal controls indicating
that this protein could be a novel biomarker of
atherosclerosis in relation with healthy subjects.>*
The pathological significance of decreased HSP-27
plasma levels is unknown but it is conceivable that
the decreased HSP-27 released by atherosclerotic
plaques could be caused by proteolysis of the pro-
tein in the tissue owing to the action of the proteases
present in the plaques.” A potential drawback in
the study of secretomes using cultures of artery
segments is that many of the proteins identified in
the culture supernatants can be of plasma origin
(contaminants). Thus, to validate this approach it
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is essential to identify the true secretome, in other
words, the identification of proteins which are
actively synthesized and secreted by the normal
and pathological arterial wall. Very recently we
have studied the effect of atorvastatine alone or
combined with amlodipine in the protein secretion
profile of atherosclerotic plaques.> It is well
known that a combined treatment produces a higher
reduction in the incidence of cardiovascular events
than each drug administered alone. The addition
of both drugs to complicated atherosclerotic seg-
ments normalized the levels of the majority of the
released proteins. Thus, the application of this
proteomic strategy has permitted the identification
of novel therapeutic targets by which these drugs
could promote their additive effects.>

All the cell types that make up the atheroma
plaque are able to secrete proteins, thus contribut-
ing to the composition of the secretome. For
example, in the secretome of VSMCs in culture,*®>’
18 different proteins have been identified, with a
wide range of biological functions. Similarly, the
secretome of human macrophages has been
recently reported.”®

Proteomic analysis of individual

constituents of atheroma plaque

An alternative to studying blood vessel is to use
cultured cells under conditions mimicking the
situation in atherosclerotic lesions. This is an
advantageous system that permit the selection of
cell type, treatment with different agents, stimu-
lants and drugs and to determine the effects on the
expressed proteins.

Endothelial cells (EC)

The formation, development, progression and com-
plication of atherome lesions are closely related to
endothelial dysfunction. Hence the study of EC is of
prime importance. Endothelial cells can be harvested
from a variety of vessels but most of our knowledge
in vascular pathology come from HUVECS (human
umbilical vein endothelial cells).” The initial studies
described the protein expression map of primary
cultures of HUVECS and several proteins were
identified implicated in apoptosis, senescence and
coagulation, including cathepsin B, a protease
upregulated in atherosclerotic lesions with senes-
cence-associated phenotypes.*’ The effect of oxLDL
on EC function is one of the earliest events in the

pathogenesis of atherosclerosis. The effect of oxLDL
on EC was studied by Kinumi et al. (2005)°! that
found three proteins, nucleohosmin, stathamin and
nucleolin, that were differentially expressed and
phosphorylated. It was suggested that the process of
phosphorylation/dephosphorylation of these proteins
contributed to the suppression of EC proliferation.
The effect of genistein (a component of soy) on the
expression of proteins in EC exposed to oxLLDL
reversed 27 out of 47 proteins altered by oxLDL.
These data help to explain some of the proathero-
genic properties of oxLDL and the capacity of
genistein to protect from these effects.> Using
bovine aortic endothelial cells, a significant number
of proteins were identified with altered levels in
response to shear stress, a well known factor con-
tributing to atherogenesis. Some of these proteins
are involved in signaling pathways including integ-
rins and G-protein coupled receptors.®® The caveolae
and lipid rafts associated proteins of EC have been
described recently and could serve as the basis for
future studies considering the key role of these mem-
brane microdomains in signal transduction, cellular
transport and cholesterol homeostasis.**®>

Two annotated 2-DE protein maps of EC are
available on the web at (http://www.huvec.com;
http://www.pharma.ethz.ch/bmm/div/ HUVEC/
HUVEC/.)

Vascular smooth muscle cells (VSMC)

Cellular proliferation and migration of VSMC are
considered to be key events in the pathogenesis of
atherosclerosis. This is feasible because VSMC are
cells capable to switch between a contractile and
an activated phenotype under the effect of soluble
serum factors.®® As a consequence of endothelial
dysfunction vascular permeability increases and
many serum components come into direct contact
with VSMC inducing the change from a resting
VSMC to an activated-proliferating phenotype. To
identify changes in specific proteins associated
with both cellular phenotypes, a comparative 2-DE
analysis was performed on protein extracts from
quiescent rat aorta VSMC and VSCM exposed to
growth factors. More than 100 proteins were
upregulated and 154 downregulated in activated
cells compared with the quiescent ones.®” Like-
wise, proteins associated with either hyperplastic
or hyperthrophic growth due to the exposure of
VSMC to growth factor were determined. Among
the upregulated proteins there were chaperones,
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factors involved in protein synthesis and cytoskeletal
proteins such as vimentin and actin.®® The effect
in the protein expression levels induced by treat-
ment of human aortic VSMC with oxLDL versus
nLDL was studied using antibody arrays. Among
the upregulated proteins were adhesion molecules,
signal transduction proteins and proteins involved
in lipoprotein metabolism.*” Underexpressed pro-
teins included cytoskeleton proteins and growth
factors. Lee et al. (2006)”° studied alteration in
protein expression in VSMC under oxidative stress
(exposing the cells to H,0,), a phenomenon that
plays a key role in the pathophysiology of vascular
diseases. The most relevant VSMC proteins altered
were those related to antioxidant, cytoskeleton and
muscle contraction.”

As mechanical forces play an important role in
the pathogenesis of atherosclerosis the expression
changes in the protein profile due to hemody-
namical stress were also studied in VSMC:s. This
study showed that three proteins, gelsolin, HSP-27
and CapZ had their levels altered.”!

