| UPDATE

Biomarkers in Cardiovascular Medicine

José L. Martin-Ventura,? Luis M. Blanco-Colio,? José Tunén,” Begofia Mufioz-Garcia,?
Julio Madrigal-Matute,? Juan A. Moreno,? Melina Vega de Céniga,® and Jesus Egido?

3Laboratorio de Patologia Vascular, Fundacién Jiménez Diaz, Universidad Auténoma de Madrid, Madrid,

Spain

bDepartamento de Cardiologia, Fundacién Jiménez Diaz, Universidad Auténoma de Madrid, Madrid, Spain
°Departamento de Angiologia y Cirugia Vascular, Hospital de Galdakao-Usansolo, Galdacano, Vizcaya,

Spain

Cardiovascular disease is the principal cause of death
in developed countries. The underlying pathological
process is arterial wall thickening due to the formation of
atherosclerotic plaque, which is frequently complicated
by thrombus, thereby giving rise to the possibility of
acute coronary syndrome or stroke. One of the major
challenges in cardiovascular medicine is to find a way of
predicting the risk that an individual will suffer an acute
thrombotic event.

During the last few decades, there has been
considerable interest in finding diagnostic and prognostic
biomarkers that can be detected in blood. Of these,
C-reactive protein is the best known. Others, such
as the soluble CD40 ligand, can be used to predict
cardiovascular events. However, to date, no biomarker
has been generally accepted for use in clinical practice.
At present, there are a number of high-performance
techniques, such as proteomics, that have the ability to
detect multiple potential biomarkers. In the near future,
these approaches may lead to the discovery of new
biomarkers that, when used with imaging techniques,
could help improve our ability to predict the occurrence
of acute vascular events.
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Biomarcadores en la medicina cardiovascular

Las enfermedades cardiovasculares son la primera
causa de muerte en el mundo occidental. El proceso pa-
toloégico que subyace a ellas es un engrosamiento de la
pared arterial debido a la formacién de placas ateroscle-
réticas, las cuales se complican frecuentemente con un
trombo y pueden dar lugar a sindrome coronario agudo
o accidente cerebrovascular. Uno de los mayores retos
de la medicina cardiovascular es encontrar la manera de
predecir el riesgo de un sujeto de sufrir un evento trom-
botico agudo.

En las ultimas décadas, hay un gran interés en la bus-
queda de biomarcadores diagnésticos y pronésticos que
puedan ser identificados en sangre. Entre ellos, la protei-
na C reactiva es la mas conocida. Otros, como el ligando
de CD40 soluble, pueden predecir eventos cardiovascu-
lares. En cambio, hasta el momento no hay un biomarca-
dor aceptado en la practica clinica. Actualmente, existen
diversas técnicas de alto rendimiento como la protedmi-
ca, que permite la deteccion de multiples biomarcadores
potenciales. Estas aproximaciones pueden identificar en
un futuro préximo nuevos biomarcadores que, junto con
las técnicas de imagen, pueden ayudar a mejorar la pre-
diccién de eventos vasculares agudos.

Palabras clave: Biomarcadores. Aterotrombosis. Proted-
mica.

Section sponsored by the Dr Esteve laboratory

The authors of the present article would like to acknowledge the following
sources of financial assistance: the Ministry of Science and Technology
(SAF2007/63648, SAF2007-60896), CAM (S2006/GENE-0247), the
Ministry of Health and Consumption, the Carlos Ill Health Institute, the
RECAVA Network (RD06/0014/0035), the Ramon Areces Foundation, FCI
05/0451 CP04/00060, and the European Network // (HEALTH F2-2008-
200647).

Correspondence: Dr. J. Egido.

Servicio de Nefrologia e Hipertension. Laboratorio de Patologia Vascular.
Fundacién Jiménez Diaz.

Avda. Reyes Catdlicos, 2. 28040 Madrid. Espafa.

E-mail: Jegido@fid.es

INTRODUCTION

Cardiovascular disease is the leading cause of
death in the western world.! Among these diseases,
atherosclerosis is the main cause of the enormous
rates of morbidity and mortality. The pathological
process that underlies this disease is arterial wall
thickening due to the formation of atherosclerotic
plaques.? Although these normally evolve gradually,
atherosclerotic plaques may become complicated due
to a thrombus and lead to a sudden obstruction of
the vascular lumen. Depending on its location, this
obstruction may lead to acute coronary syndrome
(ACS) or stroke, and can cause sudden death or
severe sequelae among the patients who develop
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this. Although great progress has been made in the
treatment of this disease, current medical knowledge
is unable to effectively predict who is at risk of
developing these problems. Thus, one of the greatest
challenges of cardiovascular medicine is to find
a way to predict who is at risk of experiencing an
acute thrombotic event.

Cardiovascular risk factors have been used for
many years to predict the risk of cardiovascular
events in the general population, supplemented
by other data, such as the ejection fraction. In
patients with symptomatic atherosclerosis, as
occurs in ischemic heart disease, techniques such
as coronary angiography may also be employed
to assess the extent of the disease. However, there
continues to be a high incidence of unexpected
acute ischemic events, both in the population with
known atherosclerosis and in subjects classified as
healthy but with the disease in its subclinical form.
In this regard, one of the most active research
fields in recent years is the use of magnetic
resonance imaging (MRI) and multislice computed
tomography. These techniques enable the non-
invasive diagnosis of the presence and extent
of atherosclerosis and may well lead to precise
characterization of the size and composition of
the lesions in the future. Another large research
field in this area, which we will focus on, is the
search for diagnostic and prognostic biomarkers
that can be identified in blood.* The vascular
wall releases molecules into the bloodstream
that can reflect the pathological processes taking
place there. On the other hand, blood itself is
clearly involved in thrombus formation. Thus,
in theory, the concentrations of the molecules
involved in the different pathological processes
present in atherosclerosis could be biomarkers.
However, not all of these molecules are suited to
this aim and should fulfill certain conditions. The
characteristics of an ideal biomarker are shown in
Table. Although most of the biomarkers studied up
to now have been based on the possibility of being
useful from the diagnostic/prognostic standpoint,
it is worth recalling that ideally they would also
provide a therapeutic target. Finally, although
some have no diagnostic or therapeutic value, they
can provide us with information on the origin and
formation of atheromatous plaque (Figure 1).

CARDIOVASCULAR BIOMARKERS

In this section we summarize the most frequently
studied biomarkers in relation to the different
mechanisms involved in development and rupture
of atherosclerotic plaque, such as endothelial
dysfunction, inflammation, oxidative stress,
proteolysis, and thrombosis (Figure 2).
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Characteristics of a Biomarker

Specific To a particular disease

Sensitive Easily quantifiable

Predictive Relevant to disease progression or treatment
Robust Fast, simple, and cheap analysis

Stable Equal concentrations at any time of day
Non-invasive Samples easily acquired (blood, urine, etc)
Preclinical and clinical Valid in animal/cell human models
importance

Diagnostic/
prognostic

7 N

<

Pathogenetic Therapeutic

Figure 1. Types of biomarkers of cardiovascular disease.

Endothelial Dysfunction

Cardiovascular risk factors and hemodynamic
factors are among the causes of endothelial
dysfunction, since it is known that the endothelium
is damaged in places of increased blood turbulence.
In particular, lipids play a special role, since their
increased plasma concentrations can lead to their
accumulation in the subendothelial space where, after
undergoing various modifications, they stimulate
adhesion molecule expression and the inflammatory
process begins.

Adhesion Molecules

Adhesion molecules are crucial to cell recruitment
toward the interior of the vascular wall. Given that
their soluble forms can appear in plasma, various
studies have associated their concentrations with the
risk of cardiovascular events.

In healthy populations, the intercellular
adhesion molecule-1 (ICAM-1) reaches greater
concentrations in healthy subjects who will undergo
acute myocardial infarction (AMI), whereas data
suggest this is not the case regarding the vascular
cell adhesion molecule-1 (VCAM-1).*> The ARIC
(Atherosclerosis in Risk Communities) study
reported that ICAM-1 concentrations predicted
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Figure 2. Circulating markers associated with
atherosclerosis. COX-2 indicates cyclooxygenase 2;
HGF, hepatocyte growth factor; IL, interleukin; Lp-
PLA2, lipoprotein-associated phospholipase A2; MCP-
1, monocyte chemotactic protein-1; MMP, matrix
metalloproteinase; NADPH oxidase, nicotinamide
adenine dinucleotide phosphate oxidase; ox-LDL,
oxidized low-density lipoprotein; PAPP-A, pregnancy-
associated plasma protein A; CRP, C-reactive protein;
PIGF, placental growth factor; PPAR, peroxisome