Macrophages and foam cells

Inflammation plays a central role throughout the
entire atherosclerotic process and monocytes/mac-
rophages (and infiltrating T lymphocytes) are the
main cells involved in this inflammatory reaction.
Different studies have reported the proteome of
monocytes in basal and under proinflammatory
conditions.”* " In atherosclerotic lesions mono-
cytes migrate into the vessel wall and differentiate
into macrophages which become lipid-loaded after
uptake of oxLDL. Thus, several studies examined
the effect of oxLDL on the protein expression
levels of macrophages.’®"” Collectively it was
shown that more than 100 proteins were altered as
consequence of the oxLDL treatment and they can
be grouped in metabolic proteins, components of
differentiation pathways and antioxidant proteins.
A group of antioxidant enzymes were also over-
expressed by mature dendritic cells which are
present in advanced atherosclerotic plaques. The
potential role as biomarkers of these proteins
expressed by macrophages is at present
unknown.

Circulating cells

The proteome of the majority of circulating cells
has recently been described including erythro-
cytes, neutrophils, lymphocytes, monocytes and

platelets.?'** Herein only monocytes and platelets
will be discussed as they are providing new
proteins that could potentially be considered as
biomarkers.

Monocytes

To search for novel biomarkers in circulating
monocytes, using proteomic approaches can be a
fruitful strategy considering that monocytes are
easily accessible and essential cells that participate
throughout the atherosclerotic process. However
it is important to be aware of two aspects: first is
the heterogeneity of human monocytes as deter-
mined by the expression of surface markers (CD14,
CD16, MHC class 11, CD32, CCR5/CCR?2) that
allows to classify monocytes in several subsets
which reflect development stages and specializa-
tion within their environments.® In addition it is
essential to consider the proteome variance in the
control population when performing protein profil-
ing comparisons of monocytes derived from dis-
ease versus control populations.®' The role of
monocytes in the progression of the atheroma
plaque has been described above. It has been
recently shown that a population of monocytes/
macrophages emigrate from atherosclerotic lesions
and re-entry into the blood. Thus, monocytes may
serve as reporters, providing information reflecting
directly the state of the atherosclerotic process.™
A good method to retrieve this information from
monocytes is to analyze their expressed proteins.
Hence we have examined whether circulating
monocytes from acute coronary syndrome (ACS)
patients express specific proteins that could serve
as individual markers or define a characteristic
profile. It was shown that 21 proteins were dif-
ferentially expressed by monocytes from ACS
patients in comparison with healthy subjects.® The
number of proteins with altered expression in ACS
was maximal on admission, and decreased progres-
sively, until the expression of only five proteins
was abnormal at six months. These five proteins
were identically altered in stable patients. Thus,
six months after an ACS, the acute changes in
monocyte protein expression disappear, showing
a pattern similar to that of stable CAD. Among the
identified proteins, a 32 kDa protein corresponding
to the mature form of Cathepsin D was shown to
be upregulated in monocytes of ACS patients.
Interestingly, treatment with atorvastatin could
modulate some of the altered proteins in the
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monocytes from ACS patients. Treatment with
atorvastatin favored the reversion to normal levels
in 8 protein, 2 proteins were partially normalized,
and 11 proteins appeared for the first time as con-
sequence of the statin treatment.®*

Platelets

Platelets play a critical role in hemostasis of the
vessel wall: when the endothelium is damaged,
activated platelets adhere to the ECM components
contributing to the healing process. The proteome
of platelets in a basal state has been extensively
studied and numerous proteins involved in essen-
tial cellular functions, such as signal transduction,
modulation of the cytoskeleton and apoptosis have
been identified.*>°° However the proteome of
platelets is particularly dynamic, depending of their
state of activation. Thus, the study of activated
platelets is very important in relation with the
atherosclerotic process since activated platelets
adhere to atherosclerotic lesions and could be a
source of plaque biomarker as they release proteins
after activation. In thrombin activated platelets
more than 300 proteins have been identified in
several studies.”’*” Some of the identified proteins
were not previously attributed to platelets (secre-
togranin, cyclofilin A, calumenin), were not pres-
ent in normal arteries but were clearly identified
in human atherosclerotic lesions. Thus, these pro-
teins are very promising candidates as novel bio-
markers.

Plasma

Human plasma is a rich source of proteins and other
metabolites which reflect the physiological or
clinical status of patients. The protein concentra-
tion in plasma is tightly controlled, thus variations
in concentration can be considered as an indicator
of the current state of health.”® Hence plasma is a
primary clinical specimen with 20 major proteins
comprising 99% of the plasma proteome and the
rest of the proteins making up 1% of the plasma
content. The challenge is thus to reach this 1%
where it 1s supposed some novel biomarkers can
be potentially found.” For this purpose it is essen-
tial to deplete plasma of the most abundant pro-
teins.'”*1°! To identify low-abundance proteins,
plasma samples from 53 patients (a total volume
of 6 liters) with coronary artery disease (CAD) and
53 control subjects (6 liters of plasma) were pooled
and analyzed by LC-MS/MS, after removal of