proliferator-activated receptor; sEselectin, soluble Proteolysis: R
E-selectin; sFasL, soluble Fas ligand; SICAM-1, MMP-1, -2, -9, —10 Platge;e?gélt\i/gtlon.
soluble intercellular adhesion molecule-1; SVCAM-1, TIMP-1, -2 Others: SCDAOL

soluble vascular cell adhesion molecule-1; TGF-B,
transforming growth factor-B; TIMP, tissue inhibitor
of metalloproteinase; TNF-a,, tumor necrosis
factor-a; VEGF, vascular endothelium growth factor;
VWEF, von Willebrand factor.

Endothelial TNFa.
activation:
VvWEF, sFasL, sICAM-1
sVCAM-1,
sE-selectin

Oxidative stress:
0x-LDL, Lp-LPA,
myeloperoxidase,
NADPH oxidase,
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Cytokines:
IL-6, MCP-1,

Acute phase
reactants:
CPR, amyloid A

IL-18, IL-10

Angiogenic
growth factors:
VEGF, PIGF, HGF

Atherothrombosis

TGFB, leukotrienes,
COX-2,
PPAR receptors

coronary events and the development of carotid
atherosclerosis, and also an association between this
and soluble E-selectin concentrations.®

The Women’s Health Study showed that soluble
P-selectin was a predictor of cardiovascular events.’

The Atherogene study showed that in populations
with coronary heart disease the concentrations of
E-selectin, ICAM-1 and VCAM-1 were greater in
the patients who underwent cardiovascular events.®
Mulvihill et al® determined that VCAM-1, together
with C-reactive protein (CRP), was a predictor of
future cardiovascular events in patients with ACS,
whereas there was no correlation with ICAM-1,
E-selectin, and P-selectin.

Finally, the results obtained by Malik et al'®
in the British Regional Heart Study are not very
encouraging regarding the prognostic value of
adhesion molecules. Of the 5661 men enrolled in the
study, samples were analyzed from 643 men who
developed coronary heart disease and 1278 who
remained stable. In baseline conditions, there was
evidence of coronary heart disease in 36% of those
who had undergone events and in 20% of those
who remained stable. The concentrations of ICAM-1,
VCAM-1, E-selectin, and P-selectin did not add
prognostic value to that provided by the classic risk
factors.

Data obtained up to the present on the effect of
treatment with lipid-lowering drugs on the plasma
concentrations of different adhesion molecules
are varied. Thus, treatment with fluvastatin (80
mg/d) reduced ICAM-1 and P-selectin plasma
concentrations in 26 hypercholesterolemic patients.'!
However, these results have not been confirmed
by other studies. Jilma et al'?> analyzed circulating
ICAM-1, VCAM-1, and E-selectin concentrations
in 75 hypercholesterolemic patients who had been

treated with 3 different statins for 3 months, and
did not observe changes in plasma concentrations of
the proteins analyzed. It should be pointed out that
these studies were conducted in small populations;
the results have recently been published of the AIM
(Atorvastatin on Inflammatory Markers) study'?
which analyzed ICAM-1 plasma concentrations
in 1078 subjects at high cardiovascular risk. It
was observed that 3-month treatment with all the
atorvastatin doses available (10-80 mg/d) decreased
ICAM-1 concentrations.

Inflammation
Chemokines

Once leukocytes have adhered to the vascular
wall, their entry into the interior is controlled
by chemokines. The 2 most numerous are alpha
and beta chemokines. Alpha chemokines are
chemotactic for neutrophils or lymphocytes, and
include the interleukins (IL). Beta chemokines
attract monocytes and lymphocytes, in addition
to basophils and eosinophils, but do not attract
neutrophils. Monocyte chemoattractant protein-1
(MCP-1) belongs to this family.

Interleukin 6

The value of IL-6 as predictor of risk was assessed
in the prospective Health ABC cohort study.'* In
subjects without vascular disease, circulating I1L-6
values were predictive of coronary heart disease,
heart failure and stroke. Biasucci et al'* demonstrated
that patients with unstable angina who died,
or presented AMI or refractory angina during
hospitalization, at admission had higher IL-6
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concentrations than in those who remained stable.
In another study on unstable angina, which included
263 patients, IL-6 and CRP concentrations predicted
the risk of coronary death during a 17-month
follow-up period and were additive to the value
provided by markers of myocardial damage.'® The
FRISC II (Fragmin and Fast Revascularisation
During Instability in Coronary Artery Disease II
trial) study,!” randomized 3269 patients with ACS
at admission to invasive treatment or a conservative
strategy. The IL-6 values were independent
predictors of mortality during 12-month follow-
up. Furthermore, the patients who had high IL-6
concentrations were those who demonstrated
improvement after invasive treatment, and thus IL-6
could be used to guide treatment in this population.

Monocyte Chemoattractant Protein-1

This chemokine is the main one governing
monocyte recruitment to tissues where there is
an active inflammatory response, as is the case in
atheroscleroticlesions. Thediagnosticand prognostic
value of soluble MCP-1 has been demonstrated in
different studies. MCP-1 plasma concentrations
have been associated with different cardiovascular
risk factors, and with a greater risk of developing a
cardiovascular event in the future.'®"” The OPUS-
TIMI 16 study analyzed its prognostic value in
2270 patients with non-ST-segment elevation acute
coronarysyndrome (NSTEACS), and it was observed
that MCP-1 plasma concentrations predicted the
risk of death or AMI at 10 months.

Our group has demonstrated that treatment with
atorvastatin only or in combination with amlodipine
reduces MCP-1 concentrations in patients with
carotid atherosclerosis.?*?!  We also recently
published the results of the AIM study, which found
that all the atorvastatin doses available can reduce
MCP-1 plasma concentrations after 3 months of
treatment in patients at high cardiovascular risk."

C-Reactive Protein

Without doubt, CRP is the most well-known
inflammatory marker.?>?* In patients with unstable
angina, CRP concentrations have been demonstrated
as predictors of recurrent cardiac instability.?*
Similarly, CRP would appear to be useful in the
diagnostic and prognostic management of peripheral
vascular disease.”® In patients with coronary heart
disease, CRP has been associated with the risk of
recurrent cardiovascular events.’*?” On the other
hand, some studies on patients with AMI have
reported correlations between CRP concentrations
and the size and extent of the necrosis, and with
prognosis.? Various primary prevention studies have
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demonstrated that baseline CRP concentrations can
predict cardiovascular events.?*-3!

Regardless of the ability of CRP to predict risk
in primary and secondary prevention, interest
in CRP has increased since statins can reduce
CRP concentrations independently of their lipid-
lowering effect.? In this regard, the PROVE IT-
TIMI22 (Pravastatin or Atorvastatin Evaluation
and Infection Therapy-Thrombolysis in Myocardial
Infarction 22) study* showed that the initial CRP
concentrations obtained after treatment with statins
were as relevant to predicting cardiovascular events
as low-density lipoprotein cholesterol (LDL-C)
concentrations. The results of the JUPITER study
should be highlighted. This study analyzed the
effect of treatment with rosuvastatin (20 mg/d)
on 17 802 apparently healthy subjects who had
LDL-C concentrations <130 mg/dL. and CRP
serum concentrations of 2 mg/L, with an average
follow-up of 1.9 years.>* The study showed that
rosuvastatin significantly reduced the incidence
of cardiovascular events. However, it is important
to note that treatment with rosuvastatin reduced
LDL-C concentrations to below 55 mg/dL and, as
a result, the effect observed after treatment could
be due to the drastic reduction found in LDL-C
concentrations. In any case, great debate continues
on its potential use in clinical practice.?*3¢

Oxidative Stress

Lipoprotein-Associated Phospholipase A2

Lipoprotein-associated phospholipase A2 (Lp-
PLA?) is a calcium-independent lipase produced
by leukocytes and is associated with circulating
LDL and macrophages on atheromatous plaque.
Together with CRP, it is the most thoroughly
studied predictor of cardiovascular risk. More
than 25 prospective epidemiological studies have
been published on Lp-PLA2 both in primary and
secondary prevention. These clinical trials have
usually demonstrated strong correlations between
circulating Lp-PLA2 concentrations and the
increased risk of cardiovascular events, even after
multivariable adjustment for traditional risk factors.
Furthermore, Lp-PLA2 is a risk factor which is
independent of and complementary to CRP.3¥
These studies lend support to the recommendations
of the American Heart Association that indicate that
Lp-PLA2 could be used in clinical practice to fine
tune the prediction of risk in subjects at intermediate
cardiovascular risk.