albumin and immunoglobulins and enrichment in
smaller proteins (<20-40 kDa). Of the 731 pro-
teins identified, 95 were differentially expressed
in CAD patients and could be candidates for vali-
dation studies in larger clinical studies.'”* Very
recently it has been shown that proteins derived
from tissues can be detected in plasma directly by
MS analysis, providing a conceptual basis for
plasma protein biomarker discovery and analy-
sis.'® One of the major clinical complications of
atherosclerosis is the impairment of blood flow to
the lower extremity which is commonly referred
to as peripheral artery disease (PAD). For a number
of reasons PAD is underdiagnosed'™ despite this
disorder affects more than 10 million individual in
USA and is also prevalent in Europe and Asia. Very
recently Wilson et al.'% have studied the proteomic
profile of 371 subjects in three sequential groups
(discovery, initial validation and validation) and
found that plasma levels of f2-microglobulin are
elevated in patients with PAD and that 32-micro-
globulin levels independently correlate with the
severity of the disease. These are very promising
data although some potential limitations have been
discussed.'™ Similarly, the MALDI-TOF spectra
of peptides from the sera of normal and patients
with myocardial infarction (MI) produced patterns
that could help in the diagnosis of MI.!% Kierman
et al.'" have used a multiplexed MS immunoassay
(MSIA) for the detection of MI and two novel
biomarkers, serum amyloid Alo and S-sulfated
transthyretin, were found to be present in the sera
of these patients. Both proteins were subsequently
validated in a large cohort of patients. In mice it
has been tested whether protein microarray based
measurements of circulating proteins can predict
the severity of atherosclerotic disease. From a total
of thirty inflammatory markers a subset of proteins
were identify that classify and predict severity of
atherosclerotic disease.'”

Lipoproteins are shuttling hydrophobic mic-
roparticles, formed for lipids and proteins, that
travel from sites of absorption and production to
sites of storage and excretion trough the blood
system. Lipoproteins are involved in atherogenesis
but the molecular mechanisms by which participate
in the genesis and progression of atherosclerotic
plaques are not fully elucidated. In recent years
different proteomic approaches have been used to
analyze the protein composition of HDL, LDL and
VLDL and numerous novel proteins (and isoforms)
have been identified in the three types of
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lipoproteins.'®''* Thus further research is needed
to establish their putative role in atherosclerosis
and their potential usefulness as biomarkers.

The HUPO Plasma Proteome consortium has
identified a group of 345 cardiovascular-related
proteins that could constitute a baseline proteomic
blueprint for the future development of biosigna-
tures for cardiovascular diseases.''® These proteins
can be organized in eight groups: markers of
inflammation, and/or cardiovascular disease, vas-
cular and coagulation, signaling, growth and dif-
ferentiation, cytoskeletal, transcription factors,
channel/receptors and heart failure and remodeling.
Likewise, Anderson, L. (2005) has compiled a list
of 177 candidate biomarker proteins with reported
associations to cardiovascular disease and stroke.'”
It is reasonable to consider that all these proteins
may serve as the basis for further research. How-
ever this approach is inherently limiting and fails
to allow for discovery of totally novel proteins
involved in cardiovascular diseases. It is more
challenging to use unbiased proteomic approaches
to identify undiscovered novel proteins that can be
true biomarkers and potential targets for the treat-
ment of these pathologies.

Urine

Urinary proteomics is emerging as a powerful non-
invasive tool for diagnosis and monitoring a vari-
ety of human diseases. Urine presents a rich source
of information related to function of many integral
organs.''® Changes in the pattern of urinary protein
excretion are not necessarily restricted to nephrou-
rological diseases. Thus, microalbuminuria is a
clinically important marker not only of early dia-
betic nephropathy but also of concomitant cardio-
vascular disease. In this sense, Zimmerli et al.!!’
have tested whether signature of urinary polypep-
tides can contribute to the existing biomarkers for
coronary artery disease (CAD). They examined a
total of 359 urine samples from 87 patients with
severe CAD and 283 controls using capillary elec-
trophoresis on line to ESI-TOF-MS, characterizing
more than 100 polypeptides. They found a panel
of 15 polypeptides which distinguished between
presence and absence of disease and identified five
of them which corresponded to collagen type I or
type III fragments. These collagens are predomi-
nant proteins in the arterial walls and are present
in the thickened intimae of atherosclerotic
lesions.

Abbreviations

MeSH: Medical Subject Heading; ROC: Receiver
Operating Characteristic; CK-MB: Creatine-
Kinase Myocardial Band; VSMC: Vascular
smooth muscle cells; MudPIT: Multidimensional
Protein Identification Technique; 2-DE: Two-
dimensional electrophoresis; MS: Mass spectrom-
etry; DTP: Direct tissue proteomics; ATT:
o1 -anti-tripsyn; SIMS-TOF: Secondary ion mass
spectrometry time of flight; HSP: heat shock pro-
tein; EC: Endothelial cells; HUVECS: Human
umbilical vein endothelial cells; oxLDL: oxidized
low density lipoprotein; ACS: Acute coronary
syndrome; CAD: Coronary artery disease; PAD:
Peripheral artery disease; MALDI-TOF: Matrix
assisted desorption ionisation time of flight; MI:
Myocardial infarction; MSIA: Multiplexed mass
spectrometry immunoassay; HUPO: Human Pro-
teome Organization.

References

[1]  Manolio, T. 2003. Novel risk markers and clinical practice. N. Engl.
J. Med., 349:1587-9.

[2]  Ramachandran, S. and Vasan. 2006. Biomarkers of Cardiovascular
Disease: Molecular Basis and Practical Considerations. 113:2335-62.

[3]  Tsimikas, S. and Willerson, J.T. 2006. C-Reactive protein and other
emerging blood biomarkers to optimize risk stratification of vulner-
able patients. J. Am. Coll. Cardiol., 47:C19-31.