Lipoprotein-associated phospholipase A2 has
also created great interest as a therapeutic target
in coronary heart disease. It is found in high
concentrations in the lipid core of inflammatory



plaques and is produced by the inflammatory cells
in the lesion or transported by LDL particles. It
acts on oxidized phosphatidylcholine (found in
the external part of oxidized LDL) to generate
lysophosphatidylcholine and oxidized fatty acids.
These 2 bioactive lipid products stimulate lipid core
expansion and thinning of the fibrous cap. The
selective inhibition of Lp-PLA2, through treatment
with darapladib, inhibited the development of
advanced coronary atherosclerotic lesions in
an experimental model.* A study that included
330 patients with angiographically documented
coronary heart disease found that the administration
of darapladib for 12 months prevented necrotic
core expansion, a key determinant of plaque
vulnerability.*! Although further studies are needed,
these data indicate that Lp-PLA2 inhibition may
offer a new therapeutic approach.

Proteolysis

The imbalance between the synthesis and
degradation of the extracellular matrix is a key
event in the weakening and rupture of advanced
atherosclerotic plaques. Although death by apoptosis
of vascular smooth muscle cells seems to be the main
mechanism involved in reducing the synthesis of
matrix components, increased degradation has been
associated with increases in the concentrations and
activity of various proteolytic enzymes. Of these
enzymes, the metalloproteinases (MMP) have been
the most studied.

Metalloproteinases

Most of the risk factors for atherosclerotic
disease have been associated with an increase in
the concentrations of various circulating MMP,
including, among others, hypertension*” and
diabetes mellitus.** Similarly, MMP-9 and TIMP-1
inhibitor concentrations are significantly increased
in patients with carotid atherosclerosis*# and
in patients with coronary heart disease.* An
increase in concentrations of both markers has
also been detected in patients who have developed
ACS.¥ Regarding the possible prognostic value of
MMP, it has been observed in primary prevention
that increases in circulating MMP-9 can predict
cardiovascular events in healthy subjects.®
Similarly, various studies in secondary prevention
have associated elevated MMP-9 concentrations in
patients with various cardiovascular disorders with
greater cardiovascular mortality.*->

Among the different therapeutic strategies used in
atherosclerosis there are 2 which can modulate MMP
concentrations: the administration of thrombolytics
and of statins. Whereas thrombolytics can stimulate
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MMP expression and collagen degradation,’ statins
reduce MMP-9 concentrations.>

Thrombosis

The presence of these immuno-inflammatory-
proteolytic processes in atherosclerotic plaque leads to
destabilization, rupture and the consequent formation
of thrombus, which forms the basis of the most severe
clinical consequences of atherosclerosis. The plaque
rupture process occurs in 70% of patients who present
ACS. This normally involves a plaque that only slightly
blocks the vessel, contains fat and, upon rupture, leads
to the lipid core—rich in tissue factor—coming into
contact with the bloodstream, causing the formation
of a thrombus that impedes blood flow.

CD40/CD40L

Given the involvement of the CD40/CD40L
system in atherothrombosis,>** attempts have
been made to analyze if determining its plasma
values could provide prognostic information.
An increase in soluble CD40L predicts a greater
risk of cardiovascular events in healthy women.*
However, most of the population who underwent
cardiovascular events had similar concentrations to
those who remained stable, the difference being due
to a small subgroup that clearly had higher CD40L
values. Thus, it is possible that in healthy women
soluble CD40L can identify a group at special risk
of vascular events, but not the majority.