[4]  Biomarkers Definitions Working Group. 2001. Biomarkers and sur-
rogate endpoints: preferred definitions and conceptual framework.
Clin. Pharmacol. Ther., 69:89-95.

[51 Lott, J.A., Mitchell, L.C., Moeschberger, M.L. and Sutherland, D.E.
Estimation of reference ranges: how many subjects are needed? Clin.
Chem., 992; 38:648-50.

[6]  Sunderman, F.W. Jr. 1975. Current concepts of “normal values,”
“reference values,” and “discrimination values” in clinical chemistry.
Clin. Chem., 21:1873-7.

[7]  Lewington, S., Clarke, R., Qizilbash, N., Peto, R. and Collins, R. 2002.
Prospective Studies Collaboration. Age-specific relevance of usual blood
pressure to vascular mortality: a meta-analysis of individual data for
one million adults in 61 prospective studies. Lancet, 360:1903—13.

[8]  Expert Panel on Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults. Executive summary of the Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel I11). 2001. JAMA, 285:2486-97.

[91  Bossuyt, P.M., Reitsma, J.B., Bruns, D.E., Gatsonis, C.A., Glasziou,
P.P, Irwig, L.M., Lijmer, J.G., Moher, D., Rennie, D. and de Vet,
HCW. 2003. Towards complete and accurate reporting of studies of
diagnostic accuracy: the STARD initiative. Clin. Chem., 49:1-6.

[10] Wade, A. 2000. Derivation versus validation. Arch. Dis. Child,
83:459-60.

[11] Pepe, M.S. 2000. An interpretation for the ROC curve and inference
using GLM procedures. Biometrics, 56:352-9.

[12] Deeks, J.J. and Altman, D.G. 2004. Diagnostic tests 4: likelihood
ratios. BMJ., 329:168-9.

[13] Sackett, D.L., Haynes, R.B., Guyatt, G.H. and Tugwell, P. 1991.
The Interpretation of Diagnostic Data: Clinical Epidemiology, a
Basic Science for Clinical Medicine. Boston, Mass: Little, Brown,
69-152.

1o

Biomarker Insights 2008:3



Proteomic biomarkers of atherosclerosis

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[35]

Diamond, G.A., Denton, T.A., Berman, D.S. and Cohen, 1. 1995.
Prior restraint: a Bayesian perspective on the optimization of technol-
ogy utilization for diagnosis of coronary artery disease. Am. J.
Cardiol., 76:82—6.

van Houwelingen, H.C. 2000. Validation, calibration, revision and
combination of prognostic survival models. Stat. Med., 19:3401-15.
Lemeshow, S. and Hosmer, D.W. Jr. 1982. A review of goodness of
fit statistics for use in the development of logistic regression models.
Am. J. Epidemiol., 115:92—-106.

Greenland, P. and O’Malley, P.G. 2005. When is a new prediction marker
useful? A consideration of lipoprotein-associated phospholipase A2 and
C-reactive protein for stroke risk. Arch. Intern. Med., 165:2454—6.
Wilson, P.W.E., D’Agostino, R.B., Levy, D., Belanger, A.M., Silber-
shatz, H. and Kannel, W.B. 1998. Prediction of coronary heart disease
using risk factor categories. Circulation, 97:1837-47.

Hackam, D.G. and Anand, S.S. 2003. Emerging risk factors for
atherosclerotic vascular disease: a critical review of the evidence.
JAMA, 290:932-40.

Colhoun, H.M., McKeigue, PM. and Smith, G.D. 2003. Problems of
reporting genetic associations with complex outcomes. Lancet,
361:865—72.

Palmer, L.J. and Cardon, L.R. 2005. Shaking the tree: mapping
complex disease genes with linkage disequilibrium. Lancet,
366:1223-1234.

Petersen, P.H., Ricos, C., Stockl, D., Libeer, J.C., Baadenhuijsen, H.,
Fraser, C. and Thienpont, L. 1996. Proposed guidelines for the inter-
nal quality control of analytical results in the medical laboratory. Eur:
J. Clin. Chem. Clin. Biochem., 34:983-99.

Gibbons, G.H., Liew, C.C., Goodarzi, M.O., Rotter, J.I., Hsueh, W.A.,
Siragy, H.M., Pratt, R. and Dzau, V.J. 2004. Genetic markers: progress
and potential for cardiovascular disease. Circulation, 109:1V—-47.
Ridker, P.M., Brown, N.J., Vaughan, D.E., Harrison, D.G. and Mehta,
J.L.2004. Established and emerging plasma biomarkers in the predic-
tion of first atherothrombotic events. Circulation, 109:1V—-6.
Biasucci, L.M. 2004. CDC/AHA workshop on markers of inflamma-
tion and cardiovascular disease: application to clinical and public
health practice: clinical use of inflammatory markers in patients with
cardiovascular diseases: a background paper. Circulation, 110:
e560—e567.

Jaffe, A.S., Babuin, L. and Apple, F.S. 2006. Biomarkers in acute
cardiac disease: the present and the future. J. Am. Coll. Cardiol.,
48:1-11.

Arab, S., Gramolini, A.O., Ping, P., Kislinger, T., Stanley, B., van
Eyk, J., Ouzounian, M., MacLennan, D.H., Emili, A. and Liu, P.P.
2006. Cardiovascular proteomics: tools to develop novel biomarkers
and potential applications. J. Am. Coll. Cardiol., 48:1733-41.
Glass, C.K and Witzum, J.L. 2001. Atherosclerosis: the road ahead.
Cell., 104:503-16.

Hanson, G.K. 2005. Inflammation, Atherosclerosis, and Coronary
Artery Disease. N. Engl. J. Med., 352:1685-95.

Wasserman, E. and Shipley, N. M. 2006. Atherothrombosis in acute
coronary syndromes: mechanisms, markers and mediators of vulner-
ability. Mount. Sin. J. Med., 73:431-9.

Vivanco, F., Mas, S., Darde, M.V., De la Cuesta, F., Alvarez-Llamas,
G. and Barderas, M. E. 2007. Vascular proteomics. Proteomics Clin.
Appl. in press.

Vivanco, F., Darde, V. M., De la Cuesta, F. and Barderas, M.G. 2006.
Cardiovascular Proteomics. Curr. Proteom., 3:147-70.

Vivanco, F., Martin-Ventura, J.L., Duran, M.C., Barderas, M.G.,
Blanco-Colio, L. et al. 2005. Quest for novel cardiovascular biomar-
kers by proteomic analysis. J. Proteome Res., 4:1181-91.
Blanco-Colio, L., Martin-Ventura, J.L., Vivanco, F., Michel, J.B. and
Egido, J. 2006. Biology of atherosclerotic plaques: what we are
learning from proteomic analysis? Cardiovasc. Res., 72:18-29.
Anderson, N.L. and Anderson, N.G. 2002. The human plasma pro-
teome: history, character, and diagnostic prospects. Mol. Cell. Pro-
teomics, 1:845-67.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

(51]

[52]

[53]

[54]

Darde, V.M., Barderas, M.G. and Vivanco, F. 2006. Depletion of
high-abundance proteins in plasma by immunoaffinity subtraction
for two-dimensional difference gel electrophoresis analysis. Methods
Mol. Biol., 357:351-64.

Fu, Q., Bovenkamp, D.E. and Van Eyk, J.E. 2006. A rapid, econo-
mical, and reproducible method for human serum delipidation and
albumin and IgG removal for proteomic analysis. Methods Mol. Biol.,
357:365-71.

Donners, M., Verluyten, M.J., Bouwman, F.G., Mariman, E., Devrese,
B. et al. 2005. Proteomic analysis of differential protein expression
in human atherosclerotic plaque progression. J. Pathol., 206:39-45.
Mayr, M., Chung, Y.L., Mayr, U., Yin, X., Troy, H. et al. 2005. Pro-
teomic and metabolomic analyses of atherosclerotic vessels from
apolipoprotein E deficient mice reveal alterations in inflammation,
oxidative stress, and energy metabolism. Arterioscler. Thromb. Vasc.
Biol., 25:2135-42.

Almofti, M.R., Huang, Z., Yang, P. and Rui, Y. 2006. Proteomic
analysis of rat aorta during atherosclerosis induced by high cholesterol
diet and injection of vitamin D3. Clin. and Exp.Pharmacol. and
Physiol., 33:305-9.

Slevin, M., Elasbali, A.B., Turu, M., Krupinski, J., Badimon, L. et al.
2006. Identification of differential protein expresion associated with
development of unstable human carotid plaques. Am. J. Pathol.,
168:1004-21.

Bagnato, C., Thumar, J., Mayya, V. and Hwang, S. 2007. Proteomic
analysis of human coronary atherosclerotic plaque: a feasibility study
of direct tissue proteomics by liquid chromatography and tandem
mass spectrometry. Mol. Cell. Proteom., 6:1088—-102.

Stoeckli, M., Chaurand, P., Hallahan, D.E and Caprioli, R.M. 2001.
Imaging mass spectrometry: a new technology for the analysis of
protein expression in mammalian tissues. Nat. Med., 7:493-6.
Talusan, P., Bedri, S., Yang, S., Kattapuram, T., Silva, T. et al. 2005.
Analysis of intimal proteoglycans in atherosclerosis-prone and
atherosclerosis-resistant human arteries by mass spectrometry. Mol.
Cell. Proteom., 4:1350-7.

Trogan, E. and Fisher, E.A. 2005. Laser capture microdissection for
analysis of macrophage gene expression from atherosclerotic lesions.
Meth. Mol. Biol., 293:221-31.

Mas, S., Touboul, D., Brunelle, A., Aragoncillo, P., Egido, J.,
Laprevote, O. and Vivanco, F. 2007. Lipid cartography of atheroscle-
rotic plaque by cluster TOF SIMS imaging. Analyst, 132:24-6.
Malmberg, P., Bornewr, K., Chen, Y. and Friberg, P. 2007. Localiza-
tion of lipids in the aortic wall with imaging TOF-SIMS. Biochim.
Biophys. Acta., 1771:185-95.

Brunelle, A., Touboul, D. and Laprevote, O. 2005. Biological tissue
imaging with time of flight secondary ion mass spectrometry and
clusters ion sourced. J. Mass Spectrom., 40:985-99.

Martinet, W., Schrijvers, D.M, De Meyer, G.R., Herman, A.G. and
Kockx, M.M. 2003. Western array analysis of human atherosclerotic
plaques Down regulation of apoptosis-linked gene 2. Cardiovasc.
Res., 60:259-67.

Martinet, W. 2006. Western array analysis of human atherosclerotic
plaques. Methdods Mol. Biol., 357:165-78.

Duran, M.C., Mas, S., Martin-Ventura, J.L., Meilhac, O., Michel,
J.B. et al. 2003. Proteomic analysis of human vessels: application to
atherosclerotic plaques. Proteomics, 3:973-8.