It has been shown that patients with ACS express
enhanced CD40L on platelets.®® The CAPTURE
study,” which assessed abciximab versus placebo,
analyzed CD40L concentrations in patients with
NSTEACS scheduled for angioplasty. In the first
place, it was found that patients in the placebo group
with high CD40L concentrations had an increased
risk of death or non-fatal heart attack during
the following 6 months. Secondly, the predictive
value of CD40L was independent of troponin T
concentrations—even when the values of this marker
were elevated—since the CD40L values continued
to have prognostic value. Finally, abciximab
reduced the risk of events in the subjects with
elevated soluble CD40L concentrations to the same
as that found in the group with low concentrations,
whereas the latter group did not benefit from the
use of this IIb/IIla receptor blocking agent. These
findings could be related to the fact that soluble
CD40L increases thrombus stability when binding
to platelet IIb/IIla receptors,”® and thus patients
with greater concentrations would particularly
benefit from IIb/I11a receptor blocking agents. Data
from the OPUS-TIMI16 (Orbofiban Patients with
Unstable coronary Syndromes-Thrombolysis In

Rev Esp Cardiol. 2009;62(6):677-88 681



Martin-Ventura JL et al. Biomarkers in Cardiovascular Medicine

Myocardial Infarction 16) study, also conducted in
NSTEACS patients, confirmed the predictive value
of CD40L independently of CRP and troponin I
concentrations.”

Different works have analyzed the effect of
lipid-lowering treatment using statins on CD40L
plasma concentrations. It has been demonstrated
that treatment with atorvastatin for 8 weeks
reduces CD40L expression on blood platelets in
hypercholesterolemic  patients.®®  Furthermore,
the ASAP (Atorvastatin versus Simvastatin on
Atheroclerotic Progression) study showed that
treatment with atorvastatin (80 mg/d) or simvastatin
(40 mg/d) reduced CD40L plasma concentrations
independently of the observed reductions in
cholesterol  concentrations.®® The MIRACL
(Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering) study, which recruited
2352 patients with ACS, found that treatment
with atorvastatin (80 mg/d) for 16 weeks reduced
CD40L concentrations and reduced the risk of a
new vascular event in subjects who were in upper
percentile (>90%).9 Finally, the AIM study showed
that treatment with all the doses of atorvastatin
available reduced circulating CD40L concentrations
in the subjects at high cardiovascular risk who were
in the upper quartile.®* All these studies indicate
that lipid-lowering therapy with statins can reduce
CD40L concentrations, probably independently of
their lipid-lowering activity.

NEW POTENTIAL BIOMARKERS

There are 2 possible approaches to the search
for new biomarkers. The first is a classic approach
based on the selection of proteins involved in the
pathophysiology of atherothrombosis, like the
examples reviewed in the first part of this article. In
the second approach, which uses high-performance
techniques such as proteomics, there is no need for
prior knowledge of the proteins or of the function that
they may perform in disease. Using this approach,
we can compare a patient’s fluids or tissues with
those of a healthy subject and, via tracing, see which
proteins are expressed differently in either sample.
This generates lists of proteins potentially involved
in this disease, among which we should select those
whose function or properties indicate that they have
the potential for being good biomarkers.

The Classic Approach

An example of this approach is the study of the
Fas/Fas ligand system, which belongs to the tumor
necrosis factor receptor superfamily. Both Fas and
Fas ligand (FasL) have soluble forms and, whereas
soluble Fas (sFas) is generated by alternative splicing
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of a single gene,*% the soluble Fas ligand (sFasL) is
generated through the action of an MMP.%

The concentrations of sFasL are elevated in
patients with heart failure, AMI, or unstable
angina,’® which are acute situations in which
inflammatory cells are highly activated and could
increase the production of this protein. In contrast,
in chronic situations, it has been observed that
patients with familial combined hyperlipidemia or
carotid atherosclerosis present striking reductions
in circulating sFasL concentrations.” The binding
of FasL to its receptor leads to the activation of
programmed cell death or apoptosis of the cell that
expresses the receptor. It has been proposed that
FasL expression in some tissues contributes to a state
of immune privilege that prevents inflammatory
cell infiltration, since these cells express its receptor
and, as a result, would undergo apoptosis when
coming into contact with the tissue. In this regard,
it has been demonstrated that FasL is produced
in endothelial cells in normal circumstances
and its expression can negatively regulate cell
extravasation.”! Proinflammatory stimuli, such as
tumor necrosis factor alpha (TNFa), can reduce
FasL expression in endothelial cells and facilitate
the entry of inflammatory cells in the early stages
of the development of the atherosclerotic lesion.
Our hypothesis is that the endothelial dysfunction
that occurs in these patients could be the reason for
these findings, probably due to reduced endothelial
synthesis or reduced release into the blood (Figure
3). To this end, we analyzed concentrations of sFasL.
in 110 patients with coronary heart disease in whom
the vasodilator response to reactive hyperemia was
assessed as a marker of endothelial function. Note
that there is a linear relationship between sFasL
concentrations and reactive hyperemia, but not
with blood flow in response to nitroglycerin (an
endothelium-independent response), which indicates
that sFasL could be a marker of endothelial function
in patients with coronary heart disease.’