Duran, M.C., Martin-Ventura, J.L., Mohammed, S., Barderas, M.G.,
Mas, S. et al. 2007. Atorvastatin modulates the profile of proteins
released by human atherosclerotic plaques. Eur. J. Pharmacol.,
562:119-29.

Duran, M.C., Martin-Ventura, J.L., Mas, S., Barderas, M.G., Darde,
V. et al. 2006. Characterization of the human atheroma plaque secre-
tome by proteomic analysis. Methods Mol. Biol., 357:141-50.
Martin-Ventura, J.L., Duran, M.C., Blanco-Colio, L., Meilhac, O.,
Vivanco, F. and Egido, J. 2004. Identification by a differential pro-
teomic approach of heat shock protein 27 as a potential marker of
atherosclerosis. Circulation, 110:2216-9.

Biomarker Insights 2008:3



Vivanco et al

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

Martin-Ventura, J.L., Nicolas, V., Houard, X., Blanco-Colio, L. and
Egido, J. 2006. Biological significance of decreased HSp27 in human
atherosclerosis. Arterioscler. Thromb. Vasc. Biol., 26:1337-43.
Dupont, A., Corseaux, D., Dekeyzer, O., Drobecq, H., Guihot, A. L
et al. 2005. The proteome and secretome of human arterial smooth
muscle cells. Proteomics, 5:585-96.

Dupont, A. and Pinet, F. 2006. The proteome and secretome of human
arterial smooth muscle cells. Methods Mol. Biol., 357:225-33.
Dupont, A., Tokarski, C., Dekeyzer, O., Guihot, A.L., Amouyel, P.
et al. 2004. Two-dimensional maps and databases of the human
macrophage proteome and secretome. Proteomics, 4:1761-78.
Gonzalez-Cabrero, J., Pozo, M., Duran, M.C., De Nicolas, R., Egido,
J. et al. 2006. The proteome of endotelial cells. Methods Molec. Biol.,
357:181-98.

Brunneel, A., Labas, V., Mailloux, A., Sharma, S., Vinh, J. et al. 2003.
Proteomic study of human umbilical vein endothelial cells in culture.
Proteomics, 3:714-23.

Kinumi, T., Ogawa, Y., Kimata, J., Saito, Y., Yoshida, Y. and Niki, E.
2005. Proteomic characterization of oxidative dysfunction in human
umbilical vein endotelial cells (HUVEC) induced by exposure to
oxidized LDL. Free rad. Res., 1335-44.

Fuchs, D., Erhard, P., Turner, R., Rimbach, G., Daniel, H. and Wen-
zel, U. 2005. Genistein reverses changes of the proteome induced
by oxidized LDL in Eahy 926 human endothelial cells. J. Proteom.
Res., 4:369-76.

Wang, X., Fu, A., Raghavakaimal, s and Lee, H.C. 2007. Proteomic
analysis of vascular endothelial cells in response to laminar shear
stress. Proteomics, 7:588-96.

Sprenger, R.R., Speijer, D., Back, J.W., De Coster, C.G., Pannekoek,
H. et al. 2004. Comparative proteomics of human endothelial cell
caveolae and rafts using two-dimensional gel electrophoresis and
mass spectrometry. Electrophoresis, 25:156-72.

Sprenger, R.R. and Horrevoets, J.G. 2006. Proteomic study of
caveolae and rafts isolated from human endothelial cells. Methods
Molec. Biol., 357:199-213.

Owens, G., Kumar, M.S and Wamhoff, B.R. 2004. Molecular regula-
tion of vascular smooth muscle cell differentiation in development
and disease. Physiol. Rev., 84:767-801.

Boccardi, C., Cecchettini, A., Caselli, A., Camici, G. et al. 2007. A
proteomic approach to the investigation of early events involved in
the activation of vascular smooth muscle cells. Cell. Tissue Res.,
329:119-28.

Patton, W., Erdjument-Bromage, H., Marks, A.R., Tempst, P. and
Taubman, M.B. 1995. Components of the protein synthesis and
folding machinery are induced in vascular smooth muscle cells
by hypertrophic and hyperplastic agents. J. Biol. Chem.,
270:21404-10.

Sukanov, S. and Delafontaine, P. 2005. Protein chip-based microar-
ray profiling of oxidized low density lipoprotein treated cells. Pro-
teomics, 5:1274-80.

Lee, C.K., park, H.J., So, H.H., Kim, H.J. et al. 2006. Proteomic
profiling and identification of cofilin responding to oxidative stress
in vascular smooth muscle. Proteomics, 6:6455-75.

McGregor, E., Kempster, L., Wait, R., Gosling, M., Dunn, M.J. et al.
2004. F-actin capping (CapZ) and other contractile saphenous vein
smooth muscle proteins are altered by hemodynamic stress. Mol.
Cell. Proteom, 3:115-24.

Yang, P.Y., Rui, Y.P., Yang, P.Y. and Yu, Y.L. 2006. Proteomic analy-
sis of foam cells. Meth. Mol. Biol., 357:297-305.

Dupont, A., Tokarski, C., Dekeyzer, O., Guihot, A.L., Amouyel, P.
et al. 2004. Two-dimensional maps and databases of the human
macrophage proteome and secretome. Proteomics, 4:1761-78.
Verhoeckx, K.C., Bijlsma, S., De Groene, E.M., Witkamp, R.F., Van
der Greef, J. et al. 2004. A combination of proteomics, principal
component analysis and transcriptomics is a powerful tool for the
identification of biomarkers for macrophage maturation in the U937
cell line. Proteomics, 4:1014-28.

[75]

[76]

[77]

(78]

[79]

[80]

[81]

(82]

[83]

(84]

[85]

[86]

[87]

(88]

[89]

[90]

[91]

[92]

(93]

Rakkola, R., Matikainen, S. and Nyman. 2007. T.A. Proteome
analysis of human macrophages reveals the upregulation of manga-
nese containing superoxide dismutase after toll-like receptor activa-
tion. Proteomics, 7:378-84.

Yu, Y., yang, P., Rui, Y. and Yang, P. 2003. Proteomic studies of
macrophage derived foam cell from human U937 cell line using
two-dimensional gel electrophoresis and tandem mass spectrometry.
J. Cardiovasc. Pharmacol., 42:782-9.

Kang, J.H., Kim, H.T., Choi, M., Lee, W. et al. 2006. Proteome
analysis of human monocytic THP-1 cells primed with oxidized
low-density lipoproteins. Proteomics, 6:1261-73.

Tuomisto, T., Rieckkienen, M.S., Viita, H., Levonen, A.L. and Yla-
herttuala, S. 2005. Analysis of gene and protein expression during
monocyte macrophage differentiation and cholesterol loading cDNA
and protein array study. Atherosclerosis, 180:283-91.

Conway, J.P. and Kinter, M. 2005. Proteomic and transcriptomic
analyses of macrophages with increased resistance to oxidized low
density lipoprotein induced citotoxicity generated by chronic expo-
sure to oxLDL. Moll. Cell. Proteomics, 4:1522-40.

Gordon, S. and Taylor, P.R. 2005. Monocyte and macrophage het-
erogeneity. Nat. Rev. Immunol., 5:953-64.

Hryniewicz-Jankowska, A., Choudhary, P.K and Goodman, S.R.
2007. Variation in monocyte proteome. Exp. Biol. Med., 967-76.
Llodra, J., Angelli, V., Liu, J., Trogan, E. et al. 2004. Emigration of
monocyte derived cells from atherosclerotic lesions characterizes
regressive but not progressive plaques. Proc. Natl. Acad. Sci.,
101:11779-84.

Barderas, M.G., Tufion, J., Dardé, V.M., De la Cuesta, F., Duran,
M.C. etal. 2007. Circulating human monocytes in the acute coronary
syndromes express a characteristic profile. J. Proteom. Res.,
2:876-86.

Barderas, M.G., Tufién, J., Dardé, V.M., De la Cuesta, F., Duran,
M.C. et al. Atorvastatin modifies the protein profile of circulating
human monocytes after an acute coronary syndrome. (Submitted).
O’Neil, E.E., Brock, C.J., von Kriegsheim, A.F., Pearce, A.C., Dwek,
R.A. and Watson, S.P. 2002. Towards complete analysis of platelet
proteome. Proteomics, 2:288-305.

Garcia, A., Zitzmann, N. and Watson, S.P. 2004. Analysing the
platelet proteome. Semin. Thromb. Hemost., 30:485-489.
McRedmond, J.P., Park, S.D., Reilly, D.F., Coppinger, J., Maguire,
P.B. et al. 2004. Integration of proteomics and genomics in platelets
A profile of platelet proteins and platelet specific genes. Mol. Cell.
Proteomics, 3:133—44.

Martens, L., Van Damme, P., Van Dame, J., Staes, A., Timmerman,
E. et al. 2005. The human platelet proteome mapped by peptide-
centric proteomics: a functional protein profile. Proteomics,
5:3193-204.

Gevaert, K., Eggermont, L., Demol, H. and Vandekerckhove, J. 2000.
A fast and convenient MALDI-MS based proteomic approach: iden-
tification of components scaffolded by the actin cytoskeleton of
activated human thrombocytes. J. Biotechnol., 78:259-69.

Garcia, A., Prabhakar, S., Brock, C.J., Pearce, A.C. and Dwek, R.A.
2004. Extensive analysis of the human platelet proteome by two-
dimensional gel electrophoresis and mass spectrometry. Proteomics,
4:656-8.

Immler, D., Gremm, D., Kirsch, D., Spengler, B., Presek, P. et al.
1998. Identification of phosphorylated proteins from thrombin-acti-
vated human platelets isolated by two-dimensional gel electropho-
resis by electrospray ionization tandem mass spectrometry
(ESI-MS/MS) and liquid chromatography electrospray ionization
mass spectrometry (LC-ESI-MS). Electrophoresis, 19:1015-23.
Maguire, P.B., Wynne, K.J., Harney, D.F., O'Donoghue, N.M.,
Stephens, G. et al. 2002. Identification of the phosphotyrosine pro-
teome from thrombin activated platelets. Proteomics, 2:642-8.
Foy, M., Harney, D.F., Wynne, K. and Maguire. 2007. p. B. Enrich-
ment of phosphotyrosine proteome of human platelets by immuno-
precipitation. Methods Mol. Biol., 357:313-8.

112

Biomarker Insights 2008:3



Proteomic biomarkers of atherosclerosis

[94] Marcus, K., Moebius, J. and Meyer, H.E. 2003. Differential analysis
of phosphorylated proteins in resting and thrombin stimulated human
platelets. Anal. Bioanal. Chem., 376:973-93.

[95] Zahedi, R.P., Begonja, A.J., Gambarayan, S. and Sickman, A. 2006.
Phosphoproteomics of human platelets: a request for novel activation
pathways. Biochim. Biophys. Acta., 1764:1963-76.