On the other hand, the AIM study assessed
circulating sFas/sFasl. concentrations in 1087
subjects at high cardiovascular risk. A reduction
was observed in sFasL concentrations and an
increase in sFas concentrations in patients at high
cardiovascular risk, which could indicate that both
proteins could be early markers of vascular injury.
Unfortunately, the study was not designed to assess
cardiovascular events due to the short follow-up
time, which means that the predictive value of sFas
and sFasL should be tested in future studies.”

The complex nature of the atherothrombotic
process calls for the development of new technologies
to help in the discovery of new mediators involved
in this disease. Although genomics and proteomics
have not been reviewed here due to limitations of
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soluble FasL)

Figure 3. The Fas ligand (FaslL), a potential
biomarker of endothelial dysfunction. FasL
produces and releases endothelial cells in
normal circumstances and its expression can
negatively regulate cell extravasation by inducing
apoptosis in leukocytes. When the endothelium
is dysfunctional, different proinflammatory
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Figure 4. How to identify a biomarker.

space, they could be vital tools for identifying the
genes and proteins that confer greater predisposition
to cardiovascular events. Within this approach, it is
of importance to explicitly define clinical issues in
order to obtain biomarkers specific to the disease in
question (Figure 4).

Proteomic Approach to the Search
for New Biomarkers

Two examples of new potential biomarkers
obtained through proteomic techniques are detailed
below.

Heat Shock Proteins

Heat shock proteins (HSP) are a family of
proteins that are present in most cells. Heat shock
proteins act as intra-cellular chaperones assisting in

establishing the correct conformation of proteins,
as well as the translocation of oligomers, but they
also aid in the elimination of irreversibly damaged
proteins. On the other hand, they can be secreted
and detected in plasma. In different cardiovascular
diseases, it has been found that HSP expression can
be modulated both in the lesion and in plasma.™?
Several studies have analyzed circulating quantities
of different HSP. Thus, HSP60 can be a marker of
atherosclerosis.”*”” Among the hypotheses regarding
the increase in circulating HSP60 in atherosclerosis,
it has been proposed that it is potentially involved in
the immunogenicity of certain bacteria’ or in stress.”™
Heat shock protein 60 and HSP70 concentrations
are increased in patients who have developed ACS,
possibly in association with myocardial necrosis.®*%! In
contrast, HSP70 concentrations are reduced in patients
with atherosclerosis.* Thus, a previous study analyzed
the possible prognostic value of circulating HSP70 in
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hypertensive patients, and an inverse correlation was
found between HSP70 concentrations and carotid
intima-media thickness.®> The authors proposed
that high HSP70 concentrations could indicate
an antiatherogenic state within the blood vessels.
Subsequently, it has been observed that the increase
in HSP70 concentrations is associated with less risk of
coronary heart disease and fewer affected vessels.®

A proteomic approach has identified HSP27 as
a protein that is produced in great quantities by
healthy arteries and whose production decreases
to almost undetectable concentrations as the
complexity of atherosclerotic plaque increases.
Subsequently, a study was conducted which assessed
HSP27 concentrations in a group of patients with
carotid atherosclerosis and in healthy subjects of the
same age and sex. Circulating HSP27 concentrations
were significantly reduced in the experimental group
compared to the control group® (Figure 5). Although
these preliminary data should be validated in a
broader group of patients, and in various stages of
cardiovascular disease, they indicate that low HPS27
concentrations could serve as a diagnostic marker
of advanced atherosclerotic disease. On the other
hand, its possible prognostic value has only been
tested in a study which compared baseline HSP27
concentrations among 225 women in the Women’s
Health Study who developed cardiovascular events
over a 6-year follow-up period and among 225
women who did not develop them. This prospective
study found that the baseline HSP27 concentrations
were not associated with the development of
cardiovascular events.®