[96] Coppinger, J.A, Cagney, G., Toomey, S., Kislinger, T., Belton, O. et
al. 2004. Characterization of the proteins released from activated
platelets leads to localization of novel platelet proteins in human
atherosclerotic lesions. Blood, 103:2096—-104.

[97] Garcia, A., Watson, S.P., Dwek, R.A. and Zitzmann, N. 2005. Apply-
ing proteomics technology to platelet research. Mass Spectrom. Rev.,
24:918-30.

[98] Anderson, N.L. and Anderson, N.G. 2002. The human plasma protein.
Moll. Cell. Proteomics, 1:845-67.

[99] Kim, M.R. and Kim, C.W. 2007. Human blood plasma preparation
for two dimensional gel electrophoresis. J. Chrom. B., 849:203-10.

[100] Righetti, P.G., Castagna, A., Antonioli, P. and Boschetti, E. 2005.
Prefractionation techniques in proteome analysis: the mining tools
of the third millennium. Electrophoresis, 26:297-319.

[101] Darde, V.M., Barderas, M.G. and Vivanco, F. 2006. Depletion of
high-abundance proteins in plasma by immunoaffinity subtraction
for two-dimensional difference gel electrophoresis analysis. Methd.
Mol. Biol., 357:351-64.

[102] Donhaue, M.P., Rose, K., Hochstrasser, D., Voinderscher, J., Grass,
P. etal. 2006. Discovery of proteins related to coronary artery disease
using industrial-scale proteomics analysis of pooled plasma. Am.
Heart J., 152:478-85.

[103] Zhang, H., Liu, A., Loriaux, P., Wollscheid, et al. 2007. Mass spectro-
metric detection of tissue proteins in plasma. Mol. Cell. Proteomics,
6:64-71.

[104] Annex, B.H. 2007. Is a simple biomarker for peripheral arterial
disease on the horizon. Circulation, 116:1346-8.

[105] Wilson, A.M., Kimura, E., Harada, R.K., Nair, N., Narasimham, B.

et al. 2007. B2-Microglobulin as a biomarker in peripheral arterial

disease: proteomic profiling and clinical studies. Circulation,

116:1396-403.

Marshall, J., Kupchak, P., Zhu, W., Yantha, J. et al. 2003. Processing

of serum proteins underlies the mass spectral fingerprinting of myo-

cardial infarction. J. Proteom. Res., 2:361-72.

Kierman, U.A., Nedelkov, D. and Nelson, R.W. 2006. Multiplexes

mass spectrometric immunoassay in biomarker research: a novel

approach to the determination of a myocardial infarct. J. Proteome

Res., 5:2928-34.

[106

—

[107

—

[108] Tabibiazar, R., Wagner, R.A., Deng, A., Tsao, P.S. and Quertemous,
T. 2006. Proteomic profiles of serum inflammatory markers accurately
predict atherosclerosis in mice. Physiol. Genomics, 25:194-202.

[109] Karlsson, H., Leanderson, P., Tagesson, C. and Lindahl, M. 2005.
Lipoproteomics: mapping of proteins in low-density lipoproteins
using teo-dimensional gel electrophoresis and mass spectrometry.
Proteomics, 5:551-65.

[110] Karlsson, H., Leanderson, P., Tageson, C. and Linddahl, M. 2005.

Lipoproteomics: mapping of proteins in high-density lipoprotein

using twodimensional gel electrophoresis and mass spectrometry.

Proteomics, 5:1432-45.

Rezaee, F., Casetta, B., Levels, J.H., Speijer, D. and Meijers, J.C.M. 2006.

proteomic analysis of high-density lipoproteins. Proteomics, 6:721-30.

[112] Karlsson, H., Lindquist, H., Tagesson, C. and Lindahl, M. 2006.
Characterization of apolipoprotein M isoforms in low density lipo-
protein. J. Proteom. Res., 6:2685-90.

[113] Mancone, C., Amicone, L., Fimia, G., Bravo, E. etal. 2007. Proteomic
analysis of human very low density lipoproteins by two-dimensional
gel electrophoresis and MALDI-TOF/TOF. Proteomics, 7:143-54.

[114] Heller, M., Schlappritzi, A., Stalder, D., Nuoffer, J. et al. 2007.
Compositional protein analysis of high-density lipoprotein in hyper-
cholesterolemia by shotgun LC-MS/MS and probabilistic score. Mol.
Cell. Proteomics, 6:1059-72.

[115] Vaisar, T., Pennathur, S., Green, P.S., Gharib, S.A. et al. 2007. Sho-
tgun proteomics implicates protease inhibition and complement
activation in the anti-inflammatory properties of HDL. J. Clin. Invest,
117:746-56.

[116] Berhane, B.T., Zong, C., Liem, D.A., Huang, A., Le, S. et al. 2005.
Cardiovascular-related proteins identified in human plasma by the
HUPO plasma proteome project pilot phase. Proteomics, 5:3520-30.

[117] Anderson, L. 2005. Candidate-based proteomics in the search for
biomarkers of cardiovascular diseases. J. Physiol., 563:1, 23—60.

[118] Barratt, J. and Topham, P. 2007. Urine proteomics: the present and
future of measuring urinary protein components in disease. Canad.
Med. Assoc. J., 177:361-368.

[119] Zimmerli, L., Schiffer, E., Ziirbig, P., Good, D., Kellman, M., Mouls,
L. et al. 2007. Urinary proteomics biomarkers in coronary artery
disease. Moll. Cell. Proteomics (in press).

[111

—

Biomarker Insights 2008:3

113




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