Tumor Necrosis Factor-Like Weak Inducer
of Apoptosis

The tumor necrosis factor-like weak inducer of
apoptosis (TWEAK, Apo3L, TNFSFI12) belongs
to the TNF superfamily.® It is thought that this
superfamily is a source of therapeutic targets that
may be useful in the management of complex
disease. These cytokines are involved in multiple
biological responses, such as inflammation, the
immune response and tissue repair.®’” The ligands of
this family are expressed as type Il transmembrane
proteins that, in many cases, can be processed in
secreted proteins of smaller size with biological
activity.®® Every ligand can bind to one or more
members of the TNF superfamily, many of which
are type I or type III transmembrane proteins.%
Once the ligand binds to the receptor, different
signaling cascades are activated that stimulate
multiple biological responses.

Tumor necrosis factor-like weak inducer of
apoptosis is widely expressed in different tissues,
such as the pancreas, intestine, heart, brain, lung,
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Figure 5. HSP27, a potential diagnostic biomarker of atherosclerosis.
HSP27 plasma concentrations in patients with carotid atherosclerosis
(n=28) and healthy controls (n=12). By permission of Circulation.®

ovary, and skeletal muscle, and to a lesser extent
in the liver and kidney.3*® There is evidence that
this protein could be involved in the pathogenesis
of different diseases such as atherosclerosis, ictus,
rheumatoid arthritis, autoimmune kidney damage,
acute kidney damage, and cancer.’”? Depending
on the cell type analyzed, TWEAK can stimulate
proliferation,” survival,** migration,” cell growth,
and apoptosis.® Furthermore, it can stimulate®® or
inhibit”? cell differentiation. Finally, TWEAK can
induce the expression of multiple proinflammatory
proteins.®®

The SELDI-TOF technology has been used
to identify soluble TWEAK (STWEAK) as a
potential marker of atherosclerosis and that is
secreted in greater quantities by healthy arteries
than by atherosclerotic plaques.'® Quantification of
sSTWEAK in plasma showed that its concentrations
are reduced in patients with carotid atherosclerosis
compared to those in healthy subjects. Finally,
sSTWEAK demonstrated an inverse correlation with
intima-media thickness in asymptomatic patients,
which indicates that this protein could be a marker
of subclinical atherosclerosis (Figure 6). These
results were subsequently confirmed by Kralisch
et al,'' who found that patients with chronic
kidney disease or with type 2 diabetes mellitus—2
disorders associated with high risk of cardiovascular
disease—presented reduced circulating sSTWEAK
concentrations.

Furthermore, it has recently been shown that
STWEAK plasma concentrations predict total and
cardiovascular mortality in patients undergoing
hemodialysis.!” These results were more evident
when the sTWEAK plasma concentrations were
concurrent with an inflammatory environment in
the patient (increased IL-6 plasma concentrations).
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All these results appear to indicate that STWEAK
may be a new diagnostic and prognostic biomarker
of atherosclerosis.

CONCLUSIONS

Predicting cardiovascular risk is one of the big
challenges of modern medicine. Among the classic
biomarkers reviewed, in addition to the CRP data,
the best results are provided by the CD40 ligand, due
to its independence from other variables and because
these molecules participate in the pathophysiology
of atherothrombosis. In this regard, soluble CD40L
concentrations seem to be more effective in assessing
risk in acute situations than in primary prevention.
However, there is still a lack of standardization
regarding determining concentrations and these
clearly vary from one study to another. This is one of
the factors that must solved in order to address the
use of CD40L as a risk marker in standard clinical
practice.

The search for new biomarkers using proteomic
techniques will enable the identification of new
proteins that may play a key role in the development
of the disease. Those proteins should have little
variability and they should be able to be analyzed
using standard techniques with low investments in
time and cost. Finally, the use of a set of biomarkers
(a2 multi-marker strategy) will provide more
information on the degree of disease in individuals,
as well as their prognosis and response to a treatment.
The use of a multi-marker strategy in combination
with non-invasive imaging could provide the key
to the prevention of cardiovascular disease in the
future.
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